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[LLUSTRATION 4.2-99. GRAPH OF THE VALUE OF THE PIELOU INDEX BY PLANT COVER....uvvvvieieeeeiiiiiirreeeeeeeeiinns 146
[LLUSTRATION 4.2-100. GRAPH OF THE BETA DIVERSITY ANALYSIS OF REPTILES AMONG PLANT COVERINGS, BASED ON

A BRAY-CURTIS DENDROGRAM (A) AND A PRINCIPAL COORDINATE ANALYSIS (B)...ooooiiiiiieeeeeeeceiiieeeee 147
[LLUSTRATION 4.2-101. PHOTOGRAPH OF RHINOBOTHRYUM BOVALLII TAKEN FROM THE DATABASE "THE REPTILE

DAT A BASE e, 149
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[LLUSTRATION 4.2-102. BOTHROPS ASPER PHOTOGRAPHED IN A FOREST BIRTH LOCATED IN THE STUDIED AREA. ... 151

[LLUSTRATION 4.2-103. PHOTOGRAPH BY H. DANIELI FOUND ON THE STREAMS OF THE STUDIED AREA. .............. 152
[LLUSTRATION 4.2-104. SPECIES ACCUMULATION CURVE FOR MASTOFAUNA SAMPLING. .....cooeiiiiiiiiiieeeeeeeeenns 156
[LLUSTRATION 4.2-105. TOTAL TAXONOMIC COMPOSITION OF MASTOFAUNA. SOURCE: INGEX, 2016. ............. 157
ILLUSTRATION 4.2-106. WEALTH OF SPECIES FOR EACH ORDER OF REGISTERED MAMMALS. ....coovvvviiiireeeeeeennnnn, 159
ILLUSTRATION 4.2-107. SAGUINUS LEUCOPUS (GUNTHER, 1877) (PRIMATES: CALLITHRICHIDAE). ....ccevvveeennn... 160
[LLUSTRATION 4.2-108. MELANOMYS SP. CRICETIDAE: RODENTIA CAPTURADO. ....cooviiviiiieeeeeeeiiiiieeeeeeee e, 161
[LLUSTRATION 4.2-109. WEALTH OF SPECIES FOR EACH FAMILY OF REGISTERED MAMMALS. ....ccoovvvvieeeeeeeeennnn, 162
[LLUSTRATION 4.2-110. TAXONOMIC COMPOSITION FOR EACH VEGETATION COVER SAMPLED. .....vvvvveeeeeeeennnnee, 163
[LLUSTRATION 4.2-111. MOST REPRESENTATIVE FAMILIES OF MAMMALS. ©..vvvviiieeiiiiiiiiieeeeeeeeeeciiieee e 164
ILLUSTRATION 4.2-112. RELATIVE ABUNDANCE OF THE MOST REPRESENTATIVE FAMILIES OF MAMMALS FOR EACH
COVER. ettt ettt et e oottt e et e e e e e et e e e e e e e e et e e e e e e e ettt aaaeeaeaaeaan 165
[LLUSTRATION 4.2-113. ALOUATTA SENICULUS (LINNAEUS, 1766), REGISTERED.......uvvvieeerrieeeeiirieeeeeinreeeeennes 166
[LLUSTRATION 4.2-114. NORMAL GROWTH REACTION OF THREE IMAGINARY PRIMATE POPULATIONS AT DIFFERENT
DEGREES OF HABITAT FRAGMENTATION. ....uutiitiiiieeeeeeeiiitt e e e e e e ettt e e e e e ettt e e e e e e e e etaate e e e e e e e e eaasees 167
[LLUSTRATION 4.2-115. MOST REPRESENTATIVE MAMMALS” SPECIES. ...uvvvvvieeeeeee e e e, 168
[LLUSTRATION 4.2-116. CAROLLIA PERSPICILLATA LINNAEUS, 1758 WITHIN THE SAMPLING ZONE ...........cccvunen.. 169
[LLUSTRATION 4.2-117. RELATIVE ABUNDANCE OF THE MOST REPRESENTATIVE MAMMAL SPECIES WITHIN THE
DIFFERENT PLANT COVER SAMPLED. ...eeiiiiiiittttie e ee e eeeee e et e e e e e e e e e e e e e e e e e eenaans 170
[LLUSTRATION 4.2-118. ALPHA DIVERSITY FOR THE DIFFERENT VEGETAL COVERS SAMPLED......ccovvvirreeeeeeeeennnnn, 171
[LLUSTRATION 4.2-119. CLUSTER ANALYSIS (% SIMILARITY) FOR THE SIX PLANT COVERS SAMPLED .......c..eccuveen.. 175
[LLUSTRATION 4.2-120. REPRESENTATIVENESS FOR EACH TROPHIC GUILD WITHIN MAMMALIAN SAMPLING. ........ 176
[LLUSTRATION 4.2-121. DISTRIBUTION OF TROPHIC GUILDS WITHIN THE DIFFERENT PLANT COVERS. ....eeeeeeeiinnnnn. 177
[LLUSTRATION 4.2-122. AOTUS GRISEIMEMBRA ELLIOT, 1912, ..o 180
[LLUSTRATION 4.2-123. PANTHERA ONCA (LINNAEUS, 1758). FELIDAE: CARNIVORA. .....ceviuvieeeeciiieeeeeiiiee e 181
[LLUSTRATION 4.2-124. HUELLA DE PANTHERA ONCA (LINNAEUS, 1758), REGISTRADA. ....vvvveeeeciiieeeeciiieeeenee 181
[LLUSTRATION 4.2-125. GRAPH OF THE CURVE OF ACCUMULATION OF BIRDS OF SPECIES WITH THE NON-PARAMETRIC
ESTIMATOR CHAOQ (THE SHADED REGIONS REPRESENT TRUST INTERVALS OF 95%)....cccivvieeiiiiieeiiiieeeen, 189
[LLUSTRATION 4.2-126. TAXONOMIC COMPOSITION OF AVIFAUNA WITHIN THE STUDIED AREA. ....eeieiviiiiiinnne, 194
[LLUSTRATION 4.2-127. ORDERS OF BIRDS WITH GREATER WEALTH OF FAMILIES. .vvvuvtieiiiiiiiiiiiee e eee e 195
[LLUSTRATION 4.2-128. ORDERS OF BIRDS WITH THE GREATEST WEALTH OF SPECIES. ©.vvvvvviieeeeiiiiiiieeeeeeeeeeeins 196
[LLUSTRATION 4.2-129. NUMBER OF SPECIES FOR THE MORE REPRESENTATIVE FAMILIES OF BIRDS. ..vvvvveeeeeennens 197
[LLUSTRATION 4.2-130. FALCO SPARVERIUS LINNAEUS, 1758 (FALCONIDAE)....vvviieeeiieeeeeiieeeeeie e 198
[LLUSTRATION 4.2-131. TAXONOMIC COMPOSITION BY PLANT COVER. ...euvvviieeeeeeee et e 199
[LLUSTRATION 4.2-132. ABUNDANCE OF THE MOST REPRESENTATIVE FAMILIES. .eeeiiiiiiiiieeee e e e e e e 200
ILLUSTRATION 4.2-133. SICALIS FLAVEOLA (LINNAEUS, 1766) (PASSERIFORMES: THRAUPIDAE). ..veeeeevvieennne.. 201
[LLUSTRATION 4.2-134. MYIOZETETES SIMILIS (VON SPIX, 1825) (PASSERIFORMES: TYRANNIDAE). ..vvvvveeeeiinnn. 202
[LLUSTRATION 4.2-135. ABUNDANCE OF BIRD FAMILIES FOR EACH PLANT. L.uvvviiiieeeiiiiiiiireeeeeeeseiiiieeeeeeeeeeniinns 203
[LLUSTRATION 4.2-136.SPECIES OF BIRDS MORE REPRESENTATIVE. ...eiiiiiiiiiieeeeee e e et e 204
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[LLUSTRATION 4.2-137. MIONECTES OLEAGINEUS (LICHSTENSTEIN, 1823) (PASSERIFORMES: PIPROMORPHIDAE).205

[LLUSTRATION 4.2-138. SPECIES OF BIRDS MORE ABUNDANT FOR EACH PLANT COVER.....cvvvieiieeirieeinieeeireeennes 206
[LLUSTRATION 4.2-139. CERATOPIPRA ERYTROCEPHALA (LINNAEUS, 1758) (PASSERIFORMES: PIPRIDAE). .......... 207
[LLUSTRATION 4.2-140. RAMPHASTOS SWAINSONII GOULD, 1833 (PICIFORMES: RAMPHASTIDAE)........ccovvene.. 208
[LLUSTRATION 4.2-141. TYRANNUS TYRANNUS (LINNAEUS, 1758) (PASSERIFORMES: TYRANNIDAE). .....ecvvveennee. 208
[LLUSTRATION 4.2-142.INDIVIDUALS REGISTERED PER PLANT COVERS. ...vvvieiurieeiieeieeeeeeiieeeneee e e 210
[LLUSTRATION 4.2-143. CRAX ALBERTI FRASER, 1852 (GALLIFORMES: CRACIDAE). ..ccvvveeirieeniieeriieeeinieesinee s 211
[LLUSTRATION 4.2-144. ANALYSIS OF THE BETA DIVERSITY OF BIRDS AMONG PLANT COVERS, BASED ON A BRAY-
CURTIS CLUSTER ANALYSIS DENDROGRAM (A) AND A PRINCIPAL COORDINATE ANALYSIS (B). cvvviovveieiienne. 214
[LLUSTRATION 4.2-145. PERCENTAGE OF REPRESENTATIVENESS FOR EACH TROPHIC. ..vvvieivieeeiieeiieeeiiiee e 216
[LLUSTRATION 4.2-146. TROPHIC DISTRIBUTION PER PLANT COVER SAMPLED. ©...ccvveeievieeeeiieerieeeiieeeenie e 217
ILLUSTRATION 4.2-147. AGAMIA AGAMI (GMELIN, 1789) (PELECANIFORMES: ARDEIDAE)......coovvvvieeeeeeeeinnnne, 220
[LLUSTRATION 4.2-148. SIPIA PALLIATA TODD, 1917 SENSU CLEMENTS ET AL 2015 (PASSERIFORMES:
THAMNOPHILIDAE) ...ttt ettt ettt ettt e e et e et e e et e e et e e et e e ete e et eeenaeeeeateeeaneeas 221
[LLUSTRATION 4.2-149. PYRILLIA PYRILLIA (BONAPARTE, 1853) (PSITTACIFORMES: PSITTACIDAE). .eeovvveeireeene. 221
[LLUSTRATION 4.2-150. TINAMUS MAJOR (GMELIN, 1789) (TINAMIFORMES: TINAMIDAE). .....eeovveeinreecieeene. 222
[LLUSTRATION 4.2-151. NUMBER OF REGISTERS OF NON-REPRODUCTIVE MIGRANTS BY PLANT COVER. ............... 224
[LLUSTRATION 4.2-152. CATHARUS USTULATUS (NUTTAL, 1840) (PASSERIFORMES: TURDIDAE). ....ecvvveeenreennee. 226
[LLUSTRATION 4.2-153. Coccyzus AMERICANUS (LINNAEUS, 1758) (CUCULIFORMES: CUCULIDAE). ................. 227
[LLUSTRATION 4.2-154. CONTOPUS SORDIDULUS SCLATER, 1859 (PASSERIFORMES: TYRANNIDAE).........ccvveee.. 228
ILLUSTRATION 4.2-155. MYIODYNASTES MACULATUS (VIEILLOT, 1819) (PASSERIFORMES: TYRANNIDAE). .......... 229
[LLUSTRATION 4.2-156 GEOGRAPHICAL LOCATION OF HYDROBIOLOGICAL SAMPLING STATIONS. .eceeeeeeeeeeeeennnn. 259
[LLUSTRATION 4.2-157. GRAPH OF THE FISH SPECIES ACCUMULATION CURVE WITH THE NON-PARAMETRIC CHAO
ESTIMATOR (SHADED REGIONS REPRESENT 95% CONFIDENCE INTERVALS). ..vveivvieiiieeeeieeciee e 261
[LLUSTRATION 4.2-158. GRAPH OF THE ABUNDANCE AND WEALTH OF THE SPECIES OF FISH BY SAMPLING STATION 262
[LLUSTRATION 4.2-159. GRAPH OF THE RELATIVE ABUNDANCE OF THE ABUNDANT AND COMMON SPECIES. ........ 263
[LLUSTRATION 4.2-160. ASTYANAX FASCIATUS (SARDINA COLIROJA). vvvevreeieieeeeieee e 264
[LLUSTRATION 4.2-161. ROEBOIDES DAYI (CHANGUITO). c.vveivviieireeeiee ettt ettt 264
[LLUSTRATION 4.2-162. HOPLIAS MALABARICUS (MONCHOLO). ...veiiiiieceiie e 265
ILLUSTRATION 4.2-163. LEBIASINA SP (HALF-MOON, WOLF FISH OR GOLDEN LOMO).....ccovvieiiiiiiieeciiieeeen 265
[LLUSTRATION 4.2-164. SACCODON DARIENSIS (MAZORCO). .. .ecuvieiiiieeiie ettt 266
[LLUSTRATION 4.2-165. HYPOSTOMUS HONDAE (JANITOR FISH). vvteiirieiiiieeiieeeiiteeetee st eeiee e esiaee e 267
[LLUSTRATION 4.2-166. LASIANCISTRUS CAUCANUS (CORRONCHO BARBADO). ...vvveieivieeciiieeiieeeiiee e 268
[LLUSTRATION 4.2-167. CHAETOSTOMA BREVILABIATUM (CORRONCHO). ...evvveieeiieeeiiie et 268
[LLUSTRATION 4.2-168. PHILOMELA CHARGES (CAPITATE). 1etuvtieiiieeiiieeeitteeite ettt e site et e etee et esnaeeeenae e 269
[LLUSTRATION 4.2- 169. RHAMDIA QUELEN (BLACK BEARDED). ...vviiiuviieiireeeiieeeiieeeiee et e e 270
[LLUSTRATION 4.2-170. STERNOPYGUS AEQUILABIATUS (MAYUPA, GUAYUPA OR PEINILLA).....veeiiieeeiiieeiee e 270
[LLUSTRATION 4.2-171. SYNBRANCHUS MARMORATUS (WATER SNAKE OR ANGUILLA). .oevvieeiieeiiee e 271
[LLUSTRATION 4.2-172. ANDINOACARA PULCHER (BLUE MOJARRA). .vviiiveeiiiee et e et 271
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ILLUSTRATION 4.2-173. CAQUETAIA KRAUSSI (YELLOW MOJARRA OR MULITA) ..o, 272
ILLUSTRATION 4.2-174. CAQUETAIA UMBRIFERA (MOJARRA). ..ot 273
ILLUSTRATION 4.2-175. GEOPHAGUS STEINDACHNER! (HUNCHBACK). ... 274
ILLUSTRATION 4.2-176. GRAPH OF DIVERSITY RATES, HETEROGENEITY AND DOMINANCE (MARGALEF, SHANNON Y
SIMPSON) IN FISH PER SAMPLING STATION ......evveeeeee ettt 274
ILLUSTRATION 4.2-177. GRAPH OF ANALYSIS OF THE BETA DIVERSITY OF FISH BETWEEN SAMPLING STATIONS BASED
ON A DENDROGRAM. ...ttt ettt ettt 275
ILLUSTRATION 4.2-178. BRYCON HENNI (SABALETA) ..o e, 278

ILLUSTRATION 4.2-179. A. GRAPH OF THE ABUNDANCE AND WEALTH OF MACROINVERTEBRATES SPECIES BY
SAMPLING STATIONS (THE BLACK NUMBERS ABOVE INDICATE THE SPECIES WEALTH OF FAMILIES; RED NUMBERS
INDICATE WEALTH OF FAMILIES AND THE GREEN NUMBERS SHOW WEALTH OF ORDERS OF ORDERS FOR EACH

COVERAGE). B. GRAPH OF THE RELATIVE ABUNDANCE OF ABUNDANT ....cvviiiiiuiiieeeiiieee e e e eeieee e 282
[LLUSTRATION 4.2-180. NUMBER OF INDIVIDUALS FOUND AT STATIONS P-01. ....ooooiiiiiiiiiiiieiiiiiiieee e, 283
[LLUSTRATION 4.2-181. CHIRONOMIDAE. ..ceiiieieee e 284
[LLUSTRATION 4.2-182. SIMULIDAE. ©..vvvvteeeeeeeeetitee ettt e e e e e ettt e e e e e e e et e e e e e e e eeeaans 284
[LLUSTRATION 4.2-183. NUMBER OF INDIVIDUALS FOUND AT STATION P-02......coooiiiii 284
[LLUSTRATION 4. 2184, SMICRIDEA. . .utvvvteeeeeeeeettiitee e e e e e e e et e e e e e e e ettt e e e e e e e et ae e e e e e e e e eeaans 285
[LLUSTRATION 4. 2-185. BAETIS....ciiiiiiiiieeeee e e eeett et e et e e e e e ettt e e e e e e e et a e e e e e e e eeaans 285
[LLUSTRATION 4.2-186. NUMBER OF INDIVIDUALS FOUND AT STATION P-03.......... 286
[LLUSTRATION 4.2-187. TUBIFICIDAE ©..vvvveeeeeeeeeetittee ettt e e e ettt e e e e e e e e e e e e e e e eeeaans 286
[LLUSTRATION 4.2-188. NUMBER OF INDIVIDUALS FOUND AT STATION P-04.....ooiiiiiiieiiiiiiee e 287
[LLUSTRATION 4.2-189. NUMBER OF INDIVIDUALS FOUND AT STATION P-05.....ooiiiiiiiiiiiiiee e 288
[LLUSTRATION 4.2-190. ANACRONEURIA. ....oeeieeeeeee et 288
[LLUSTRATION 4. 21O 1. CHIMARRA. ... etttteeeee e ettt e e e e e e ettt e e e e e e ettt e e e e e e s e sttb b et e e eeeeesstsbaaaeeeaeesensenns 288
[LLUSTRATION 4.2-192. THRAULODES. .....veeeee et 289
[LLUSTRATION 4.2-193. NUMBER OF INDIVIDUALS FOUND AT STATION P-06........ccoiiiiiiiiiiiieiiiiiiiiceeeeeeee, 290
[LLUSTRATION 4. 2194, HETAERINA «..etvvitieeeeseeeietet e e e e e ettt e e e e e ettt e e e e e e e e sttbbateeeeeeesstsbaaaeeeaeesensenns 290
[LLUSTRATION 4.2-195. NUMBER OF INDIVIDUALS FOUND AT STATION P-07.....ccoiiiiiiiiiiiiiieeceecieeeee e, 291
[LLUSTRATION 4.2-196. NUMBER OF INDIVIDUALS FOUND AT STATION P-07 IN 2016 YEAR.....cvieeeieiiiiiiennee, 292
[LLUSTRATION 4. 2197, ANOPHELES ... vvvveeeee s eeeeet e e e ettt e e e e e ettt e e e e e e e ettt et e e e e e s e s stnbaaaeeeaeesensenns 292
[LLUSTRATION 4.2-198. NUMBER OF INDIVIDUALS FOUND AT P-09 STATION......ceeiiiiiiiiieeeeeeeeeeiiiieee e 293
[LLUSTRATION 4.2-199. BAETODES ... uvvivieeeeeeeeiieet e e ettt e e e ettt e e e e e e ettt e e e e e e e etaabbaaaaeeeeeensaans 294
[LLUSTRATION 4.2-200. NUMBER OF INDIVIDUALS FOUND AT P-10. STATION ...eeeiiiiiiiiiieeeee e 295
[LLUSTRATION 4.2-201. NUMBER OF INDIVIDUALS FOUND AT P-11 STATION. ..eeiiiiiiiiiiiiieee e 296
[LLUSTRATION 4.2-202. GRAPH OF INDICES OF DIVERSITY, HETEROGENEITY AND DOMINANCE (MARGALEF, SHANNON

AND SIMPSON) IN MACRO INVERTEBRATES BY SAMPLING STATION. ...eeiieuiieeeeetiee e e e ee e e e e 297
[LLUSTRATION 4.2-203. GRAPH OF ANALYSIS OF BETA DIVERSITY OF MACROINVERTEBRATES BETWEEN SAMPLING

STATIONS BASED ON A DENDROGRAM. ...vvttieeeeiiiititteeeeeseeeiiitteteeeeessestabteaeeeeeessabaseeeeeeesssssabssreeeeeesins 297
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ILLUSTRATION 4.2-204. VALUE OF THE BMWP/COL IN THE DIFFERENT SAMPLING STATIONS IN THE 2016

MONITORING. ...ttt e e e ettt e ettt e e e e e e et e e e e e e e e ata bt e e e e e e e s ettt s st e e e e e e e e ettaaabeeeeeeeeesaasees 299
[LLUSTRATION 4.2-205. ELEOCHARIS ACUTANGULA. ...ccooiieieieeeeeeeeeeeeeeeeeeeee 301
[LLUSTRATION 4.2-206. ELEOCHARIS ELEGANS. ...ttt et 301
[LLUSTRATION 4.2-207. HETERANTHERA RENIFORMIS. ....ccioiiiiiiiee e e et e e 301
[LLUSTRATION 4.2-208. PHYTOPLANKTON ORGANISMS FOUND IN THE SAMPLING STATIONS .....ccceeeieieeeeeeeeen... 304
ILLUSTRATION 4.2-209. GRAPH OF THE ABUNDANCE AND RICHNESS OF PHYTOPLANKTON SPECIES BY SAMPLING

STATIONS. e 306
[LLUSTRATION 4.2-210. GRAPH OF THE RELATIVE ABUNDANCE OF ABUNDANT AND COMMON PHYTOPLANKTON

SPECIES. ettt ettt et e e ettt e e e e ettt e e e e e e bt — e e e e e e e e et aa e e e e e e e raaaaaaaaas 307
[LLUSTRATION 4.2-211 RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-O1..............o. 308
[LLUSTRATION 4.2-212. ULNARIA AFF ULNA PREDOMINANT PHYTOPLANKTON COMMUNITY, P-O1 STATION ........ 309
[LLUSTRATION 4.2-213. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-02........ovvviiiieiiinnnnn, 310
[LLUSTRATION 4.2-214. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-03..............oool. 311
[LLUSTRATION 4.2-215. PREDOMINANT PHYTOPLANKTON ORGANISMS, STATION P-03. ..., 312
[LLUSTRATION 4.2-216. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-04................oool. 313
[LLUSTRATION 4.2-217. ACHANTHES SP, PREDOMINANT IN PHYTOPLANKTON COMMUNITY, STATION P-04.......... 313
[LLUSTRATION 4.2-218. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-05.......covvviiieiiinnnn, 314
[LLUSTRATION 4.2-219. ULNARIA AFF ULNA AND FRAGILARIA SP, PREDOMINANT IN PHYTOPLANKTON COMMUNITY OF

STATION P05, oo et e e e e 315
[LLUSTRATION 4.2-220. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-06...........ccovvvinnnnnnn... 316
[LLUSTRATION 4.2-221. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-07....ccoceeiiiiiiiinn., 317
[LLUSTRATION 4.2-222. ULNARIA AFF ULNA AND FRAGILARIA GOULARDII, PREDOMINANT IN PHYTOPLANKTON

COMMUNITY OF STATION P07 .t iiiiiiiee e ettt e e ettt e e e e e et e e e e e e e e esetbbbaeaeeeeennsenns 317
[LLUSTRATION 4.2-223. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-08...........ocoeeiiiinnnnn, 318
[LLUSTRATION 4.2-224. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-09........c.oovvviiiiinn, 319
[LLUSTRATION 4.2-225. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-10.......ccceviiiiiinnne.e. 320
[LLUSTRATION 4.2-226. RELATIVE DENSITY OF PHYTOPLANKTON ORGANISMS, STATION P-11.......cccccooeiiiinnn, 321
ILLUSTRATION 4.2-227. GRAPH OF INDICES OF DIVERSITY, HETEROGENEITY AND DOMINANCE (MARGALEF, SHANNON

AND SIMPSON) IN PHYTOPLANKTON BY SAMPLING STATION. ....veiiuvieeieieeeetieeeateeeteeeenveeeeaee e e eaeeeearee s 322
[LLUSTRATION 4.2-228. GRAPH OF ANALYSIS OF PHYTOPLANKTON BETA DIVERSITY BETWEEN SAMPLING STATIONS

BASED ON A DENDROGRAM. ...utttttitteeeeeeeeeititttteeeeeees ittt e e e e e e eesttb e s e e e eeeeesestabaaaeeeeeesastabbsaaaeeeesnssenns 323
[LLUSTRATION 4.2-229. MAIN ZOOPLANKTON MORPHOTYPES FOUND IN THE SAMPLING STATIONS......eeeeeeeeennnnn. 326
[LLUSTRATION 4.2-230. GRAPH OF THE ABUNDANCE AND RICHNESS OF ZOOPLANKTON SPECIES BY SAMPLING

STATIONS. .ttt e e e ettt e e e e e e et ta e e e e e e e e st tb bt e e e e e e e e e ssstb b bt e e e e e e e e st ttb e b b e e e e e e e e ntbb ittt eeeee e e ttbbraaaeaaeeas 327
[LLUSTRATION 4.2-231. GRAPH OF THE RELATIVE ABUNDANCE OF ABUNDANT AND COMMON ZOOPLANKTON SPECIES.

................................................................................................................................................. 328
[LLUSTRATION 4.2-232. RELATIVE DENSITY OF ZOOPLANKTON ORGANISMS, STATION P-01.......cccvvviirieeeinnnnn, 329
[LLUSTRATION 4.2-233. PREDOMINANT ZOOPLANKTON ORGANISMS, STATION P-01. ....oooviiiiiiiiiiiiiiieeeeeeee, 329
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[LLUSTRATION 4.2-234.
[LLUSTRATION 4.2-235.
[LLUSTRATION 4.2-236.
ILLUSTRATION 4.2-237.
ILLUSTRATION 4.2-238.
[LLUSTRATION 4.2-239.
ILLUSTRATION 4.2-240.
[LLUSTRATION 4.2-241.
[LLUSTRATION 4.2-242.
[LLUSTRATION 4.2-243,
[LLUSTRATION 4.2-244,
[LLUSTRATION 4.2-245,
[LLUSTRATION 4.2-246..
[LLUSTRATION 4.2-247.
[LLUSTRATION 4.2-248.
[LLUSTRATION 4.2-249.
[LLUSTRATION 4.2-250.
[LLUSTRATION 4.2-251.
[LLUSTRATION 4.2-252.
[LLUSTRATION 4.2-253,

[LLUSTRATION 4.2-254.

STATIONS. ...........
[LLUSTRATION 4.2-256.
[LLUSTRATION 4.2-257.
[LLUSTRATION 4.2-258.
[LLUSTRATION 4.2-259.
[LLUSTRATION 4.2-260.
[LLUSTRATION 4.2-261.
[LLUSTRATION 4.2-262.
[LLUSTRATION 4.2-263.
[LLUSTRATION 4.2-264.
[LLUSTRATION 4.2-265.
[LLUSTRATION 4.2-266.
[LLUSTRATION 4.2-267.

RELATIVE DENSITY OF ZOOPLANKTON ORGANISMS, STATION P-02. ...l 330
PREDOMINANT ZOOPLANKTON ORGANISMS (AMEBAS), STATION P-02. ......covvvvieienne.. 331
RELATIVE DENSITY OF ZOOPLANKTON ORGANISMS, STATION P-03................oo. 332
PREDOMINANT ZOOPLANKTON ORGANISMS, STATION P-03. ..o, 332
RELATIVE DENSITY OF ZOOPLANKTON ORGANISMS, STATION P-04. ......cccvvviiiiieeiinnnn, 333
PREDOMINANT ZOOPLANKTON ORGANISMS, STATION P-04. .....ooiiiiiiiiiiieicciececeeeeen, 334
RELATIVE DENSITY OF ZOOPLANKTON ORGANISMS, STATION P-05.......cccovvviiiiieiiiinn, 335
RELATIVE DENSITY OF ZOOPLANKTON ORGANISMS, STATION P-06. ...l 336
PREDOMINANT ZOOPLANKTON ORGANISMS, STATION P-06. ......ooiiiiiiiiiiiiiiciccccceeeennn 336
RELATIVE DENSITY OF ZOOPLANKTON ORGANISMS, STATION P-07. SOURCE: INGEX, 2016.
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4.2 BIOTIC ENVIRONMENT

Presented below are the terrestrial ecosystems, sensitive-strategic ecosystems and/or protected
zones, flora, fauna, hydro biological groups and ecologic connectivity.

4.2.1 ECOSYSTEMS

Biomes are the set of terrestrial ecosystems related by their functional and structural features.
They differ by their structural vegetal characteristics and climate factors (rainfall and temperature)
relevant in the development of vegetal structures.

According to the marine terrestrial ecosystem map for Colombia (IDEAM, IIAP, SINCHI, IAvH, and
IGAC, 2008) scale 1:500.000 Colombia has (3) large biomes: big tropical desert biome, big dry
tropical forest biome and big biome of tropical damp forest. Each represented by their own
zonobiomes, helobiomes, halo biomes and orobiomes.

The studied area is located inside the Big Tropical Damp Forest biome. This biome covers an
extension of 105.632.472 ha covering the warm thermic damp flat lands, with an annual rainfall
average of over 2000 mm in elevations ranging from 0 to 500m.a.s.l. Located in low areas North
East of Antioquia’s region, Magdalena River middle valley and, low Valle and Nechi River zone.

This big biome vegetation equates to the tropical rainfall jungle, the damp tropical forests, very
rainy damp low grounds, low montane and premontane from Holdridge (1967), sub-tropical from
Chapman (1917) and to the tropical forest rain-loving montane and foothill from Unesco
classification (1973) (Hernandez and Sanchez, 1992).

This biome is dominated by the following ground covering: natural forests (39, 0%), grass lands
(33%) secondary vegetation (22%) and annual or transitory crops (6%) (Toro, 2009) (See
Illustration 4.2-1).

In regards of natural forests, though their proportion is few and their reduction accelerated, there
exist important jungle masses because of their extension, heterogeneity, wood and biodiversity in
general; equally, these are areas with higher pressure due to the deforestation caused by the
widening of agriculture and livestock, exploitation of woods, and activities developed by farmer
groups settled in the region besides the migratory flow from other states of the country.

On the other hand, the oriobiome where the study area is located is the Andean low oriobiome,
with an extension of 14’035.898ha characterized by tempered-dry, tempered damp, and
tempered high damp climates and, in some areas warm damp, warmer high damp climates in
altitudes ranging from 500 to 1800 m.a.s.l, with temperatures above 18 degrees Celsius.
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4.2.1.1 LIVE ZONES

Live zones can be considered as a type of dominant vegetation or a set of associations closely
related biotic and abiotic with a significant role on their comportment (Holdridge 1982) (see
illustration 4.2-1)

B Bosques naturales ' Pastos @ Vegetacion secundaria I Cultivos anuales y transitorios

lllustration 4.2-1 Percentage of the dominant coverings in the big biome of tropical damp forest.
Source: Toro, 20089.

In the illustration 4.2-2, lllustration 4.2-3, table 4.2-1 and table 4.2-2 can be identified in detail the
actual ecosystems in the studied area such natural forests and secondary vegetation.

Table 4.2-1 Actual biomes area in the big tropical damp forest biome.

BIG BIOME TYPE OF BIOME BIOME AREA (ha) %
Tropical damp forest Orobiomes Low Andean Oriobiome 14.035.898 |13,29
Source: Marine Terrestrial Ecosystem for Colombia (Ideam, IIAP, SINCHI, IAVH e IGAC, 2008).

Table 4.2-2. Live zones in El Pescado project.

RANGE DESCRIPTION ALTITUDE (mm) PRECIPITATION TEMPERATURE (°C)
bh-T Tropical damp forest 0-1000 2000-4000 24-35
Source: Live zones system Holdridge, 1982.
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lllustration 4.2-2. Low Andean Orobiome in the area of study.
Source: marine terrestrial ecosystem map for Colombia (IDEAM, IIAP, SINCHI, IAvH, e IGAC, 2008)

There are 11 live zones located In Antioquia’s department (Espinal, 1985). The area subject to
study is located in the tropical damp forest (bh-T) (see illustration 4.2-4), according to Holdbridge’s
spatial geo-processing for the climatological component variables and geomorphological.
According to Holdbridge’s diagram the tropical damp forest has an annual precipitation average
ranging 2000 to 4000 mm, an average temperature above 24 degrees Celsius and heights below
1000m.a.s.l (see table 4.2-2).
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Illustration 4.2-3. Holdbridge’s diagram for live zones classification.
Source Holdbridge’s live zones system, 1982

According to the bioclimatology component, the Holdbridge’s diagram variables that represent the
studied area like bh-T are presented below.

Precipitation

The closest pluvio-metric stations are El Bosque, Palma de Coco, El Oriente, Las Brisas and El
Londre. Getting an annual precipitation average ranging 2884 — 3946mm/year, with a rainy
seasonal period between May and October (529-556 mm) and a dry season between January and
July (191-452mm).

Temperature

The annual average temperature corresponds to values between 24,6 C and 26,6 C, where lower
temperatures correspond to higher altitude zones and the maximum temperatures are related to
the valleys from the rivers.
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Humidity

The relative humidity presents a bio mode cycle with peaks in the months of May-June and
November and minimal in February and July with values that vary approximately in 83-87%.

Slopes

There are slopes ranging from 0-100% across flat areas near to the drains (0-15%) and the zone
where the campsite will locate to the steepest areas where slopes between 50-100% dominate.

Illustration 4.2-4. Bio-zonification climate map of the area of study.
Source: INGEX, 2016.
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4.2.2 SENSITIVE STRATEGIC ECOSYSTEMS, AND/OR PROTECTED AREAS

The protected areas include ecosystems that guarantee the existence of necessary ambient for the
humanity and the strategic zones for the region that are used in a sustainable way through the
time.

4.2.2.1 SENSITIVE STRATEGIC ECOSYSTEMS

Strategic ecosystems guarantee the supply of essential environment goods and services, among
others, for the sustainable development of the country. Those ecosystems are characterized by
keeping the basic ecological equilibrium and processes such as climate regulation, waters, green-
house effect gas storage, water, and air and depuration functions, alimentary resources
generation like fishing and biodiversity conservation (MADS). The most sensitive ecosystems are
those susceptible and with higher risk of being intervened by anthropic activities such as
stockbreeding, agriculture, human settlements and artisanal mining, among others.

Historically, ecosystems alterations have been produced by changing the use of the land,
modifying its vegetal covering, filling damp zones that dim floods, changing rivers regular flow and
deforesting hillsides; which increases rivers erosion and sedimentation, producing among others,
avalanches, landslides, floods and mass removal; joining to the human settlement building and the
development of productive activities in areas that may represent a thread, increasing the
ecosystems and population vulnerability, by creating risky conditions (IAvH, 2016).

Strategic ecosystems have been supported nationwide, such as paramos, forests, savannahs or
basins; which play an important role in the sustainability of natural fundamental processes, socio-
economical, ecological or from other sorts; such as, water or food sources. Strategic ecosystems
must be understood as distinguishable parts from the territory where natural functions are
concentrated in which depend significantly on goods and natural services relevant for the
maintenance of the society and nature.

To be able to identify those ecosystems and their importance inside the area of study, they were
not treated separately but to the contrary, sensitive strategic ecosystems were blended, obtaining
combinations: strategic and sensitive; strategic non-sensitive or strategic and no strategic and/or
sensitive.

The ecological identifier or locator criteria of those ecosystems in the area of study are the
“existent natural fragments of forests” due to those ecosystems in the area of study being
permanently under risk, threat, susceptibility or sensibility of being intervened by the expansion of
the extensive stockbreeding border presented in the area. Those ecosystems represent valuable
strategic services such as climate stabilization or hydric balance, carbon storage, protection to the
hydric function due to the big amount of hydric springs inside those coverings, biodiversity
conservation (Franquis & Infante, 2003), food chains of larger complexity, ecologic connectivity,
among others.
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Those forest coverings are an important ecosystem for the preservation of the biodiversity in the
area because they represent the biggest index of biodiversity and species wealth, as it will be later
shown in the flora, fauna and hydro biologic group components.

As previously mentioned, forest coverings are relevant for establishing, handling, and following
conservation strategies during and after the project realization.

4.2.2.2 PROTECTED AREAS

The area of study and the mining project are located inside the Magdalena River National Forest
Reserve (hereinafter MRNFR) (see illustration 4.2-5), declared by law 2 year 1959 and broaden by
order 0111 year 1959. Such national reserve has 2’155.590 ha, which means approximately 37%
over the initial area declared by effect of subtractions made (MADS, 2011).
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Illustration 4.2-5. Magdalena River National Forest Reserve. St. Lucas mountain range.
Source: MADS.

Inside the MRNFR it exists a sub-area also protected and endorsed as environmental importance
(not geographically superimposed with the mining project, approximated distance 40 lineal Km),
that is The National Natural Park (hereinafter NNP) St. Lucas Mountain Range (hereinafter SLMR)
(see illustration 4.2-5). The first one only subscribed to the National System of Protected Areas
(hereinafter NSPA) and the second one to the NSPA and to the Colombian National Natural Parks
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system (hereinafter CNNPS), according to the sections Number 1 to chapter Number 1 — title
Number 2 from unique compiled regulated order from order 2372 year 2010.

The SLMR is approximately located 90% inside Bolivar department jurisdiction and corresponds 9%
to the MRNFR. The largest part of the coverings from MRNFR coincides with this NNP, conformed
by a big biological and endemism wealth, located in an altitude rank above 2.200 mamsl. A mayor
part of the reserved zone corresponds to a kind of forestall covering, mainly Andean forests and
damp forests fragments. The high toll of anthropic colonization in the zone and the economic
activities related, are a potential threat for the perturbation of the forest coverings inside the
reserve.

The SLMR is a fluvial star where several rivers of influence are born in the departments of Bolivar,
Magdalena and Antioquia, constituting a strategic area for the region that demands special
conservation measures and therefore the sustainable exploitation of its natural resources.

The study area is mainly dominated by structurally connected dense forest fragments, as well as a
mosaic of pastures and fragments of secondary or transition vegetation; the latter, product of
wood extraction, artisanal mining and opening of land for livestock and agriculture.

In accordance with article 2 of resolution number 1924 of 2013, the MRNFR was zoned for
ordering purposes in the following 3 zones (see illustration 4.2-6):

Type A zone: guarantees the maintenance of the basic ecological processes necessary to ensure
the supply of ecosystem services, mainly related to water and climate regulation; assimilation of
air and water pollutants; the formation and protection of the soil; the protection of unique
cultural heritage landscapes, and the support of biological diversity.

Type B zone: they are characterized by having favorable covers for a sustainable management of
the forest resource through an integral forest management approach and the integral
management of ecosystem diversity and services.
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lllustration 4.2-6. Zonification of MRNFR, ST Lucas Mountain range and mining project
Source: MADS.

Type C zone: its biophysical characteristics offer conditions for the development of agroforestry,
silvopastoral and other activities compatible with the objectives of the forest reserve, which must
be incorporated into the forest component, and which do not imply the reduction of the natural
forestall areas present in its forests in their different states of succession.

This mining project is located in zone B (see illustration 4.2-6) where sustainable management of
the forest resource, biodiversity and ecosystem services can be given.

According to the articles number 5 and 6 of the resolution 1924 of 2013, and the general ordering
of these zones in the reserve and specific of the zone B, is presented below to later establish
handling, monitoring and conservation strategies during and after of the execution of the project.

General ordering of the zones
e In the zones that present ecosystems that have modified the characteristics of function,

structure and composition due to natural or anthropic disturbances, projects or activities
that tend to control their degradation factors should be prioritized, promoting processes
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of ecological restoration, rehabilitation or recovery as established by the National
Restoration Plan.

e The scheme provided in the Compensation Assigning Manual for biodiversity loss may be
applied in any of the zones.

e The zoning and ordering of the reserve must be considered in the formulation and
adjustment of the Plans of Management and Management of the Hydrographic Basin
(hereinafter POMCA).

e When they intend to develop within the collective territories, projects of public utility or
social interest that imply change in the use of the soil, the process of subtraction must be
advanced, fulfilling for this purpose the procedure of prior consultation that deals with the
agreement 169 of the ILO adopted through Law 21 of 1991 and its complementary norms.

e Autonomous regional corporations and those of sustainable development, within the
framework of the forest management mentioned in decree 1791 of 1996 or the norm that
modifies, adds or replaces it in the forestry reserve areas of Law 2" of 1959, a process of
ordination will be carried out in all the zones enunciated, initiating this process in zones
type "B".

e In the areas of the reserve, the connectivity of the protected areas will be promoted
through complementary strategies.

e In integrated management districts, soil conservation districts, recreational areas and
protective forest reserves included in the NSPA that overlap with forest reserves of the
2nd law where they intend to carry out activities of public or social utility that involve
removal of forest or changes in land use, it must previously request the subtraction before
the MADS.

e In the areas of forestall reserve zones that present risks of mass removal, ecological
preservation and restoration activities may be developed.

e In all types of zones, regional environmental authorities must join efforts to avoid the
transformation and loss of ecosystems and natural habitats, over-exploitation, biological
invasions, pollution and the adverse effects of climate change.

e In the areas identified as national and regional conservation priorities located inside
forestall reserve areas, the authorities will tend to implement measures aimed to promote
their conservation.

e According to the provisions of Article 111 Law 99 of 1993 in order 953 of 2013, territorial
entities, irrigation districts, and environmental authorities, that do not require an
environmental license, shall promote the conservation and recovery of protected strategic
areas of importance for the conservation of hydric resources that supply water to the
municipal, district and regional aqueducts.

e In the development of activities that do not require subtraction of forest reserve areas,
the implementation of environmentally sustainable practices will be promoted.
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e In forest reserve areas with biophysical conditions suitable for the development of
agricultural activities, the forestry component should be incorporated through
agroforestry, silvopastoril and landscape management tools that allow the connectivity of
present forest areas and their maintenance as support for the supply of ecosystem
services.

e The logging of timber products must be carried out in a sustainable manner under the
parameters established for forest management and current regulations, without these
implying a change in the forest use of soils.

e Promote the use and marketing of non-timber forest products, as established in order
1791 of 1996 (essential oils, gums and resins, dyes, pigments, dyes, herbs, spices,
medicinal plants, exotic flowers, exotic fruits, among others).

Specific ordering of zone B

e Promote the integral forest management of these areas and promote activities related to
sustainable forest production, maintenance of air quality, regulation of climate and hydric
resources, as well as erosion control.

e Stimulate scientific research applied primarily to ecological restoration and the generation
of information on forest management of sources of timber and non-timber products,
biological diversity and ecosystem services, according to current regulations.

e Promote the establishment of commercial forest plantations in areas that, due to their
conditions, allow the development of these activities, considering the risk evaluation.

e Encourage the reconversion of existing agricultural and livestock production towards
sustainable production schemes, which are compatible with the characteristics of the type
of area.

e Implement processes of ecological restoration, rehabilitation and recovery according to
the provisions of the National Restoration Plan, in order to protect hydric basins for water
supply to the population and economic activities.

e Promote the implementation of the forest incentive certificate for commercial plantations
and for the conservation in Law 13 of 1994 and the paragraph 250 of Law 223 and 1995.

e Projects related to productive alliances or other strategies, may be developed in private
plots, since it does not imply the expansion of the agricultural frontier, avoid the reduction
of natural forest areas, have a forest component, do not affect the hydric resources and
be executed implementing good practices.

e To advocate for the development of Low Carbon Development activities, including those
of the National Strategy for the Reduction of Emissions from Deforestation and
Degradation (hereinafter REDD), Clean Development Mechanism (hereinafter CDM) and
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other carbon market mechanisms, as well as other recognition schemes for environmental

services.

e Promote the lines established in the strategy of entrepreneurship of green businesses,

including the national policy of production and sustainable consumption, and the

programs that implement it if they are compatible with the aptitudes of the soil and the

characteristics of this type of zone.

4.2.3 FLORA

The sampling of woody plants (high forest, stand of trees, saplings and vascular epiphytes)

developed by the Merceditas corporation, was carried out by the random plot establishment
method and following the methodology proposed by Rangel and Velasquez (1997), which
proposes a characterization by plant cover and in plots of 10 x 100 m (separated from each other

by at least 200 meters to avoid replicas between them), where the different ages were evaluated
as high forests (plots of 10 x 10 m), stand of trees (plots of 5 x 5) and sapling (plots of 2 x 2).
In the study area, 35 sampling plots were carried out (later rectified in the field), in order to know

and analyze the structure of the forest, its species and its behavior, in the different types of
coverage (See Table 4.2-3 and lllustration 4.2-7), besides of recording each of the morphological
characteristics of the species, such as height, growth habit, among others, for later identification.

Tabla 4.2-3. Plots location.

PLOT N°| COORDINATE

NORTH (Y)[EAST (X)
1 | 1293341 |931511
2 | 1293397 [931393
3 | 1293514 |931281
4 |1293202 [931256
5 | 1292990 [931321
6 | 1293082 |931881
7 | 1292831 930765
8 | 1293413 |930797
9 | 1292837 |930538
10 | 1292968 |930576
11 | 1293100 |930597
12 | 1293538 930583
13 | 1293790 |930096
14 | 1293831 930852
15 | 1294283 (931009
16 | 1292549 (930830
17 | 1292241 931387
18 | 1292479 |931308
19 | 1292821 931119
20 | 1293702 |931254
21 | 1293407 |930945
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PLOT N°| COORDINATE

NORTH (Y)[EAST (X)
22 | 1293661 |930496
23 | 1293524 930313
24 | 1293744 930202
25 | 1293673 |929941
26 | 1294285 (930190
27 | 1294676 |929945
28 | 1294691 929749
29 | 1294545 [929612
30 | 1294448 [929502
31 | 1294136 929269
32 | 1293850 929540
33 | 1293494 [929637
34 | 1293419 [929474
35 | 1293183 |930009

Source: Merceditas Corporation, 2012.

|
|
|
I
|
!
|

Concesién minera 6055

Illustration 4.2-7. Biotic area of study.
Source: INGEX, 2016.
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The characterization of non-vascular epiphytes is based on the following methods:

In each of the sites, 35 trees will be selected following the SVERA method (Wolf et al., 2009). This
method consists of selecting the closest individual in 5 diametric categories (10 large trees (DBH>
30 cm) and 25 trees in five cohorts (5-10, 10.1-15, 15.1-20, 20.1-25, 25.1-30 cm DAP).

The first tree will be selected at random, starting from the first plot located in the dense forest
cover below the solid ground (Bdbtf). Likewise, the diametric category of consecutive trees is
selected randomly. It will be ensured that all selected trees be inside the previously established
plot that was located in the area of study. In places where no trees are found in the determined
categories, they will be omitted in order to not to locate trees at distances greater than 20 m from
each other avoiding an effect of landscape change. Each of these trees will be inspected and the
epiphyte plants present in them will be registered, in some individuals it will be necessary to make
the collections of material and verify from which individual it hosts it.

Each epiphyte plant will be registered, numbered and its position in the tree will be consigned. For
each epiphytic plant the location in the tree will be recorded (base of the tree, trunk or shaft,
canopy of low branches, canopy, and high branches according to Johansson, 1974) and the height
in which it is found. Additionally, the state of the plant will be registered (seedling or adult). In
each host tree (phorophyte) the geographical position will be taken, as well as the distance
between them and their orientation (cardinal, degrees). For each one will be recorded: (1) their
taxonomic identity, (2) structural data such as DBH, total height, crown diameter, and height;
besides the number of bifurcations with branches of more than 5 cm in circumference, in order to
subsequently determine the size of the trees.

In the case of plantations, where there is no presence of epiphytes in the stems of the trees, we
will continue to the census of similar species in the soil, through subplots of 25 m2 (5 m x5 m).

Next, the vegetal coverings studied, the characterization and floristic composition, the local use of
the species, the threatened species, and the species identified in the region according to primary
and secondary information are presented.

4.2.3.1 PLANT COVERS

In the area of study, the following six (6) sub-levels of vegetal coverings were identified from an
orthophoto of the year 2012, provided by Merceditas Corporation (See lllustration 4.2-4 and
Illustration 4.2-8) and the update obtained in field trips in 2016.

e Discontinuous urban TRAFFIC.

e Plantain and cassava crops.

e (Cocoa crops.

e C(Clean grasslands.

e Low secondary vegetation.

e Dense forest under solid ground.
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Table 4.2-4. Ground coverings units identified in the area of study.

LEVEL No. 1 LEVEL No. 2 LEVEL No. 3 LEVEL No.4 | LEVEL No.5 | ABREVIATION
LARTIFITIALIZED 1.1. Urban zones Discgﬁlt‘iﬁluous Dut
TERRITORIES o .
urban traffic
2.2.1. Herbaceous 2'2'.1'3
Plantain and Hpc
2.2 Permanent permanent crops
2.FARMING crops cassava
TERRITORIES 2.2.2. Bushy Cocoa Bpc
permanent crops
2.3 Pastures 2.3.1. Clean Cg
grasslands
3.1.1.2. 3.1.1.2.1.
3. FORESTS AND 3.1. Forest 3.1.1. Dense forest Lo]:/c\)/rc;i:se Den?cerlovrland Dfusg
SEMI-NATURAL ores
AREAS 3.2. Areas with 3.2.3. In transition | 3.2.3.2. Low
herbaceous and/or or secondary secondary Lsv
bushy vegetation. vegetation. vegetation

Source: Corine Land Cover Methodology adapted for Colombia, 2010.
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lllustration 4.2-8.Vegetal coverings map for the area of study.
Source: INGEX, 2016.
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The percentage distribution in the area of all levels, is presented in the table 4.2-5, Illustration 4.2-
9, and described in the following numerals.

Table 4.2-5. Land covers with digits in hectares and percentage by the area of study total.

AREA
CODE CATEGORY ha | %
1. ARTIFITIALIZED TERRITORIES
1.1.2 | Discontinuous human territory 9,589 | 2,04
2. FARMING TERRITORIES
2.2.13 Plaintain and cassava 2,360 0,503
2.2.2.3 Cocoa 1,297 0,276
2.3.1 Clean landgrass 187,379 | 39,937
3. FORESTS AND SEMI-NATURAL AREAS

3.1.1.2.1 | Dense lowland forest 251,966 | 53,703
3.2.3.2 In transition or secondary vegetation 16,729 3,565

TOTAL 469.18 100

0.50%
— 0.28%

2.04%
%

M Territorio urbano discontinuo 4 Platano y yuca
M Cacao I Pastos limpios
M Bosque denso bajo de tierra firme M Vegetacion secundaria o en transicion

Illustration 4.2-9. Percentage distribution of last level categories.
Source: INGEX, 2016.

4.2.3.2 ARTIFITIALIZED TERRITORIES (1)

Includes areas of towns, cities and those that are being incorporated into urban regions and have
changed the use of land by commercial, industrial or recreational areas. The only sub-level found
is as follows.
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Discontinuous urban traffic - Dut (1.1.2)

In this category, existent installations and ways of access are classified as small individual homes
inhabited by miners and artisan workers with green spaces; Temporary inhabited and that
constitute working zones. It has an extension of 9,589 ha corresponding to the 2,04% of the area
of study total (see illustration 4.2-10).

lllustration 4.2-10. Discontinuous urban traffic covering (1.1.2)
Source: INGEX, 2016.

4.2.3.3 AGRICULTURAL TERRITORIES (2)

Are terrains used for food and raw material production; mainly devoted to livestock and crops,
whether they are crops with rotating grasses and a rest or fallow. It includes the areas dedicated
to permanent crops, transitory crops, grazing areas and heterogeneous agricultural areas in which
livestock and agricultural uses can also be used. The units are grouped into the following 3 classes
and occupy 40.716% of the study area and are equivalent to 191.036 ha.

Permanent herbaceous crops, plantain and cassava - Copy (2.2.1.3)

In this category raw cane sugar reed, plantain in association with cassava and papaya can be
found; such plantations are abandoned and do not evince renovation, maintenance and/or
exploitation processes. They are mainly located in the higher part of the basin, close to the hydric
resource in an extension of 2,360 ha that represent the 0,503% (see illustration 4.2-11)
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lllustration 4.2-11. Plantain and cassava crop at free exposure.
Source: INGEX, 2016.

This type is represented by cocoa crops; a kind of crop that was abandoned without any kind of
maintenance. It occupies a surface of 1,297 ha equivalent to the 0,276% of the studied area (see
illustration 4.2-12).

lllustration 4.2-12. Cocoa crop.
Source: INGEX, 2016.
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Clean grasslands — Cg (2.3.1)

In this category cutting pastures, used for livestock grazing, breed or fatten were classified. The
species present in this category are the Brachiaria, Estrella and Panamanian pastures. The unit
covers 187,379ha equivalent to 39,937%, they are distributed in almost the whole area, due to the
use of the soil change for extensive livestock as one of the main economic activities (see
illustration 4.2-13)

lllustration 4.2-13. Clean grasslands (2.3.1).
Source: INGEX, 2016.

4.2.3.4 FORESTS AND NATURAL AREAS (3)

It includes vegetal coverings of woody, shrub and herbaceous type; they occupy 268,695 ha, which
is equivalent to 57.269% of the area under study.

Dense forest under solid ground (3.1.1.2.1)

Corresponds to forests that have a physiognomic structure dominated by shrubs, herbaceous and
trees. The vegetation of this dense forest corresponds to the zone of life, tropical humid forest
(bh-T). It occupies 251,966 ha, equivalent to 53.703%, which makes it the coverage with the
highest representation in the area. (See lllustration 4.2-14).
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lllustration 4.2-14. Dense lowland forest (3.1.1.2.1).
Source: INGEX, 2016.

Low secondary vegetation -Lsv (3.2.3.2)

Are those areas mainly covered by shrubby and herbaceous vegetation with irregular canopy and
occasional presence of trees and vines, which corresponds to the initial states of vegetal
succession after presenting a process of forest deforestation or pastures afforestation. It is
developed posterior to the original intervention and is generally conformed by shrubs and
herbaceous shaped of many species, the secondary vegetation commonly corresponds to a kind of
herbaceous shrubby vegetation of short cycle, with heights no greater to five meters and from a
dense coverage. Generally, corresponds to a colonization of pre-climate inducers, where species of
a more advanced phase settle and start to emerge, it occupies an area of 16,729 ha that
correspond to 3,565% of the area of study (see illustration 4.2-15).

Regarding natural and semi natural areas, less than (57,25%) of the place presents natural
coverings without any kind of intervention; significant number that contrasts with the accelerated
drop of forest covering from year 2015 to the current year, especially in the area of study, as later
shows the multitemporary analysis.
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lllustration 4.2-15. Low secondary vegetation (3.2.3.2)
Source: INGEX, 2016.

4.2.3.5 MULTIMEMORAL COVERAGE ANALYSIS ANALISIS

We proceeded to compare the information in the photographs (year 2005 and 2012 updated with
field information in 2016), obtaining the changes presented in Table 4.2-6 and lllustration 4.2-16,
in which we can observe the significant decrease in the coverage of dense lowland forest (DIf) for
10 years (X2 = 33.70, p = <0.001). On the other hand, in the same illustration there was an increase
in the coverage of clean pastures (Pl) in the same time interval (X2 = 32.73, p = <0.001).

Table 4.2-6. Data of change detection in each covering of the ground (Corine Land Cover 2010).

VEGETALCOVERING

DETECTION OF CHANGE

2005 % 2016 %
Dense lowland cover 424,71 | 90,52 | 251,966 53,7
Secondary low vegetation 16,675 3,55 16,729 3,56
Clean grasslands 27,796 | 5,924 | 187,379 | 39,93
Cocoa 0,0 1,297 0,27
Plaintain and cassava 0,0 2,360 0,50
Urban discontinuous traffic 0,0 9,589 2,04

Source: INGEX, 2016.
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" Bosque denco bajo de tierra firme " Vegetacion secundaria ba] ® Bosgue densa bajo de terra firme " Vepetacidn secundaria by
Pastos limpios " Caamt Pastos limpics " Cacag
P Platano y yuca = Territorio urbano disconti] = Plitane y yuca = Tarritario urbane discont

lllustration 4.2-16.Change od covering ration in the area of study between the years 2005 (left) and 2016 (right).
Source: INGEX, 2016.

The 469,18 ha of the area of study, has changed in the last ten years about 39,65% (186,044 ha of
the coverings), mainly falling upon the forest by deforestation effects (36%) for livestock,
agriculture, human settlements and artisan mining (see illustration 4.2-16).

The degree referred to the increase, stabilization or diminution of processes of anthropic
intervention in regard to the change of the coverings or use of land; assessing and estimating each
of the changes, are presented in the table 4.2-7 and table 4.2-8

Table 4.2-7. Change of hectares to categorize the natural and semi-natural areas between the years 2005

and 2016.
COVERING AREA
CODE CATEGORY 2005 2016 DIFFERENCE
3.1.1.2.1 |Dense lowland forest 424,71 | 251,966 172,744
3.2.3 |Vegetation secondary or in transition 16,675 | 16,729 0,054
TOTAL 441.385 | 268,695 172,69

Source: INGEX, 2016.

Table 4.2-8. Anthropization of changes of the use of coverings.

ANTHROPIZATION AREA
172.744 ha
Anthropization stabilization (coverings remaining or with anthropic intervention) 296,382 ha
Anthropization diminution (increase of natural regeneration — Vsb) 0,054 ha

Source: INGEX, 2016.

The results of this analysis allow determining that the change of coverings from 2015 to 2016 was
bigger for the anthropization process (see table 4.2-8), because the wooded covering decreased
172,744 ha (40,67%), which indicates that for the forest because the effects of deforestation and
increase of clean pastures, and that can be seen in an increase in livestock, agriculture, human
settlements and artisan mining. However, the information collected is strictly qualitative and do
not reflect the intensity of the anthropization process; because is not the same as 10 hectares of
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pastures with natural spaces move to permanent crops than 10 hectares of high dense solid
ground forest be cut down to give way to a clean pasture covering (CORTOLIMA, 2014).

4.2.3.6 CARACTERIZATION AND FLORISTIC COMPOSITION

For the characterization of the area of study, the curve of accumulation was obtained as can be
seen in the Table 4.2-17, such as for the species method and Chao 1, during the days of sampling.

The accumulation curve made of species calculation is syntonic, which means that even if the
number of individuals registered or the sampling number or the number of days’ increase, the
number of species found will not increase.

150 -
(5]
Q@
o 125+
Ej. — Estimadores
a Estadisticos
3 100- = | Chao
- _|SP.
o Observadas
=
3 Th-
=

1 1 I i

4 a 12 16

Eventos de muestreo

Illustration 4.2-17.Accumulation curves for the species method and Chao 1.
Source: INGEX y Renaturar, 2016.

However, the confidence intervals of the accumulation curve are not overvalued with those of the
non-parametric CHAO estimator, indicating that the number of people could have been higher in
that sampling time.

For the characterization of the flora, a total of 35 sampling units of 1000 m2 were established,
each one (0.1 ha), evenly distributed within the study area (469.18 ha), where 1,072 individuals
were found in the high forest state, 1,086 individuals in the stand of trees state and 754 in the
sapling state, for a total of 2,912 individuals in the three strata, distributed among 61 families, 143
genera, and 152 species in the aforementioned plant coverings. (See lllustration 4.2-18 and
source: Merceditas Corporation, 2012).
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lllustration 4.2-18. Plot settles in the area object of study.

Source: Merceditas Corporation, 2012.

Table 4.2-9. Species registered.

No FAMILY SPECIES COMMON NAME INDIVIDUALS
1 |ACANTHACEAE Vusticia phytolaccoides Leonard 3
5 IANACARDIACEAE lAnacardium excelsum (Bertero & Balb). Ex Caracoli 3

Kunth).
3 |ANACARDIACEAE Mangifera indica Mango 3
4 |ANACARDIACEAE Ochoterenaea colombiana F.A. Barkley Rifidn 19
5 |ANACARDIACEAE ISpondias mombin Hobo 29
6 |ANACARDIACEAE Tapira guianensis Aubl. Fresno 19
7 |ANNONACEAE Guatteria aberrans Erkens & Maas Garrapato 3
8 |ANNONACEAE Guatteria sp Guasco 33
9 |ANNONACEAE Pseudoxandra sclerocarpa Garrapato 18

10 |ANNONACEAE Unonopsis velutina Yaya 14
11 |ANNONACEAE Xylopia aromatica Escobo 26
12 |ANNONACEAE Xylopia frutescens Escubillo 8
13 |ANNONACEAE Xylopia sp. Yaya anon 17
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No FAMILY SPECIES COMMON NAME INDIVIDUALS
14 |APOCYNACEAE Aspidosperma cruentum Carreto 69
15 |APOCYNACEAE Couma macrocarpa Perillo 8
16 |APOCYNACEAE Lacmellea floribunda Costillo de res 21
17 |APOCYNACEAE IStemmadenia sp Cojén de fraile 25
18 |ARALIACEAE ISchefflera morototoni Pategallina 4
19 |ARECACEAE Attalea allenii Palma Tdparo 5
20 |ARECACEAE Bactris gasipaes Palma Chonta 11
21 |ARECACEAE Cyagrus zancona Palma Zancona 67
22 |ARECACEAE Uessenia polycarca Palma Mil Pesos 32
23 |ARECACEAE Phytelehas pittieri Of Cook. Tagua 1
24 |ARECACEAE Phytlephas macrocarpa Tagua 49
25 |ARECACEAE \Sabal mauritiliformis Palma Amarga 15
26 |ARECACEAE Socratea exorrhiza Palma zancona 2
27 |ARECACEAE Welfia regia Palma Amargo 21
28 |ARECACEAE Wettinia kalbreyeri, W. hirsuta Macana 151
29 |ASTERACEAE Piptocoma discolor (Kunth Pruski) Gallinazo e monte 11
30 |[BIGNONIACEAE Vacaranda copaia (Aubl.) D. Don Chingalé 55
31 |[BIGNONIACEAE Uacaranda mimosifolia Gualanday 20
32 [BIGNONIACEAE Tabebuia chrysanta Guayacan 17
33 |BIGNONIACEAE Tabebuia ochracea Cenizo 7
34 |BIXACEAE Cochlospermum sp Flechero 5
35 |BOMBACACEAE Ceiba pentandra Ceiba barrigona 8
36 [BOMBACACEAE Ochroma lagopus Balso 63
37 |[BOMBACACEAE Ochroma pyramidale Balso 1
38 [BOMBACACEAE Phragmotheca rubriflora 2
39 |BRUNELIACEAE Brunellia sp. Muchocho 2
40 |BURSERACEAE Crepidospermum rhoifolium (Benth) Triana Anime/Zapatillo 13
& Planch.

41 |BURSERACEAE Dacryodes colombiana Cuatrec Anime 2
42  |BURSERACEAE Protium neglectum Swart Cariafio 13
43 |CAESALPINACEAE Caesalpinia eriostachys Sagino 35
44 |CAESALPINACEAE Cassia fistula Cafia fistula 11
45 |CAESALPINACEAE Dialium guianense Tamarindo 15
46 |CAESALPINACEAE Hymenaea courbaril Linneaus Algarrobo 15
47 |CAESALPINACEAE Hymenaea oblongifolia Algarrobillo 1
48 |CAESALPINACEAE Peltogyne purpurea Nazareno 1
49 |CANNABACEAE Trema micrantha Surrumbo 2
50 |CARYOCACEAE Caryocar amygdaliferum Almendrén 51
51 |CARYOCACEAE Caryocar glabrum Cagli 31
52 |CLUSIACEAE Calophyllum mariae Planch. & Triana Aceite Maria 24
53 |CLUSIACEAE Vismia macrophylla Punta de lanza 18
54 [BORAGINACEAE Varronia spinescens Guacimo 27
55 |EUPHORBIACEAE \Alchornea glandulosa Poepp. Sangregao 1
56 |FABACEAE lAcacia mangium Acacio 57
57 |FABACEAE Clathrotropis brunnea Amshoff Sapan 6
58 |FABACEAE Dipteryx oleifera Almendro 1
59 |FABACEAE Erythrina glauca Chocho 1
60 |MIMOSACEAE Inga ornata Kunth Guamo 7
61 |FABACEAE Ormosia paraense Chocho 4
62 |FLACOURTIACEAE Casearia corymbosa Sangregallo 10
63 |FLACOURTIACEAE Casearia sp. Sagino 6

4.2. Base Line Biotic Environment.

Page. 41




=

e Colombia

ENVIRONMENT IMPACT ASSESSMENT
MINING CONCESSION 5969

PROJECT “EL PESCADO”

)

Ingex

No FAMILY SPECIES COMMON NAME INDIVIDUALS
64 [HELICONIACEAE Heliconia sp Heliconia 8
65 |HUMIRIACEAE Humiriastrum colombianum Aceituno 19
66 [HUMIRIACEAE Humiriastrum procerum (Little) Cuatr. Chanul 5
67 [HYPERICACEAE Vismia baccifera (L.) Triana & Planch. Carate 46
68 |LACISTEMATACEAE Lacistema aggregatum Café de monte 3
69 |LAMIACEAE Salvia officinalis L. Salvia 43
70 |[LAURACEAE Aniba sp Canelo 58
71 |[LAURACEAE Caryodaphnopsis cogolloi Yambé 8
72 |LAURACEAE Nectandra lanceolata Laurel Amarillo 22
73 |LAURACEAE Nectandra sp. Laurel mierda 5
74 |LECYTHIDACEAE Cariniana pyriformis Abarco 15
75 |LECYTHIDACEAE Couratari guianensis Coco cabuyo 2
76  |LECYTHIDACEAE Gustavia gentryi Mula muerta

77 |LECYTHIDACEAE Gustavia longifuniculata Mula muerta 14
78 |LECYTHIDACEAE Lecythis mesophylla Coco cristal 26
79 |LECYTHIDACEAE Lecythis ollaria Coco oyeto 10
80 |LECYTHIDACEAE Lecythis sp Coco 43
81 |LECYTHIDACEAE Lecythis tuyrana Olla de mono 2
82 |LYTHRACEAE Lagerstroemia sp Carbonero 47
83 |MAGNOLIACEAE Magnolia espinalii Alma negra 6
84 |MALPIGHIACEAE Bunchosia armeniaca (Cav.) D.C Cerezo 38
85 |BOMBACACEAE Huberodendron patinoi Cuatrec Volador 1
86 |MALVACEAE Luehea seemanii Gudacimo colorado 6
87 |MELASTOMATACEAE |Bellucia grossullariodes Coronillo 8
88 |MELASTOMATACEAE |Bellucia pentamera Naudin 1
89 |MELASTOMATACEAE |Clidemia capitellata (Bonpl.) D. Don 1
90 |MELASTOMATACEAE |Miconia prasina (Sw.) DC Cenizo 8
91 |MELASTOMATACEAE |Miconia sp Tuno o Niguito 32
92 |MELASTOMATACEAE |Miconia spicellata Bonpl. Ex Naudin Tuno o Niguito 62
93 |MELASTOMATACEAE |Ossaea macrophylla Cenicero 3
94 |MELIACEAE Cedrela odorata Cedro 45
95 |MELIACEAE Guarea kunthiana Cedrillo 1
96 |MELIACEAE Swietenia macrophylla Caoba 2
97 |MIMOSACEAE Abarema jupumba Rayo 18
98 |MIMOSACEAE \Albizia carbonaria Britton Cabonero 7
99 |MIMOSACEAE Inga marginata Guamo churimo 1
100 |MIMOSACEAE Inga punctata Willd. Guamo borrachero 19
101 |[MIMOSACEAE Inga sp Guamo 199
102 |MIMOSACEAE Inga spectabilis (Vahl) Willd. Guao macheto 3
103 |MORACEAE Brosimum guianense (Aubl.) Huber Sandé 5
104 |MORACEAE Cousapoa sp. Abraza palo 5
105 |MORACEAE Ficus citrifolia Higueron 5
106 |MORACEAE Ficus sp 43
107 |MORACEAE Ficus zarzalensis Standl. Lechudo 1
108 |MORACEAE Helianthostylis sprucei Baill. Lechero 32
109 |MORACEAE Perebea sp. 5
110 |MORACEAE Pseudolmedia rigida Lecha e perra 51
111 |MORACEAE ISorocea trophoides W.C. Burger 2
112 |MYRISTICACEAE Compsoneura mutisii A.C. Sm. Ondequera 28
113 |[MYRISTICACEAE Iryanthera sp Soquete 45
114 |MYRISTICACEAE Myrica pubescens Willd Laurel 1
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115 |MYRISTICACEAE Virola flexuosa Soto 25
116 |MYRISTICACEAE Virola sebifera Aubl. Soto 12
117 |MYRTACEAE Eugenia egensis DC. Arrayan 3
118 |MYRTACEAE Eugenia sp. Guayabo e monte 1
119 |MYRTACEAE Myrcia ferruginea. Arrayan colorado 19
120 |[MYRTACEAE Myrcia sp. Arrayan 1
121 |MYRTACEAE Psidium guajava Guayaba 15
122 |OCHNACEAE Cespedesia macrophylla Pacé 46
123 |OCHNACEAE Cespedesia spathulata Alejandro 13
124 |OLACACEAE Mincuartia guianensis Punte e candado 20
125 |PAPILONACEAE \Andira inermis (W. Wright) Kunth Aji 18
126 |EUPHORBIACEAE Phyllanthus attenuatus Miq. Totumo de monte 1
127 |PIPERACEAE Piper aduncum L. Cordoncillo 17
128 |PIPERACEAE Piper marginatum Jacq. Cordoncillo 8
129 |POLYGONACEAE Coccoloba uvifera Buche e pava 2
130 |POLYGONACEAE Triplaris americana L. Vara santa 1
131 |POLYGONACEAE Triplaris sp Vara santa 6
132 |RUBIACEAE Isertia haenkeana D.C. Coralillo 16
133 |RUBIACEAE Psychotria elata (Sw.) Hammel Boca de diablo 1
134 |RUBIACEAE Randia armata (Sw.) DC. Cruceto, Cacho de vaca 3
135 |RUBIACEAE Rondeletia sp. Carbén 7
136 |RUTACEAE Citrus limon (L.) Osbeck Limon 10
137 |RUTACEAE Zanthoxylum lenticulare Reynel Tachuelo 12
138 |SAPINDACEAE Cupania cinerea Mestizo 2
139 |SAPINDACEAE Cupania sp. Mestizo 3
140 |SAPOTACEAE Chrysophyillum cainito Caimo 44
141 |SIMAROUBACEAE ISimaba cedron Cedron 38
142 |STERCULIACEAE Guazuma ulmifolia Guacimo 9
143 |STERCULIACEAE Herrania sp. Cacao e monte 15
144 [TILIACEAE lApeiba membranacea Spruce ex Benth Peine e mono 26
145 |CANNABACEAE Celtris trinervia Lam. Surrumbo 3
146 |URTICACEAE Cecropia sp Yarumo 96
147 |URTICACEAE Pourouma bicolor Mart. Cirpo 8
148 |URTICACEAE Pourouma hirsutipetiolata Cirpo 73
149 |URTICACEAE Pourouma sp Cirpo 22
150 |LAMIACEAE Aegiphila sp. Tabaquillo 3
151 [VIOLACEAE Leonia sp. Bastimento e pobre 2
152 |VOCHYSIACEAE Vochysia ferruginea Mart. Dormilén 24

Source: Merceditas Corporation, 2012.

4.2.3.6.1 Abundance and wealth of high forest families

Considering the categorization of abundance for families and species (see methodology) no
abundant families of high forest were found (relative abundance> 10%). However, 16 common
families were found (Relative abundance between 2 and 10% and 34 non-common families
(Relative abundance between 0.1 and 2%), being Arecaceae and Mimosaceae families that
presented higher relative abundances (RA =9, 05%).

Therefore the families with greater abundance are MIMOSACEAE (8.49%), ARECACEAE (7.84%),
MORACEAE (7.46%), URTICACEAE (7.37%), FABACEAE (5.88%) (See Illustration 4.2-20),
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APOCYNACEAE (5.78%), LECYTHIDACEAE (5.32%), ANNONACEAE (5.32%), LAURACEAE (4.85%),
CARYOCACEAE (4.48%), the other families presented abundances inferior than 4% as the family
BOMBACACEAE (3.26%) (See lllustration 4.2-22) and MELIACEAE (2.98%) (See lllustration 4.2-19),
in addition to the family HELICONIACEAE (0.09%) who reported the minor values (lllustration 4.2-
19, lllustration 4.2-20, lllustration 4.2-21 and Illustration 4.2-21).

- MIMOSACEAE
m - ARECACEAE
—7.46% MORACEAE
\ e ’ URTICACEAE
78%
- FABACEAE
- APOCYNACEAE

Illustration 4.2-19.Representation of the families with more abundance.
Source: INGEX, 2016.

The species and genders with more individuals were Inga (MIMOSACEAE) with 93 individuals
(7.55%), Acacia (FABACEAE) with 57 individuals (5.31%), Aspidosperma (APOCYNACEAE) with 41
individuals (3.82%), Pourouma ( URTICACEAE) with 57 individuals (3.63%), Cedrela (MELIACEAE)
with 30 individuals (2.80%), Ochroma (BOMBACACEAE) with 31 individuals (2.80%), Pseudolmedia
(MORACEAE) with 25 individuals (2, 52%), Caryocar (CARYOCACEAE) with 48 individuals (2.42%),
Cecropia sp (URTICACEAE) with 26 individuals (2.42%) and finally Aniba sp (LAURACEAE) with 26
individuals (2.42%) (See lllustration 4.2-23 and lllustration 4.2-24).

On the other hand, species of abundant high forest were not found (Relative abundance> 10%)
however, 15 common species were registered, 73 unusual species and 29 rare species (relative
abundance between 0 and 0.1%).
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lllustration 4.2-20. FABACEAE Erythrina glauca.
Source: Merceditas Corporation, 2012.

lllustration 4.2-21. MELIACEAE Cedrela odorata.
Source: Merceditas Corporation, 2012.
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lllustration 4.2-22. BOMBACACEAE Ceiba pentandra.
Source: Merceditas Corporation, 2012.
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lllustration 4.2-23. Graphic of percentage of species found.
Source: INGEX, 2016.
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lllustration 4.2-24. Graphic of percentage of species found.
Source: INGEX, 2016.
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4.2.3.6.2 Abundance and wealth of families and genres of early natural regeneration (stand of
trees and saplings)

Taking into account the categorization of abundance for families and species (see methodology),
the Arecaceae family was the most abundant of saplings and stand of trees (Relative abundance>
10%). On the other hand, 16 common families were found (Relative abundance between 2 and
10%), 40 uncommon families (Relative abundance between 0.1 and 2%) and 4 rare families. In the
case of early regeneration species, there were no abundant saplings or stand of trees (Relative
abundance> 10%) but 7 common, 116 uncommon and 19 rare species were recorded (Relative
abundance between 0 and 0.1 %).

For the case of early natural regeneration, it was identified that the families with the largest
number of individuals were ARECACEAE (274 individuals), MIMOSACEAE (155 individuals),
MELASTOMATACEAE (110), MYRISTICACEAE (82), MORACEAE (74) AND URTICACEAE (69). On the
other hand, the genres with more species were Inga (136), Wettinia (131), Cecropia (70), Cyagrus
(51), Jacaranda (46) and Salvia (43) (See lllustration 4.2-25 and Illustration 4.2-29).

Illustration 4.2-25. MORACEAE Ficus sp.
Source: Merceditas Corporation, 2012.
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Illustration 4.2-26. MORACEAE Perebea sp.
Source: Merceditas Corporation, 2012.

lllustration 4.2-27. Evidence of early natural regeneration.
Source: Merceditas Corporation, 2012.
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Illustration 4.2-28. PIPERACEAE Pipper sp.
Source: Merceditas Corporation, 2012.

Illustration 4.2-29. CARYOCACEAE Caryocar amygdaliferum.
Source: Merceditas Corporation, 2012.
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4.2.3.6.3 Abundance and wealth vascular and non-vascular epiphytes

82 individuals were registered between vascular and non-vascular epiphytes, distributed in 15
genera and 10 families. Angiosperms were represented by 27 individuals and 3 families, ferns by
36 individuals and 5 families, while lichens were represented by 19 individuals and two families
(See Table 4.2-10).

Table 4.2-10. Epiphytes registered in the study.

TAXON FAMILY GENRE SPECIES No.
Angiosperma ARACEAE Anthurium Anthurium formosun Schott 4
Angiosperma ARACEAE Heteropsis Heteropsis oblongofolia Kunth. 3
Angiosperma ARACEAE Philodendron | Philodendron sp. 2
Angiosperma ARACEAE Spathiphyllum iﬂ::jtrl;l)pﬁyéhg: floribundum (Linden & 3
Angiosperma BROMELIACEAE Tillandsia Tillandsia sp 6
Angiosperma HELICONIACEAE Heliconia Heliconia rostrata 5
Angiosperma HELICONIACEAE Heliconia Heliconia wagnearia 4

Helecho CYATHEACEAE Cyathea Cyathea sp. 5

Helecho GENTIANACEAE Sticherus Sticherus rubiginosus (Matt.) Naka 6

Helecho GRAMMITIDACEAE Cochlidium Cochlidium serrulatum 5

Helecho POLIPODYACEAE Microgramma | Microgramma lycopodioides (L.) Copel. 4

Helecho POLYPODIACEAE Alansmia Alansmia cultrata 5

Helecho PTERIDACEAE Acrostichum | Acrostichum aureum L. 7

Helecho PTERIDACEAE Adiantopsis Adiantopsis radiata (L.) Fée. 4

Liquen ARTHONIACEAE Arthonia Arthonia cinnabarina (DC.) Wallr. 3

Liquen ARTHONIACEAE Arthonia Arthonia trilocularis (Mull.Arg.) R. Sant. 10

Liquen GRAPHIDACEAE Phaeographis | Phaeographis sp. 6

Source: Merceditas Corporation, 2012.

Arthonia tricularis (Mull. Arg.) R. Sant., Was the taxon lichen species most abundant with 12.2%.
Acrostichum aureum L. was more abundant in ferns with 8.54% and in the angiosperm taxon,
Tillandsia sp with 7.32% (See lllustration 4.2-30).

Taking into account the categorization of abundance for families and species (see methodology)
the families Araceae, Polipodyaceae and Pteridaceae were the most abundant of epiphytes
(Relative abundance> 10%). In addition, 7 common families were found (Relative abundance
between 2 and 10%).

On the other hand, only the species Sticherus rubiginosus was abundant (Relative abundance>
10%), while 16 species were common.
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B Anthurium formosun Schott

@ Heteropsis oblongofolia Kunth.

@ Philodendron sp.

D Spathiphyllum floribundum (Linden &
André) N.E Br.

B Tillandsia sp

B Heliconia rostrata

@ Heliconia wagnearia

@ Cyathea sp.

@ Sticherus rubiginosus (Matt.) Naka

B Cochlidium serrulatum

B Microgramma lycopodioides (L.) Copel.

B Alansmia cultrata

B Acrostichum aureum L.

D Adiantopsis radiata (L.) Fée.

D Arthonia cinnabarina (DC.) Wallr.
O Arthonia trilocularis (Mull.Arg.) R. Sant.

B Phaeographis sp.

lllustration 4.2-30. Epiphytes with higher abundance.
Source: INGEX, 2016.

4.2.3.6.4 Abundance and wealth by vegetable coverings

In the case of vegetal coverings, families, genres and species differ in their structure and
composition (See lllustration 4.2-31). The dense forest covering of the mainland was significantly
abundant (Tukey test: p = <0.001) and rich in species (X2 = 173.5844, p = <0.001), compared to
other coverings, in this case 49 families, 88 genres, 108 species and 906 individuals (85%, see
Illustration 4.2-32 and lllustration 4.2-33), where the most representative and abundant families
are ARECACEAE (82 ind = 9.05%), MIMOSACEAE (82 ind = 9.05%), URTICACEAE (71 ind = 7.8%),
MORACEAE (68 ind = 7.50%), APOCYNACEAE (61 ind = 6.73%), ANNONACEAE (57 ind = 6.29%),
LECYTHIDACEAE (59 ind = 6.07%), LAURACEAE (53 ind = 5.73%), CARYOCACEAE (45 ind = 4.96) and
MYRISTICACEAE (32 ind =, 53) (See lllustration 4.2-34 and lllustration 4.2-35) . The coverings of
clean grasslands (Cg), discontinuous urban traffic (Dut) and low secondary vegetation (Lsv) did not
show significant differences among them in the abundance of species (Tukey test: p=>0,05).
However, the Cg covering was significantly richer in species than Dut and Lsv (X?=15.8261;
p=<0,001), while Dut and Lsv did not show significant differences (X?> = 0.2222, p = 0,63)
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lllustration 4.2-31. Abundance of families by vegetal coverings
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lllustration 4.2-32. Percentage of individuals/ha per vegetal covering.
Source: INGEX, 2016.

One of the most notorious aspects in the area of study was the high density of the palms, due to
from (10) ten families with more abundance, one of them corresponded to the ARECACEAE. Other
authors report similar results for other places and regions of Colombia (Franco-Rosselli et al.,
1997) as the low forests of the Biogeographic Chocé (Galeano et al., 1998), although in this case
only individuals with a DAP>10 cm were recorded.

Gentry (1986) claimed that high palm density is a physiognomic feature of tropical damp forests.
In some sectors of the forest studied, the palms cover certain areas, restricting the entry of light
and the growth of other species. Likewise, a large number of helophyte elements were found,
typical of open areas and forest borders, among which we can mainly highlight genres such as
Cecropia, Pouruoma and Piptocoma.

The most particular characteristic for the forest under study is to be an area of tropical damp
forest (Bh-T) crossed by a watercourse, where each of the plant formations present high diversity,
which allows them to have considerable taxonomic variation, Therefore, when comparing the
values of other samplings, the area of study possesses one of the highest wealth of families and
species documented in samples of 0.1 ha, only comparable with samplings such as Gémez (2005)
in the municipality of Anori, or those of Gentry (2001) in Antadd, the Napo in Ecuador or Candamo
River in Peru, where the wealth was over 150 species.
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When establishing comparisons with other inventories carried out in tropical forests in Colombia,
and considering different numbers of species and sizes of inventoried areas, such as: Chocd
(Forero & Gentry, 1989), Providencia - Anori (Soejarto, 1975), Rio Claro (Cogollo, 1996), Tapdn del
Darién (Brand, 1986), it can be seen that the results obtained in the area coincide with the
abundance and diversity of families such as ARECACEAE, MIMOSACEAE, MORACEAE,
ANNONACEAE and APOCYNACEAE.

1000
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200

100

B

Bdbtf Pl Tud Vsd
COBERTURAS VEGETALES

lllustration 4.2-33.Number of individuals/ha per vegetal covering.
Source: INGEX, 2016.

Among the bio indicator species, we can find the ones belonging to the family ARECACEAE,
MYRISTICACEAE AND RUBIACEAE, indicators of closed canopy with high levels of humidity.
Another indicator species is Cecropia sp (Yarumo), colonizing species, indicator of early processes
of plant succession, as well as forests in recovery processes. The species belonging to the
PIPERACEAE family (Piper aduncum L., Piper marginatum Jacg.), Are indicators of secondary forest
with a certain degree of intervention.
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lllustration 4.2-34. Abundance of families by vegetal covering.
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Source: INGEX, 2016.

lllustration 4.2-35. Abundance of families by vegetal covering.
4.2. Base Line Biotic Environment.
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4.2.3.6.5 Abundance and wealth vascular and non-vascular epiphytes by coverings Abundance

For vascular and non-vascular epiphytes there were also differences in abundance and richness
The dense forest coverage of the mainland was significantly more
abundant (Tukey test: p=<0.001) and rich in species (X?=26.2174, p=<0.001) compared to the other
coverings; the most abundant species were Phaeographis sp, Heliconia rostrata, Arthonia
cinnabarina (DC.) Wallr., each with a relative abundance a little bigger than 8.95% (6 individuals).
On the contrary, in the coverage of clean grasslands (Cg), discontinuous urban traffic (Dut) and low
secondary vegetation (Lsv) did not show significant differences between them nor in abundance
(Tukey test: p=>0,05) neither in species wealth (X?=2,6667, p=0,10). Searching species by
coverings, in clean grasslands a single species was discovered representing 100% (8 individuals) of
relative abundance in such covering Sticherus rubiginosus (Matt.) Naka. For the coverings of
secondary vegetation or in transition and discontinuous urban traffic, it was observed that the
representativeness was lower in comparison with the other coverings, with the registration of two
individuals for the species Sticherus rubiginosus (Matt.) Naka (2.44% - 2 individuals) in
discontinuous urban traffic and in Vsb, a single individual Acrostichum aureum L., Alansmia
cultrata, Anthurium formosun Schott, Phaeographis sp, Philodendron sp and a relative abundance

due to vegetal coverings.

a little greater than 1.22%, as evidenced in lllustration 4.2-36.
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lllustration 4.2-36. Relative abundance of the epiphytes registered. Source: INGEX, 2016.

Some authors have reported a higher colonization of epiphytes in localities characterized by being
humid and riparian (Annaselvam & Parthasarathy 2001, Leimbeck & Balslev 2001). Within the
forest covering (DIf), there are several births of water or continuous moisture, which could be
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facilitating a greater colonization of epiphytes in most strata and during all seasons of the year
(winter and summer). On the other hand, taller and larger trees provide wider micro
environmental gradients and therefore harbor greater diversity of epiphytes (Bennet 1986). These
forests are native, well developed and conserved, which allows finding more diversity.

4.2.3.6.6 Structure by vegetable and covering system

Vertical structure

In the analysis of vertical structure by coverings, it was found that there are significant differences
in the height between plant covers (ANOVA: p = <0.001). According to a Tukey test, significant
differences were found between the heights of the DIf - Cg covers (Tukey test: p = <0.001) and Lsv
- Pl (Tukey test: p=0,01). The altimetry classes I, Il and Ill (5 - 15m) are the most common in low
dense forests of the mainland, for this reason we find a greater number of individuals of these
altimetry classes than of the number VI (SINCHI, 2009) (lllustration 4.2-37 and lllustration 4.2-38.
Diagram of boxes and whiskers the heights of flora in the four coverings.
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lllustration 4.2-37. Vertical distribution of species and individuals with DAP >10 cm and by plant cover.
Source: INGEX y Renaturar, 2016.

Ogawa's scattering diagram (See Illustration 4.2-39), points to three (3) strata (See illustration 4.2-
11), which correspond to those suggested by Rangel and Veldsquez (1994). According to Melo and
Vargas (2001), it can be determined that the dispersion of the points does not present
stratification; The trend and the graph are in the shape of a comet tail, which mainly represents
heterogeneous and mature forests.
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lllustration 4.2-38. Diagram of boxes and whispers of forests in the four coverings.
Source: Renaturar, 2016.
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lllustration 4.2-39. Ogawa's crowns scattering diagram.
Source: INGEX, 2016.

Once defined the strata with their respective intervals for the total height, the species with their
abundances are located within each of them, to determine their sociological position. Table 4.2-11
shows the sociological position of tropical damp forest species in the area of study.
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Table 4.2-11. Distribution of the number of species and their abundance (number of trees) in each stratum
(sociological position), for the tropical damp forest, located in Antioquia’s department.

STRATA

TREE N°

N° Sp

SPECIES

2,4-6,22
(1)

47
(4,38%)

22

Aniba sp, Attalea allenii, Cariniana pyriformis, Caryocar glabrum, Cedrela odorata, Ceiba
pentandra, Citrus sp, Cyagrus zancona, Heliconia sp, Inga punctata Willd, Inga sp,
Lecythis sp, Myrcia ferruginea, Ochroma lagopus, Phytelehas pittieri Of Cook, Phytlephas|
macrocarpa, Pseudolmedia rigida, Sabal mauritiliformis, Spondias mombin, Tabebuia
chrysanta, Vismia baccifera (L.) Triana & Planch, Wettinia kalbreyeri, W. hirsuta.

6,23 10,05
(I

407
(37,96%)

89

Abarema jupumba, Acacia mangium, Aegiphila sp, Albizia carbonaria Britton, Andira
inermis, Aniba sp, Apeiba membranaceae, Aspidosperma cruentum, Attalea allenii,
Bellucia grossullariodes, Bellucia pentdmera, Bunchosia armeniaca, Caesalpinia
eriostachys, Callophylum mariae Tr. Et. Pl, Cariniana pyriformis, Caryocar]
amygdaliferum, Caryocar glabrum, Casearia corymbosa, Cassia fistula, Cecropia sp,
Cedrela odorata, Ceiba pentandra, Cespedecia macrophylla, Cespedesia spathulata,
Cousapoa sp, Crysophyillum cainito, Cyagrus zancona, Dialium guianense, Erythrina
rubrinervia, Ficus sp, Ficus zarzalensis, Guatteria sp, Guazuma ulmifolia, Gustavia
longifuniculata, Helianthostylis sprucei, Humiriastrum colombianum, Humiriastrum
lprocerum, Hymenaea courbaril, Inga marginata, Inga ornata, Inga punctata, Ing sp,
Iryanthera sp, Jacaranda copaia, Jacaranda mimosifolia, Jessenia polycarpa, Lacmellea
floribunda, Lagerstroemia sp, Lecythis mesophylla, Lecytis sp, Luehea seemanii, Magnolia
espinalii, Mangifera indica, Miconia prasina, Mincuartia guianensis, Myrcia ferruginea,
Nectandra lanceolata, Ochroma lagopus, Perebea sp, Phytlephas macrocarpa,
Piptocoma discolor, Pourouma bicolor, Pourouma hirsutipetiolata, Pourouma sp, Protium
neglectum, Pseudolmedia rigida, Pseudoxandrasclerocarpa, Rondeletia sp, Saba
mauritiliformis, Simaba cedron, Socratea exorrhiza, Spondias mombin, Stemmadenia so,
tabebuia chrysanta, Tapira guinensis, Trema micrantha, Unonopsis velutina, Verronia
spinescens, Virola flexuosa, Virola sebifera, Vismia baccifera, Vochysia ferruginea, Welfial
regia, Wettinia albreyeri, Wettinia spp, Xylopia frutescens, Xylopia sp, Zanthoxylum
lenticulare.

10,06 —
13,88
(I

420
(39,17)

87

lAbarema jupumba, Acacia mangium, Albizia carbonaria Britton, Andira inermis, Aniba
sp, Apeiba membranaceae, Aspidosperma cruentum, Bellucia grossullariodes, Bunchosial
armeniaca, Caesalpinia eriostachys, Callophylum mariae Tr. Et. Pl, Cariniana pyriformis,
Caryocar amygdaliferum, Caryocar glabrum, Caryodaphnopsis cogolloi, Casearia
corymbosa, Cassia fistula, Cecropia sp, Cedrela odorata, Ceiba pentandra, Cespedecia
macrophylla, Cespedesia spathulata, Cousapoa sp, Crysophyillum cainito, Cyagrus
zancona, Dacryodes colombiana, Dialium guianense, Eugenia egensis, Eugenia sp, Ficus|
citrifolia, Ficus sp, Guarea kunthiana, Guatteria aberrans, Guatteria sp, Guazuma
ulmifolia, Gustavia gentry, Gustavia longifuniculata, Helianthostylis  sprucei,
Humiriastrum colombianum, Humiriastrum procerum, Inga punctata, Ing sp, Iryanthera
sp, Jacaranda copaia, Jacaranda mimosifolia, Jessenia polycarpa, Lacmellea floribunda,
Lagerstroemia sp, Lecythis mesophylla, Lecythis ollaria, Lecytis sp, Magnolia espinalii,
Mincuartia guianensis, Myrcia ferruginea, Nectandra lanceolata, Nectandra sp Ochroma
lagopus, Ochroma pyramidale, Ormosia paraense, Piptocoma discolor, Pourouma
hirsutipetiolata, Pourouma sp, Protium neglectum, Pseudolmedia rigida, Pseudoxandra
sclerocarpa, Rondeletia sp, Simaba cedron, Spondias mombin, Stemmadenia sp,
Swietenia macrophylla, tabebuia chrysanta, Tapira guinensis, Trema micrantha,
Unonopsis velutina, Verronia spinescens, Virola flexuosa, Virola sebifera, Vismia
baccifera, Vochysia ferruginea, Wettinia albreyeri, Wettinia spp, Xylopia frutescens,
Xylopia sp, Zanthoxylum lenticulare.

13,89 —
17,71
(Iv)

152
(14,17)

59

Caryocar glabrum, Caryodaphnopsis cogolloi, Mincuartia guianensis, Callophylum mariae
Tr. Et. Pl, Inga punctata Willd., Hymenaea courbaril Linneaus, Guatteria sp, Cyagrus
zancona, Xylopia aromatica, Phytlephas macrocarpa, Aspidosperma cruentum,
Pseudolmedia rigida, Inga sp, Varronia spinescens, Pourouma hirsutipetiolata, Gustavia

longifuniculata, Aniba sp, Caryocar amygdaliferum, Lecythis mesophylla, Crysophyillum
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cainito, Jessenia polycarca, Helianthostylis sprucei Baill., Protium neglectum Swart,
Xylopia sp., Compsoneura mutisii A.C. Sm., Stemmadenia sp, Ficus sp, Leonia sp.,
Abarema jupumba, Cedrela odorata, Spondias mombin, Huberodendron patinoi Cuatrec,
lApeiba  membranacea Spruce ex Benth, Cespedesia spathulata, Ficus citrifolia,
Lagerstroemia sp, Spondias mombin, Ochroma lagopus, Bunchosia armeniaca (Cav.) D.C,
Piptocoma discolor (Kunth Pruski), Pourouma hirsutipetiolata, Cousapoa sp., Eugenia
egensis DC., Humiriastrum colombianum, Cecropia sp, Jacaranda copaia (Aubl.) D. Don,
Vismia baccifera (L.) Triana & Planch., Iryanthera sp, Virola flexuosa, Lecythis sp,
Wettinia kalbreyeri, W. hirsute, Dialium guianense, Nectandra sp., Vochysia ferruginea
Mart., Tapira guianensis Aubl., Virola sebifera Aubl., Clathrotropis brunnea Amshoff,
Uacaranda mimosifolia, Tabebuia chrysanta, Lacmellea floribunda, Pourouma sp.

\Aspidosperma cruentum, Tapira guianensis Aubl., Myrica pubescens Willd, Jacaranda
copaia (Aubl.) D. Don, Inga sp, Cousapoa sp., Varronia spinescens, Lecythis mesophylla,

127i752 4_ 36 )3 Lecythis ollaria, Helianthostylis sprucei Baill., Pourouma hirsutipetiolata, Lecythis sp,
(\’/) (3,35%) Couma macrocarpa, Pseudolmedia rigida, Spondias mombin, Lacmellea floribunda,
Stemmadenia sp, Ficus sp, Cedrela odorata, Couratari guianensis, Ficus citrifolia,

Caryodaphnopsis cogolloi, Nectandra lanceolata.
21,55 - Tapira guianensis Aubl., Protium neglectum Swart, Ochroma lagopus, Ceiba pentandra,

1
25,37 0 8 |Caryocar amygdaliferum, Lecythis mesophylla, Vismia baccifera (L.) Triana & Planch.,

[v)
(Vi) (0,93%) Lecythis tuyrana.

TOTAL 1072 288

Source: INGEX, 2016.

Horizontal structure

The horizontal structure, allows evaluating the behavior of individual trees and species on the
forest surface, in addition to generating all the information on the relationship of a particular
individual and its co-specific, which can be used for management purposes and silvicultural
planning (Krebs, 1989; Lamprecht, 1990).

The species that showed the highest abundance for the 1072 individuals in the dense forest cover
of the mainland (DIf - 906 individuals) in the respective order they are, Guamo (Inga sp) with 75
individuals (8.28%), Carreto (Aspidosperma cruentum) with 41 individuals (4.53%), Cirpo
(Pourouma hirsutipetiolata) with 38 individuals (4.19%), Balso (Ochroma lagopus) with 26
individuals (2.87%), Laurel (Aniba sp) with 26 Individuals (2.97%), Leche e perra (Pseudolmedia
rigida) with 25 individuals (2.76), Coco (Lecythis sp) with 25 individuals (2.76%), Milkman
(Helianthostylis sprucei Baill.) with 24 individuals ( 2.64%), Almendro (Caryocar amygdaliferum)
with 23 individuals (2.54%), Chingalé (Jacaranda copaia (Aubl.) D. Don) with 23 individuals (2.54%)
and Carbonero (Lagerstroemia sp) with 23 individuals (2.54%), all of them registered more than 23
individuals in all the identified plant covers, while the less abundant ones were Mahogany
(Swietenia macrophylla) with a single individual (0.11%) and the bitter palm (Welfia regia) with
one individual (0.11%), were also identified as the most frequent species, including Macana
(Wettiniakalbreyeri, W. hirsuta) with 2.46%, Escobo (Xylopia aromatica) with 2.27% and the cagi
(Caryocar glabrum) with 2.27%, they were presented in more than 12 of the 24 plots established in
the forest for structural and ecological evaluation.
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Finally, the species that reported the highest dominance were Aspidosperma cruentum (Carreto),
Caryodaphnopsis cogolloi (Yambé), Pourouma hirsutipetiolata (Cirpo), Inga sp (Guamo), Ficus
citrifolia (Higueron), whose percentages exceed 4.9%. This indicates that they are the species
whose diameters present the highest values. In Illustration 4.2-40, lllustration 4.2-41 and
Illustration 4.2-42, are listed the species whose values of abundance, frequency and relative
dominance were the highest and representative in the dense forest cover of the mainland.
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lllustration 4.2-40. Relative abundance of the most representative species, found in Bdbtf.
Source: INGEX, 2016.
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lllustration 4.2-41.Relative dominance of the species found.
Source: INGEX, 2016.
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lllustration 4.2-42 Relative frequency of the species found.
Source: INGEX, 2016.

In the low secondary vegetation (Lsv), two sampling units of 100 * 10 m were established, where it
was found that the species with the highest abundance are Cedro (Cedrela odorata) with five
individuals (31.25%), higueron (Ficus sp) with three individuals (18.75%) and yarumo (Cecropia sp)
with 2 individuals (12.5%), all of them have more than two individuals, and the least abundant
species is Lemon (Citrus sp) with only one individual (6.25%). Likewise, the most frequent species
were identified, in which the cedar (Cedrela odorata) is also identified with 22.2%, in two of these
established plots and the less frequent found were abarema jupumba and acacia mangium (See
Illustration 4.2-43).
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lllustration 4.24.2-43. Abundance, Frequency and Dominance of the species registered in Lsv.
Source: INGEX, 2016.
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Finally, these species had the highest values in dominance or were the individuals with the most
considerable diameters. In the same way, nine sample units were established in the coverings of
clean grasslands (Cg), identifying the following species as the most abundant: Acacio (Acacia
mangium) with presence of 57 individuals (48.1%), Guayacan (Tabebuia chrysanta) with 9
individuals (7.69%), Higueron (Ficus sp) with 6 individuals (5.12%) and Yarumo (Cecropia sp) with 5
registered individuals (4.27%). Regarding the values of frequency and dominance, the highest
values were obtained for the aforementioned species, being found in more than 3 sampling units
of the nine established and bigger than 24.17% (See lllustration 4.2-44).
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lllustration 4.24.2-44. Abundance, Frequency and relative Dominance of the most representative species registered in
Cg.
Source: INGEX, 2016.

For the coverage of Discontinuous Urban Territory (Dut), two sampling units of 10 * 100 mts were
established, where it was observed that the species with more dominance are the Cedar (Cedrela
odorata) with a registry of 20 individuals (60.6% ), followed by Guayacan (Tabebuia chrysanta)
with two (2) individuals (6.06%) and finally the Guamo de monte (Inga sp) with two individuals
(6.06%), the least abundant species being the Guamo churimo ( Inga marginata) with the presence
of an individual (3.03%). In the same way, the most frequent species were established, in which
the Cedar was found and is present in the two established plots, in the same way as the Guayacan
with 16.66%; the least frequent or the ones found in a single sample unit are the Guamo Churimo
and Guacimo (Spondias mombin) with 8.33% (See Illustration 4.2-45).
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lllustration 4.24.2-45. Abundance, Frequency and Dominance of the species registered in Dut.
Source: INGEX, 2016.

Mixing Ratio (MR)

The mixing ratio gives a value of 1: 9.09 or expressed in decimal (0.11), which indicates that for
every 9 individuals sampled, it is possible to find a different species. It is observed, therefore, a
little diverse forest with a tendency towards heterogeneity due to the high number of individuals
per species registered, when compared with the forests of Jenaro Herrera, Loreto, where the
approximate mixing coefficient is 1: 4 for individuals with diameters greater than 10 cm. (Sabogal,
1980).

The high floristic heterogeneity found in the area under study shows that small patches of forest
can support a high diversity.

Natural Regeneration

For the evaluation of the early natural regeneration, sampling units of 2 * 2 m for saplings and 5 *
5 m for latitudes were carried out, where 1840 individuals, 62 families, 110 genres and 142 species
were recorded. From which the most representative families or with greater abundance are
ARECACEAE with 274 individuals (14.89%), MIMOSACEAE with the representation of 155 species
(8.42%), MELASTOMATACEAE with 110 individuals (5.97%), MYRISTICACEAE with 82 individuals
(4.45%), MORACEAE with 74 individuals (4.02%), URTICACEAE with 69 individuals (3.75%),
CAESALPINACEAE with 63 individuals (3.42%), ANNONACEAE with 62 individuals (3.37%),
APOCYNACAE with 61 individuals (3.31%) and LAURACEAE with 50 individuals (2.71%) (See
illustration 4.2-46).
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Similarly, the most abundant genres are Wettinia with the presence of 131 individuals (7.12%),
Inga with 118 individuals (6.41%), Cecropia with 70 individuals (3.80%), Miconia with 62
individuals (3.36%), Cyagrus with 51 individuals (2.77%), Salvia with 43 individuals (2.33%),
Cespedecia with 42 individuals (2.28%), Pourouma with 34 individuals (1.84%), Ochroma with 33
individuals (1.79%) and Aniba with 32 individuals (1.73%) in the different coverings identified (See
Illustration 4.2-47).
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Illustration 4.24.2-46.Abundance for early natural regeneration.
Source: INGEX, 2016.

In terms of frequency, the species with the highest or most frequent values, which means that are
above 1.8% are Inga sp, Cespedecia macrophylla, Cecropia sp, Miconia spicellata Bonpl. Ex Naudin,
Cyagrus zancona, Wettinia kalbreyeri, Aniba sp, Jacaranda copaia, Aspidosperma cruentum and
Pseudolmedia rigida, as shown in Illustration 4.2-48.
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lllustration 4.24.2-47. More Abundant genus.
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lllustration 4.24.2-48. Frequency for early natural regeneration.
Source: INGEX, 2016.
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Value Index of Extended and not extended Importance

Table 4.2-11 relates the IVl (%), the sociological position (Sp%), the percentage of natural
regeneration (Rn%) and the IVIA (%) for each of the species recorded in the forest cover.

Table 4.24.2-12 Value of Importance Index and Value Index of Accumulated Importance (%).

SPECIES 1.V.1 (100%) IPF Rn% IVIA(%)
\Abarema jupumba 0,99442553 3,34518061 0,73224479 5,07185093
\Acacia mangium 2,59224157 9,15659893 0 11,7488405
\Aegiphila sp. 0,12630015 0,22994339 0,07306075 0,4293043
\Albizia carbonaria Britton 0,20458823 0,35024163 0,19544072 0,75027058
\Andira inermis (W. Wright) Kunth 0,65940994 1,37657812 0,4562723 2,49226036
\Aniba sp 1,94198613 4,31299268 1,80896206 8,06394087
\Apeiba membranacea Spruce ex Benth 0,41688934 1,27586274 0,95932835 2,65208043
\Aspidosperma cruentum 4,9259945 17,5454119 1,66866927 24,1400756
Attalea allenii 0,44465807 1,57739228 0,1543491 2,17639945
Bellucia grossullariodes 0,16356692 0,35671654 0,6158522 1,13613566
Bellucia pentameraNaudin 0,0925158 0,12206522 1,16416794 1,37874896
Bunchosia armeniaca (Cav.) D.C 1,53299636 3,45714387 1,47840518 6,46854542
Caesalpinia eriostachys 0,93429882 1,95464032 1,17460417 4,06354331
Callophylum mariae Tr. Et. Pl 0,34960031 0,68171301 0,63288167 1,66419499
Cariniana pyriformis 0,4399511 0,79203123 1,45773027 2,6897126
Caryocar amygdaliferum 2,10418198 5,19304177 0,5835967 7,88082046
Caryocar glabrum 1,6383192 3,57602645 0,16478028 5,37912592
Caryodaphnopsis cogolloi 2,47510097 11,8344331 0,4646276 14,7741617
Casearia corymbosa 0,30310272 0,50485483 0,40741441 1,21537196
Cassia fistula 0,09134539 0,11571478 0,5528006 0,75986076
Cecropia sp 1,97494302 4,49181159 3,51204781 9,97880242
Cedrela odorata 2,56731078 9,23106673 0,93285165 12,7312292
Ceiba pentandra 0,46903043 1,02524151 0,28177254 1,77604449
Cespedecia macrophylla 0,38636143 0,88117304 2,41025256 3,67778704
Cespedesia spathulata 1,09503031 4,27095718 0,4235466 5,78953408
Chrysophyillum cainito 0,11029205 0,21851637 0,18364031 0,51244873
Citrus sp 0,19519778 0,29929055 0,15149859 0,64598692
Clathrotropis brunnea Amshoff 0,20704009 0,36354506 0,24069154 0,81127668
Compsoneura mutisii A.C. Sm. 0,23078226 0,41693593 1,38778008 2,03549828
Couma macrocarpa 0,36887916 0,78631697 0,34646737 1,50166349
Couratari guianensis 0,14031662 0,38142492 0,0757493 0,59749083
Cousapoa sp. 1,76068283 7,6536326 0 9,41431543
Crysophyillum cainito 1,54645972 3,68381356 1,20955709 6,43983037
Cyagrus zancona 1,23340947 2,06068273 2,74712868 6,04122088
Dacryodes colombiana Cuatrec 0,09078075 0,11265111 0,09113554 0,29456739
Dialium guianense 0,32353125 0,6156968 0,62867255 1,5679006
Erythrina rubrinervia 0,09651307 0,14375377 0 0,24026684
Eugenia egensis DC. 0,19444535 0,295208 0,09113554 0,58078889
Eugenia sp. 0,26074432 1,03484664 1,29559097
Ficus citrifolia 1,61921914 7,64589473 0,10487855 9,36999242
Ficus sp 3,09865552 13,320946 1,54588759 17,9654891
Ficus zarzalensis Standl. 0,09602572 0,14110951 0 0,23713523
Guarea kunthiana 0,12036467 0,2731688 0 0,39353347
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SPECIES 1.V.1 (100%) IPF Rn% IVIA(%)

Guatteria aberrans Erkens & Maas 0,20174849 0,33483369 0,0757493 0,61233148
Guatteria sp 0,8032735 1,47276771 1,13444078 3,41048199
Guazuma ulmifolia 0,29498175 0,46079173 0,37080352 1,126577

Gustavia gentryi 0,21759576 0,42081847 0,13565103 0,77406526
Gustavia longifuniculata 0,41815734 0,74921213 0,72042075 1,88779022
Helianthostylis sprucei Baill. 1,75047932 4,33820925 0,44776009 6,53644866
Heliconia sp 0,08721125 0,09328358 0,29730681 0,47780164
Huberodendron patinoi Cuatrec 0,11893007 0,2653849 0 0,38431497
Humiriastrum colombianum 0,54263679 1,1228963 0,58353378 2,24906687
Humiriastrum procerum (Little) Cuatr. 0,33513584 0,60323106 0,09113554 1,02950244
Hymenaea courbaril Linneaus 0,46055914 1,73909938 0,8436587 3,04331722
Individuo Muerto 0,36875777 0,48117789 0 0,84993566
Inga marginata 0,09231061 0,12095191 0 0,21326253
Inga ornata Kunth 0,09210947 0,11986057 0,30733959 0,51930963
Inga punctata Willd. 1,06952489 2,30844477 0,51952516 3,89749483
Inga sp 5,43771386 15,4778209 5,40384921 26,319384
Iryanthera sp 1,22960978 2,95350768 1,5650961 5,74821356
Uacaranda copaia (Aubl.) D. Don 1,98929558 4,34063623 1,61523986 7,94517168
Uacaranda mimosifolia 0,41212076 0,71645862 0,78082869 1,90940806
Uessenia polycarca 0,86785566 1,59688907 0,98321618 3,4479609
Lacmellea floribunda 1,21535507 2,71978537 0,66365415 4,59879458
Lagerstroemia sp 1,5468817 3,30895111 1,27096546 6,12679827
Lecythis sp 0,90731084 4,5430145 0 5,45032534
Lecythis mesophylla 1,76558003 5,86159763 0,63721344 8,2643911
Lecythis ollaria 1,3378444 5,58842809 0,28031489 7,20658738
Lecythis sp 2,33103051 7,10827744 1,09067453 10,5299825
Lecythis tuyrana 0,12917105 0,32095081 0,07306075 0,52318261
Leonia sp. 0,18162079 0,60553484 0,09113554 0,87829117
Luehea seemanii 0,09469149 0,13387018 0,28789557 0,51645724
Magnolia espinalii 0,25319255 0,53853061 0,21140033 1,00312348
Mangifera indica 0,26074432 1,03484664 0,10772905 1,40332002
Miconia prasina (Sw.) DC 0,09952237 0,16008178 0,36170227 0,62130642
Mincuartia guianensis 1,12106509 1,82827195 0,54053886 3,4898759
Myrcia ferruginea. 0,79054961 1,1746798 0,50409962 2,46932903
Myrica pubescens Willd 0,13620352 0,35910791 0 0,49531143
Nectandra lanceolata 0,90728702 1,9616982 0,82768848 3,69667369
Nectandra sp. 0,20556823 0,66003946 0,19601409 1,06162178
Ochroma lagopus 2,44699737 7,05586274 1,60436779 11,1072279
Ochroma pyramidale 0,11223302 0,22904773 0 0,34128075
Ormosia paraense 0,09570811 0,1393862 0,18016652 0,41526082
Perebea sp. 0,18684726 0,25398196 0,13702026 0,57784948
Phytelehas pittieri Of Cook. 0,08721125 0,09328358 0 0,18049483
Phytlephas macrocarpa 1,10999738 2,30726851 1,53812133 4,95538723
Piptocoma discolor (Kunth Pruski) 0,44737047 0,83228758 0,39441735 1,6740754
Pourouma bicolor 0,18504778 0,24421827 0,50019318 0,92945923
Pourouma hirsutipetiolata 3,80492367 13,7448828 1,68208412 19,2318906
Pourouma sp 1,18103213 2,99441349 0,32197988 4,4974255
Protium neglectum Swart 0,86592533 2,72338923 0,4060951 3,99540966
Pseudolmedia rigida 2,68232245 8,25451025 1,48629916 12,4231319
Pseudoxandra sclerocarpa 0,28135777 0,38687015 0,81421616 1,48244408
Rondeletia sp. 0,43482071 1,06867502 0,18227107 1,68576681
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Sabal mauritiliformis 0,35491733 0,55970149 0,41581459 1,33043341
Schefflera morototoni 0,09690118 0,1458596 0,18016652 0,4229273
Simaba cedron 0,46847591 0,87137195 1,61294972 2,95279759
Socratea exorrhiza 0,09293831 0,1243577 0,09113554 0,30843155
Spondias mombin 1,77393223 4,30908256 0,75541297 6,83842776
Stemmadenia sp 0,69809577 1,5082921 0,63434994 2,84073781
Swietenia macrophylla 0,11500605 0,2440938 0,09113554 0,45023539
Tabebuia chrysanta 0,90972802 2,12856236 0,20169147 3,23998185
Tapira guianensis Aubl. 0,61308596 1,27609236 0,67876639 2,56794471
Trema micrantha 0,19065213 0,2746266 0 0,46527873
Unonopsis velutina 0,57167408 0,82234796 0,44729876 1,84132081
Varronia spinescens 1,01024499 3,05110366 1,01461194 5,07596059
Virola flexuosa 0,62897363 1,28686589 0,86503232 2,78087184
Virola sebifera Aubl. 0,28299825 0,70025163 0,50636614 1,48961602
Vismia baccifera (L.) Triana & Planch. 1,9555614 7,12145659 1,496579 10,573597
Vochysia ferruginea Mart. 0,3835534 1,17041758 1,14951702 2,703488

Welfia regia 0,092599 0,12251669 0,92914584 1,14426153
Wettinia kalbreyeri, W. hirsuta 1,51075941 2,80571796 5,53162247 9,84809984
Wettinia spp. 0,08721125 0,09328358 0 0,18049483
Xylopia aromatica 1,48463395 3,04387621 0,49660735 5,02511751
Xylopia frutescens 0,39149139 0,83357699 0,18016652 1,4052349
Xylopia sp. 1,04817888 2,27081392 0,29984732 3,61884013
Zanthoxylum lenticulare Reynel 0,62547773 1,03884765 0,31644083 1,98076621

Source: INGEX, 2016.

The value index of importance allows comparing the ecological weight of the species within the
plant community. The species with the greatest ecological weight in the study were Guamo (Inga
sp), Carreto (Aspidosperma cruentum), Cirpo (Pourouma hirsutipetiolata), Acacia (Acacia
mangium), Cedar (Cedrala odorata), Yambé (Caryodaphnopsis cogolloi), Balso (Ochroma lagopus),
Coco (Lecythis sp) and Almendrén (Caryocar amygdaliferum), whose values are above 2.12% (See

Table 4.2-49).
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lllustration 4.24.2-49. Value Index of Significant Importance (IVI), in DIf.
Source: INGEX, 2016.
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In the case of the Value Index of Significant Importance (hereinafter VISI), the results show that
the species that presented the highest values in the sociological position were Carreto
(Aspidosperma cruentum), Guamo (Inga sp), Cirpo (Pourouma hirsutipetiolata), Ficus sp and
Yambé (Caryodaphnopsis cogolloi) with percentages higher than 11%. The natural regeneration
was recorded for 103 of the 118 species, where the Macana palm (Wettinia kalbreyeri, W. hirsuta),
Guamo (Inga sp) and Yarumo (Cecropia sp) with percentages of 5.53%, 5.40% and 3.51%
respectively and finally the notable species for their value index of extended importance were the
same species mentioned for the IVIA, In spite the above and in the same way as in the VI, the sum
of the value for the category of other species, records the highest value. The results obtained for
the IVIA can be seen in Table 4.2-50.

W Inga sp

W Aspidosperma cruentum

<10% L
. W Pourouma hirsutipetiolata
y (1)
11,10% Ficus sp

11,74% 24,14% W Caryodaphnopsis cogolloi

12,42% W Cedrela odorata

19,23%
12,73% W Pseudolmedia rigida
14,77% B Acacia mangium

B Ochroma lagopus

W Vismia baccifera (L.) Triana
& Planch.

W Otras especies menor al
10%

lllustration 4.24.2-50. Value Index of Significant Importance for species.
Source: INGEX, 2016.

The ecological importance of the species represented by the values of IVI, suggest a
heterogeneous behavior within the ecosystem. The IVl is strongly influenced by the presence of
large individuals, such as the case of the species Inga sp, which presented one of the highest
values of IVI with 199 individuals, which had diameters greater than 45 cm. This coincides with
data reported in tropical forests, where a few trees with heights and high diameters present the
highest IVl in the forest (Duefias et al 2007).

The structural behavior of genres such as Wettinia, Vochysia and Compsoneura was similar to that
observed by Gémez (2005) in other forests, where they are reported as having high ecological
importance within the ecosystem.

Diametric distributions by types
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The diametric distribution shows an irregular inverted Jay behavior (See Table 4.2-13 e Table 4.2-
51), typical behavior of natural forests. VI diameter classes were differentiated, where 85.88% of
the individuals correspond to class | (10 - 38cm), followed by class 1l (38.1 - 66.1 cm) with 7.05%
and Ill (66, 2-94.2cm) with 1.32% of the individuals. The upper classes (V and VI) have a low
number of individuals (9 and 3 respectively), which represent 0.33%.

Table 4.24.2-13. Distribution of diametric classes in the forest.

ABUNDANCIA RELATIVA (%)
wn
S

v

CLASE DIAMETRICA

ABUNDANCE
DIAMETRIC CLASS LIMITS (cm) ABSOLUTE RELATIVE

| 10-38 779 85,88754135

Il 38,1-66,1 64 7,056229327

11 66,2 -94,2 12 1,323042999

[\ 94,3-122,3 4 0,441014333

v 122,4 - 150,4 9 0,992282249

VI 150,5-178,5 3 0,33076075
Palmas 36 3,969128997

TOTAL 907 100
Source: INGEX, 2016.
a0

Vi

According to Palacios and Ramos (1999), an aspect that influences the presence of small or
medium diameters, can be mainly due to the presence of many clearings in the forest caused by
the fall of one or several trees either because they fulfill their biological cycle or by anthropic
effect. The distribution of the individuals by diametric class, as previously mentioned, showed a
behavior similar to an inverted "J", this product of a slow recovery after having supported selective
extraction of characteristic wood that makes the diametric distribution have this form. Lamprecht

lllustration 4.24.2-51. Diametric distribution histogram in Forest.

Source: INGEX, 2016.
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(1990) states that the diametric distribution of individuals in young native forests or in recovery
processes present a tendency in this way. On the contrary, Pardo and Cediel (1994), explain that
the diametric distribution in the form of inverted "J" of individuals in the forests of Cabo
Corrientes (Chocd) can be the result of the interaction of factors such as: permanently washed
soils and with low content of nutrients that do not allow the support of large trees, the steep
topography of the terrain that influences the dynamics of the forest and favors the presence of
individuals with smaller diameters.

Height distribution

The behavior of the altimetry distribution is not very similar to the diameter distribution, as shown
in Table 4.2-14 e Table 4.2-52. The individuals are distributed indistinctly and are concentrated in
the intermediate height classes, as shown by the peaks of the histogram, in VI class of intervals;
this is how 50.44% are distributed in classes I, II, IV, V and VI, with category Ill having the largest
number of individuals (363) and class VI having the smallest number of individuals (10 ind).

Table 4.24.2-14. Distribution of altimetry classes in wood.

ALTIMETRIC LIMITS (m) ABSOLUTE ABUNDANCE RELATIVE ABUNDANCE
| 2,4-6,22 33 3,078358209
I 6,23 -10,05 327 30,50373134
I 10,06 - 13,88 363 33,8619403
[\ 13,89-17,71 137 12,77985075
V 17,72 -21,54 34 3,171641791
VI 21,55-25,37 10 0,932835821
TOTAL 1072 100
Source: INGEX, 2016.

ABUNDANCIA RELATIVA (%)

v
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Illustration 4.24.2-52. Altimetry distribution histogram in wood.
Source: INGEX, 2016.
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According to Table 4.2-52, it is observed that most individuals are growing or waiting for better
lighting conditions in order to ascend to the canopy, but there are also individuals of certain
smaller species that remain in the lower classes throughout their whole lives. The palm
Phytelephas macrocarpa (Tagua or vegetable ivory), was frequently found in the plots; however,
due to morphological aspects (acauline or very small trunk) it was not evaluated.

Individuals of some species were present in all forest strata, such as Aspidosperma cruentum
(Carreto), Tapira guianensis Aubl. (Fresno), Ochroma lagopus (Balso), Aniba sp (Laurel), Caryocar
glabrum (Cagui), Cecropia sp (Yarumo), Guamo de monte (/nga sp), Calophyllum mariae Planch. &
Triana (Olive oil), Iryanthera sp (Soquete) and Pourouma hirsutipetiolata (Cirpo), which
occasionally reach the canopy. There are also individuals restricted to the forest such as Miconia
sp (Tuno or Niguito), Miconia spicellata Bonpl. Ex Naudin (Tuno or Niguito), Psychotria elata (Sw.)
Hammel (Mouth of devil), Vismia baccifera (L.) Triana & Planch. (Carate) and Inga ornata Kunth
(Guamo).

Total and commercial volume per plot
The total and commercial volume of wood was determined for each of the plots and per hectare.
The average volume of total wood is 23,598 m3 / plot. For the commercial, 70% of the total

volume of wood was considered. The total and commercial volumes per plot and hectare are
presented in Table 4.2-15.

Table 4.24.2-15. Total and commercial volume per plot.

PLOTS Vit (m3)/plot Ve (m3)/ploy Vt (m3)/ha Vc (m3)/ha
1 17,48947793 14,07742288 174,8947793 140,7742288
2 40,3614298 30,84392809 403,614298 308,4392809
3 35,01605382 28,33542034 350,1605382 283,3542034
4 37,08936445 27,87521603 370,8936445 278,7521603
5 23,25977337 17,79282197 232,5977337 177,9282197
6 45,29975095 35,48826074 452,9975095 354,8826074
7 23,96280152 16,50986719 239,6280152 165,0986719
8 12,68612831 8,8816451 126,8612831 88,816451
9 41,78853378 28,0462055 417,8853378 280,462055
10 14,7008517 9,976349443 147,008517 99,76349443
11 25,32685387 17,05784653 253,2685387 170,5784653
12 8,316968542 5,237630827 83,16968542 52,37630827
13 13,35678662 9,090465657 133,5678662 90,90465657
14 14,69216851 10,01881521 146,9216851 100,1881521
15 17,13074495 11,55028982 171,3074495 115,9028982
16 25,70876999 17,53077538 257,0876999 175,3077538
17 7,435981012 2,512869274 74,35981012 25,12869274
18 4,975553468 1,201366285 49,75553468 12,01366285
19 11,58141539 3,196253106 115,8141539 31,96253106
20 31,96886534 20,60825565 319,6886534 206,0825565
21 18,29262203 10,18620912 182,9262203 101,8620912
22 4,227588453 2,070302258 42,27588453 20,70302258
23 28,15700409 10,35210368 281,5700409 103,5210368
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PLOTS Vit (m3)/plot Ve (m®)/ploy Vt (m®)/ha Ve (m®)/ha
24 17,03840208 6,441899064 170,3840208 64,41899064
25 8,816176047 5,771879514 88,16176047 57,71879514
26 8,137598128 5,029278109 81,37598128 50,29278109
27 13,53909607 7,230177365 135,3909607 72,30177365
28 9,239513962 5,945541657 92,39513962 59,45541657
29 37,25578682 28,75192756 372,5578682 287,5192756
30 14,46725951 10,27219461 144,6725951 102,7219461
31 95,62359646 75,93557863 956,2359646 759,3557863
32 30,32357588 20,79968129 303,2357588 207,9968129
33 35,81108183 28,92487142 358,1108183 289,2487142
34 21,25765594 12,03228786 212,5765594 120,3228786
35 31,62225667 17,24782249 316,2225667 172,4782249

TOTAL 825,9574873 562,8634596 8259,574873 5628,634596

AVERAGE 23,59878535 16,08181313 235,9878535 160,8181313

Source: INGEX, 2016.

The results of the traditional statistical parameters for the analysis of the existence of wood in the
forests, are within the accepted values to consider the sampling as sufficient and representative
(See Table 4.2-16)

Table 4.24.2-16. Calculation of traditional statistical parameters.

PARAMETERS CALCULATED VALUES
Average 160,82
Standard deviation 17,04
T Student 1,697
Sampling error (%) 9
Coefficient of variation 10,60

Source: INGEX, 2016.

Biomass, carbon, moisture and other physicochemical properties

Biomass

Estimating forest biomass reserves is a useful tool to assess the amount of carbon stored in living
structures at a given moment, important for assessing their contribution to the carbon cycle.
Hence the interest in making estimations of biomass in tropical forests (Brown, 1997).

In Colombia, biomass estimations have been made in forests of different natural regions of the
country. The Andean and Amazonian regions have the highest number of estimations, while
towards Magdalena Medio and the Caribbean, there are very few studies of this type (Anzola &
Rodriguez, 2001).

The biomass was estimated based on aspects of the vegetation structure (WTP, height, specific
weight of the individuals' wood). For this calculation, the equation proposed by Chave et al.
(2005), specific equation for wet tanks (See Table 4.2-17).
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Table 4.24.2-17. Algometric model used to estimate the aerial biomass of trees with DAP>10 cm of the
tropical damp forest, area of study.

AUTHOR ALOMETRIC EQUATION ORIGIN AMTJI:L-II;UDE
Chave et al. B=pi * exp (-1.499 + 2.148*In(DAP) + 0.207 (In(DAP))? - Global tropical damp
>10 cm
(2005) 0.0281(In(DAP))3 forests

Source: Chave et al, 2005.

The biomass estimated for each one of the plant covers present in the site varied from 36.33 +
16.21ton/0.1ha. For lifting carried out in the forest, it varies from 35.69 + 16.43ton/0.1ha, for
clean grasslands it varies from 36.02 + 18.09ton/0.1ha, for the low secondary vegetation varies
from 33, 34 + 16.86 ton/0.1ha and finally for discontinuous urban traffic varied from 31.87 +
16.72ton/0.1ha, although the values are very similar, the differences presented indicate that the
characteristics of each of the coverings (structure, floristic composition, degree of disturbance) are
related to the amount of biomass stored in the vegetation. Table 4.2-18 clearly shows the values
for each coverage.

Table 4.24.2-18. Average values of the variables of the structure of the biomass in the different coverings.

TYPE OF COVERING BIOMASS (t/ha) | TYPE OF RCB
Low dense forest of the mainland | 36,69 + 16,43 High
Low secondary vegetation 33,34 + 16,86 Middle
Clean Igrasslands 36,02 + 18,09 High
Discontinuous urban traffic 31,87 £16,72 Middle

Source: INGEX, 2016.

When comparing the data found with the forests of the south and north-west of Cérdoba
(Velasquez & Arellano, 2009), the values are similar, since their highest rank is 46.05 %
34.72tons/0.05ha and the lowest varies from 10.51 + 5.88 tons/0.05ha approximately. In a study
conducted in tropical humid and super-humid forest, in relation to other studies, such as those
carried out in Costa Rica, the maximum values are 207 Mg ha-1 in damp and very damp forest
(Ulate, 2011). The variation of the results is possibly due to the different evaluation methods that
are applied to raise the information and the intrinsic biophysical characteristics in the areas of
study, which are determinant in the stocks of aerial biomass and stored carbon.

In the distribution of biomass by diametric class (DAP), the dominance of some individuals is
observed due to a high amount of biomass (See Table 4.2-19).

Table 4.2-19. Biomass values by diametric class.

DIAMETRIC CLASS LIMITS BIOMASS (t/ha)
[ 10-38 20,6183065
Il 38,1-66,1 27,46663016
1] 66,2 - 94,2 31,42014752
v 94,3-122,3 33,17730776
\ 122,4-150,4 34,73242152
Vi 150,5-178,5 35,80407479

Source: INGEX, 2016.
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Carbon, moisture and other physical properties of the soil
The carbon present in the soil is closely related to the decomposition process of the biomass.

According to the guide for the determination of carbon in small rural properties (2009), there are
five types of carbon deposits that can be measured (See Table 4.2-20).

Table 4.2-20. Description of the different types of carbon deposit.

TIPE OF DEPOSIT DESCRIPTION
The whole live biomass found upon the ground, including trunks, live stumps,
Biomass upon |branches, rinds, seeds and leaves. To facilitate the  measures
) ) the ground |[the aerial arboreal biomass and the non-arboreal aerial biomass is evaluated
Live Biomass
separately.
Subterranean |All the biomass of live roots. Fine roots less than 2 mm in diameter are excluded,
Biomass because they are difficult to distinguish from the organic matter in the soil.
Dead wood All non'—livi'ng forest biomass: fallen logs, standing dead trees, and stumps larger than
10 cm in diameter.
Dead Organic The whole biomass does not live on the soil (leaves, branches and fruit shells) in
Matter Dead leaves different stages of decomposition. It includes the layers of detritus and humus. A
minimum diameter can be previously established to differentiate from "dead wood"
(for example, 10 cm).
It comprises organic carbon in mineral and organic soils at a specific depth selected
Soils Ground organic |by the project proponent.
matter Thin live roots with diameter less than 2 mm.

Source: INGEX, 2016.

Carbon is found organically and inorganically in the soil. The organic carbon present in the soil
represents a dynamic balance between the absorption of dead plant material and the loss by
decomposition (mineralization).

In order to determine the carbon stored in the biomass, it is usual to multiply the same and the
carbon fraction contained in it, for this case it was calculated using the ratio of the biomass with
the carbon of 0.5 as defined in the model of the Canadian Forest Sector Carbon Budget
(hereinafter CBM-CFS3). In addition to creating carbon curves, applying its relationship with
biomass.

That is to say that the carbon content for the compartments “On the ground", "Underground" and
"Dead wood" constitutes 50% of the biomass. The carbon content on the soil comes from the soil
component presented for the vegetation and horizons (depth in meters).

The results of the carbon content by covering and diameter class are presented in Table 4.2-21
and Table 4.2-22.
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Table 4.2-21. Results of the different plant cover for the average carbon content.

TYPE OF COVER CARBON (Tn/0.1Ha)
Dense forest under mainland 18,35+ 8,22
Low secondary vegetation 16,67 £ 8,43
Clean grasslands 18,01 +8,1
Discontinuous urban traffic 15,93 + 8,36

Source: INGEX, 2016.

Table 4.24.2-22. Carbon values by diametric class.

DIAMETRICCLASS |  LIMITS | CARBON (t/0,1ha)
| 10-38 10,31
I 38,1- 66,1 13,73
Il 66,2 - 94,2 15,71
IV 94,3-122,3 16,58
v 122,4 - 150,4 17,36
VI 150,5 - 178,5 17,90

Source: INGEX, 2016.

The carbon captured by each forest region depends on the surface of the region and the increase
of dry matter per hectare for each type of vegetation cover and diametric class. For the purposes
of this project and the biotic studied area, the dense lowland forest presented the highest values,
since it has the highest values both in basal area and in height, this is the case of Aspidosperma
cruentum, Inga sp, Ceiba pentandra, Caryodaphnopsis cogolloi, Ficus sp and Caryocar glabrum. The
covering with lower values such as discontinuous urban traffic, has low values of basal area and
height as the associations of Ochroma lagopus, Cecropia sp, Trema micrantha, Bellucia pentdmera
Naudin and Isertia haenkeana D.C.

The absence of trees in crop coverage (plantain - cassava and cocoa), did not allow to quantify
these variables (biomass and carbon).

The structure of vegetation among forest types varied in terms of distribution of diameter classes,
biomass reserves and carbon. The difference between presence and absence of large individuals
(diameter classes and upper strata) between the different forest types is related to the variation in
observed biomass and carbon reserves (Vasquez & Arellano, 2012).

No significant difference was observed in the values of carbon and biomass reserves in plants
cover, behavior that is quite related to the state of plant succession, natural factors and anthropic
intervention.

The high structural variability found closely resembles to the one made by Sierra et al (2007) in the
Porce region, where a heterogeneous vegetation was quantified in both primary and secondary
forest and high basal area values were related to the variability of biomass, in addition to its
relation to the use of soil and its physical and chemical characteristics.

In the same way, species contribute unevenly to the storage of biomass and carbon. It is evident
that the largest amount of carbon is deposited in the biomass of a small number of species; on
average of the 117 species only five of them possess between 1.205 - 1.309%. These species
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include Caryodaphnopsis cogolloi (1.309%), Eugenia sp (1.289%), Mangifera indica (1.289%), Ficus
citrifolia (1.266%) and Cousapoa sp (1.205%).

Besides the forests that function as large carbon sinks, the role of secondary vegetation is also
fundamental, although they have not presented high amounts of biomass, since they can be
constituted as carbon sinks due to the phase in which they are located. They capture carbon
dioxide and store it in their structures.

It is also evident that the largest amount of biomass is concentrated in a small number of species,
on average five species that contain between 50 and 80% of the biomass and carbon reserves in
each type of covering. This condition indicates that if anthropic pressure (felling) is exerted on the
populations of these species, a significant amount of carbon will be released in turn.

Moisture content, organic carbon and other physicochemical properties of the soil, for the
development of vegetation.

The moisture content in plants is one of the critical values of their physiological development and
is a key parameter to determine water stress conditions. The humidity available in the plant
directly influences cell growth, transpiration and photosynthesis. Variations in the moisture
content of plants and ultimately water stress, cause physiological and anatomical changes of
different nature depending on the species.

The lack of water leads to a reduction in the transpiration of the plant, which implies an increase in
the temperature of the leaves, since evapotranspiration releases heat into the atmosphere. In
addition, by reducing the available water, the plant tries to reduce transpiration by closing the
stomata, which causes a lower absorption of CO2, a deterioration of tissue structure, a reduction
in photosynthesis and, ultimately, lower productivity. (Hale and Orcutt 1987). In the forest, soil
moisture can be conserved by the type and percentage of vegetation cover (Cortés, Rodriguez &
Alcald, 2000), which is why it is important to know the variation in soil moisture, for the six-
different plant covers present in the area under study.

The results showed that in the forest zone, the moisture content was higher than in the other
covers. In the site with the highest tree cover, the effect of reducing soil water loss was evidenced.
Without tree cover, more than 200 m3 / ha of soil are lost (Cortés et al., 2000). The secondary low
vegetation can be important in sites that have lost the arboreal stratum; therefore, they show an
important initial effect in the conservation of soil water. According to Toro (2009), towards the
lower parts of the Magdalena Medio forests (Segovia, Remedios, Anori, Amalfi), the forest cover,
have seen highly modified, due to the opening of agricultural areas, extensive cattle ranching,
timber extraction, illicit crop plantations and artisanal mining. Therefore, the properties of the soil
are modified to a greater or lesser degree, depending on the level of the disturbance, the
extension and the time in which it is exposed to degradation factors.

One of the physical properties of the soil, which is highly affected by these factors, is the moisture
content, due to the various ecological functions it fulfills, such as being a source of water for the
vegetation in each of its strata. It is also part of the biological activity of organisms such as
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bacteria, fungi, among others. In addition to promoting the processes of germination, growth and
development of new seedlings. For the study of the behavior of the vegetation according to the
value of the moisture content of the soil, the results are shown in Table 4.2-23 to Table 4.2-28 and
illustration 4.2-53.

Table 4.24.2-23 Humidity content (%) in the soil for Forest (DIf).

COVERING HORIZON CH%
SLE-Bdbtf HB2 25,54%
DLE2-Bdbtf (28) HA 33,82%
SLE-Bdbtf HB1 35,33%
DL-Bdbtf HB 36,82%
DLE2-Bdbtf (28) HB 41,15%
DL-Bdbtf HA 45,75%
SLE-Bdbtf HBAP 53,69%
TOTAL 272,1%

Source: INGEX, 2016.

Table 4.24.2-24. Humidity content (%) in the soil for Low secondary vegetation (Lsv).

COVERING HORIZON CH%
FHyP-DL-Vsb HB2 26,08%
FHyP-DL-Vsb HA 27,40%
FHyP-DL-Vsb HB1 28,05%

TOTAL 81,53%

Source: INGEX, 2016.

Table 4.24.2-25. Humidity content (%) in the soil for clean grasslands (Cg).

COVERING HORIZON CH%

FHyP-DL-PI HA 18,37%
YANO PI HA 22,05%
YANO PI HB 24,60%
FHyP-DL-PI HB 26,11%
YANO-FT-PI HB 32,13%
YANO-FT-PI HA 36,90%
DLM2-PI (11) HB 40,17%
DEL-PI HB2 40,59%
DEL-PI HB1 43,49%
DLM2-PI (11) HA 55,88%
DEL-PI HA 83,09%
TOTAL 423,38%

Source: INGEX, 2016.
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Table 4.2-27. Humidity content (%) In the soil for plantain and cassava (Cpc).

Source: INGEX, 2016.

COVERING HORIZON CH%
Cpy HA 33,25%
Cpy HB1 39,04%
Cpy HB2 36,88%

TOTAL 109,17

Source: INGEX, 2016.

= coiomie PROJECT “EL PESCADO” Ingex
Table 4.24.2-26. Humidity content (%) In the soil for cocoa (Cc).
COVERING HORIZON CH%

Cc HA 48,36%
Cc HB1 32,19%
Cc HB2 39,69%
Cc HB3 32,00%

TOTAL 152,24%

Table 4.24.2-28. Humidity content (%) In the soil for discontinuous urban traffic (Dut).

COVERING HORIZON CH%
Dut (24) HB 32,81%
TOTAL 32,81%
Source: INGEX, 2016.
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lllustration 4.24.2-53. Average humidity content of the soil.
Source: INGEX, 2016.

The results of each of the plant coves were observed, where the lowest values were found in the
low secondary vegetation (hereinafter Lsv) and discontinuous urban tissue (Dut). Thus the
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difference of total moisture (%) between the forest and the Vsb was 190.57%, it was also found
that when comparing the total moisture content of the forest with the zone of discontinuous
urban traffic, the difference is 239.29%. This clearly shows the important effect of forest cover and
forest mulch in the conservation of humidity in the studied area, reducing evapotranspiration. The
differences in moisture contents when comparing the Vsb zone and theCg area was 341.85%. This
suggests that it is possible that the Vsb combined with the clean grass cover begin to have a
protective effect on the soil, which could be accentuated as the foliage of the growing trees
expands.

When comparing the forest with the pasture area, the negative value of -151.28% was obtained,
which corroborates the assumption that the forest area loses moisture more rapidly and that the
pasture cover plays a fundamental role in the soil protection, in the area under study. The high
values, in some areas where the sampling was carried out, corroborated that during the rainy
period the soil moistening in the coverage of clean grasses (Cg) is faster than in the forest (DIf).

The water content present in the soil can decrease below the field capacity as a consequence of
the evaporation and transpiration of the plants. When the water film that surrounds the soil
particles becomes thinner, it becomes impossible for it to be absorbed by the roots and is in the
state called wilting point. This process is characterized by the fact that the plants cannot take
water from the soil, consequently experiencing permanent wilting.

Among the most relevant species in each of the plant covers or with the highest importance value
index, are the Guamo (/Inga sp), Carreto (Aspidosperma cruentum), Cirpo (Pourouma
hirsutipetiolata), Acacio (Acacia mangium), Cedar (Cedrala odorata), Yambé (Caryodaphnopsis
cogolloi), Balso (Ochroma lagopus), Coco (Lecythis sp) and Almendrdn (Caryocar amygdaliferum),
with specimens that can reach up to 25 meters in height, which require defined soil conditions, in
addition to reduce the rate of evaporation. This amount of water can make the difference
between wilting and the survival of a plantation in dry periods.

Next, some of these species are mentioned, such as the Acacia mangium, which fulfills a very
important function of soil protection, with its structure (stem and leaves) decreases the direct
effect of sun, rain and wind; with its deep and extended roots reduce the surface runoff of
rainwater, allow a better absorption of water and nutrients due to the big area explored, also
counteract the compaction processes due to continuous tillage or grazing (Benavides J, 1998). The
litter they produce is a source of organic matter. In it the macro and microorganisms of the soil
find favorable conditions to multiply and decompose the complex forms present in the tissues, in
simple substances such as nitrogen, phosphorus, potassium, magnesium and calcium to be
absorbed again by trees and neighbor crops. Trees can use their stems as firewood, wood or
material for new crops and their foliage to feed animals.

Depending on the final use, the time between the cuts is fixed; at higher intervals the production
of woody material increases and at lower intervals the production of forage (Benavides J, 1998).

Cedrela odorata grows very well on lithe soils and rend zines, as well as calcareous, clayey soils,
deep sandy, black-sandy, black-stony, red-clayey, brownish-limy. Besides being a demanding
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species in soils, it requires deep, aerated, well-drained, fertile soils, pH between 5.0 and 7.0 with
good availability of larger elements, ranging from clay loam to sandy loam.

In the case of Caryodaphnopsis cogolloi, the required soils should be developed, moderately deep
to superficial, with medium textures, excessively drained, low to very low fertility, high aluminum
content toxicity, poor in bases and high organic carbon content (Polanco, Caicedo & Beltran,
2013).

In the same way the Ochroma lagopus needs clayey, silty and well drained soils, as well as being a
species that requires a rich nutrient demand, it is helophytic, so it does not tolerate shade.

Once each of the soil requirements by species has been described, it is said that plant covers not
only protect the soil from erosive processes, reduce the impacts of rain drops, reduce temperature
increase, acidity, among others, but also prevents the loss of water from the soil by evaporation;
besides protecting the soil from the sun's impact.

Other properties of the soil (physical), which determine the development of the roots and each of
the species that lodge there, such as porosity, organic carbon, relative density and bulk density, as
shown in Table 4.2-29 and Table 4.2-30

Table 4.24.2-29. Classification of the soil according to moisture content.

COLORS CH% HUMIDITY DEGREE TACT
<25% Low It crumbles and does not clump
25-50% Middle It crumbles but it coalesces
50-75% Acceptable A ball is formed and agglutinates with pressure
-I 75-100% Excellent A ball is formed agglutinates and is friendly

Source: INGEX, 2016.

Table 4.24.2-30. Physical properties of the soil.

Sample N° COVERING HORIZON CH% CO POROSITY D.R. D. A
8 FHyP-DL-PI HA 18,37%| 1,32% 48,96% 1,92 g/cm? 0,93 g/cm?
6 YANO PI HA 22,05%| 1,58% 52% 2,5 g/cm? 1,00 g/cm?
7 YANO PI HB 24,60%| 0,57% 50% 2,08 g/cm? 0,84 g/cm?
14 SLE-Bdbtf HB2 25,54%| 0,11% 48,08% 2,08 g/cm? 0,65 g/cm?®
20 FHyP-DL-Vsb HB2 26,08%| 0,17% 49,04% 2,08 g/cm? 1,13 g/cm?
9 FHyP-DL-PI HB 26,11%| 0,40% 52,08% 1,92 g/cm? 1,05 g/cm?
21 FHyP-DL-Vsb HA 27,40% | 6,36% 47,40% 1,92 g/cm? 0,79 g/cm?
22 FHyP-DL-Vsb HB1 28,05% | 0,58% 49,48% 1,92 g/cm? 0,83 g/cm?
29 Cc HB3 32,00% | 0,25% 54,18% 2,27 g/cm? N.A
3 YANO-FT-PI HB 32,13%| 0,67% 56,18% 1,78 g/cm? 0,85 g/cm?
26 Cc HB1 32,19%| 0,34% 50,48% 2,08 g/cm? N.A
1 Tud (24) HB 32,81%| 0,68% 62,02% 2,08 g/cm? 0,88 g/cm?®
23 Cpy HA 33,25%| 1,55% 56,73% 2,08 g/cm® N.A
18 DLE2-Bdbtf (28) HA 33,82%| 2,94% 53,61% 1,66 g/cm? 0,83 g/cm?
13 SLE-Bdbtf HB1 35,33%| 0,43% 51,56% 1,92 g/cm? 0,67 g/cm?
17 DL-Bdbtf HB 36,82%| 0,56% 52,81% 1,78 g/cm? 0,78 g/cm?
25 Cpy HB2 36,88% | 0,09% 62,50% 2,08 g/cm? N.A
2 YANO-FT-PI HA 36,90% | 2,54% 35,39% 1,78 g/cm? 0,92 g/cm3
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Sample N° COVERING HORIZON CH% | co POROSITY D.R. D.A.
24 Cpy HB1 39,04%| 0,28% 55,73% 1,92 g/cm? N.A
28 Cc HB2 39,69%| 0,12% 51,54% 2,27 g/cm? N.A
5 DLM2-PI (11) HB 40,17% | 0,65% 53,37% 1,78 g/cm® | 0,83 g/cm?
12 DLE-PI HB2 40,59% | 0,38% 55,73% 1,92 g/cm® | 1,02 g/cm?
19 DLE2-Bdbtf (28) HB 41,15% | 0,58% 57,29% 1,92 g/cm® | 0,67 g/cm®
11 DLE-PI HB1 43,49% | 1,72% 48,44% 1,92 g/cm® | 0,93 g/cm?
16 DL-Bdbtf HA 45,75% | 3,98% 60,67% 1,78 g/cm® | 0,65 g/cm?
27 Cc HA 48,36% | 2,60% 60,42% 1,92 g/cm? N.A
15 SLE-Bdbtf HBAP 53,69%| 5,61% 55,13% 1,56 g/cm® | 0,76 g/cm?
4 DLM2-PI (11) ‘ HA 55,88% | 5,04% 56,02% 1,66 g/cm® | 0,66 g/cm?

| HA | 5769% | 1,56g/cm® [ 053g/cm® |

Source: INGEX, 2016.

Most of the data obtained during the sampling are at medium humidity, indicating that the soil
crumbles, but they clump together, that is, they lose moisture easily.

The porosity values were in the high range for "normal" soils: around 53.34% on average. The
highest measured values corresponded to the covers of discontinuous urban traffic (62.02%),
followed by the covers of plantain and cassava (58.32%), the dense lowland forest and cocoa
growing with 54.16% each. The minimum value was obtained for the covers of clean grasslands
and low secondary vegetation with 51.44% and 48.64%. However, these differences between each
of the covers can be considered quite similar or belonging to the same population, although
probably also due to low values of organic carbon.

Constant cultural activities, such as tillage, produces the soil aggregates to break and the porosity
to decrease, giving place to raisings in the apparent density value; for this reason, the highest
value found was obtained in the low secondary vegetation correlated with its low percentage of
organic carbon (2.37%).

In terms of apparent density, it is considered that fine-textured, well-textured soils with high
organic matter contents have lower apparent density values than coarse-textured, poorly
structured soils with low organic matter content. Within the reference values, are the following
(Schargel & Delgado, 2010) (See Table 4.2-31).

Table 4.24.2-31 Reference values according to the texture.

TEXTURE APPARENT DENSITY
Fine (clayey) 1,00 - 1,30 Mg m?
Middle(Francs) | 1,30-1,50 Mg m?3
Thick (sandy) 1,50-1,70 Mg m?3
Source: INGEX, 2016.

The apparent density affects the growth of the plants due to the effect of the resistance and
porosity of the soil on the roots. With an increase in apparent density, the mechanical resistance
tends to increase, and the soil porosity tends to decrease, with these changes the growth of the
roots is limited to critical values. For the study area, the apparent density on average relates low
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values such as 0.86 g / cm? for the coverage of clean grasses, low dense forest on the mainland
(0.71 g / cm?), low secondary vegetation (0, 92 g / cm?3), Discontinuous urban territory (0.88 g /
cm?3), taking into account that for covers of cocoa, banana and cassava crops, this parameter was
not performed. The secondary vegetation registered higher values, mainly due to its contribution
of nutrients and leaf litter to the soil.

Finally, it was estimated that the plant cover with the lowest organic carbon content was plantain
and cassava (0.64%). In contrast, the low secondary vegetation was the cover with the highest
total carbon (2.37%), which is due to a series of factors such as the physical and biological
conditions of the soil and the history of the inputs of organic material to the Soils, which can
determine the rates of change of organic carbon under the soil when vegetation and management
practices have changed, such as in the elimination of forest to establish pastures (Post and Kwon
2000). This means that this situation is mainly due to the gain or loss of soil carbon, depending on
the specific characteristics such as the use of fertilizers or the elimination of plant cover.

Therefore, the results show that in each of the plant covers, clean grasslands are not contributing
significantly to carbon sequestration and could even be emitting carbon into the atmosphere,
while in secondary vegetation the land uses do not offer a greater potential for carbon
sequestration.

Diversity indices
Alpha diversity

The diversity indices found for each of the plant coverings found are listed below (See Table 4.2-32
and lllustration 4.2-54)

Table 4.2-32. Diversity indices for each of the plant covers.

Indices DIf Cg Dut Lsv
Dominance_D 0,02401 0,2534 0,3866 0,1797
Simpson_1-D 0,976 0,7466 0,6134 0,8203
Shannon_H 4,119 2,26 1,513 1,89
Margalef 15,71 5,67 2,574 2,525

Source: INGEX, 2016.

4.2. Base Line Biotic Environment. Page. 86



S 1ol MINING CONCESSION 5969 /
s  Colombia PROJECT ”EL PESCADO” Ingex

15-
Indices
10- Margalef
Shannon H
Simpson 1-D
N bk b

Babtf Pl Tud  Vsb
Coberturas Vegetales

Y ENVIRONMENT IMPACT ASSESSMENT ( I“\\\

Valores indices

lllustration 4.2-54. Heterogeneity and dominance indices (Shannon, Simpson y Margalef).
Source: INGEX and Renaturar, 2016.

The indices of both richness and diversity corroborate the diversity characteristics of the
ecosystems formed by tropical damp forests, where a considerable variety of species is reflected
in high diversity indexes. These results characterize a very diverse biotic community with a
tendency to heterogeneity, typical of the areas of tropical rainforests.

Although there were no significant differences in the Shannon index between plant cover (X2 =
1,641, p = 0.65), for the DIf covering the value of this index (4,119) shows a high diversity in forest
species, compared with other forests quite diverse as the Serrania del Bauddé whose values of
diversity are around 4.43; that is, all species are well represented and not only one species stands
out as the most abundant. For the remaining coverings, low values are found, indicating that the
vegetation in the area under study can be found in different stages of ecological succession and
only a few species are dominant, as is the case of Cedro (Cedrela odorata) and Higueron (Ficus sp).

On the other hand, it can be inferred that the abundances present in the DIf and Cg hedges are
more similar, without being a marked dominance of some species, bearing in mind that they
present the highest values of the Shannon index. This is related to a better distribution of
resources, because the characteristics of the habitat (number of tree species, density of trees and
shrubs and canopy cover) allow a better vertical distribution of the species of different strata that
are used by the different trophic groups (Verea et al., 2000). At the same time, the lowest value of
Dut cover (1,513) is the product of the high dominance of the species Cedrela odorata and Ficus
sp, which are favored by the increase in open areas.

The Margalef index has quite high values (15.71), which reiterates the high forest diversity (X2 =
17.6245, p <0.001), since it is a high proportion of different species for the number of individuals
found.
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Therefore, these values are probably due to the proximity of the studied area to the Serrania de
San Lucas found at approximately 40 lineal km, where the rates of very high endemism are found
and can be considered as a strategic site for studies of biological diversity.

For the Simpson Index no significant differences were found between plant covers (X2 = 0.0869, p
= 0.99) and according to the data obtained, it can be established that in general all the evaluated
points have a low dominance (0.976). Denoted by this index that shows values with low trends.

According to what was previously mentioned, it can be highlighted that in terms of diversity, the
points evaluated, and taking into account their abundance, there is a high variability in the
horizontal structure showing high heterogeneity and low dominance of one or few species.

If we take into account the wealth and the aforementioned indices, it can be assumed that the
evaluated forests have successional and conservation states that can be framed as conserved
systems and in advanced successional states such as those shown.

Beta diversity
Bray-Curtis index

The Bray-Curtis technique generated two abundance dendrograms, where one of them shows the
similarity or comparison between species and the other between the covers present in the studied
area.

Illustration 4.2-52 shows that there is a higher similarity between the species that are in the same
stratum (Forest) such as Bastimento de pobre (Leonia sp), Ape comb (Apeiba membranaceae),
Heliconia (Heliconia sp), Coco crystal (Lecythis mesophylla), Carreto (Aspidosperma cruentum),
Cirpo (Pourouma bicolor), Dead Mula (Gustavia longifuniculata), Balso (Ochroma lagopus),
Carbonero (Albizia carbonaria), Yaya blood (Guatteria sp), among others; and lower among the
other species found in the different covers present within the project area. However, the values of
similarity are relatively low, which suggests that these species do not share physical
characteristics, which is why we speak of a forest that tends towards ecological heterogeneity,
with a great diversity of species. However, there are some similarities that relate them to each
other along with the environment they share.
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lllustration 4.24.2-55. Dendrograme by species of Bray-Curtis.

Source: INGEX, 2016.
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Illustration 4.2-56 clearly shows that there is a great similarity between the cover of discontinuous
urban traffic (Dut) and the lower secondary vegetation (Lsv) and less between these and the
coverage of clean pastures (Cg) and dense lowland forest (DIf). However, similarity values are
relatively low (ranging between 0.96 - 0), suggesting that plant covers do not share physical
characteristics, so there is no ecological homogeneity.
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lllustration 4.24.2-56. Dendrogram by plant cover using the Bray-Curtis index.
Source: INGEX y Renaturar, 2016.

The characteristics of the four sites are substantially different therefore also the floristic
composition of each of them. However, there are some similarities that relate them, such as
humidity and temperature factors, as well as climate seasonality.

4.2.3.6.7 Local use of species

According to the interviews conducted during the characterization by each of the field assistants
and inhabitants of the region, the uses that some of the species registered in the studied area
were registered and were recorded in lllustration 4.2-33.

Table 4.2-33. Use of the species and importance at cultural level.

N FAMILY SPECIES COMMON NAME USE
ANACARDIACEAE Mangifera indica Mango Edible fruit

2 ANACARDIACEAE Tapira guianensis Aubl. Fresno structural wood,
Construction

3 ANNONACEAE Xylopia frutescens Escubillo Wood for firewood

4 APOCYNACEAE Lacmellea floribunda Costillo de res Wood for firewood

5 ARECACEAE Jessenia polycarca Palma Mil Pesos For roofs

6 BIGNONIACEAE Jacaranda copaia (Aubl.) D. Don Chingalé Streutural wood,
Construction.

7 BIGNONIACEAE Jacaranda mimosifolia Gualanday Strcutural wood,
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N FAMILY SPECIES COMMON NAME USE
Construction.
8 BOMBACACEAE Ochroma lagopus Balso Wood for rafts
9 BURSERACEAE Dacryodes colombiana Cuatrec Anime structural V\./OOd’
Construction.
10 CAESALPINACEAE Hymenaea courbaril Linneaus Algarrobo structural V\.IOOd'
Construction.
11 CARYOCACEAE Caryocar glabrum Cagiii Structural wood,
Construction.
12 CLUSIACEAE Calophyllum mariae Planch. & Triana Aceite Maria structural V\./OOd’
Construction.
13 FABACEAE Clathrotropis brunnea Amshoff Sapan structural V\.IOOd'
Construction.
14 FABACEAE Ormosia paraense Chocho Artisanal
15 HUMIRIACEAE Humiriastrum procerum (Little) Cuatr. Chanul structural V\./OOd’
Construction.
16 HYPERICACEAE Vismia baccifera (L.) Triana & Planch. Carate Wood for firewood
17 LAURACEAE Aniba sp Canelo Structural wood,
Construction.
18 LAURACEAE Caryodaphnopsis cogolloi Yambé structural V\./OOd'
Construction.
19 LAURACEAE Nectandra lanceolata Laurel Amarillo structural V\.IOOd'
Construction.
20 LECYTHIDACEAE Cariniana pyriformis Abarco structural wood,
Construction.
21 LECYTHIDACEAE Lecythis mesophylla Coco cristal structural wood,
Construction.
. Structural wood,
22 LITHRACEAE Lagerstroemia sp Carbonero )
Construction..
23 MALVACEAE Huberodendron patinoi Cuatrec Volador structural V\.IOOd'
Construction.
24 MELASTOMATACEAE Miconia prasina (Sw.) DC Cenizo Wood for firewood
25|  MELASTOMATACEAE Miconia sp Tuno o Niguito Wood for firewood
|
26 MELIACEAE Cedrela odorata Cedro Structura V\.IOOd'
Construction.
27 MIMOSACEAE Inga sp Guamo Wood for firewood
28 MORACEAE Pseudolmedia rigida Lecha e perra Wood for firewood
29 MYRISTICACEAE Iryanthera sp Soquete Wood for firewood
30 MYRISTICACEAE Virola flexuosa Soto structural V\./OOd’
Construction.
31 MYRTACEAE Psidium guajava Guayaba Fruto comestible
32 OLACACEAE Mincuartia guianensis Punte e candado structural V\./OOd’
Construction.
33 POLYGONACEAE Coccoloba uvifera Buche e pava structural \A./OOd'
Construction.
34 SAPOTACEAE Chrysophyillum cainito Caimo structural VYOOd’
Construction.
35 SIMAROUBACEAE Simaba cedron Cedron Medicine
136 Cecropia sp Yarumo Wood for firewood
37 URTICACEAE Pourouma hirsutipetiolata Cirpo Wood for firewood
38 Pourouma sp Cirpo Wood for firewood
39 VIOLACEAE Leonia sp. Bastimento e pobre Edible fruit

Source: INGEX, 2016.
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It is noteworthy that the forests of the area under study are exposed to great anthropic pressure,
for the indiscriminate extraction of wood for marketing, expansion of pastures for pastures for
livestock and some agricultural crops (banana, cassava, cocoa, papaya), in addition to domestic
uses such as fences, houses, firewood, chocks of mines, among others.

4.2.3.7 ENDEMIC SPECIES

Within the studied area about nine endemic species were found, both at the national and regional
level, among which are Justicia phytolaccoides Leonard, Pseudoxandra sclerocarpa, Phragmotheca
rubriflora, Colombian Dacryodes Cuatrec, Humiriastrum colombianum and Caryodaphnopsis
cogolloi. These species have been little studied and information on its natural history is very
scarce, reducing it to data taken from flora inventories, catalogs of species and specific studies of
the area made by CORANTIOQUIA.

Justicia phytolaccoides Leonard.

Habitat and geographic distribution: Endemic taxon of Colombia, distributed in the primary
forests along the streams, tropical damp forests and in mountainous elevations, between 200 and
1300 meters above sea level. Only reported for the departments of Antioquia, Santander and
Tolima.

Description: Shrub 1 to 3 meters high, its leaves are simple, opposite decussate, crenate margin
and venation prominent on the underside, its inflorescences are terminal as spikes. Flowers with
foliate bracts, green with red to purple spots, light green calyx with red spots, white bilabiate
corolla, lower lip with three lobes and purple stripes inside, stamens with green filaments and light
brown anthers, white pistil. The fruit is a brown claviform capsule, containing spherical, flattened,
brown seeds (EPM, 2014).

Uses: For the change of its flowers and its foliage, its main use is ornamental.

Pseudoxandra sclerocarpa.

Distribution and ecology: Endemic species of Antioquia, reported for tropical damp forest and
well-preserved forests.

Description: Tree 10 to 20 meters high, its bark is smooth gray, which comes off in the form of
guasca. Leaves: Simple, alternate, distichous, entire margin and very thin secondary veins, their
flowers are Axillary, solitary or in small groups. Fruits: Monocarp green, with hard pericarp and a
brown seed (ISAGEN, 2011).

Use: The wood is used in the elaboration of tool ends and in rural constructions.

4.2. Base Line Biotic Environment. Page. 92



, louchstone MINING CONCESSION 5969 /
< Colombla PROJECT “EL PESCADO” |ngEX

[~ ENVIRONMENT IMPACT ASSESSMENT ( I“\\\

Phragmotheca rubriflora.

Distribution: Endemic Species from Colombia, belonging to the Malvaceae family. The information
that is available about this species is very limited, since it is under study.

Humiriastrum colombianum

Habitat and local distribution: This species is usually found in tropical damp forest (Td-F) below
800masl, typical of primary or well-preserved forest. In Colombia, it is found in the middle
Magdalena region, Bajo Cauca and the Pacific region and, in the department of Antioquia, it has
been reported in the municipalities of Caceres, Caucasia, Anori, Segovia, among others.

Botanic description: Aceituno is a large tree that, in natural ecosystems, can reach up to 30 m in
height and 50 to 60 cm in diameter. The stem is straight and cylindrical, without roots; It presents
a brown-reddish crust, with large scales that break off. The wood is reddish brown when it is green
and brownish in dry condition, very hard, heavy and easy to work, with a specific weight of 0.87 g /
cm3 (CORANTIOQUIA, 2007).

Caryodaphnopsis cogolloi.

Habitat and distribution: Endemic species from Colombia; It is distributed mainly between 300
and 500 masl.

Use: Wood of very good quality, resistant to decomposition, and used in buildings
4.2.3.8 THREAT SPECIES

In accordance with resolution 0192 of 2014 "By which the list of threatened wild species of
biological diversity found in the national territory is established, and other provisions are issued"
and resolution 10194 of 2008 "which regulates the use and exploitation of threatened flora in the
jurisdiction of CORANTIOQUIA", identified the following fifteen woody species and three
epiphytes, categorized as Vulnerable (VU), Endangered (EN) and Critically Endangered (CE) and
eight species with restriction and / or prohibition in the studied area (See Table 4.2-34 and Table
4.2-35), in addition to the consultation conducted by IUCN and CITES.

For these species it is common to find that the main threats are deforestation, the fragmentation
of habitats and the conversion of land for agricultural activities. There are also particular threats
that directly affect some species, such as overexploitation of the wood resource, especially
pressing those species that are considered to be fine woods.

Specialized works on threatened species (Calderdn et al 2002, 2005, Cardenas and Salinas 2007),
propose the elaboration of management plans for the conservation of these species (lllustration
4.2-57 to lllustration 4.2-65), including the identification of natural populations, studies of
structure and population dynamics, as well as in situ and ex situ conservation programs.
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Table 4.24.2-34. Categorized species with certain degree of threat in the area under study, res 0192 de

2014.

N FAMILY SPECIES COMMON NAME THREAT
1 |BIGNONIACEAE Uacaranda mimosifolia Gualanday VU

2 |BIXACEAE Cochlospermum sp EN

3 |BOMBACACEAE Phragmotheca rubriflora VU

4 |BURSERACEAE Dacryodes colombiana Cuatrec Anime EN

5 |CARYOCACEAE Caryocar glabrum Cagui VU

6 |CARYOCACEAE Caryocar amygdaliferum Almendrén VU

7 |LAURACEAE Caryodaphnopsis cogolloi Yambé CR

8 |LECYTHIDACEAE Cariniana pyriformis Abarco CR-Veda
9 |[LECYTHIDACEAE Couratari guianensis Coco cabuyo VU
10 |LECYTHIDACEAE Gustavia gentryi Mula muerta VU
11 |LECYTHIDACEAE Gustavia longifuniculata Mula muerta EN
12 |LECYTHIDACEAE Lecythis mesophylla Coco cristal VU
13 |LECYTHIDACEAE Lecythis tuyrana Olla de mono VU
14 |MAGNOLIACEAE Magnolia espinalii Alma negra CR
15 |MALVACEAE Huberodendron patinoi Cuatrec Volador VU
16 |URTICACEAE Pourouma hirsutipetiolata Cirpo Nativa — VU
17 |PTERIDACEAE \Acrostichum aureum L Helecho LC
18 |ARACEAE Philodendron sp Angiosperma LC
19 |[BROMELIACEAE Tillandsia sp Angiosperma VU

Source: INGEX, 2016.

Table 4.2-35. Species with restriction and prohibition in the area under study, resolution 10194 of 2008.

COMMON NAME SCIENTIFIC NAME FAMILIY CONDITION
Canelo Aniba sp LAURACEAE Prohibition
Alma negra Magnolia espinalii MAGNOLIACEAE Prohibition - Veto
Macana Wettinia kalbreyeri, W. hirsuta ARECACEAE Restriction
Guayacan Tabebuia chrysanta BIGNONIACEAE Restriction
Algarrobo Hymenaeae coubaril CAESALPINACEAE Restriction
Cagui Caryocar amygdaliferum CARYOCACEAE Restriction
Sapan Clathrotropis brunnea Amshoff FABACEAE Restriction
Aceituno Humiriastrum colombianum HUMIRIACEAE Restriction

Source: INGEX, 2016.
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lllustration 4.24.2-57. lllustration of Caryocar amygdaliferum.
Source: www.plantsilustration.org

lllustration 4.24.2-58. Caryocar amygdaliferum.
Source: Merceditas Corporation, 2012.
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lllustration 4.2-59. Jacaranda mimosifolia.
Source: Merceditas Corporation, 2012.

- .
l‘ b, €1
Illustration 4.24.2-60. Caryodaphnopsis cogolloi.
Source: Merceditas Corporation, 2012.
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lllustration 4.24.2-61. Cariniana pyriformis.
Source: Merceditas Corporation, 2012.

lllustration 4.24.2-62. Lecythis mesophylla.
Source: Merceditas Corporation, 2012.
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lllustration 4.24.2-63. Couratari guianensis.
Source: Merceditas Corporation, 2012.

lllustration 4.24.2-64. Lecythis tuyrana.
Source: Merceditas Corporation, 2012.
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4.2.3.9 SPECIES

IDENTIFIED

Illustration 4.24.2-65. Lecythis tuyrana.
Source: Merceditas Corporation, 2012.

INFORMATION

IN THE REGION ACCORDING TO SECONDARY

In 1970, INDERENA carried out a forest inventory of 561,000 ha of tropical damp forest in San
Lucas Mountain Range, which served as the basis for the INDERENA / UNDP / FE-FAO / COL 14
project for the promotion of an industrial complex in this area. Region (Toro, 2009). A total of 258
tree species were recorded; conformed by 35 commercial, 36 potentially commercial and 187 non-

commercial.

Among the potentially commercial species reported by INDERENA (1970), the following 22 species

stand out (Table 4.2-36)

Table 4.2-36. Species found by INDERENA, 1970.

COMMON NAME GENRE SPECIES FAMILY
Abarco Cariniana Cariniana pyriformis LECYTHIDACEAE
Aceituno Humiriastrun Humiriastrun colombianum HUMIRIACEAE
Algarrobillo Hymenaea Hymenaea oblongifolia CAESALPINACEAE
Almendrén Caryocar Caryocar amygdaliferum CARYOCACEAE
Algarrobo Hymenaea Hymenaea courbaril CAESALPINACEAE
Cagui Caryocar Caryocar glabrum CARYOCACEAE
Canime Copiafera Copiafera canime CAESALPINACEAE
Caracoli Anacardium Anacardium excelsum ANACARDIACEAE
Cedro Cedrela Cedrela odorata MELIACEAE
Cativo Prioira Prioira copaifera FABACEAE
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COMMON NAME GENRE SPECIES FAMILY
Ceiba tolua Pachira Pachira quinata BOMBACACEAE
Comino Aniba Aniba perutilis LAURACEAE
Chaquiro Podocarpus Podocarpus guatemalensis PODOCARPACEAE
Fresno Tapirira Tapirira guianensis ANACARDIACEAE
Masabalo Carapa Carapa guianensis MELIACEAE
Nazareno Peltogyne Peltogyne paniculata FABACEAE
Perillo Couma Couma macrocarpa APOCYNACEAE
Sajino Goupia Goupia glabra GOUPIACEAE
Sapan Clathrotropis Clathrotropis brunnea FABACEAE
Solera Cordia Cordia alliodora BORAGINACEAE
Soto Virola Virola sebifera MYRISTICACEAE
Tamarindo Dialium Dialium guianensis CAESALPINACEAE

Source: Toro, 2009.

These humid tropical forests are mainly located in the regions of Cauca, Northeast and North,
mostly in the municipalities of ltuango, El Bagre, Segovia, Remedios, Tarazd, Anori, Amalfi,
Céceres, Yondd, Puerto Berrio and Zaragoza.

The municipalities of Segovia (77.2%), El Bagre (69.0%), Taraza (68.2%), Anori (62.7%), ltuango
(60.2%), Remedios (58, 8%) and Amalfi (55.3%), are highlighted for having more than half of its
surface covered by dense or poorly managed natural forests (Toro, 2009).

Likewise, several species with a high value index of importance have been found, because they are
endemic, in the damp tropical forests of the Northeast, Magdalena Medio and Bajo Cauca
Antioquefio, including the foothills of the central mountain range and San Lucas Mountain Range,
in heights below 1,000 masl, as described in Illustration 4.2-37.

Table 4.24.2-37. Endemic species of the tropical damp forest of the Magdalena, below Cauca and North East

of Antioquia.
ALTITUDE COLECTION OF
CAT. AME GENRE SPECIES FAMILY RANGE DISTRIBUTION REFERENCE
R. Callejas, S.
Aphelandra ACC :J/re?cl)l léLPF'
VU/EN Aphelandra antioquensis (Wassh, ACANTHACEAE 300-820 | Remedios, Taraza Saldarriaga '
1989) 2433,
HUA
Cremastosperma D. D. Soeiarto
Cremastosperma| antioquense (Pirie, ANNONACEAE 500-700 Anori o ]
3586, HUA
2005)
D. D. Soejarto,
. . . J.L. Zarucchi, T.
f;’g;;ﬁg b ”g\‘/’lzzs" 6109';”;)” 9 | ANNONACEAE | 400-900 Anori Swain, &J.
! Bagley 4044,
HUA
. Anthurium anorianum Anori, Caucasia, | D. D. Soejarto
EAE -
Anthurium (Croat, 1991) ARACEA 300-750 Segovia, Valdivia 2995, HUA
Spathiphyllum Spathiphyllum ARACEAE 180-500 Taraza R. Callejas
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ALTITUDE COLECTION OF
CAT. AME GENRE SPECIES FAMILY RANGE DISTRIBUTION REFERENCE
oblongifolium 2422, HUA
(Cardona, Inédito)
Gonolobus I Denslow
Gonolobus antioquensis (Morillo, | ASCLEPIADACEAE | 350-900 Anori '
2271, HUA
1989)
Phragmotheca .
. ) | R. Callejas, et
Phragmotheca rubriflora (Alonso, BOMBACACEAE 250-750 | Remedios, Segovia
al. 5165, HUA
1996)
Billbergia ambigua .
CR/EN Billbergia (Betancur & N.R. | BROMELIACEAE | 400-700 Anor D. D. Soejarto
; 3228, HUA
Salinas, 2006)
Croton colombianus D. D. Sogjarto
Croton . EUPHORBIACEAE | 400-900 Anori et al. 4074,
(Murillo, 1999)
HUA
. R. Fonnegra &
Rhodothyrsus Rhoczgzg Csﬁg’suws FUPHORBIACEAE | 200 Zaragoza F.J. Roldan
’ 2569, HUA
. . ) R. Fonnegra &
VU/EN Gustavia  |°UStavia 1%67'79t§y HMori | e cVTHIDACEAE | 0-900 Zaragoza F.J. Roldan
2557, HUA
Magnolia silvioi Amalfi, Anori, Yali, Loz;;nucftCaV(J)ulio
Magnolia g MAGNOLIACEAE |400-1500 | Yarumal, Yolombd, L
(Govaerts, 1996) Caracoli Diaz
3253, MEDEL
Sudrez &
Calathea Calathea sp (Inédita) | MARANTACEAE | 400-700 Anorf Robles, 2007
(S. Sudrez,
2616, JAUM)
Topobea rhodantha , D. D. Soejarto
T MELASTOMATACEAE| 400- A
opobea (Uribe, 1975) STO C 00-900 nori 2969, HUA
Tessmannianthus , )
EN Tessmannianthus|  quadridomius  |MELASTOMATACEAE| 700-1850 | AnOTh San Carlos, L Albert, 8133;
San Luis, Guatapé HUA
(Wurdack)
. Calliandra antioquiae , , | Callejas etal.
Calliandra (Barneby, 1998) MIMOSACEAE 110-1500 | Medellin, Anori 4512, HUA
Inga colombiana ) R. Callejas et
Inga (Romero, 2005) MIMOSACEAE 400-700 Remedios al. 8076, HUA
Zygia codonocalyx )
Zygia (Barneby & J. W. MIMOSACEAE 120 Tarazd R. Callejas et al
) 5452 , HUA
Grimes, 1997)
Zygia multipunctata
Zygia (Barneby & J. W. MIMOSACEAE Anor ;Vasl ?é‘éer;m
Grimes, 1996) ) ’
Compsoneura D. D. Soejarto
CR/EN Compsoneura | anoriensis (Janovec & MYRISTICACEAE 400-900 Anori et al 4300,
A. K. Nelly, 2002) HUA
Coryanthes Coryanthes misasii ORCHIDACEAE 500-1000
Epidendrum | Epidendrum cancanae ORCHIDACEAE 500-1000
Peperomia .
Peperomia antioquiensis (DC, PIPERACEAE 410-500 Valdivia R. Callejas, et
al. 3457, HUA
1898)
Ayenia Ayenia cuatrecasae STERCULIACEAE 200 Zaragoza Haught, O.
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ALTITUDE COLECTION OF
CAT. AME GENRE SPECIES FAMILY RANGE DISTRIBUTION REFERENCE
(Cristébal, 1962) 2160, US
. Ayenia saligna (Dorr, R. Fonnegra &
Ayenia 1996) STERCULIACEAE 150 Zaragoza F.J Roldan,
2685, HUA

Source: Toro, 2009.

Some of these species are reported for localities that are currently heavily intervened; therefore,
they represent great importance for conservation, due to their restricted distributions, which
could indicate their presence in serious categories of threat.

It is important to emphasize that the reported extinctions have been increasing drastically in
recent years, due to the accelerated increase in population and industrialization.

According to Toro (2009), the Magdalena Medio, Bajo Cauca and Northeast regions have been
strongly modified by the opening of land for extensive livestock ranching, illegal timber extraction
and illicit crops (Amalfi, Anori, Bricefio, Caceres, Caucasia, El Bagre, ltuango, Nechi, Remedios,
Segovia, Tarazda, Valdivia, Vegachi, Yondd and Zaragoza), mainly in the flat lands, where the
tropical damp forests have been destroyed. The most conserved forests are towards the foothills
of San Lucas Mountain Range.

In this territory (Magdalena Medio and Bajo Cauca), the largest extension of natural forests in the
jurisdiction of CORANTIOQUIA is preserved, especially in the mountainous areas and foothills of
the Central Mountain Range towards the valleys of the Nechi and Cauca rivers, in the mountainous
areas and from the municipality of Amalfi and in the foothills of San Lucas Mountain Range, in the
municipalities of Remedios, Segovia, El Bagre and Nechi.

The natural forests of this territory are subject to strong pressure for the expansion of the
agricultural frontier, mainly for the establishment of paddocks and crops for illicit use, for the
extraction of wood and illegal mining. In the humid lowland forests of the territory mentioned, 49
endemic species have been recorded for the department of Antioquia, of which 24 are unique to
these forests (See Table 4.2-37), including a new species of the genus Calathea, recently
discovered in the study conducted by Suarez & Robles (2007).

Is to highlight that the regional reserve under Cauca Nechi, in the jurisdiction of the municipalities
of Anori, Caceres and Zaragoza, where 32 of the endemic species of Antioquia are present in the
tropical damp forests, 12 of which are exclusive to the mentioned reserve, is noteworthy.
Likewise, it has other lower plant species such as mosses and ferns, as well as palms as described
in Illustration 4.2-38 and lllustration 4.2-40.

Table 4.2-38. Species of native moss of the jurisdiction of CORANTIOQUIA.

. COLECTION OF
FAMILY SPECIES (TAXON) DISTRIBUTION ALTITUDE REFERENCE
Philonotis glaucescens Anori, Barbosa, Medellin, S.P. Churchill et al.
BARTRAMIACEAE (Homsch.) Broth Salgar 310-1530 14430 HUA
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< COLECTION OF
FAMILY SPECIES (TAXON) DISTRIBUTION ALTITUDE REFERENCE
BARTRAMIACEAE | iionotis uncinata | Anori, Caracoli Medellin, | gqq 5700 | . Escobar 674 HUA
(Schwagr). Bird. Taraza, Valdivia
Barbosa, Taraza, Caldas
Zelometeorium patulum , ’ ’ ’ S.P. Churchill et al.
BRACHYTHECIACEAE (Hedw.). Manuel Gdmez Plata, Sabanalarga, 80-2420 14306 HUA
Salgar.

BRYACEAE Bryum coronatum Schwagr. Caldas, Caucasia 45-2900 L. Albert 6944 NY
CALYMPERACEAE | Calymperes afzelii Sw. | Maceo, Remedios, Taraza | 130-1500  |" Sas”:i‘;:oih“mh'“
CALYMPERACEAE Calymperes erosum Mull. Anori 400-900 R. Fonnegra et al. 464

Hal. NY
Calymperes guildinigii Hook. , , S.P. Churchill et al.
CALYMPERACEAE & Grev. Medellin, Tarazd 280-1500 14890 HUA
CALYMPERACEAE Ca/ympergiéi’/’acgh"phy”“m Caucasia, Caldas, Taraza 110-2440 I. Sastre et al. 986 HUA
Octoblepharum pulvinatum | Anori, Caucasia, Maceo, S.P. Churchill et al.
CALYMPERACEAE (Dozy & Molk) Mitt. Remedios, Taraza 110-1350 14941 HUA
CALYMPERACEAE | SY/hopodon circinatus Caucasia 110-150  |R. Callejas et al. 5325 NY
(Bird) Mitt.
Syrrhopodon cryptocarpus )
CALYMPERACEAE Dozy Medellin, Taraza 280-1030 >P- Churchill et al
14960 HUA
& Molk
Campylopus heterostachys , , R. Callejas & M. Escobar
DICRANACEAE (Hampe)A.Jaeger Anori, Medellin 320-2450 7377 HUA
DICRANACEAE | Dfcranella hilariana (Mont.) | Anori, Caucasia, Taraz, 110-2430 | I. Sastre et al. 977 HUA
Mitt. Valdivia
i . Remedios, Santa rosa de S.P. Churchill et al.
DICRANACEAE Holomitrium arboreum Mitt. 0505, Yolombo 500-2935 14124 HUA
FISSIDENTACEAE Fissidens guianensis Caracoli, Taraza 60-300 I. Sastre et al. 988 HUA
guianensis Mont.
FISSIDENTACEAE | | '551dens 2’;’3::““5 H-A. Tarazd 200 |. Sastre et al. 1041 HUA
. . [ S.P. Churchill et al.
FISSIDENTACEAE | Fissidens prionodes Mont. Tarazd 200-280 14897 HUA
Pseudocryphaea S.P. Churchill et al.
LEPTODONTACEAE domingensis Remedios 250-2165 14658
(Spreng.) W. R. Buck HUA
. , , S.P. Churchill et al.
LEUCOMIACEAE Leucomium strumosum Anori, Caldas,,l\/ldellm, 80-2440 14774
(Horhsch.) Mitt. Taraza
HUA
Papillaria nigrescens e S.P. Churchill et al.
ETE EAE -2
METEORIACEA (Hedw.) A Jaeger Amplia distribucion 80-2600 13218 HUA
Neckeropsis undulata Anori, Remedios, Segovia S.P.  Churchill et al
NECKERACEAE (Hedw.) ! L g ! 100-1830 C
) Taraza 15029 HUA
Reichardt.
Sematophyllum .
SEMATOPHYLLACEAE| chlorocormum (Mull.Hal.) Taraza 280-300 S.P.1C4h9u2r§flw_||IL|JZt al.
W. R. Buck, S. P. & I. Sastre
Pilosium chlorophyllum Anori. Caucasia. Maceo
STEREOPHYLLACEAE| (Hornsch.) Mull. Hal. In ’ T 70-1165 |. Sastre et al. 999 HUA
Remedios, Tarza
Broth.
THUIDIACEAE Cyr to'hy(’;”;g;’v ’)” volvens Anorf 20-310 R. Callejas et al. 4596 NY
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p COLECTION OF
FAMILY SPECIES (TAXON) DISTRIBUTION ALTITUDE REFERENCE
W.R. Buck & H.A.
THUIDIACEAE Th”’d’”[’;r‘;;ii"/awm Remedios, Caldas 250-3440  [R. Callejas et al. 5210 NY
Source: Toro, 2009.
Table 4.24.2-39. Ferns and other vascular plants without native sedes.
. COLECTION OF
FAMILY SPECIES (TAXON) DISTRIBUTION ALTITUDE REFERENCE
Asplenium delitescens
ASPLENIACEAE (Maxon) Anori, Nechi 0-1500 W. Rodriguez 4110 HUA
L.D. Goémez
ASPLENIACEAE ASp/e”’%{grmosum Remdios, Valdivia 250-500 R. Callejas 5196 HUA
ASPLENIACEAE Asplenium serratum L. Anori, San Luis 0-1000 W. Rodriguez 4208 HUA
Blechnum polvpodioid Anori, Frontino,
BLECHNACEAE echnu R‘;‘;é’i”o 91983 Liborina, Medelin, San 300-2200 W. Rodriguez 4351 HUA
Luis, Zaragoza, Tarazd
Cyathea lockwoodiana Anor(. San Carlos. San
CYATHEACEAE (P.G. Windisch) ’ Luis ! 0-1000 F. Giraldo 2534 HUA
Lellinger
Cyathea microdonta . ) S .
CYATHEACEAE ) Anori, Segovia, Murindd 0-2000 F. Giraldo 2027 HUA
Desv.) Domin
CYATHEACEAE Cyathea trichiata Anori, Remedios, 0-2500 F. Giraldo 2538 HUA
(Maxon) Domin Céaceres
Dennstaedtia cicutaria Anori. Caldas. San Luis
DENNSTAEDTIACEAE (Sw.) T. ! Turb’o ! 0-2500 J. Denslow 1226 HUA
Moore
Amalfi, Anori, Caceres,
DENNSTAEDTIACEAE | Sdccoloma inaequale | Fredonia, Remedios, 0-2500 W. Rodriguez 4229 HUA
(Kunze) Mett. San Luis, Urrao,
Yolombd
DRYOPTERIDACEAE | Cyclodiumtrianae |0 oo\ s, Taraza 0-1200 W. Rodriguez 4210 HUA
(Mett.) A.R. Sm.
DRYOPTERIDACEAE Cyclopeltis semicordata Ar.10r|, Remedios, San 0-500 A Brant 1713 HUA
(Sw.) J. Sm. Luis, Turbo, San Carlos
DRYOPTERIDACEAE D’p/az’“’zhcgg““m H. Anorf 0-1000 J. Shepherd 752 HUA
DRYOPTERIDACEAE |- 2Phoglossum crinitum Anorf 0-1000 W. Rodriguez 4250 HUA
(L.) H. Christ
Elaphoglossum
DRYOPTERIDACEAE |doanense L.D. Anori, San Luis 0-800 W. Rodriguez 4530 HUA
Gomez
1 —— - - -
DRYOPTERIDACEAE | Omariopsis japurensis | Anori, Remedios, 0-1000 R. Callejas 4704 HUA
(Mart.) J. Sm. Taraza
DRYOPTERIDACEAE | Lomariopsis Anori 0-1000 J. Shepherd 441 HUA
nigropaleata Holttum
DRYOPTERIDACEAE Lomar’OpsF’z (fr reuriana Anorf 0-1000 W. Rodriguez 4503 HUA
DRYOPTERIDACEAE Loma”ofst’fr r‘]’es”m E. Anori, Turbo 0-1000 W. Rodriguez 4305 HUA
DRYOPTERIDACEAE Tectaria incisa Cav. | Jerico, Liborina, Olaya, 0-2500 W. Rodriguez 4777 HUA
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< COLECTION OF
FAMILY SPECIES (TAXON) DISTRIBUTION ALTITUDE REFERENCE
San Luis, Segovia,
Taraza
DRYOPTERIDACEAE | €ctariaplantaginea | Anori, Remedios, San 0-1500 W. Rodriguez 4082 HUA
(Jacg.) Maxon Luis
DRYOPTERIDACEAE | /Plophyllum funestum| - Caucasia, Remedios, 0-500 R. Callejas 8054 HUA
(Kunze) Holttum Taraza
Trichomanes Anori, Remedios, San
HYMENOPHYLLACEAE diversifrons (Bory) ’ . ’ 0-1000 W. Rodriguez 4248 HUA
Luis
Mett. Ex Sadeb.
Trichomanes
HYMENOPHYLLACEAE | osmundoides DC. Ex Taraza 0-500 R. Callejas 2576 HUA
Poir.
Huperzia linifolia (L.) Anori, Barbosa, 5an ,
LYCOPODIACEAE Trevis. Carlos, San Rafael, 0-2500 W. Rodriguez 5050 HUA
Taraza, Urrao, Zaragoza
Amalfi, Anori, Caceres,
Lycopodiella cernua (L.)| Frontino, Medellin,
LYCOPODIACEAE Pic. Taraza, Urrao, Valdivia, 0-3000 W. Rodriguez 4510 HUA
Serm. Yarumal, Yolombo,
Zaragoza
Anori, Caicedo,
Fredonia, Jerico,
MARATTIACEAE Danaea moritziana C. l\/lacedgnia, Medellin, 0-3000 W. Rodriguez 4795 HUA
Presl Remedios, San Carlos,
Santa rosa de 0s0s,
Taraza, Urrao, Yarumal
MARATTIACEAE Danaea nodosa (L.) Sm. Anori, Remedios 0-1000 R. Callejas 4705 HUA
componeaam | 5083 e
POLYPODIACEAE angustifolium - ’ ) 0-2500 W. Rodriguez 4239 HUA
(Sw.) Fée Valdivia, San, Luis, San
Rafael, Taraza, Zaragoza
Campyloneurum Anori, Remedios
POLYPODIACEAE aphanophlebium ’ ’ 0-1000 W. Rodriguez 4518 HUA
Zaragoza
(Kunze) T. Moore
Dicranoglossum
POLYPODIACEAE desvauxii Anori 0-1000 S. White 230 HUA
(Klotzsch) Proctor
bicranoglossum Remedios, San Luis
POLYPODIACEAE polypodioides . ’ 0-1000 D. Giraldo 402 HUA
) Yolombd, Zaragoza
(Hook.) Lellinger
Pecluma ptilota (Kunze)| Angeldpolis, Betania,
POLYPODIACEAE M.G. Medellin, Remedios, 0-3000 J. Betancur 1115 HUA
Price Sopetran
Phlebodium Remedios, Puerto
POLYPODIACEAE decumanum (Willd.) J. Berrlio 0-1000 R. Callejas 8067 HUA
Sm.
Pleopeltis bombycina Anori, San Luis, San
POLYPODIACEAE (Maxon) A R. Sm. Rafael, Taraza, Yolombo 0-1500 A. Brant 1509 HUA
POLYPODIACEAE | 2€7POcaulon foriciforme | Anori, Caceres, San 0-1500 W. Rodriguez 4221 HUA
(Rosenst.) A.R. Sm. Carlos, Zaragoza
PTERIDACEAE Adiantum humile Kunze Zaragoza 0-500 D. Soejarto 2652 HUA
PTERIDACEAE Adiantum Amalfi, Fredonia, Jerico, 0-2000 W. Rodriguez 4771 HUA
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. COLECTION OF
FAMILY SPECIES (TAXON) DISTRIBUTION ALTITUDE REFERENCE
macrophyllum Sw. Liborina, Segovia
PTERIDACEAE Adiantum petiolatum |Anori, Nechi, Remedlos, 0-1500 R. Callejas 5203 HUA
Desv. San Luis
PTERIDACEAE Adiantum Anori, Remedios, 0-1000 R. Callejas 5202 HUA
pulverulentum L. Turbo, Zaragoza
Ebéjico, Puerto Nare,
Adiantum tetraphyllum Puerto Triunfo,
PTERIDACEAE Humb. & Bonpl. Ex Remedios, San Carlos, 0-1000 F. Roldan 2049 HUA
Willd. San Luis, Segovia,
Taraza
PTERIDACEAE Pteris grandifolia L. | [°°rina, Puerto Nare, 0-1000 R. Callejas 9782 HUA
Salgar, Segovia, Turbo
Anori, Caceres,
SCHIZAEACEAE  |Lygodium venustum Sw.| C2Uc2S1, 5an LUis, 0-2000 W. Rodriguez 4522 HUA
Taraza, Valdivia,
Zaragoza
SCHIZAEACEAE Lygodium volubile Sw. Anori, Zaragoza 0-1000 J. Shepherd 918 HUA
Selaginella anceps (C Amalfi Anori, San Luis,
SELAGINELLACEAE g P Segovia, Taraza, 0-1500 W. Rodriguez 4462 HUA
Presl) C. Presl .
Yolombd, Zaragoza
SELAGINELLACEAE Semg’”e”grgﬁﬁlanam A Anori, Taraza, zaragoza 0-1000 W. Rodriguez 4473 HUA
Anori, Caceres,
Selaginella conduplicatal Caucasia, Remedios,
SELAGINELLACEAE g . p San Luis, Segovia, 0-1000 W. Rodriguez 4207 HUA
Spring . o
Taraza, Valdivia,
Zaragoza
selaginella Amalfi, Anori, Segovia
SELAGINELLACEAE 106entate106106e . / >6BOVIa, 0-1500 R. Callejas 9152 HUA
) Taraza, Turbo, Valdivia
Spring
SELAGINELLACEAE | S€laginellafragilis A. | Caucasia, Remedios, 500-1000 R. Callejas 8047 HUA
Braun Taraza
Selaginella haematodes Anori, Barbosa, Puerto
SELAGINELLACEAE g o Berrio, San Carlos, San 0-1500 W. Rodriguez 4252 HUA
(Kunze) Spring in Mart ) .
Luis, Segovia, Zaragoza
. Anori, Caceres,
selaginella Remedios, Segovia
SELAGINELLACEAE humboldtiana A. L g o 0-1000 R. Callejas 522 HUA
Taraza, Valdivia,
Braun
Zaragoza
Selaginella Anori, Puerto Berrio,
SELAGINELLACEAE g San Carlos, San Luis, 0-1000 W. Rodriguez 4349 HUA
106entatel06 A. Braun ,
Taraza, Zaragoza
Macrothelypteris Angeldpolis, Anori,
THELYPTERIDACEAE torresiana Medellin, Remedios, 0-2000 W. Rodriguez 4313 HUA
(Gaudich.) Ching San Luis
THELYPTERIDACEAE | |1€lvpteris 106entate | o0za 0-1500 W. Rodriguez 4145 HUA
(Forssk.) E.P. St.John
Thelypteris lingulata (C Anori, Caceres, Puerto
THELYPTERIDACEAE yP g ‘| Berrio, Remedios, San 0-1500 W. Rodriguez 4146 HUA
Chr.) C.V. Morton Luis
VITTARIACEAE Vittaria costata Kunze Remedios, Turbo 0-500 R. Callejas 5221 HUA

Source: Toro, 2009.
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Table 4.2-40. Species of the faimily ARECACEAE native (Palms).

SPECIES DISTRIBUTION ALTITUDE| COMMON NAME | COLECTION OF REFERENCE
Asterogyne
martiana (H. ) , ) Henderson et al., 1995; Ariza,
Wendl) H. Wendl. Amalfi, Anori, Segovia, Zaragoza | 0-1100 2006
Ex Hemsl.
Astrocaryum Caceres, Caucasia, Nechi Segovia| 0-750 Ia/r?zgraam:;,wa Galeano & Bernal, 2005;
malybo H. Karst. ’ ! g P Cogollo et al., 2006
estera
Astrocaryum ) Anori, Caceres, Zaragoza 0-500 Palma“guerre, Henderson et al., 1995
standleyanum L. H. Bailey GUerregue
Attal llenii H. ;o P
ttalea allentl Anori, Caceres, Zaragoza 0-500 | Taparin, Taparo Henderson et al., 1995
E. Moore
Bactris barronis L. H. Bailey Anori, Caceres 0-700 Lata Henderson et al., 1995
Bactris brongniartii Mart Céceres, Caucasia 0-700 Henderson et al., 1995
B . j is (L.) H. E.
actris gutl\r;lzeor;sels (L) Caucasia, Nechi, Caceres 0-850 Corozo, Lata Henderson et al., 1995
Bactris pilosa H. Karst. Anori, Caucasia, Caceres, 0-600 Lata macho Henderson et al., 1995
Zaragoza
Chamaedorea linearis (Ruiz Amplia distribucion 40-2700 Palmicho Henderson et al.; Toro, 2000
& Pavon) Mart.
Desmoncus orthacanthos e
Mart Amplia distribucion 0-100 Matamba Henderson et al., 1995
Elaeis oleifera Caucasia, Nechi, Pue'rto barr|9, 0-800 Noli Cogollo et al., 2006
Puerto Nare, Segovia, Yondd
Euterpe oleracea Mart. Caucasia, Nechi 0-500 Marrapo, Naidi Henderson et al., 1995
H.
Genoma congesta Bajo Cauca 0-900 Palmicho Henderson et al., 1995
Wendl.ex Spruce
Genoma leptospadix Trail Magdalena Medio 0-750 Palmicho Henderson et al., 1995
Genoma &(K;na (Poit.) Noreste, Magdalena Medio 0-500 Palmicho Henderson et al., 1995
Genoma stricta (Poit.) Kunth Magdalena Medio 0-1100 Palmicha Henderson et al., 1995
Phyteleph ji 0. f.
vielep asczzekmanm/ © Bajo Cauca 0-200 Palma Tagua Henderson et al., 1995
Sabal mauritiformis (H. . ,
Karst. ) Grises, ex H. Wendl. Caucasia, El Bagre, Nechi 0-1000 | Palmaamarga Henderson et el., 1995
Socratea exorhiza (Mart.) H Amalfi, Anori, Caceres, Maceo | 0-1000 |Zancona, Bombén Henderson et el., 1995; Ariza,
Wenl. 2006
A T o Titiribl Anori
Syagrus sancona H. Karst maga, redz:r:aa’lﬁ itiribi, Anorf, 0-1200 | Palma zancona Henderson et al., 1995
Welfia reigdl-iéWendl ex Amalfi, Anori 0-1500 | Palma san juan Henderson et al., 1995
Wettinia quinaria K(O. F. Cordillera Occidental 0-1000 | Memé, Gualte Henderson et al.,1995.
Cook & Doyle) Burret
Wettinia hirsute Burret Amalfi, Anori, Yali, Yolombd  [400-1300 Palma mazorca, Cogollo et al, 2001

Macana

Source: Toro, 2009

In the Management Plan presented for a natural forest of 700 hectares in the municipality of El
Bagre, by CORANTIOQUIA in 2003, several valuable species were recorded, and the largest
representation is found in the diameter classes less than 40 cm in normal diameter. The forest
inventory showed the following data (lllustration 4.2-41).
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Table 4.24.2-41. Species reported in the 700ha Forest Management Plan in El Bagre, CORANTIOQUIA.

COMMON NAME SCIENTIFIC NAME FAMILY
Aceite maria Calophyllum mariae Tr. Et Pl CLUSIACEAE
Aceituno Humiriastrum colombianum Cuatr. HUMIRIACEAE
Alejandro Cespedecia macrophylla OCHNACEAE
Algarrobo Hymenaea courbaril L. CAESALPINACEAE
Almendrillo Caryocar sp. CARYOCACEAE
Amargo Ormosia PAPILONACEAE
Anime Protium neglectum Swart. BURSERACEAE
Arizd Brownea ariza CAESALPINACEAE
Arrayan Eugenia biflora MYRTACEAE
Azuceno Himatanthus articulatus APOCYNACEAE
Machare Symphonia globulifera CLUSIACEAE
Guacimo blanco Goethalsia meiantha TILIACEAE
Balso Ochroma lagopus BOMBACACEAE
Barbasco Lacmellea panamenis APOCYNACEAE
Cabalonga Thevetia peruviana APOCYNACEAE
Cacaona Pachira aquatica BOMBACACEAE
Caimo Chrysophyllum cainito SAPOTACEAE
Cagui Caryocar glabrum CARYOCACEAE
Canelo Aniba sp LAURACEAE
Canime macho Copaifera canime CAESALPINACEAE
Capacho Buchenavia capitata COMBRETACEAE
Caracoli Anacardium excelsum ANACARDIACEAE
Anime Dacryodes colombiana BURSERACEAE
Carreto Aspidosperma cruentum APOCYNACEAE
Cedrillo Guarea guidonia MELIACEAE
Cedron Simaba cedron SIMAROUBACEAE
Ceiba Ceiba pentandra BOMBACACEAE
Chingale Jacaranda copaia (Aubl.) D. Don BIGNONIACEAE
Coco Lecythis sp LECYTHIDACEAE
Corcho Apeiba sp TILIACEAE
Coronillo Bellucia sp MELASTOMATACEAE
Dormilén Vochysia ferruginea VOCHYSIACEAE
Fresno Tapirira guianensis ANACARDIACEAE
Gualanday Jacaranda sp BIGNONIACEAE
Guamo Inga sp MIMOSACEAE
Guarumillo Pourouma sp URTICACEAE
Guayabopelao Terminalia sp COMBRETACEAE
Higueron Ficus sp MORACEAE
Jobo Spondias mombin ANACARDIACEAE
Leche e perra Pseudolmedia sp MORACEAE
Mestizo Helyanthostilis sp PAPILIONACEAE
Negrito Machaerium capote FABACEAE
Pedro Tomin Cespedecia macrophylla OCHNACEAE
Pega Pega Desmodium sp FABACEAE
Perillo Couma macrocarpa APOCYNACEAE
Polvillo Tabebuia sp BIGNONIACEAE
Punte candado Minquartia guianensis OLACACEAE
Rayo Parkia pendula MIMOSACEAE
Saino Goupia glabra GOUPIACEAE
Virola flexuosa MYRISTICACEAE

Sangre de gallo
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COMMON NAME SCIENTIFIC NAME FAMILY
Sapan Clathrotropis brachypetala CAESALPINACEAE
Cirpo Pourouma apiculata URTICACEAE

Tabaquillo Miconia sp MELASTOMATACEAE
Tamarindo Dialium guianensis (Aubl.) CAESALPINACEAE
Vara blanca Triplaris sp POLIGONACEAE
Yarumo Cecropia sp. CECROPIACEAE
Yaya sangre Annona sp ANNONACEAE
Zapatillo Macrolobium gracile CAESALPINACEAE

Source: Plan of management El Bagre, 2003.

This information was filtered with the taxonomy update and excludes some species that according
to the information issued by the scientific collections of the National University, are not
distributed in the area under study, nor close to it.

Additionally, there are other studies that allow recognizing the flora of Magdalena Medio, as the
illustrated guide of flora for the canyon of the Porce River - Antioquia in agreement with the
University of Antioquia, University of Antioquia Herbario and EPM, as a product of the study for
hydroelectric plants of Porce Il and Porce Ill. In it, 700 species of flora have been reported,
corresponding to 1.70% of the total species reported for Colombia.

The plant covers present in the area correspond, in most cases, to successional, advanced stages
as well as intervened primary forests, low stubble, high stubble, secondary forests and forest
plantations for protection purposes, as well as pasture areas used for extensive livestock and crops
(Flora Porce River guide, 2014).

Similarly, the study for the identification of the most commercial timber species in the territorial
directions Panzenu and Zenufand (Arteaga, 2002), which highlights the most important species
such as Aceite maria (Calophyllum brasiliense), Aceituno (Humiriastrum colombianum),
Algarrobillo (Hymenaea oblongifolia), Almendrén (Caryocar amygdaliferum), Cagui (Caryocar
glabrum), Canelo (Aniba sp), Caracoli (Anacardium excelsum), Cativo (Prioira copaifera), Cedro
(Cedrela odorata), Ceiba tolua (Pachira quinata), chaquiro dulce (Podocarpus guatemalensis),
Chaquiro real (Podocarpus oleifolius), Comino (Aniba perutilis), Dormilon (Vochysia ferruginea),
Fresno (Tapirira guianensis), Guayacan rosado (Tabebuia rosea), Laurel piedro (Persa rigens),
Masdabalo (Carapa guianensis), Nazareno (Peltogyne paniculata), Perillo (Couma macrocarpa),
Pifion de oreja (Enterolobium cyclocarpum), Roble de tierra fria (Quercus humboldtii), Saino
(Goupia glabra), Soto (Virola sebifera), Tamarindo (Dialium guianensis) & Volador (Huberodendron
patina).

A high number of these timber species are threatened with extinction in the jurisdiction, mainly
due to over exploitation and destruction of forests, for this reason CORANTIOQUIA through
Resolution No. 03183 of 2000 banned the use of 7 species and restricted 12 more species. Such
resolution was replaced by No. 10194 of April 10, 2008, through which the harvesting of 19 timber
species is restricted and 11 other species are restricted (Toro, 2009).
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4.2.4 FAUNA
The herpetofauna, mastofauna and avifauna studied are presented next
4.2.4.1 HERPETOFAUNA

Amphibians and reptiles (herpetofauna) have a key functional role in ecosystems, because they
are groups that indicate and sustain the health of the same, through the following roles:

e They keep the waters clean.

e They are effective controllers of crop pests and human disease vectors.

e They contribute to the pollination of flowers and dispersion of seeds.

e  Maintain the flow of matter and energy between aquatic and terrestrial environments, as well as
between the canopy of forests and the soil.

e Influence primary production and ecological recycling (Urbina et al., 2015).

e They provide biomass to the trophic chains because they maintain a natural equilibrium by
consolidating as primary and secondary predators (Vitt et al., 2014).

This reflects the importance of these groups of fauna, despite the fact that their knowledge in
ecological level and conservation status is low. However, it is known that anthropic activities such
as livestock, agriculture and logging are closely linked to changes in the diversity of amphibians
and reptiles, as they produce fragmentation, loss of habitat and degradation of quality in native
cover, leading to many populations towards ecological isolation and causing great impacts on the
structure and composition of the herpetofauna (Gardner et al., 2007; Urbina et al., 2015).

Amphibians and reptiles are groups that are very sensitive to changes in habitat and can respond
negatively or positively to anthropogenic activities in ecosystems, which is why they have been
proposed as a focal group when monitoring and evaluating restoration processes due to the
species have particular biological and ecological characteristics that make them sensitive to
microclimatic changes and the plant structure in their habitat. Because of this, they are vulnerable
to the transformation or degradation of the ecosystems in which they are found (Urbina et al.,
2015).

The taxonomic composition of the herpetofauna and species identified in the region according to
primary and secondary information is presented next.

4.2.4.1.1 Taxonomic composition

According to the sampling of herpetofauna, the general taxonomic composition of the studied
area is made up of four (4) orders, the Anura order of the Amphibia class and the Squamation,
Testudines and Crocodylia orders, of the Reptile or Sauropsida class.

During the surveys conducted by the Merceditas Corporation in 2012, a total of forty-eight (48)
species of the mentioned orders were registered. Recognizing for the Anura order six (6) families
and sixteen (16) species, for Testudines two (2) families and two (2) species, for Crocodilian one (1)
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family and one (1) species, and for Squamata thirteen (13) families and twenty-nine (29) species.
(See lllustration 4.2-66).
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lllustration 4.24.2-66. Taxonomic composition of the herpetofauna registered.
Source: INGEX, 2016.

With the coverings defined in the studied area and the collection of primary information, the
taxonomic compositions of herpetofauna were determined by plant cover.

The taxonomic composition of herpetofauna, more diverse by plant cover, is the one
corresponding to Bdbdtf (3.1.1.2.1) presenting four (4) orders, eighteen (18) families and thirty-
four (34) species, followed by Pl (2.3 .1) with the four (4) orders, thirteen (13) families and twenty-
three (23) species. The Lsv cover (3.2.3.2) registered two (2) orders, ten (10) families and
seventeen (17) species; the coverage of 1.1.2 Dut recorded two (2) orders, six (6) families and
twelve (12) species. The Cphc (Cocoa Crops) coverage (2.2.2.3) presented three (3) orders, four (4)
families and four (4) species and the Cphyp (2.2.1.3) coverage (plantain and cassava crops)
registered two (2) orders with two (2) families and two (2) species (See lllustration 4.2-67).
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lllustration 4.24.2-67. Taxonomic composition of the herpetofauna registered.
Source: INGEX, 2016.

With the coverings defined in the studied area and the collection of primary information, the
taxonomic compositions of herpetofauna were determined by plant cover.

The taxonomic composition of herpetofauna, more diverse by plant cover, is the one
corresponding to Bdbdtf (3.1.1.2.1) presenting four (4) orders, eighteen (18) families and thirty-
four (34) species, followed by Pl (2.3 .1) with the four (4) orders, thirteen (13) families and twenty-
three (23) species. The Lsv cover (3.2.3.2) registered two (2) orders, ten (10) families and
seventeen (17) species; the coverage of 1.1.2 Dut recorded two (2) orders, six (6) families and
twelve (12) species. The Cphc (Cocoa Crops) coverage (2.2.2.3) presented three (3) orders, four (4)
families and four (4) species and the Cphyp (2.2.1.3) coverage (plantain and cassava crops)
registered two (2) orders with two (2) families and two (2) species (See lllustration 4.2-67).
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lllustration 4.2-68. Taxonomic composition by plat cover.

Source: INGEX, 2016.
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The accumulation curve and the taxonomic classification for amphibians and reptiles registered in
the studied area are presented next.

4.2.4.1.2 Curve of species accumulation

The species accumulation curves are used to estimate the number of species expected in a sample
(Villareal et al., 2004) and are directly related to the sampling effort because, the greater this
effort, the bigger the number of species. Species collected and incorporated into the inventory
(Jiménez et al., 2003).

A total of 45 transects or sampling events were carried out in 22 days of field work, carried out by
a field manager and a field assistant, reaching an effort of 5 hours / transect / vegetation cover.

For the calculation of the curves, the Biodiversity Pro software was used, where the estimator of
accumulation of species for amphibians and reptiles has a relatively constant growth, with a
tendency to gradually stabilize (See lllustration 4.2-68). When discriminating between amphibians
and reptiles, the accumulation curve for amphibians has a tendency to stabilize towards final
sampling and that of reptiles shows a relatively constant growth (See lllustration 4.2-69) with a
tendency to begin to stabilize. This is not necessarily a demonstration that the sampling was not
adequate, since in the case of reptiles it may be influenced, possibly, by the variation in the
number of individuals reported for most of the species, which can be interpreted as a good size
population, since the species are not distributed uniformly in all areas, additionally there are
species of low detectability that during the sampling are only registered once increasing the
estimator of accumulation as it is the case of the snakes or the lizards of wooded areas.
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Illustration 4.24.2-69. Curve of species accumulation of herpetofauna registered.
Source: INGEX, 2016.
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Illustration 4.2-70. Curve of accumulation of species registered.
Source: INGEX, 2016.

4.2.4.1.3 Amphibian taxonomic composition

In the quantitative sampling, sixteen (16) species grouped in the Anura order were registered,
comprised in six (6) families and ten (10) genres. The best represented family is Hylidae with six (6)
species (37.5%), followed by the family Leptodactylidae with four (4) species (25%), Bufonidae
with two (2) species (12.5%), Dendrobatidae with two (2) species (12.5%), Craugastoridae with one
(1) species (6.25%) and Ranidae with one (1) species (6.25%). See lllustration 4.2-70.

s

E Bufonidae OCraugastoridae M Dendrobatidae BHylidae B Leptodactylidae ORanidae

lllustration 4.2-71. Percentage of species registered by family.
Source: INGEX, 2016.
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During the sampling, a total of 311 individuals were recorded, with the Leptodactylidae family
being the most abundant with one hundred forty-three individuals (46%), followed by the
Bufonidae family with one hundred and four individuals (34%), the Dendrobatidae family with
twenty-nine individuals (9%), the family Hylidae with twenty-three individuals (7%), the family
Craugastoridae with 10 individuals (3%) and the family Ranidae with two individuals (1%) (See
Illustration 4.2-71 .)

B Bufonidae O Craugastoridae @ Dendrobatidae
B Hylidae @ Leptodactylidae ORanidae

lllustration 4.24.2-72. Percentage of individuals registered by family.
Source: INGEX, 2016.

The registered species present the following microhabitats, habits, period of activity and some
national endemism (Table 4.2-42).

Table 4.24.2-42. List of species of amphibians registered and ecologic attributes.

PERIOD OF NATIONAL
FAMILY SPECIES MICROHABITAT HABITAT ACTIVITY ENDENISM
Bufonidae Rhinella marina Linnaeus|Ponds in pastures; tra||s;Terrestrial Nocturnal No
(1758) Stuble; pastures
) Rhinella  granulosa  Spix|Ponds in pastures; trails; )
Bufonidae (1824) Stuble; pastures Terrestrial  |Nocturnal No
Craugastoridae Craugastor ranncorlWSStubIe; Pastures Terrestrial  [Nocturnal No
Boulenger (1896)
) Colostethus cf inguinalis| ) ) ) )
Dendrobatidae Forest bodies of water Terrestrial  |Diurnal Si
Cope (1868
Dendrobatidae Dendrobates truncatus Cope Bod|§s of water; Stuble, errestrial  IDiurnal i
(1861) leaf litter
) Hypsiboas boans Linnaeus|Bodies of water, stuble,|Arboreal/
Hylidae (1758) Pastures Terrestrial Nocturnal No
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PERIOD OF NATIONAL
FAMILY SPECIES MICROHABITAT HABITAT ACTIVITY ENDENISM
) Hypsiboas crepitan Wied-[Bodies of water, stuble,|Arboreal/
Hylidae Neuwied (1824) Pastures Terrestrial Nocturnal No
Hylidae Hypsiboas pugnax Schmidt{Bodies of water, stuble,Arborea!/ Nocturnal No
(1857) Pastures Terrestrial
Hylidae Scinax ruber Laurenti (1768) Bodies of water, stuble,Terre.strlaI . |Nocturnal No
Pastures /Semiaquatic
Hylidae Scinax  rostratus  Peters|Bodies of water, stuble,|Terrestrial /Nocturnal No
v (1863) pastures Semi-aquatic
Hylidae Smilisca phaeota Cope|Bodies of water, stuble,TerrgstrlaI 4/Nocturnal No
(1862) pastures Semi-aquatic
Leptodactylida [Engystomops pustulosus|Bodies of water, stuble,Terrestrial Nocturnal No
e Cope (1864) pastures
Leptodactylida Leptodgctylus fragilis Pastures; Paths; Leaf litter [Terrestrial  [Nocturnal No
e Brocchi (1877)
Leptodactylida Leptoglactylus fuscus|Pastures; Paths; Leaf litter errestrial  INocturnal No
e Schneider (1799)
Leptodactylida Leptoda;tylus pentadactylus [Pastures; Paths; Leaf litter errestrial INocturnal No
e Laurenti (1768)
Lith illanti B hijBodi f |
Ranidae ithobates vaillanti BrocchilBodies of water, Stub e’TerrestriaI Nocturnal No
(1877) pastures

Source: Merceditas Corporation, 2012.

Next, we present the richness by plant cover, curve of accumulation of species (for the specific
case of amphibians), indexes of diversity, trophic guilds, conservation status, endemic species and
species identified in the region according to primary information.

4.2.4.1.4 Wealth of species by vegetal covering

The species wealth was calculated by means of the Margalef index; this index refers to the number
of species in a defined sampling unit (Magurran, 1988). The index presented the maximum values
in coverage 3.2.3.2 (M=2.3) with a total of ten (10) species. This is because most of the species
recorded here are quite common because they are tolerant species to disturbed sites such as the
common toad Rhinella marina or Engystomops pustulosus just to name a few. The vegetable
coverings Bdbtf (3.1.1.2.1) and Dut (1.1.2) presented a value of the margalef index of M=1.9, with
a total of nine (9) species each. The coverage of clean grasses (2.3.1) obtained a value of M=1.7,
registering a total of nine (9) species. The coverage of cocoa crops (2.2.2.3) obtained an index of
M=0.9 registering two species (2). On the other hand, the coverage of arable crops of cassava and
plantain (2.2.1.3) obtained the lowest value of richness (M=0) counting only one (1) species (See
Illustration 4.2-72).

No significant differences were found in the number of species among plant coverings (X?=0.2973,
p=0.96). Coverages of Cocoa and Yucca Crops were not considered in the statistical analysis
considering that they presented very few species.
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Illustration 4.24.2-73. Values of wealth of Margalef by vegetal covering.

Source: INGEX, 2016.

The coverage of clean pastures (2.3.1) was significantly more abundant (X?=61.8491, p=<0.001),
with a total of one hundred twenty-seven (127) individuals, followed by forest cover (3.1.1.2.1)
with a total of seventy (70) individuals, Dut (1.1.2) with a total of sixty-two (62) individuals, Lsv
(3.2.3.2) with a total of forty-eight (48) individuals, and the Cphc (2.2.2.3) and the Cphy (2.2.1.3)
with three (3) and one (1) individuals respectively (See lllustration 4.2-73).

150 -

100 -

Abundancia de especies

Bdbtf

PI Tud Vsb
Cobertura vegetal

lllustration 4.2-4.274. Graph of abundance of amphibian individuals by plant cover. The whiskers on each bar indicate
the standard deviation. The numbers above the whiskers indicate the richness of species for each plant cover.

Source: INGEX, 2016.
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Regarding relative abundance, 2 abundant species were recorded (relative abundance> 10%). On
the other hand, 7 common species were found (Relative abundance between 2 and 10%) and the
remaining 7 uncommon species (Relative abundance between 0.1 and 2%).

The species with the highest abundance for sampling in general was Engystomops pustulosus (See
Illustration 4.2-74) with a total of 121 individuals registered in four (4) of the six (6) plant coverings
(Bdbtf, Lsv, Cg and Dut), being the coverage PI (2.3.1) in which more individuals were found (sixty-
one individuals). This species is quite common, found in lowlands of humid and dry tropical forest
in natural, open and disturbed environments, in anthropogenic habitats and around natural or
artificial temporary ponds, in puddles, potholes, hull footprints, ditches, pastures, secondary
vegetation and along the edges of the forest. It reproduces in temporary and permanent lagoons.
The males make calls at night while floating in the water (See lllustration 4.2-75), while the
females of this species prefer to nest communally (Santos et al.,, 2010, Angarita et al., 2013).
During the sampling, this species was recorded in temporary ponds in forest, pasture and
grasslands, and several males and females were found singing in the same pond, in mating making
foam nests and tadpoles were also seen. Additionally, individuals were found alone in stubble,
pasture and litter.

70

O Colostethus Cf. InguinalisCope (1868) W Craugastor raniformis Boulenger (1896)

B Dendrobates truncatus Cope (1861) B Engystomops pustulosusCope (1864)

O Hypsiboas boans Linnaeus (1758) @ Hypsiboas crepitans Wied-Neuwied (1824)
60 - M Hypsiboas pugnax Schmidt (1857) @ Leptodactylus cf fragilis Brocchi (1877)

@ Leptodactylus fuscus Schneider (1799) O Leptodactylus pentadactylus Laurenti (1768)

M Lithobates vaillanti Brocchi (1877) ERhinella marina Linnaeus (1758)

W Rhinella granulosa Spix (1824) B Scinax ruber Laurenti (1768)
50 1 m@Scinax rostratus Peters (1863) B Smilisca phaeota Cope ( 1862)

20 -
10
0 - . n —m | -
31121 3232 231 2213 2223 1.1.2

lllustration 4.2-75. Number of individuals per amphibian species registered in each of the covers.
Source: INGEX, 2016.
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Illustration 4.2-76. Macho Engystomops pustulosus, Vocalizing in a paddock pond.
Source: Merceditas Corporation, 2012

The marine Rhinella species is the second most abundant of the sampling with a total of 95
individuals registered in five of the six plant covers (Bdbtf 3.1.1.2.1, Vsb 3.2.3.2, Cphc 2.2.2.3,
Cg2.3.1 and Dut 1.1 .2), being the coverage of clean grasses (2.3.1) in which more individuals were
found (fifty-one individuals). It is a cosmopolitan species and is the amphibian that inhabits the
greatest number of natural regions, which suggests a broad environmental tolerance. It inhabits
open areas, natural or artificial, including agricultural areas, pastures, gardens, trails and roads
(Rengifo et al., 1999, Savage 2002, Powell et al 2009, Solis et al., 2010, Coloma et al., 2013). During
the sampling, this species was recorded at the edge of the forest, stubble, pasture, paddock, edge
of streams, trails and roads, and in the vicinity of the project camps, in the rooms and bathrooms
of the residences. Individuals were found vocalizing near bodies of water, in addition to many
tadpoles at different stages. The individuals who were seen near the houses were recorded
feeding on different insects, taking advantage of the light of the lamps to which they are attracted.
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lllustration 4.2-77. Rhinella marina, San Luis - Tolima.
Source: INGEX, 2015.

The species Dendrobates truncatus and Colostethus Cf. inguinalis were those that showed the
highest records after R. marina with fifteen (15) and fourteen (14) individuals respectively, but
these species were only recorded in dense forest cover (3.1.1.2. 1). The D. truncatus frog is found
in humid and dry forests and tolerates habitats with certain degrees of intervention such as small
banana plantations (Castro et al., 2004). During the sampling, this species was recorded inside and
at the edge of the forest, in the litter, rocks, roots and on the shores of water births, both solitary
individuals and in groups. The little frog C. cf. Inguinalis is a species of humid lowland and montane
forest, which live along streams. It is often found along rocky stretches of streams and forest
springs. It is assumed that the species has some immunity to anthropogenic habitat change (Grant
et al., 2004), although in the sampling it was found only in very little disturbed sites, such as water
births, in rocks, litter and decomposing trunks. This species was always found alone, and no
vocalization was heard during the sampling time.

The species Leptodactylus cf. fragilis and Craugastor raniformis presented 10 individuals each,
finding C. raniformis in the coverage of Bdbtf (3.1.1.2.1), Lsv (3.2.3.2), Cphc (2.2.2.3) and Dut
(1.1.2) and L cf. fragilis in the Bdbtf coverage (3.2.3.2), Cg (2.3.1) and Dut (1.1.2). The species L. cf.
fragilis is found in damp and dry tropical forests, in grasslands and open habitats, it is also seen
near anybody of lentic or temporary water, and is common in disturbed sites in meadows, crops
and ditches (Heyer et al., 2010). It was seen on edges of forest, stubble, pasture and paddocks and
in the vicinity of the camps, in the meadows near the houses. The species C. raniformis is found in
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humid forests in low vegetation and is adaptable to environments with some disturbance (Solis et
al., 2004). This species was recorded in the sampling near bodies of water, in litter and pastures.

The toad Rhinella granulosa registered nine (9) individuals, being found in the coverage of Bdbtf
(3.1.1.2.1), PI (2.3.1) and Dut (1.1.2). This toad commonly inhabits open areas, forests, banks of
streams, and reproduces explosively in permanent and temporary bodies of water. Its presence in
the forests is apparently due to the colonization of habitats intervened along roads and paths
(Silvano et al., 2010). In the sampling, it was recorded on trails and forest edges, on the shores of
bodies of water and pastures.

The South American bullfrog Leptodactylus pentadactylus recorded eight (8) individuals, being
found in the plant covers of Bdbtf (3.1.1.2.1), Lsv (3.2.3.2) and Cphy (2.2.1.3). This species is
nocturnal and terrestrial and is found in litter, tropical primary, secondary and seasonal flood
forests. It has also been found in more open areas (Heyer et al., 2008). This specimen was
recorded during the Forest sampling, in deep burrows where it was necessary to dig to be able to
remove it, on the shores of water springs, on the edge of the forest and in leaf litter of plantain
crops.

Of the species Hypsiboas pugnax, six (6) individuals were registered in the coverage of Cg (2.3.1)
and Dut (1.1.2). This tree frog is found in humid lowlands, degraded forests, grasslands,
agricultural and urban areas. It is often found in the shrubs, on the edges of ponds or in the water
and in shallow waters of these ponds (La Marca et al., 2010). This species was seen during
sampling in pasture ponds and in shrubs near the houses.

The species Hypsiboas boans and Smilisca phaeota presented five (5) individuals each found in the
coverage of Bdbtf (3.1.1.2.1), Lsv (3.2.3.2), Pl (2.3.1), and Bdbtf (3.1.1.2. 1) and Cg (2.3.1)
respectively. H. Boans is a nocturnal species found in trees up to a height of 5 meters. It is also
found in bushes, trees, gallery forests, and rocks. Sometimes it is found in the sandy or muddy
edges of lentic water currents. It is not known if the species can adapt to the habitat modification
(La Marca et al., 2010), although in the sampling it was found in pasture shrubs, on banks of forest
stream and secondary vegetation, vocalizing. The S. phaeota frog is found in damp lowland forests,
on the edge of the forest and in open fields, even when there are few trees, on the banks of
temporary surface lagoons and occasionally on the edges of streams or large ponds. Tolerates
certain disturbance, it reproduces in temporary pools, even in livestock tracks (Solis et al., 2008).
During the sampling, this species was always found vocalizing on banks of streams, forests and
pastures.

Scinax ruber and Leptodactylus fuscus frogs were recorded with four (4) individuals each in the
coverage of Lsv (3.2.3.2), Cg (2.3.1), Dut (1.1.2) and Lsv (3.2.3.2), Dut (1.1.2) respectively. S. ruber
is a tree frog very abundant in disturbed areas; They are found in low shrubs near pools and can
sometimes be seen near buildings (Ron et al., 2014). This species was recorded in the stubble,
paddocks and in the bathrooms of the houses. L. fuscus is a terrestrial and nocturnal frog found in
open fields, savannahs, grasslands, marshes, degraded forests and urban habitats. It is an
adaptable species that can survive in modified habitats (Reynolds et al., 2004). This species was
found in stubble and meadows near the houses.
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For the species Hypsiboas crepitans and Lithobates vaillanti two (2) individuals were recorded for
each one and were found in the Lsv covers (3.2.3.2) Cg (2.3.1), and Lsv (3.2.3.2) respectively. H.
crepitans is found in a wide variety of habitats such as forests, open areas near water sources and
has high tolerance for severely degraded habitats, including urban areas and human dwellings (La
Marca et al., 2010; Medina et al., 2011; Angarita et al., 2013). This species was found on the banks
of streams of stubble and paddocks. The bullfrog L. vaillanti is found in moist and dry forests, open
areas or disturbed environments and is closely associated with bodies of water (Santos et al.,
2008). This specimen was recorded on the muddy shores of births with high stubble.

Of the frog Scinax rostratus, only one individual was recorded in the Dut cover (1.1.2), on the
shore of a birth in a paddock (lllustration 4.2-77). This species is nocturnal, and is found in sub
humid and humid forests, in weeds and stubble, in the low vegetation at the edges of temporary
or permanent ponds. This species can reproduce in modified habitats (Solis et al., 2010).

lllustration 4.2-78. Scinax rostratus on the shore of a water birth of the project.
Source: Merceditas Corporation, 2012.

4.2.4.1.5 Curve of accumulation of amphibian species

As already mentioned, for the characterization of amphibians a total of 39 sampling days were
established, where 289 individuals were found, distributed in 6 families, 10 genera and 16 species
in the different vegetation cover sampled. The accumulation curve for amphibian species has a
tendency to stabilize, that is, it behaves asymptotically more accurately from event 36 (Illustration
4.2-78). Even if the number of sampled individuals or the number of days is increased, the number
of species found will not increase significantly. In addition, the confidence intervals of the
accumulation curve overlap with those of the non-parametric CHAO estimator, indicating that the
number of species found could not have been greater in that sampling time.
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lllustration 4.2-79. Curve of accumulation of amphibian species registered with the nonparametric estimator CHAO. (The
shaded regions represent confidence intervals).
Source: INGEX, 2016.

In the previous curve CHAO shows a curve of expected species much higher than that of observed
species. This result can show that this estimator is sensitive to the presence of species seen once
or twice, which often generates estimates of the values obtained. (see lllustration 4.2-78).

4.2.4.1.6 Diversity indexes

Alpha diversity a: Alpha diversity measures the point diversity of a sampling unit. For the alpha
measure the following indexes were used:

Shannon index (H’): They indicate how uniform the species are represented, taking into account
all the species sampled (Villareal et al, 2004). It reflects the heterogeneity of an ecosystem, based
on species richness and equity (Franco et al., 1989). The values of these indexes frequently range
between 1.5 and 3.5, and rarely exceed 4.5; values below 2 are considered low while those greater
than 3 are considered high (Pla, 2006)

The Shannon diversity index (H ') has quite variable and relatively low diversity values for each
cover. No significant differences were observed in the Shannon index between plant covers
(X?=2.1439, p=0.82). The values of this index in each coverage were between 0.6 and 1.79, being
the highest that reached in the covering of Bdbtf (3.1.1.2.1) (H'= 1.9) since it presented both
species specific to that vegetation as common and generalist species. This result demonstrates
once again that amphibians have great affinity for wooded vegetation, since they have a
preference for humid places (Angulo et al., 2006). The rest of the covers presented the following
values: Coverage Lsv (3.2.3.2) (H'= 1.8), cover Dut (1.1.2) (H' = 1.6), cover Cg (2.3.1) (H'= 1,2).
Coverages with the lowest index were the Cphc (2.2.2.3) (H' = 1,2) and the Cphy (2.2.1.3) (H'= 0),
result that is due to the low representation of species in these (See Illustration 4.2-79).
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lllustration 4.2-80. Graph of the Shannon index of value by plant cover.
Source: INGEX, 2016.

Simpson’s dominance index (D): It shows the probability that two individuals taken at random
from a sample correspond to the same species (Villareal et al., 2004). It reflects the weighting of
species abundance.

For the Simpson dominance index (Ds) no significant differences were found between plant covers
(X?=3.4226, p=0.63), showing relatively high dominance for cover (lllustration 4.2-80) that is, they
are very homogeneous covers.

The equity index of Pielou (J°): It relates the observed diversity (H') and the maximum diversity
(H'max). It varies between 0 and 1, where 1 is the situation in which all species are equally
abundant and 0 implies absolute dominance of one or few taxa.

The equity of Pielou (J') shows how the hedges Bdbtf (3.1.1.2.1) and Cphc (2.2.2.3) present the
greatest equity in terms of the number of individuals per species per cover (J') =0.9 (See
Illustration 4.2-81).
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lllustration 4.2-81. Simpson’s index graph for amphibians by plant cover.
Source: INGEX, 2016.

Finally, it is appropriate to consider that these results on alpha richness and diversity for
amphibians in the aforementioned plant coverings are due to the fact that most of the species
recorded here are quite common because they are tolerant species to disturbed sites as
mentioned above. These species are generally overrepresented and can generate a bias in the
estimation of these indices.
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lllustration 4.24.2-82. Index of equity of Pielou for amphibians by plant cover.
Source: INGEX, 2016.
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Beta diversity 8
Bray Curtis Analysis

This index uses the data of relative abundance between the environments and is useful to
evaluate the differences in the structure of the community between samplings.

In this analysis it was evidenced that there is a great similarity between the covers Lsv (3.2.3.2)
and Dut (1.1.2), since they have several species in common and numbers of similar individuals. The
Bdbtf coverage (3.1.1.2.1) is also similar to the coverage of Lsv (3.2.3.2) and Dut (1.1.2) since they
present species in common. The coverage Cg (2.3.1) is similar in its composition and structure of
amphibians with the coverage Bdbtf (3.1.1.2.1), Lsv (3.2.3.2) and Dut (1.1.2) perhaps due to the
number of species and of individuals in common. The Cphy (2.2.1.3) and Cphc (2.2.2.3) covers are
the least similar because they presented a very low number of species and individuals (See
Illustration 4.2-82). In the same way, a Principal Coordinate Analysis also shows the similarity
between the Lsv and Dut cover in a two-dimensional space (illustration 4.2-82). The characteristics
of the three similar coverings in comparison with the crops are evidently different, which suggests
dissimilarity in the composition of amphibians of each of them.
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lllustration 4.24.2-83 Beta diversity graph of analysis, based on a Bray Curtis dendrogram (A) and a principal coordinate
analysis (B) for amphibians.
Source: INGEX, 2016

4.2.4.1.7 Trophic guilds

Amphibians have a very varied diet, usually feed on annelids, insects and arthropods but can vary
to a single type of prey. Even among the species that live in the same area, the diets may differ
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(Savage, 2002, Vitt et al., 2014). To know the items included in the anuran diets, it is necessary to
analyze the stomach contents, but only secondary information about the diet of the individuals
was used in this sampling (Savage, 2002, De la Ossa et al., 2011; Coloma et al., 2013, Torres et al.,
2014, Vitt et al., 2014) (Table 4.2-43).

Table 4.2-43. Food guilds registered amphibian species.

SPECIES TROPHIC GUILD| ITEMS
Rhinella marina Linnaeus (1758) Omnivore |Artrhopods, Insects, Anelids, Amphibians|
Rhinella granulosa Spix (1824)
Colostethus Cf. Inguinalis Cope (1868)
Craugastor raniformis Boulenger (1896)
Dendrobates truncatus Cope (1861)
Engystomops pustulosus Cope (1864)
Hypsiboas boans Linnaeus (1758)
Hypsiboas crepitansWied-Neuwied (1824
Hypsiboas pugnax Schmidt (1857) Insectivorous Arthropods, Insects
Leptodactylus cf fragilis Brocchi (1877)
Leptodactylus fuscus Schneider (1799)
Leptodactylus pentadactylus Laurenti (1768)
Lithobates vaillanti Brocchi (1877)
Scinax ruber Laurenti (1768)
Scinax rostratus Peters (1863)
Smilisca phaeota Cope (1862)

Source: INGEX, 2016. Modified of Merceditas Corporation, 2012

According to Table 4.1-41 93,5% of the species registered are insectivorous and 6,5% omnivores.
4.2.4.1.8 Conservation status of amphibians

The species R. marina presents Cosmopolitan distribution being native to the Neo trophic but
introduced in the Caribbean islands and Southeast Asia and Australia. The species C. raniformis, H.
pugnax, H. boans, H. crepitans, E. pustulosus, L.cf. fragilis, L. fuscus, L. pentadactylus, L. vaillanti, R.
granulosa, S. ruber, S. rostratus, S. phaeota present Neotropical distribution and species C. cf.
Inguinalis and D. truncatus are endemic to Colombia. In terms of threat categories, all the Anuran
species recorded in this sample are in the minor concern category (LC) of the IUCN Red List (Table
4.2-44). The species D. truncatus is the only one that is included in Appendix Il of the Cites since it
is a species that is marketed as a pet. None of the registered species are found in the red book of
amphibians of Colombia (Rueda et al., 2004), nor in resolution 0192 of 2014 (MADS, 2014), neither
considered important for Corantioquia (Restrepo et al. 2010).

Table 4.2-44. Threat categories of the UICN and the CITES for the amphibian species registered.

SPECIES UICN CITES
Colostethus Cf. Inguinalis Cope (1868) LC No
Craugastor raniformis Boulenger (1896) LC No
Dendrobates truncatus Cope (1861) LC Apéndice Il
Engystomops pustulosus Cope (1864) LC No
Hypsiboas boans Linnaeus (1758) LC No
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SPECIES UICN CITES
Hypsiboas crepitansWied-Neuwied (1824 LC No
Hypsiboas pugnax Schmidt (1857) LC No
Leptodactylus cf fragilis Brocchi (1877) LC No
Leptodactylus fuscus Schneider (1799) LC No
Leptodactylus pentadactylus Laurenti (1768) LC No
Lithobates vaillanti Brocchi (1877) LC No
Rhinella marina Linnaeus (1758) LC No
Rhinella granulosa Spix (1824) LC No
Scinax ruber Laurenti (1768) LC No
Scinax rostratus Peters (1863) LC No
Smilisca phaeota Cope (1862) LC No

Source: INGEX, 2016
4.2.4.1.9 National endemic Species

Within the study area, two endemic frogs’ species were found for the Colombian territory, such as
the yellow-band dart frog Dendrobates truncatus and the dart frog Colostethus inguinalis, these
species are territorial and defend a particular site that is favorable for access to the resources they
need for their survival or reproduction (Duellman et al., 1986; Vaz-Silva et al., 2007).

4.2.4.1.10 Dendrobates truncatus Cope (1861)

Distribution in Colombia: This species is distributed in Colombia on the western flank of the
Eastern Mountain range, and the eastern flank of the Central mountain range, between 0 and
1,200 masl. It is found in the sub-Andean forests, humid, dry and very dry tropical forests, in the
Caribbean and Andean region, in the Magdalena river valley, in the departments of Antioquia,
Bolivar, Boyacd, Caldas, Cesar, Chocd, Cérdoba, Cundinamarca, Huila, Magdalena, Santander,
Sucre and Tolima.

Natural history: This species is active during the day in the litter of the forest of the mainland, and
exceptionally in the flooded forest. The males are usually hidden among dry leaves or fallen
trunks. During the night they are found immobile on leaves. The parents carry the tadpoles on
their back, to deposit them in bromeliads, so that they complete their development. They are
markedly territorial and exhibit aggressive behavior in courtship and mating (De la Ossa et al,,
2012). This species is tolerant to disturbed habitats such as banana plantations (Castro et al 2004,
Acosta 2015). It is insectivorous, especially myrmecophagy; Their diet include ants, termites, small
flies, spiders, centipedes, mosquitoes and other small invertebrates, it is estimated that toxins may
be related to their diet (Cadwell, 1996, De la Ossa et al.).

For the species there are several works on their ecology of populations in both wild life and that of
Molina et al.; 2014, De la Ossa et al. 2011 and in captivity as that of De la Ossa et al.; 2012

The study by Molina et al.; 2014 evaluates the population dynamics in a given time of three
populations of frogs, among which is D. truncatus (lllustration 4.2-83), carried out in the buffer
zone of two Isagen hydroelectric plants in Antioquia. The study evaluated parameters such as the
probability of survival, where this species presents high probabilities (60% to 80% according to
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probabilities exposed by other authors) of recapture where the species obtained high probability
because it is an easily detectable species, and the rate of population growth, which was constant
for the species.

According to De la Ossa et al. 2011, in its study of Censuses in the Serrania de Coraza Protective
Forest Reserve, Montes de Maria, Sucre, Colombia, this species presented a density of 3,250 ind /
km2 in the studied area, much lower than that found by Galvan et al. 2009 (73.68 ind / km2) for
that same area.

Conservation: It is classified as a minor concern (LC) by the IUCN red list due to its wide
distribution and tolerance to a certain degree of habitat modification (Castro et al 2004, Acosta
2015).

lllustration 4.2-84. Photograph of the dart frog Dendrobates truncatus in the forest.
Source: Merceditas Corporation, 2012.

4.2.4.1.11 Colostethus Cf. Inguinalis Cope (1868)

Distribution in Colombia: This species is endemic from Colombia, it is extended from the north of
the Department of Chocd in the lowlands of the Pacific, humid tropical forests of the northern
Pacific region, Middle Magdalena Valley and north foothills of the western slope of the Western
Mountain range in the Departments of Antioquia, Boyacd, Caldas, Cordoba and Santander,
between 300-800 meters above sea level (Grant et al., 2004a, Grant et al., 2004b, Acosta 2015).

Natural history: It is a diurnal species of lowland and humid and montane forests. It is often found
in the Forests, along rocky stretches of streams. The eggs are deposited in the litter, and the adults
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carry the tadpoles to the streams. It is assumed that the species (lllustration 4.2-84) has some
immunity in exchange for anthropogenic habitat (Grant et al., 2004a, Grant et al., 2004b).

Most of the studies carried out for this species have to do with taxonomy and systematics (Grant
et al., 2004b, Lynch et al., 2004; Acosta et al., 2006; Romero et al., 2012; Acosta et al., 2016).
Ecological or population studies are not known for this species.

Conservation: It is categorized as a minor concern (LC) by the IUCN red list (Grant et al. 2004a).

Illustration 4.24.2-85. Photography of the rocket frog Colostethus Cf. Inguinalis, taken from the database from objects
and learning bank from Antioquia’s university.
Source http://aprendeenlinea.udea.edu.co/ova/?q=node/295, 23-2015.

4.2.4.1.12 Forbidden species
Forbidden amphibian species were not found for the area of study.
4.2.4.1.13 Species used by the community
In the area of study there is no use of amphibians by the community.
4.2.4.1.14 Migratory species
In the area of study, no amphibian species with migratory patterns were registered.
4.2.4.1.15 Taxonomic composition of reptiles

The Reptile or Sauropsida class registered three orders: Crocodylia, Testudines and Squamata,
being the latter the most representative during sampling (See Illustration 4.2-85).
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B Squamata B Crocodylia M Testudines

lllustration 4.2-86. Percentage of order in terms of families.
Source: INGEX, 2016.

The Squamata order registered eleven families, twenty-seven species, with the Colubridae family
being the best represented with six species (20%), followed by the Dipsadidae and Dactyloidae
families with four species each (14% each), Corytophanidae with three species (10 %), Boidae,
Teiidae and Viperidae with two species each (7% each), and the families Gymnophthalmidae,
Iguanidae, Phyllodactylidae and Scincidae with one species each (3%). From the order Testudines a
record of two (2) families was obtained: Geoemydidae and Kinosternidae one species each (3%
each). The order Crocodylia obtained a family in the sampling: Alligatoridae with one species (3%)
(See Illustration 4.2-86).

During the sampling a total of 235 individuals were registered, of which two hundred and
seventeen belong to the order Squamata, fourteen to the order Crocodylia and four to the order
Testudines. For the Squamata order, the Corytophanidae family was the most abundant with
seventy-nine individuals (33.6%), followed by the Teiidae family with fifty-five individuals (23.4%),
the Dipsadidae family with twenty-five individuals (10.6%). %), Iguanidae with sixteen individuals
(6.8%), Boidae with twelve individuals (5.1%), Colubridae and Scincidae with seven individuals
each (3% for each), Dactyloidae with six individuals (2.6%) ), Phyllodactylidae and Viperidae with
four individuals each (1.7% in both cases) and Gymnophthalmidae with two individuals (0.9%).
From the order Crocodylia, the Alligatoridae family obtained a total of fourteen individuals (6%),
and for the order Testudines, the Kinosternidae family registered three individuals (1.3%) and the
family Geoemydidae a single individual (0.4%) (See lIllustration 4.2-87).

4.2. Base Line Biotic Environment. Page. 131



=Y ENVIRONMENT IMPACT ASSESSMENT
= g
& Touchstone MINING CONCESSION 5969 q
== Colombi PROJECT “EL PESCADO” |ngex
@ Alligatoridae DO Boidae @ Colubridae
@ Corytophanidae @ Dactyloidae @ Dipsadidae
O Geoemydidae @ Gymnophthalmidae @ Iguanidae
B Kinosternidae @ Phyllodactylidae O Scincidae
B Teiidae OViperidae
lllustration 4.24.2-87. Percentage of species registered by reptile family.
Source: INGEX, 2016.
M Alligatoridae M Boidae M Colubridae W Corytophanidae
M Dactyloidae M Dipsadidae M Geoemydidae B Gymnophthalmidae
W lguanidae Kinosternidae B Phyllodactylidae M Scincidae
Teiidae Viperidae

lllustration 4.2-88 Percentage of individuals per families registered.
Source: INGEX, 2016.
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The species of reptiles registered in the zone present the following microhabitats, habitats, period
of activity and some national endemism (Table 4.2-45).

Table 4.2-45. List of registered reptile species and ecological attributes.

NATIONAL
FAMILY SPECIES MICROHABITAT HABITAT ACTIVITY PERIOD ENDENISM
Dactyloidae Anolis sp 1 Shrubs in paddocks Arboreal Diurnal Non-defined
) Anolis aff. biporcatus | Trees and shrubs in )
Dactyloidae Wiegmann (1834) forest Arboreal Diurnal No
Dactyloidae Anolis sp 3 Shrubs and trunk§ on Arboreal Diurnal Non-defined
the shore of ravine
. Anolis vittigerus Cope |Shrubs and trunks on )
D | A | D | N
actyloidae (1862) the shore of ravine rborea turna °
Arboreal
) Basiliscus basiliscus Water body edge . ) )
Corytophanidae Linnaeus (1758) rocks /Terrestr|a'|/Sem| Diurnal No
acuatic
Basiliscus galeritus Water body edge Arboreal
Corytophanidae L g v ede /Terrestrial/Semi Diurnal No
Duméril (1851) rocks )
acuatic
Trails of forest,
Cnemidophorus Stubble, Litter,
Teiidae lemniscatus Linnaeus Ravines, Roads, Terrestrial Diurnal No
(1758) Gardens near
homes.
) Corytophanes cristatus | Trees and shrubs of )
Corytophanidae Merrem (1820) forest. Arboreal Diurnal No
. Holcosus festivus . ) )
Teiidae Lichtenstein (1856) Stubble, trails Terrestrial Diurnal No
) Iguana iguana Linnaeus | Water body edge Arboreal )
| D | N
guanidae (1758) rocks /terrestrial iurna °
Trails, leaf litter,
Scincidae Mabuya sp. stubble, pastures, Terrestrial Diurnal No
shores of ravines
) Thecadactylus rapicauda
Phyll | Rock k A | N | N
yllodactylidae Houttuyn (1782) ocks, trunks rborea octurna o
Gymnophthalmi | Tretioscincus bifasciatus | Trunks, leaf litter of Terrestrial Diurnal No
dae Dumeril (1851) forest borders
Forest, border of
o Bothrops asper forest, trails, stubble )
V ! ! ! T | N | N
Iperidae Garman (1883) pastures, paddocks, errestria octurna ©
bodies of water
Chironius carinatus Border of forest,
Colubridae . trails, Stubbles, Terrestrial Diurnal No
Linnaeus (1758)
Paddocks
Corallus annulatus Trees and shrubs of
Boidae forest at ravine Arboreal Nocturnal No
Cope (1876)
shore
..| Trees and shrubs of
) Corallus ruschenbergerii )
Boidae forest at ravine Arboreal Nocturnal No
Cope (1875)
shore
Colubridae Dendrophidion sp. Trail of forest Terrestrial Diurnal No information
Dipsadidae Helicops danieli Bodies of water with| Semiacuatic Nocturnal Yes
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NATIONAL
FAMILY SPECIES MICROHABITAT HABITAT ACTIVITY PERIOD ENDENISM
Amaral (1938) low flow
Trees and shrubs of
) ) Imantodes cenchoa )
Dipsadidae ) forest at ravine Arboreal Nocturnal No
Linnaeus (1758)
shore
. Trails of forest,
Leptodeira stubble, paths
Dipsadidae |septentrionalis Kennicott P ' Terrestrial Nocturnal No
paddocks, shores of
(1859) .
bodies of water
Mastigodryas pleei Border of forest,
Colubridae Dumeril, Bibron & stuble, trails, Terrestrial Diurnal No
Dumeril (1854) paddock
o Porthidium lansbergii Forest, border of :
Viperidae Schlegel (1841) Forest, trails, stubble Terrestrial Nocturnal No
— Border of Forest,
Pseudoboa neuwiedii trails. stable
Dipsadidae Dumeril, Bibron & ! ! Terrestrial Nocturnal No
) paddock, bodies of
Dumeril (1854)
water
Border of forest,
. Rhinobothryum bovallii trails, stables, .
Colubridae Andersson (1916) paddock, bodies of Semiarboreal Nocturnal No
water
Spilotes pullatus Forest, Border of
Colubridae p p forest, trails, stubble,| Semiarboreal Diurnal No
Linnaeus (1758)
pastures
Stenorrhina cf Border de forest,
Colubridae degenhardtii trails, stuble, Terrestrial Diurnal No
Berthold (1846) pastures
. . Bodies of water with
) ) Caiman crocodilus ) )
Alligatoridae ) low or moderate Semiacuatic Nocturnal No
Linnaeus (1758)
flow
Kinosternon
Kinosternidae | leucostomum Duméril, Bodies of water Acuatic Diurnal /Nocturnal No
Bibron Y Duméril (1851)
) Rhinoclemmys annulata Forest, leaf I!tter, Terrestrial / )
Geoemydidae shore of bodies of . . Diurnal No
Gray (1860) water Semiacuatic

Source: Merceditas Corporation, 2012.

42.4.1.16 Wealth of species by plant cover

The species richness was calculated by means of the Margalef index (Table 4.2-88); this index
refers to the number of species in a defined sampling unit (Magurran, 1988). The index presented
the maximum values in the cover of the fragmented forest (3.1.1.2.1) (M=5.0) with a total of ten
(10) species, more than half of those registered in the sampling; finding species that were only
found in this vegetation and common species, tolerant to disturbed sites such as the lizards
Basiliscus and Cnemidophorus lemniscatus. In terms of significant differences, the Bdbtf cover
(3.1.1.2.1) was significantly richer in species compared to the Dut (1.1.2) and Lsv (3.2.3.2) cover
(X2=11.2414; p=0.003) but not in comparison with grassland cover (2.3.1) (X?>=0.8065, p=0.36).
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Coverages of Cocoa and cassava crops were not considered in the statistical analysis considering
that they presented 2 and 1 species, respectively.

6.0

5.0

4.0

3.0

2.0

Valor del indice de Margalef

1.0

0.0
3.1.1.21 3.23.2 231 2.2.13 2.2.23 1.1.2

OMargalef M 5.0 1.8 2.8 0.0 14 15

lllustration 4.2-89. Values of wealth of Margalef by plant cover.
Source: INGEX, 2016.

4.2.4.1.17 Relative abundance of species by plant cover

The dense forest cover of the mainland (3.1.1.2.1) was significantly more abundant than the other
coverings with a total of one hundred and twenty one (121) individuals, followed by the coverage
of clean pastures (2.3.1) with a total of seventy-seven (77) individuals, with which there were no
significant differences (X2 = 2.0867, p = 0.14), followed by Lsv (3.2.3.2) with a total of twenty-
seven (27) individuals, the Dut (1.1.2) with a total of seven (7) individuals, and the Cphc (2.2.2.3)
and the Cphy (2.2.1.3) with two (2) and one (1) individuals respectively with whom it presents
significant differences ( X2 = 107.1905; p = <0.001) (See lllustration 4.2-89 and lllustration 4.2-90).

Considering the categorization of abundance for species, 2 abundant species were recorded
(relative abundance> 10%). 8 common species (Relative abundance between 2 and 10%) and the
remaining 16 uncommon species (Relative abundance between 0.1 and 2%).
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3.1.1.2.1 3.2.3.2 23.1 2.2.13 2.2.2.3 1.1.2
Cobertura vegetal

lllustration4.2-90. Number of reptile individuals by plant cover.
Source: INGEX, 2016.

The species with the greatest abundance for sampling in general was Basiliscus (lllustration 4.2-91)
with a total of seventy-four (74) individuals registered in three of the six plant covers (Bdbtf
3.1.1.2.1, Lsv 3.2.3.2 and Cg 2.3.1), being the Bdbtf cover (3.1.1.2.1) in which more individuals
were found (forty-nine individuals). This quite common lizard inhabits dry forests, very wet and
humid, near the banks of rivers and lagoons and its peculiarity is that it moves quickly on its hind
legs on water and land. The speed that can reach in a race on the water is of 9 kilometers per hour
(Ayala, 1986). During the sampling this species was recorded on the banks of the streams within
the Forest, secondary vegetation and pasture shrubs. At night, some individuals were observed
sharing a perch with the Iguana iguana species, sleeping in the same bush, but not in the same
branch.
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60 WANOIs sp I (cafe) W Anolis biporcatus W ANOTS sp 3 (Gula amariia)
@ Anolis vittigerus Cope (1862) M Basiliscus basiliscus Linnaeus (1758) O Basiliscus galeritusDuméril (1851)
@ Caiman crocodilus Linnaeus (1758) B Cnemidophorus lemniscatusLinnaeus (1758) @ Corytophanes cristatus Merrem (1820)
W Holcosus festivusLichtenstein (1856) @ Iguana iguanalinnaeus (1758) O Mabuya sp.
W Thecadactylus rapicauda Houttuyn (1782) @ Tretioscincus bifasciatus Dumeril (1851) O Bothrops asper Garman (1884)
50 @ Chironius carinatus Linnaeus (1758) [ Corallus annulatus Cope (1876) O Corallus ruschenbergerii Cope (1875)
@ Dendrophidion sp. @ Helicops danieli Amaral (1938) @ Imantodes cenchoa Linnaeus (1758)
O Leptodeira septentrionalis Kennicott (1859) @ Mastigodryas pleei Dumeril, Bibron & Dumeril (1854) @ Porthidium lansbergii Schlegel (1841)
OPseudoboa neuwiedii Dumeril, Bibron & Dumeril (1854) O Rhinobothryum bovallii Andersson (1916) O Spilotes pullatus Linnaeus (1758)
40 OStenorrhina cf degenhardtii Berthold (1846) OKinosternon leucostomum Duméril & Bibron (1851) ORhinoclemmys annulata Gray (1860)
30
20
10
0 | - 2 s

3.1.1.21 3.2.3.2 23.1 2.2.13

2.2.23

11.2

lllustration 4.2-91. Number of individuals by registered Reptile species in each of the plant covers.

Source: INGEX, 2016.
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Illustration 4.24.2-92. Photograph of juvenile Basiliscus basiliscus thermo regulating on the bank of a stream.
Source: Merceditas Corporation, 2012.

The second most abundant species was Cnemidophorus lemniscatus (lllustration 4.2-92) with a
total of thirty-two (32) individuals recorded in four of the six plant covers (Bdbtf 3.1.1.2.1, Lsv
3.2.3.2, Cg 2.3.1 and Cphy 2.2.1.3), being the coverage Lsv (3.2.3.2) in which more individuals were
found (twelve individuals). This lizard commonly observed in areas with low vegetation, forest
clearings, near bodies of water and also associated with open spaces and habitats with anthropic
intervention (Cole et al., 1993, Grisales et al., 2014). During the sampling, individuals were found
on the edge of the forest, stubble, paddocks, roads and near some houses.

The Holcosus festivus species had a representativeness of twenty-three individuals in three
coverings (Bdbtf 3.1.1.2.1, Lsv 3.2.3.2, Cg 2.3.1), with forest cover (3.1.1.2.1) in which most the
individuals were recorded (fifteen individuals). This lizard is very common and is in constant
movement, its activity is concentrated in the midday hours when it is sunny (Savage 2002). It is
found in humid, dry forest and in open areas, such as trails or areas with certain degrees of
anthropic modification (Renjifo et al 1999, Savage 2002). During the sampling, it was recorded in
banks of streams within the forest, in stubble, leaf litter, trails and in bodies of water within
pastures and paddocks.
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lllustration 4.2-93. Cnemidophorus lemniscatus found in stubbles and pastures.
Source: Merceditas Corporation, 2012.

The Iguana species presented sixteen individuals in the cover of Bdbtf 3.1.1.2.1 and Cg 2.3.1, being
the latter the one where most individuals were registered (15 individuals). These lizards are mainly
found in tropical damp forests, although they can be found in dry forest, gallery forest and
savannas with little arboreal vegetation. It is an herbivorous species, mainly arboreal, though it
can descend to the ground to nest. Normally it sleeps on the vegetation, but some individuals can
be observed sleeping in tunnels that build the ravines or the ground (Bock 2013). This species was
seen on the edge of the forest and pasture paddocks that were on the banks of the stream.

The species Corallus ruschenbergerii presented ten individuals in the cover Bdbtf (3.1.1.2.1) and
Lsv (3.2.3.2). This species of boa is found in riverbank forest, palmar, dry forest, wooded grassland
and paddock (Medina et al., 2011), is nocturnal and arboreal, very common to see on the trees
that are on the banks of the streams (Renjifo et al 1999). This snake feeds mainly on birds, rodents
and lizards (Medina et al., 2011, Henderson et al., 2013). During the sampling, this species was
recorded on the banks of forest ravines, forest edge and stubble, and was recorded an individual
who had consumed a prey, which could not be determined since the individual was not collected.

For The species Helicops danieli and Imantodes cenchoa eight individuals were recorded finding H.
danieli in the coverage of Bdbtf (3.1.1.2.1), Pl (2.3.1) and Bdbtf (3.1.1.2.1) and /. cenchoa only in
Bdbtf cover (3.1.1.2.1). The species H. danieli is a nocturnal and aquatic snake, and feeds on fish,
tadpoles, frogs, bird chicks and cockroaches. It is predated by waders and large fishes (Renjifo et al
1999, Medina et al., 2011) and was observed in the streams of the forest edge, pasture and
paddock project. The species I. cenchoa is a nocturnal and arboreal species, it is an active forager
and they usually feed on frogs and lizards. It is oviparous and apparently reproduces throughout
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the year. It is not aggressive, and as a defense mechanism it remains quiet when an eventual
predator approaches, when it is manipulated, it gives off an unpleasant smell through the sewer
and twists the body (Pazmifio et al., 2013). This species was only observed in the forest mainly on
the banks of the streams.

The species Mabuya sp. was registered in the cover of Bdbtf (3.1.1.2.1), Lsv (3.2.3.2) and Cg (2.3.1)
with a total of seven individuals. This lizard can be found in damp, very damp, and dry forest, it
tolerates disturbed and man-modified sites, found on forest edge over fallen leaves, fallen trunks
or pastures near dwellings (Renjifo et al 1999; Savage 2002;) is diurnal and semi-wild and sunbaths
near its lair, it feeds on arthropods and saurian (Medina et al., 2011). In the sampling, it was
recorded at the edge of the forest, in stubble and banks of pasture streams.

For the species Pseudoboa neuwiedii, a total of six individuals were found in the cover Bdbtf
(3.1.1.2.1), Lsv (3.2.3.2), Cg (2.3.1) and Dut (1.1.2). This species is found in tropical damp forest
and dry forest, it is nocturnal, terrestrial or semi-fossil and feeds on other snakes, saurian and
rodents (Renjifo et al 1999, Medina et al., 2011). This snake was found in the leaf litter at the edge
of the forest, in stubble and paddocks near streams and near dwellings.

The species Basiliscus galeritus and Thecadactylus rapicauda presented four individuals each, both
being in the cover Bdbtf (3.1.1.2.1) and Cg (2.3.1). The species B. galeritus is found in Damp
tropical forests, and it is a diurnal habit reptile. It remains on the rocks and trunks on the sides of
the streams where it hunts insects, at night it sleeps on branches of trees, in nearby areas or on
ravines. It remains in the canyon or steep areas of the rivers (Suarez et al., 2014). This species was
observed in forests and edge of forests near paddocks, on the banks of the streams. The T.
rapicauda salamanqueja is a nocturnal species that is mainly found in gallery forests, in trunks,
roots, and palm leaves (Renjifo et al 1999, Angarita-Sierra et al., 2013). It is a lizard that lacks
eyelids and uses its tongue to clean the squama that covers the eye. Its name is due to the ease
with which it detaches its tail when it feels threatened (Suarez et al., 2014). This species was found
in dry trunks of forest and edge of forest near paddocks.

Of the species Leptodeira septentrionalis only three individuals were recorded in the plant covers
of Bdbtf (3.1.1.2.1), Lsv (3.2.3.2) and Cphc (2.2.2.3). L. septentrionalis is commonly known as
ranera because the main item of its diet is frogs. It inhabits humid and dry tropical forests and
even secondary vegetation near human dwellings (Duellman 1958; Kohler 2008). This species
within the study area was recorded in forest, stubble and leaf litter of cocoa crops near the banks
of the stream.

Two individuals of each species were recorded in the Bdbtf cover (3.1.1.2.1) for: Anolis biporcatus,
Anolis vittigerus, Tretioscincus bifasciatus, Bothrops asper, Corallus annulatus, Porthidium
lansbergii and Rhinobothryum bovallii. The species A. biporcatus is diurnal and arboreal. It is found
in the vertical stratum up to five meters or more, it is rarely found on the ground (Ayala et al.,,
2011). This species was observed during sampling only in forests in trees, near water sources. The
species A. vittigerus is diurnal and lives in forests that have not been intervened; at night, they
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sleep on the leaves of bushes (Renjifo et al 1999). This lizard was recorded sleeping on bushes on
the banks of the streams during sampling.

The T. bifasciatus lizard is diurnal, feeds on arthropods and is common in environments of medium
and high degree of transformation, despite its low frequency of observation (Medina et al., 2011).
This species was observed on the leaf litter of the edge of the forest. The viper B. asper lives in
damp tropical forests, rainy deciduous, thorny, savannah borders, near rivers or other sources of
water. It is a species that tolerates disturbances and habitat modification and is highly poisonous
(Campbell et al., 2004, Rodriguez, 2011). This viper was only seen inside the forest on the edges of
a stream. The species C. annulatus is a species of arboreal boa that is difficult to observe, found in
humid and very humid forests, mainly in primary and secondary forests (Henderson et al., 2001). It
is nocturnal, and sometimes tries to bite when manipulated, excrete excreta and vibrates its tail,
to name a few (Lewis et al., 2011). This snake feeds mainly on birds, rodents, chiropteran and
saurian. (Henderson et al., 2001; Lewis et al., 2011; Henderson et al., 2013). This species was only
recorded inside the forest at the edge of a stream. The viper P. lansbergii is found in humid and
dry tropical forests, it is terrestrial, nocturnal and with preference for disturbed habitats. When
they are juveniles they feed on invertebrates, in intermediate stages they consume frogs and
lizards and when they are adults they feed only on mammals and birds. It is highly poisonous
(Suarez et al., 2014).

The false coral snake R. bovallii is a species of nocturnal and arboreal habits. It is difficult to
observe, since it mainly lives in treetops in mature forests where it feeds on lizards (Stafford et al.,
2010; Suarez et al., 2014).

During the sampling, only one individual of the species was recorded: Corytophanes cristatus,
Spilotes pullatus, Anolis sp 3 and Dendrophidion sp. in the forest cover (3.1.1.2.1). The C. cristatus
lizard is a diurnal species, mainly arboreal, it does not actively search for its prey, it remains still on
its perch to hunt preys within reach (Pdez et al., 2002). The species S. pullatus is diurnal, with
mainly arboreal habits. It feeds mainly on mammals, lizards, frogs, eggs of birds and nesting birds
(Marques et al 2014, Savage 2002). As a defense mechanism, it inflates its neck, raises the head
and neck, places itself in "S" position and waves the tail against leaf litter (Renjifo et al. 1999). In
some situations, it can persecute the observer a few meters, and suddenly turn around and flee
quickly (Pazmifio 2014). The species Anolis sp.3, like most Anolis, is a diurnal species with arboreal
habits (Ayala et al. 1986) and was found in the forest, in a shrub near a bank of thermo-regulating
creek. The species Dendrophidion sp. is a diurnal and terrestrial species (Cadel et al., 2014) and
was seen in the litter at the edge of a path, thermo-regulating.

Additionally, Chronis carina Tus and Matagorda’s plea were recorded in the Dut cover (1.1.2), and
Stentorian cu degenhardtii and Anolis sp 1 in the pasture cover (2.3.1). The species C. carinatus is a
diurnal snake with terrestrial and arboreal habits and is frequently found near swamps (Renjifo et
al., 1999). As a defense mechanism, this snake raises its head from the ground and simulates an
attack while keeping its mouth open (Savage, 2002, Rodriguez et al 2013). The species S. cf
degenhardti is a rare snake that inhabits humid and very humid forests and premontane forest. It
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is apparently semi-fossorial and diurnal (Savage, 2002). The species Anolis sp.1, like most Anolis, is
a diurnal species with arboreal habits (Ayala et al., 1986). For the Crocodylia Order, the species
Caiman crocodilus was registered with fourteen individuals in the coverage of Bdbtf (3.1.1.2.1) and
g (2.3.1). This species is nocturnal, although it is observed sunning itself during the day in beaches
of the rivers. Their foraging is active and passive, they are generalist carnivores, and present
maternal parental care; that is, the female takes care of its offspring until several months after
hatching. The females build litter nests or any available plant material on the banks of rivers and
lagoons, when it is time for the eggs to hatch, the offspring give off sounds that stimulate the
mother to open the nest, and in some cases, break the Eggs, once the hatchlings have completely
hatched, she moves the offspring inside her mouth to the water (Ortiz et al., 2013). This species
was observed only at night hours within the streams or other tributaries of the project (lllustration
4.2-93).

Finally, for the Order Testudines, the species Kinosternon leucostomum (lllustration 4.2-94)
registered three individuals in the covers of Cg (2.3.1) and Cphc (2.2.2.3). This species lives in the
muddy edges of water bodies, in large rivers and can live in permanent or temporary aquatic
habitats (Pdez et al., 2012). This species was found in pasture streams and ponds of cocoa crops.
The species Rhinoclemmys annulata (lllustration 4.2-95) was only recorded with an individual in
the Bdbtf cover (3.1.1.2.1). This species inhabits tropical jungles, riverine forests and dry forests up
to 1,000 masl; it is exclusively terrestrial; however, certain individuals alight on superficial waters.
They can move in irregular and steep terrain (Paez et al., 2012). In the sampling, this species was
recorded near a water spring in the Forest.

lllustration 4.24.2-94. Caiman crocodilus, found in stream.
Source: Merceditas Corporation, 2012.
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Grupo Minero

lllustration 4.24.2-95. Kinosternon leucustomun found in water births within the AID.
Source: Merceditas Corporation, 2012.

lllustration 4.2-96. Rhinoclemmys annulata found in forest.
Source: Merceditas Corporation, 2012.
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4.2.4.1.18 Curve of reptile species accumulation

The accumulation curve in reptile sampling is not stabilized, this may be due to the fact that in the
last sampling events (event 43) the number of individuals per species was very high (20 registered
individuals), but without new species, while for event 45, new species were recorded for sampling
with a low number of individuals; Most of the new species in event 45 were snakes, species with
low detectability that could have been found in previous events, but were only visible until the last
sampling event (See lllustration 4.2-96). The confidence intervals of the accumulation curve do not
overlap with those of the non-parametric CHAO estimator, indicating that the number of species
found may have been higher in that sampling time.

The CHAO estimator shows a curve of expected species much higher than that of observed
species; keep in mind that this estimator is sensitive to the presence of species seen once or twice,
which often generates estimations of the values obtained.
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lllustration 4.24.2-97. Graph of the curve of species accumulation registered with the non-parametric estimator CHAO.
(The shaded regions represent confidence intervals of 95%).
Source: INGEX, 2016.

4.2.4.1.19 Diversity indices

Alpha diversity a

Alpha diversity measures the point diversity of a sampling unit. For alpha diversity, the following
indices were used:

Shannon index (H’): They indicate how uniform the species are represented, taking into account
all the species sampled (Villareal et al, 2004). It reflects the heterogeneity of an ecosystem, based
on species richness and equity (Franco et al., 1989). The values of the indexes mentioned
frequently oscillate between 1.5 and 3.5, and rarely exceed 4.5; values below 2 are considered low
while those greater than 3 are considered high (Pla, 2006).
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The Shannon diversity index (H ') has quite variable and relatively low diversity values for each
cover (lllustration 4.2-97), nor were significant differences in the Shannon index between plant
covers observed (X2 = 2.5545; p = 0.76). The values of this index in each cover were between 0.6
and 2.1, which indicates that all the species are not well represented, and some species stand out
as the most abundant, as is the case of Basiliscus basiliscus or Cnemidophorus lemniscatus.
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lllustration 4.24.2-98. Graph of the value of Shannon index by plant cover.
Source: INGEX, 2016.

Simpson’s index of dominance (D): It shows the probability that two individuals taken at random
from a sample correspond to the same species (Villareal et al., 2004). It reflects the weighting of
species abundance (lllustration 4.2-98).

For the Simpson index, significant differences were found between the coverage of clean pastures
(2.3.1) and cassava cultivation (2.2.1.3) (X2 = 3.9313, p = 0.04), although very marginal. On the
other hand, no significant differences were found in this index among the remaining plant covers
(X2 = 5.4665, p = 0.36), showing relatively high dominance by coverage (Bdbtf = 3.52, Lsv = 3.09,
Dut =2.57, PI = 6.39, Cphy = 2 and Cphc = 1) that is, they are very homogeneous covers.

The equity index of Pielou (J°): It relates the observed diversity (H ') and the maximum diversity
(H'max). It varies between 0 and 1, where 1 is the situation in which all species are equally
abundant and 0 implies absolute dominance of one or few taxa.

The equity of Pielou (J') shows how the Cphc cover presents the greatest equity in terms of the
number of individuals per species per cover (J') = 1.0 (lllustration 4.2-99).

In general terms, these results on alpha richness and diversity for reptiles in the aforementioned
plant covers are due to the fact that most of the species recorded here are quite common because
they are tolerant species to disturbed sites such as the lizards Basiliscus basiliscus or
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Cnemidophorus lemniscatus to name but a few. These species are generally overrepresented and
can generate a bias in the estimation of these indices.
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lllustration 4.24.2-99. Graph of the value of the Simpson index by plant cover.
Source: INGEX, 2016.
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lllustration 4.24.2-100. Graph of the value of the Pielou index by plant cover.
Source: INGEX, 2016.
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Beta diversity 8
Bray Curtis analysis

This index uses the data of relative abundance between the environments and is useful to
evaluate the differences in the structure of the community between samplings.

In this analysis it was evidenced that between the coverage of Bdbtf (3.1.1.2.1) and Cg (2.3.1)
there is a great similarity since they have several species in common. The coverage is additionally
similar to the coverage Lsv (3.2.3.2) and Dut (1.2.2); Covers with which it also shares species. The
coverage of Cphy (2.2.1.3), Cphc (2.2.2.3) and Dut (1.1.2) are the least similar because they
presented a very low number of species and individuals or did not share species with the other
covers. In the same way, a Principal Coordinate Analysis also shows the similarity between the
Bdbtf and Cg coverage in a two-dimensional space (lllustration 4.2-100). The characteristics of the
two most similar coverings in comparison with the crops and the discontinuous urban traffic are
evidently different, which suggests dissimilarity in the composition of reptiles of each one of them.
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lllustration 4.24.2-101. Graph of the beta diversity analysis of reptiles among plant coverings, based on a Bray-Curtis
dendrogram (A) and a principal coordinate analysis (B).
Source: INGEX, 2016.

4.2.4.1.20 Trophic guilds

The reptiles have a very varied diet, they are very general since they feed on mollusks, insects and
arthropods and Vertebrates, plants, fruits and even flowers (Vitt et al., 2014). The reptile diets are
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complex and can be influenced by abiotic and biotic variables. To know the items included in the
reptile diets, the stomach contents are analyzed, but in this sampling only secondary information
was used about the diet of the individuals (Ayala et al., 1968, Renjifo et al., 1999, Savage 2002;
Torres et al.,, 2014, Vitt et al., 2014). During the sampling an individual of the species C.
ruschenbergerii that had consumed a prey was sighted, which could not be determined because
the individual was not collected. In addition, an individual of the species H. danieli was recorded
and a species of freshwater eel shaped fish, possibly Synbranchus marmoratus, was extracted
from the stomach.

In general, the largest number of registered species were located within the trophic guild of
insectivores and carnivores, being significantly higher, compared to the few species located within
the omnivorous and herbivorous guild (X2 = 12.7692, p = 0.005)

Table 4.2-46. Food guilds of registered reptile species.

SPECIES TROPHIC GUILD ITEMS

Rhinoclemmys annulata Gray (1860)

Kinosternon leucostomum
Duméril, Bibron Y Duméril (1851)

Caiman crocodilus Linnaeus (1758)

Omnivore Arthropods, Annelids, Amphibians, Fishes

Iguana iguana Linnaeus (1758) Herbivorous Plantas

Anolis sp 1

Anolis sp 3

Anolis aff. biporcatus Wiegmann (1834)

Anolis vittigerus Cope (1862)

Basiliscus basiliscus Linnaeus (1758)

Basiliscus galeritus Duméril (1851)

Insectivorous Arthropods, Insects, Annelids
Corytophanes cristatus Merrem (1820)

Cnemidophorus lemniscatus Linnaeus (1758)

Holcosus festivus Lichtenstein (1856)

Mabuya sp.

Tretioscincus bifasciatus Dumeril 1851

Thecadactylus rapicauda Houttuyn (1782)

Bothrops asper Garman (1883)

Chironius arinatus Linnaeus (1758) )
Carnivore

Corallus annulatus Cope (1876) Amphibians, Saurian, Ophidians, Mammals, Birds

Corallus ruschenbergerii Cope (1875)

Dendrophidion sp.

Helicops danieli Amaral (1938)

Imantodes cenchoa Linnaeus (1758)

Leptodeira septentrionalis Kennicott (1859)
Mastigodryas pleei Ampbhibians, Saurians, Ophidians, Mammals, Birds

Dumeril, Bibron & Dumeril (1854) Carnivore
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SPECIES TROPHIC GUILD, ITEMS

Porthidium lansbergii Schlegel (1841)

Pseudoboa neuwiedii
Dumeril, Bibron & Dumeril (1854)

Rhinobothryum bovallii Andersson (1916)

Spilotes pullatus Linnaeus (1758)

Stenorrhina cf degenhardtii Berthold (1846)
Source: INGEX, 2016. Modification of Merceditas Corporation, 2012

4.2.4.1.21 Reptile conservation status

Most of the reptile species recorded in this study have a neo tropical distribution, with different
ranges of distribution. Only the species Rhinobothryum bovallii is categorized in the IUCN Red List
as LC (Table 4.2-47 and lllustration 4.2-101). No species is included in the Appendix of the Cites,
nor the red book of the reptiles of Colombia (Castafio et al., 2002), nor in resolution 0192 of 2014
(MADS, 2014), nor are they considered important for Corantioquia (Restrepo et al., 2010).

Table 4.2-47. Threat categories of IUCN and CITES for registered Reptile species.

SPECIES UICN|CITES
Rhinobothryum bovallii Andersson (1916)| LC | No

Source: INGEX, 2016.

Illustration 4.2-102. Photograph of Rhinobothryum bovallii taken from the database "The Reptile Data Base".
Source: http://reptile-database.reptarium.cz/species?genus=Rhinobothryumé&species=bovallii.
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However, the great majority of snake species in the region are under constant threat, because
they are often sacrificed due to fear and ignorance of the communities, since any species is
considered potentially dangerous. During the sampling, 14 species of snakes were identified, of
which only two species represent a real danger since they are highly poisonous and potentially
lethal, as is the case of B.asper (lllustration 4.2-102) and P. lansbergii (Otero et al. 2002).
Additionally, a moderately toxic and in some cases potentially lethal species was recorded: H.
danieli (Illustration 4.2-103). It should be noted that the majority of the ophitic accidents in the
region are caused by the viper B. asper and this is related to the fact that this snake is very tolerant
to a great variety of habitats, since it can be found in the forest, in a paddock, on roads and even
near homes (Sasa et al 2009). Some species, such as R. bovallii and P. neuwiedii, are considered
dangerous because their coloration is confused with that of corals and because of this they are
quite susceptible to being sacrificed. Although these species have opistogilfa dentition (fangs in
the back of the maxilla) that inoculate venom, they present low toxicity and are not lethal for
humans, but for their prey (Walteros et al., 2014).

Other species that are confused with poisonous animals are the boas of the Corallus genera, and
the species L. septentrionalis, since by the shape of their head, their teeth and their eyes in the
shape of a cat, they are associated with species such as B. asper or a species of which there is no
record in the region called Bothrops punctatus.

According to some people in the region, species such as the snakes Lachesis acrochorda and
Bothriechis schlegelii have been progressively rare in the last 10 years. The possible reasons for
this phenomenon is that these species are from very conserved forests, so they are not easy to see
or because they are selectively hunted because of their high toxicity and the danger they
represent.
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Illustration 4.2-103. Bothrops asper photographed in a forest birth located in the studied area.
Source: Merceditas Corporation, 2012.

4.2.4.1.22 Endemic species

Within the study area, an endemic species was found for the Colombian territory, more precisely
for the valley of the Magdalena river called Helicops danieli (Illustration 4.2-103). This species has
been little studied and information on its natural history is very scarce, reducing it to data taken
from wildlife inventories and species catalogs.

4.2.4.1.23 Helicops danieli Amaral (1938)

Distribution in Colombia: This species is distributed to the Northwest of Colombia in Antioquia,
Atlantico, Bolivar, Chocd, Cérdoba, Santander and Sucre; in the Magdalena, Cauca, Atrato and Sinu
rivers from 0 to 500 masl. (Rossman 2002, Medina et al., 2011 Wallach et al., 2014).

Natural history: It is a nocturnal aquatic snake, it feeds on fish, tadpoles, frogs, chicks of birds and
cockroaches. It is predated by waders and large fish (Renjifo et al 1999, Medina et al., 2011). It is a
snake with opistoglyph dentition and has a moderately toxic poison (Estrella et al., 2011).

Conservation: Although this species is not found in any category of threat, it is very susceptible to
being slaughtered because most fishermen are afraid of it and consider it very dangerous due to
its aggressive behavior and its resemblance to B. asper species, which is why it is commonly called
Mapana de agua.
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Illustration 4.24.2-104. Photograph by H. Danieli found on the streams of the studied area.
Source: Merceditas Corporation, 2012.

4.2.4.1.24 Prohibited species

For the area under study no prohibited reptile species were found.

4.2.4.1.25 Species used by the community

No use of reptiles by the community is evidenced in the area under study.
4.2.4.1.26 Migratory species

No reptile species with migratory patterns were evidenced in the area under study.
4.2.4.1.27 Species identified in the region according to secondary information

The trans-Andean region of Colombia includes three (3) Andean mountain ranges, the inter-
Andean valleys and the Caribbean and Pacific coastlines. It presents biogeographic units
(Hernandez et al., 1992), which define, based on physioghomic criteria of vegetation, landscape
criteria, climatic conditions and other biotic components.

Therefore, the herpetological information of the Choco Magdalena bio geographical province is
used, where the Antioquia northeast region is located. This has its own characteristics for certain
floristic and fauna species that are only there. Furthermore, it is very likely to find species related
to this biota, in the characterization of the previously presented studied area and peripheral areas.
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The secondary information of herpetofauna of the municipality of Segovia, is very scarce. No
studies published as such of this municipality have been found, but there are records about this in

the biological collections, such as the Museo de la Salle (See Table 4.2-48).

Table 4.24.2-48. Collection of snakes, museum of La Salle University.

MUSEUM ID | CLASS ORDER FAMIY SPECIES
MLS-of 1108 | Reptilia | Squamata | Dipsadidae | Leptodeira Septentrionalis
MLS-of 1237 | Reptilia | Squamata | Colubridae Tantilla alticola
MLS-of 1371 | Reptilia | Squamata | Dipsadidae Oxyrhopus petolarius
MLS-of 1450 | Reptilia | Squamata Elapidae Micrurus mipartitus
MLS-of 1704 | Reptilia | Squamata | Viperidae Porthidium nasutum
MLS-of 401 Reptilia | Squamata | Colubridae Pliocercus euryzonus
MLS-of 406 Reptilia | Squamata | Dipsadidae Coniophanes fissidens
MLS-of-448 Reptilia | Squamata | Dipsadidae |Erythrolamprus epinephelus
MLS-of 672 Reptilia | Squamata | Dipsadidae Erythrolamprus mimus
MLS-of 564 Reptilia | Squamata | Dipsadidae Xenodon rabdocephalus
MLS-of 593 Reptilia | Squamata | Dipsadidae Xenodon severus
MLS-of 94 Reptilia | Squamata Boidae Epicrates maurus
MLS-of 959 Reptilia | Squamata | Dipsadidae Imantodes cenchoa

source: http://evirtual.lasalle.edu.co:8080/ipt/. Museo de la Salle. Universidad de la Salle (2011). Collection of Reptiles
Museum of La Salle Bogotd, 4487 Records, contributed by Espitia-Barrera JE.

The collection of the museum of herpetology of the University of Antioquia does not register
specimens for the municipality of Segovia in particular, but there is information of neighboring
municipalities like Remedios, Zaragoza and El Bagre. This information is very important since the
fauna registered in these municipalities could be found in some areas of the municipality where
the project is located (See Table 4.2-49).

Table 4.2-49. Collection of amphibians and reptiles, museum of herpetology of the University of Antioquia.

MUSEUM ID CLASS ORDER FAMILY SPECIES LOCALITY
MHUA-A 672917 Amphibia| Anura Bufonidae Rhinella sp Remedios
MHUA-R 1682851 Reptilia | Squamata Dactyloidae Anolis lyra Remedios
MHUA-R 1681818 Reptilia | Squamata | Gymnophthalmidae Bachia bicolor Remedios
MHUA-R 1683892 Reptilia | Squamata Colubridae Stenorrhina degenhardtii Remedios
MHUA-R 1681976 Reptilia | Squamata | Gymnophthalmidae | Tretioscincus bifasciatus Remedios
MHUA-R 1683302 Reptilia | Squamata | Leptotyphlopidae Trilepida macrolepis Remedios

MHUA-A 673557-673558 | Amphibia| Anura Leptodactylidae Engystomops pustulosus Zaragoza
MHUA-R 1683179 Reptilia | Squamata Dactyloidae Anolis sulcifrons Zaragoza
MHUA-R 1683927 Reptilia | Squamata Dipsadidae Leptodeira septentrionalis Zaragoza
MHUA-R 1683926 Reptilia | Squamata Colubridae Mastigodryas pleei Zaragoza
MHUA-R 1684176 Reptilia | Squamata Viperidae Porthidium nasutum Zaragoza
MHUA-A 671967 Amphibia| Anura Bufonidae Rhinella sp El Bagre
MHUA-A 671982 Amphibia| Anura Bufonidae Rhinella granulosa El Bagre
MHUA-A 671984 Amphibia| Anura Dendrobatidae Colostethus sp. El Bagre
MHUA-A 671970 Amphibia| Anura Dendrobatidae Dendrobates truncatus El Bagre
MHUA-A 671971 Amphibia| Anura Craugastoridae Craugastor raniformis El Bagre
MHUA-A 671976 Amphibia | Anura Hylidae Dendropsophus El Bagre

ebraccatus
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MUSEUM ID CLASS ORDER FAMILY SPECIES LOCALITY

MHUA-A 671977 Amphibia | Anura Hylidae Dendropsophus El Bagre
microcephalus
MHUA-A 672149 Amphibia| Anura Hylidae Hypsiboas pugnax El Bagre
MHUA-A 671973 Amphibia| Anura Hylidae Scinax sp. El Bagre
MHUA-A 671975 Amphibia| Anura Hylidae Scinax rostratus El Bagre
MHUA-A 671966 Amphibia| Anura Hylidae Scinax ruber El Bagre
MHUA-A 671980 Amphibia| Anura Hylidae Smilisca phaeota El Bagre
MHUA-A 671987 Ampbhibia| Anura Hylidae Trachycephalus typhonius El Bagre
MHUA-A 671981 Amphibia| Anura Leptodactylidae Engystomops pustulosus El Bagre
MHUA-A 671979 Ampbhibia| Anura Microhylidae Elachistocleis pearsei El Bagre
MHUA-A 671985 Amphibia| Anura Ranidae Lithobates vaillanti El Bagre
MHUA-R 1682199 Reptilia | Squamata Dactyloidae Anolis auratus El Bagre
MHUA-R 1682198 Reptilia | Squamata Dactyloidae Anolis vittigerus El Bagre
MHUA-R 1682195 Reptilia | Squamata Corytophanidae Basiliscus galeritus El Bagre
MHUA-R1683824 Reptilia | Squamata Boidaex Corallus ruschenbergerii El Bagre
MHUA-R 1683822 Reptilia | Squamata|  Colubridae Dendrophidion El Bagre
percarinatum

MHUA-R 1682196 Reptilia | Squamata | Sphaerodactylidae Gonatodes albogularis El Bagre
MHUA-R 1683823 Reptilia | Squamata Dipsadidae Helicops danieli El Bagre

(Publisher).

Source: http.//data.sibcolombia.net/datasets/resource/92, Museum of Herpetology of the University of Antioquia (2013).
Collection of reptiles- Herpetology Museum of the University of Antioquia. 5148 Records, contributed by Daza-Rojas JM

Finally, there was a document prepared in 2005 by CORANTOQUIA, called the River Basin
Management and Management Plan, municipalities of Remedios, Segovia and Zaragoza (Table 4.2-
50). In this document, information on the potential fauna of the basin among this the
Herpetofauna was found. Reviewing the information contained in the document it was found that
the taxonomic identity of the species is out of date with respect to the current one and therefore
the names of the species had to be updated using the Frost proposal. 2015 and Acosta et al. 2016
and Uetz, P. 2015 for Amphibians. Additionally, during the review, it was found that several
species of the list did not correspond to the altitudinal gradient of the area where the project is
located, therefore, the species with altitudinal distributions of 2000 meters above sea level were
not included. We also found certain species whose distribution does not agree with specimens of
the middle Magdalena and some do not even present distribution for Colombia, therefore, they
were not included in this list.

Table 4.24.2-50. List of modified species of the document called: Management plan and river basin
management El Bagre, municipalities of Remedios, Segovia and Zaragoza, Antioquia.

CLASS ORDER SUBORDER FAMILY SPECIES
Amphibia Anura No applicable Bufonidae Rhinella truebae
Amphibia Anura Bufonidae Rhinella nicefori
Amphibia Anura No applicable Bufonidae Rhaebo haematiticus
Amphibia Anura Not applicable Craugastoridae Pristimantis gaigei
Amphibia Anura Not applicable Centrolenidae Centrolene antioquiense
Amphibia Anura No applicable Centrolenidae Espadarana prosoblepon
Ampbhibia Anura No applicable Centrolenidae Rulyrana susatamai
Amphibia Anura No applicable Dendrobatidae Colostethus thorntoni
Amphibia Anura No applicable Hylidae Dendropsophus microcephalus
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CLASS ORDER SUBORDER FAMILY SPECIES
Amphibia Anura No applicable Hylidae Trachycephalus typhonius
Amphibia Anura No applicable Hemiphractidae Gastrotheca dunni
Amphibia Anura No applicable Leptodactylidae Pseudopaludicola pusilla
Amphibia Anura No applicable Microhylidae Ctenophryne aterrima
Amphibia Gymnophiona No applicable Rhinatrematidae Epicrionops parkeri
Amphibia Gymnophiona No applicable Typhlonectidae Typhlonectes natans

Reptilia Squamata Sauria Dactyloidae Anolis auratus
Reptilia Squamata Sauria Dactyloidae Anolis antioquiae
Reptilia Squamata Sauria Gymnophathalmidae Echinosauria horrida
Reptilia Squamata Sauria Polychrotidae Polychrus gutturosus
Reptilia Squamata Sauria Teiidae Ameiva ameiva
Reptilia Squamata Serpentes Anomalepididae Helminthophis praeocularis
Reptilia Squamata Serpentes Boidae Boa constrictor
Reptilia Squamata Serpentes Colubridae Pliocercus euryzonus
Reptilia Squamata Serpentes Colubridae Mastigodryas danieli
Reptilia Squamata Serpentes Colubridae Mastigodryas boddaerti
Reptilia Squamata Serpentes Colubridae Urotheca lateristriga
Reptilia Squamata Serpentes Colubridae Lampropeltis triangulum
Reptilia Squamata Serpentes Colubridae Dendrophidion percarinatum
Reptilia Squamata Serpentes Dipsadidae Erythrolamprus melanotus
Reptilia Squamata Serpentes Dipsadidae Lygophis lineatus
Reptilia Squamata Serpentes Dipsadidae Clelia clelia

Reptilia Squamata Serpentes Dipsadidae Sibon nebulata
Reptilia Squamata Serpentes Elapidae Micrurus dumerillii
Reptilia Testudines Cryptodira Kinosternidae Kinosternon scorpioides
Reptilia Testudines Cryptodira Testudinidae Chelonoidis carbonaria

4.2.4.2 MASTOFAUNA

Source: CORANTIOQUIA https.// www.corantioquia.gov.co

Next, is presented the curve of species accumulation, species richness and taxonomic composition,
abundance, diversity indices, trophic guilds, conservation status and species identified in the

region according to primary information.

4.2.4.2.1 Species accumulation curve

For the elaboration of this curve, the general registration method was used within the studied
area. lllustration 4.2-104 presents the behavior of the characterization, in relation to the
accumulation of mammalian species during the sampling period.
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lllustration 4.2-105. Species accumulation curve for mastofauna sampling.
Source: INGEX, 2016.

The non-parametric statistical estimator CHAO was used to calculate the number of species
expected to be recorded under optimal conditions within the sampling, considering the
relationship between the number of unique species or those that only appear in a single sampling
event and the number of species duplicated or that appear in more than one sampling event.

During the field phase for the characterization of mammals, a total of thirty (30) species of
mammals were recorded in a period of twenty-six (26) days of sampling (See illustration 4.2-104).
The accumulation curve of mammalian species is not stabilized, that is, it is necessary to increase
the sampling or the number of days so that the number of species found increases significantly. In
addition, the confidence intervals of the accumulation curve do not overlap with those of the non-
parametric CHAO estimator, indicating that the number of species found may have been higher in
that sampling time (illustration 4.2-104).

The species expected for sampling are around 50; In this order of ideas, the sampling of mammals
carried out reached approximately 75% representativeness. Although the representativeness of
mammalian sampling is high, it should be taken into account that in general terms a real inventory
never comes to completion, given that the number of species depends on the temporal and spatial
resolution used in a sample (Jiménez -Valverde & Hortal, 2003).

4.2.4.2.2 Species wealth and taxonomic composition

Species richness is one of the simplest ways to measure biodiversity since it is based solely on the
number of present species in a given area (Magurran, 1988 & 2004, Moreno, 2001, Sarkar, 2002,
Carrascal et al 2008). Biodiversity measures, wealth mainly, play a key role in assessing the impact
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of human activities on ecological systems and can be used as a measure of the general state of
ecosystems (Leitner & Turner, 2001; Gonzalez-Oreja et al 2010).

The richness of mammals in Colombia, place the country as the fifth country in the world with the
greatest diversity of this group of vertebrates, after Indonesia, Brazil, Peru and Mexico (Rodriguez-
Mahecha et al 2006). Of this wealth, about half of the species are located in the Andes and around
40% are unique to this region (Lopez-Arévalo & Montenegro-Diaz, 1993, Alberico et al 2000). The
Andean region of Colombia exhibits a great environmental variety, where the altitudinal gradient
is combined with the variety of climatic factors, resulting in high levels of endemism, as well as
enormous biological diversity. (Castafio & Corrales, 2010).

Wealth

During the sampling phase, a total of 31 species were recorded, belonging to 18 families and 9
orders of mammals (See illustration 4.2-105 and Table 4.2-51), which corresponds to
approximately 6.37% of the national wealth (Alberico et al. 2000).

The order with the greatest wealth within the sampling period was the order Chiroptera with a
total of 13 registered species, followed by the order Primates with 5 species and the orders
Rodents and Carnivores with 4 species respectively (See Illustration 4.2-106 and Illustration 4.2-
51).

35

30

25

+Riqueza,,
(6] o

Ordenes Familias Especies

Categoria taxondmica

Illustration 4.2-106. Total taxonomic composition of mastofauna.

Source: INGEX, 2016.
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Table 4.2-51. Species of mammals registered.

Order Famil Species Vernacular Coverin Method of
v P Name g registration
(2.3.1),
Canidae Cerdocyon thous Fox (3.1.1.2.1), Track
(1.1.2)
Carnivore . Leopardus pardalis Wild cat (3.1.1.2.1) Track
Felidae -
Panthera onca Jaguar (3.11.2.2), Audil,
g (2.2.2.3) footprint
Procyonidae Potos flavus Hill do (2:3.1), Direct
¥ g (3.2.3.2)
Certatiodactyla Cervidae Odocoileus virginianus Deer (3.2.3.2) Track
Emballonuridae Saccopteryx bilineata (2.3.1) Direct
. ) (3.1.1.2.1),
Artibeus lituratus (11.2) Capture
. . (2.3.1),
Carollia brevicauda (3.1.1.2.1) Capture
(3.1.1.2.1),
Carollia castanea (3.2.3.2), Capture
(1.1.2)
(2.3.1),
Carollia perspicillata (?312132;’) ! Capture
Chiropt Bat (112)
iroptera a
P Phyllostomidae
Dermanura gnoma (3.1.1.2.1) Capture
Lonchorhina aurita (3.2.3.2) Capture
. (3.1.1.2.1),
Mimon crenulatum (3.232) Capture
Phyllostomus hastatus (3.1.1.2.1) Capture
Saccopteryx bilineata (3.1.1.2.1) Capture
Sturnira lilium (2.3.1) Capture
Uroc'/erma (2.3.1) Capture
magnirostrum
(2.3.1),
Vampyressa thyone (3.1.1.2.1), Capture
(1.1.2)
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. . Vernacular . Method of
Order Family Species Name Covering registration
Cingulata Dasypodidae Dasypus novemcinctus Armadillo (3.1.1.2.1) Direct
Didelphimorphia Didelphidae Philander opossum Chucha (3.2.3.2) Direct
Lagomorpha Leporidae Sylvilagus floridanus Rabbit (3.1.1.2.1) Heces
Pilosa Bradypodidae Bradypus variegatus Sloth (3.1.1.2.1) Direct
Aotidae Aotus griseimembra Marteja (2.3.1) Direct
Alouatta seniculus Howler (3.1.1.2.1) Direct, Aural
) monkey
Atelidae Ateles hvbrid
Primates eles nybriaus Marimonda (3.1.1.2.1) Direct
brunneus
Callithrichidae Saguinus leucopus Titis (3.1.1.2.1) Direct
Cebidae Cebus albifrons Corn monkey (3.1.1.2.1) Direct
Cricetidae Melanomys sp Mouse (3.1.1.2.1) Sh;err’:;an
Cuniculidae Cuniculus paca Guagua (3.1.1.2.1) Camera trap
Rodentia Heteromyidae Heteromys sp Mouse (3.1.1.2.1) Sherman Trap
Sciuridae Sciurus granatensis Squirrel, ardita (3.1.1.2.1) Direct

Source: Merceditas Corporation, 2012.

Didelphimor
phia, 1
Cingulata, 1

Rodentia, 4

lllustration 4.2-107. Wealth of species for each order of registered mammals.
Source: INGEX, 2016.
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As is evident, the mastofaunal wealth in the area is concentrated punctually in a few orders. In the
case of chiroptera, it is important to mention that this order of mammals is one of the most
diverse in the neo tropics (Gardner, 2007) and in Colombia, being this the second most diverse
country in the world in this group of mammals (Alberico et al. to 2000).

The representative wealth of primate species in the study area is noteworthy, because the studied
area is located relatively close to the Serrania de San Lucas, which has a great diversity of this
group of mammals and high amounts of endemic species. (Defler, 2003). Case of the marine
monkey Ateles hybridus brunneus Geoffroy, 1829, considered an endemic sub-species of the lower
parts of the Cauca and Magdalena rivers (Defler, 2003). Due to its frugivorous diet it is of great
importance for the structure and ecosystemic functionality within the habitats that it occupies.
Saguinus leucopus (Glnther, 1877) (lllustration 4.2-107), is other of the endemic primate species
recorded.

lllustration 4.2-108. Saguinus leucopus (Glinther, 1877) (Primates: Callithrichidae).
Source: Merceditas Corporation, 2012.

Although the species wealth of the Rodentia order (lllustration 4.2-108) was not as high compared
to other studies in the neo tropics (Barragan et al 2010, Aragdn, 2011), its diversity can be linked
to the attributes of the habitat level of the landscape and its heterogeneity, since the spatial
distribution of different niches and the type of such components is the main modulator of the
diversity of this type of mammals.

On the other hand, the diversity of the Carnivore order is an important factor when evaluating the
optimal ecological conditions for the studied area; These species, being great predators, are an
indispensable factor within trophic networks and in the maintenance of population stability within
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the different mastofaunal communities in the area. As mammal species in general of large size and
hierarchy are large contributors of biomass within the different plant units, mainly for forest
cover.

At a lower taxonomic level, the richest family was Phyllostomidae with 12 recorded species (See
Illustration 4.2-109 and lllustration 4.2-51); which has the highest abundance of species and
number of individuals per species in Colombia (Mufoz-Arango, 2003). Diversity that is best
represented in tropical forests in a wide altitudinal range and in generally forested covers. The
phyllostomids are mainly characterized by the presence of lanceolate nasal dermal projections
that allow them to address the sonar used in echolocation (Timm et al 1999).

Illustration 4.2-109. Melanomys sp. Cricetidae: Rodentia capturado.
Source: Merceditas Corporation, 2012.

Particularly the other families of mammals were represented by less than 2 species (See
illustration 4.2-109); proof of a certain balance within the community despite the existing
difference with the number of species for the Phyllostomidae family. Although, in spite of the fact
that there was no considerable diversity and richness of species in the area compared to other
areas in the neo tropics (Pozo de la Tijera & Escobedo-Cabecera, 1999, Riechers-Pérez, 2004,
Espinoza-Medinilla et al 2004), within the studied area still maintains good quality of the ecological
conditions.
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Sciuridae, 1 Aotidae, 1

T Atelidae, 2

Procyonidae, 1 .
Bradypodidae, 1

Callithrichidae, 1

Cervidae, 1
Phyllostomidae, 12
7 Cricetidae, 1

Cuniculidae, 1

LDasypodidae, 1
Didelphidae, 1
Emballonuridae, 1

AL | \_ Felidae,
Leporidae, 1

eteromyidae, 1

lllustration 4.2-110. Wealth of species for each family of registered mammals.
Source: INGEX; 2016.

4.2.4.2.3 Plant cover wealth

The richness in all the taxonomic levels behaved in a similar way, being the dense forest coverings
low (3.1.1.2.1) those that presented greater richness in species (X2 = 12.5897, p = 0.005) and in
families (X?=9.2857, p=0.02) in comparison with the other plant covers (Vsb, Dut and Cg), within
which no significant differences were found (X?=1.3, p=0.52). (See lllustration 4.2-110). Although
mammals are not distributed homogeneously in the country, they do have a certain preference to
inhabit within forest cover where basic requirements such as food, habitat, displacement, among
others, are met (Alberico et al 2000). Additionally, the sampling effort focused on forest cover,
which also represents the difference in richness between the different plant structures (See
Illustration 4.2-110).

On the other hand, the covering with the greatest anthropic impact, as in the case of clean
grasslands (2.3.1), discontinuous urban traffic (1.1.2)