
 

          COLEGIO  DE  POSTGRADUADOS 
                       INSTITUCIÓN DE ENSEÑANZA E INVESTIGACIÓN EN CIENCIAS  AGRICOLAS 

 
 

CAMPUS MONTECILLO 
 

POSTGRADO EN HIDROCIENCIAS 
 
 
 

ECTOMICORRIZAS, HUMEDAD Y DEPÓSITO DE NITRÓGENO EN 
PINOS DE INVERNADERO Y EN BOSQUES ALEDAÑOS A LA 

CIUDAD DE MÉXICO 
 
 
 

VICTOR MANUEL PEREA ESTRADA 
 
 
 

T  E  S  I  S 
 

PRESENTADA COMO REQUISITO PARCIAL 
PARA OBTENER EL GRADO DE: 

 
 
 

DOCTOR EN CIENCIAS 
 
 
 
 
 
 
 
 
 

MONTECILLO, TEXCOCO, EDO. DE MÉXICO 
2009 



La presente tesis, titulada: ECTOMICORRIZAS, HUMEDAD Y 
DEPÓSITO DE NITRÓGENO EN PINOS DE INVERNADERO Y EN 
BOSQUES ALEDAÑOS A LA CIUDAD DE MÉXICO, realizada por el 
alumno: Víctor Manuel Perea Estrada, bajo la dirección del Consejo 
Particular indicado, ha sido aprobada por el mismo y aceptada como requisito 
parcial para obtener el grado de: 
 

DOCTOR EN CIENCIAS 
HIDROCIENCIAS 

 
CONSEJO PARTICULAR 

 
 

CONSEJERO:             
                                                       DRA. MA. DE LOURDES DE LA I. DE BAUER 
 
 
 
DIRECTOR DE TESIS:   
                                                       DR. JESÚS PÉREZ MORENO 
 
 
 
ASESOR:                               
                                                       DR. LUIS VILLARREAL RUIZ 
 
 
 
ASESOR:                               
                                                       DR. ANTONIO TRINIDAD SANTOS 
 
 
 
ASESOR:                               
                                                       DR. LEONARDO TEJIRINA CHÁVEZ   
 
 
 
ASESOR:                           
                                                       DR. VICTOR MANUEL CETINA ALCALÁ 

 
 
 

Montecillo, Texcoco, México, julio de 2009 



ECTOMICORRIZAS, HUMEDAD Y DEPÓSITO DE NITRÓGENO EN PINOS DE 
INVERNADERO Y EN BOSQUES ALEDAÑOS A LA CIUDAD DE MÉXICO 

!"#$%&'()*+,-'.,&,)'/0$&)1)2'3&4'

5%-,6"%'1,'.%0$6&)1+)1%02'7889'

Resumen 
 

/-'$&):);%'#%*0"0$"<',*'1%0'=)0,02'-)'>&"?,&)'=+,',*'"*@,&*)1,&%'A'-)'0,6+*1)',*'#)?>%4'/*'

"*@,&*)1,&%'0,',@)-+<'-)'"*=-+,*#")'1,'1%0'&,6B?,*,0'1,'C+?,1)1'1,-'0+,-%'DE8')'F88'A'G8'

)' H8' I' 1,' -)' #)>)#"1)1' ?JK"?)' 1,' &,$,*#"<*' 1,' )6+)' 1,-' 0+0$&)$%' L5(MNOPQ' A' -)'

"*%#+-)#"<*'#%*'$&,0'C%*6%0',#$%?"#%&&BR"#%0'#%?,0$":-,02'!"#"$%&'(0>>42')'**'+,'(0>>4'A'

-$'./$,0'( )==4( *,0"+"'2' )0B' #%?%' 0+0' "*$,&)##"%*,02' ,*' ,-' 1,0)&&%--%' 1,' 1%0' ,0>,#",0' 1,'

>"*%0S'1,0/2(3'4/$''O#C-4',$'5C)?(5(1,0/2(6'+47"8,,(T"*1-4'/*'-)0'>-)*$)0'1,'1,0/2(3'4/$''

"*%#+-)1)0' #%*'!"#"$%&'' 0>>42' ,-' &U6"?,*' 1,' C+?,1)1' 1,' E8' )' F88'I' 1,' -)' 5(MNO'

>&%1+;%'?)A%&'>,0%'0,#%'$%$)-'LGH'IP'A')-$+&)'L7V'IP',*'#%?>)&)#"<*'#%*',-'&U6"?,*'1,'

C+?,1)1'1,'G8')'H8'I'1,'-)'5(MNO4'/*'1,0/2(3'4/$'' "*%#+-)1%'#%*'!"#"$%&''0>>42')-'

)>-"#)&')-$)0'1%0"0'1,'=,&$"-"R)*$,'*"$&%6,*)1%'LFG8'W6'X'C)
YF
P2'0,')>&,#"<'+*')+?,*$%',*',-'

>,0%'0,#%'1,-'=%--);,'L79'IP2'#%?>)&)1%'#%*',-'$&)$)?",*$%'0"*'=,&$"-"R)*$,'*"$&%6,*)1%4'/*'

#%*1"#"%*,0' 1,' #)?>%' 0,' &,)-"R<' +*' )*J-"0"0' 1,' -)' &"Z+,R)2' 1"@,&0"1)1' A' ,0$&+#$+&)' 1,'

#%?+*"1)1,0'1,'C%*6%0',#$%?"#%&&BR"#%0')0%#")1)0')'-)0'&)B#,0'1,'1,0/2(6'+47"8,,',*'1%0'

:%0Z+,0' #%*' *"@,-,0' #%*$&)0$)*$,0' 1,' #%*$)?"*)#"<*' )?:",*$)-S' /-' .)&Z+,' X)#"%*)-' /-'

3,0",&$%'1,'-%0'T,%*,0'L3TP'#%*')-$%0'*"@,-,0'1,'1,><0"$%'1,'X'A'O'A',-'.)&Z+,'X)#"%*)-'

[%Z+")>)*'L[\]P'#%*':);%0'*"@,-,0'1,'1,><0"$%'1,'X'A'O4'O,',*#%*$&<'Z+,'-)'&"Z+,R)'1,'

,0>,#",0',*'[\]'=+,'1,'^7')*)$%$">%0'L>%0":-,0'$)K)P'?",*$&)0'Z+,',-'3T'0,',*#%*$&<'+*)'

&"Z+,R)'?,*%&' #%*' 0%-%' F_' )*)$%$">%04' /*' ,0$,' ,0$+1"%' 0,' ,*#%*$&<' +*)' &,1+##"<*' ,*' -)'

&"Z+,R)'1,',0>,#",0'1,'3T'#%*')-&,1,1%&'1,'V8I'#%?>)&)1%'#%*'[\]4''

Palabras clave: Ectomicorrízicos, hongos, humedad, nitrógeno, diversidad 

"""'

'



ECTOMYCORRHIZAE, HUMIDITY AND NITROGEN DEPOSITION IN 

PINES UNDER GREENHOUSE CONDITIONS AT FORESTS NEARBY 

MEXICO CITY 
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FMNOP@#,0#>+%01%&#)02.5+%-%&#.20#,ADA=EF:#&>>#8F5%-(2#G;T=;#U0#.201(%&1,@#,0#,+#.%&2#-,#
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!"#

#

$%&'()# *+# ,-./010,23+# ,-+# *4# 1562.*+# 7*# 8"# 0# 9"# :# 7*# 40# $%&'()# *+# /40+;0<#

2+-,=4070<#,-+#,898:;<=#<//>#?$=071-#@>!A#

#

!"#$%&' ()*)# (26+2B2,0+,20# C# *+# D0120E4*<# 7*4# ,1*,2.2*+;-# 7*##>?@A) B=C@:=# F##>?@A) D=ECF8G>># *+#
72D*1<-<# ;10;0.2*+;-<# 7*# G=.*707)# +2;136*+-# *# 2+-,=40,23+# *,;-.2,-11HI2,0# *+# ,-+72,2-+*<# 7*#

2+D*1+07*1->#

Tratamientos  gl PSF  PSR PST  ALT  DIAM  NRC  

   Pr > F      

E 1     0.2071     0.5429     0.6575     0.7251     0.2866   < 0.0001** 

H 1  < 0.0001**  < 0.0001**  < 0.0001**  < 0.0001**  < 0.0001**   < 0.0001** 

P 1  < 0.0001**  < 0.0001**  < 0.0001**  < 0.0001**  < 0.0001**   < 0.0001** 

I 3  < 0.0001**  < 0.0001**  < 0.0001**  < 0.0001**  < 0.0001**   < 0.0001** 

N 2     0.0315*     0.9334     0.195     0.4987      0.779      0.7516 

E x H 1     0.2058     0.5481     0.2742     0.3486      0.0971      0.5631 

E x P 1     0.7079     0.6948     0.6499     0.2746      0.8795      0.6887 

E x I 3     0.3082     0.0031**     0.0979     0.214      0.9909      0.1466 

E x N 2     0.6992     0.8344     0.7308     0.6473      0.371      0.0451* 

H x P 1     0.0005**     0.0174*     0.0015**  < 0.0001**      0.1774   < 0.0001** 

H x I 3  < 0.0001**  < 0.0001**  < 0.0001**     0.0006**      0.1684   < 0.0001** 

H x N 2     0.3081     0.5471     0.3571     0.3098      0.4533      0.1954 

P x I 3  < 0.0001**     0.0006**  < 0.0001**  < 0.0001**      0.3957      0.0025** 

P x N 2     0.0675     0.4042     0.1411     0.6172      0.3392      0.268 

I x N 6     0.0048**     0.2673     0.053*     0.3037      0.3442      0.009** 

E x H x P 1     0.7497     0.124     0.386     0.6375      0.8861      0.3087 

E x H x I 3     0.6359     0.3005     0.4154     0.7071      0.2233      0.0014** 

E x H x N 2     0.2656     0.7412     0.3834     0.0591      0.0104*      0.4989 

E x P x I 3     0.1846     0.0656     0.1762     0.1486      0.6633      0.3042 

E x P x N 2     0.2552     0.9503     0.5081     0.7895      0.6767      0.9373 

E x I x N 6     0.0073**     0.0125*     0.0085**     0.0175*      0.0364*      0.9878 

H x P x I 3     0.0038**     0.0616     0.0068**     0.0023**      0.5354   < 0.0001** 

H x P x N 2     0.6485     0.7663     0.6575     0.2246      0.0005**      0.0332 

H x I x N 6     0.0679     0.1809     0.1102     0.1817      0.3823      0.5557 

P x I x N 6     0.1766     0.7326     0.6543     0.6516      0.2007      0.5002 

E x H x P x I 3     0.6564     0.6511     0.9924     0.8091      0.6611      0.0018** 

E x H x P x N 2     0.1411     0.2475     0.1613     0.0628      0.3912      0.61 

H x P x I x N 6     0.14     0.7345     0.3545     0.3004      0.2807      0.7511 

E x P x I x N 6     0.0196**     0.0061**     0.0061**     0.1555      0.1752      0.7886 

E x H x I x N 6     0.5578     0.3821     0.5725     0.3983      0.3394      0.7198 

E x H x P x I x N 6     0.3237     0.6559     0.425     0.0546*      0.7048      0.1556 

J# K# *<;*1242I0,23+# 7*4# <=*4-)# L# K# G=.*707)# M# K# *</*,2*# 7*# /2+-)# N# K# 2+-,=40,23+# ,-+# G-+6-<#

*,;-.2,-11HI2,-<)#O#K#B*1;242I0,23+#+2;1-6*+070>##M(C#K#/*<-#<*,-#7*4#B-440P*)#M(&#K#/*<-#<*,-#7*#40#

10HI)#M(Q#K#/*<-#<*,-#;-;04)#'RQ#K04;=10#7*#40<#/40+;0<)#SN'#K#72T.*;1-#7*4#;044-#F#O&$#K#+U.*1-#

7*#10H,*<#,-1;0<>#

#

#

#

#
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          Variables                                                               Tratamientos 

 T               L H    C 

Pinus patula     
Peso seco total  (mg)  
     Suelo estéril  251 a 658 a 992 a 180 b 
     Suelo no estéril 286 a 669 a 878 a 312 a 
Peso seco del follaje (mg)     
     Suelo estéril 126 b 395 a 632 a 72 a 
     Suelo no estéril 174 a 441 a 570 a 121 a 
Peso seco de la raíz (mg)     
     Suelo estéril 125 a 263 a 359 a 107 b 
     Suelo no estéril 111 a 227 a 308 a 199 a 
     
Altura (cm)  

     Suelo estéril 5.85 a 8.58 a 9.16 a 6.88 a 
     Suelo no estéril 6.02 a 7.73 a 9.94 a 6.19 a 
     
Diámetro (mm)  

     Suelo estéril 1.25 a 1.46 a 1.60 a 1.29 a 
     Suelo no estéril 1.26 a 1.42 a 1.59 a 1.16 a 
     
Número de raíces cortas  
     Suelo estéril 293.11 a 373.89 a 504.44 a 256.27 a 
     Suelo no estéril 218.44 a 368.83 a 365.91 b 243.33 a 
     
Pinus hartwegii     
Peso seco total  (mg)  

     Suelo estéril 194 a 242 a 579 a 235 a 
     Suelo no estéril 172 a 317 a 540 a 220 a 
Peso seco del follaje (mg)     
     Suelo estéril 118 a 142 a 306 a 107 a 
     Suelo no estéril 105 a 189 a 324 a 93 a 
Peso seco de la raíz (mg)     
     Suelo estéril 79 a 98 a 273 a 127 a 
     Suelo no estéril 63 a 127 a 215 a 134 a 
     
Altura (cm)  

     Suelo estéril 1.78 a 2.03 a 2.20 a 1.87 a 
     Suelo no estéril 1.65 a 1.95 a 2.16 a 1.90 a 
     
Diámetro (mm)  

     Suelo estéril 0.079 a 0.098 a 0.273 a 0.127 a 
     Suelo no estéril 0.063 a 0.127 a 0.215 a 0.134 a 
     
Número de raíces cortas  

     Suelo estéril 208 a 190 a 285 a 196 a 
     Suelo no estéril 122 b 171 a 242 a 123 b 

<=# $*+-.+&# &2-# 2-'(0*+1/# >=$*+-.+&# 2-'(0*+)+&# ('-# ':DD:?C:) &,,8/# ?=$*+-.+&# 2-'(0*+)+&# ('-#
,AEA=FG:)&,,;/#@=$*+-.+&# 2-'(0*+)+&#('-#!=:H<=CI:)DCIA?A:/# #AB=#A0%*'#%&.C12*/#ADB=#A0%*'#-'#
%&.C12*;#E+*'1%&#('-#*+#42&4+#*%.1+#)%-.1'#)%#(+)+#F+12+G*%#&'-#290+*%&#)%#+(0%1)'#('-#*+#,10%G+#)%#

('4,+1+(26-#)%#4%)2+&#)%#<0H%5#I$J";"KL/#-=MN;#

'
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1*# /-&# =/-.6-&# 5# /%&# 28+,%%,0-.8&2%&# 1*/# &)*/%3# 5-# ()*# *&6%&# 0*.*,-/2*.6*# &%.# 2<&#

&*.&8'/*&#-#/%&#+-2'8%&#-2'8*.6-/*&#*.#,*/-+8?.#-#/%&#-.82-/*&#5#/%&#G)2-.%&#AH*..)-.)/0I3#

JKKJL# JKKML# # N*,.<.1*4OP*Q*1-# 5# 1*# R-)*,# ST"TDI# $%&# 18?;81%&# 1*# @# A@BJD# &%.#

18,*+6-2*.6*# *28681%&# =%,# /%&# >*GU+)/%&# 1*# +%2')&68?.# 8.6*,.-3# 5# Q)*0-.# ).# 82=%,6-.6*#

=-=*/#*.#/-#=,%1)++8?.#1*/#BCI#V*.6,%#1*#18+G%&#+%2=)*&6%&#*/#2<&#E,*+)*.6*#*&#*/#?;81%#

.U6,8+%# A@BDI#$-&#2-5%,*&# E)*.6*&# 1*# *28&8%.*&# 1*#@B# &%.# /%&# >*GU+)/%&# ()*# +%.&)2*.#

0-&%/8.-#5#18*&*/3#-&U#+%2%#/-#()*2-#1*#+%2')&68'/*&#*.#/-#8.1)&6,8-#-&U#+%2%#*/#0-&#1*#)&%#

1%2:&68+%# AR,->%OW/>-,*4# 5# P%,,*&OX-,1?.3# JKKJDI# Y/# 1*=?&86%# 1*/# @# =)*1*# =,%>%+-,#

/8;8>8-+8?.#1*#@BC
O#*.#/-&#-0)-&#&)'6*,,<.*-&#5#,U%&3#=:,181-#1*#.)6,82*.6%&#+-68?.8+%&#*.#

/%&#&)*/%&#E%,*&6-/*&3#8.+,*2*.6%#*.#/-&#*28&8%.*&#1*#?;81%#.86,%&%#A@JBD#-#/-#-62?&E*,-#=%,#

.86,8E8+-+8?.# 5# 1*&.86,8E8+-+8?.3# 1*&'-/-.+*# .)6,82*.6-/# ()*# ,*1)+*# */# +,*+828*.6%# 5# >80%,#

-,'?,*%# ()*# +%.&*+)*.6*2*.6*# -)2*.6-# &)# &*.&8'8/81-1# -/# -6-()*# 1*# -0*.6*&# =-6?0*.%&#

AZ'*,#-.)/0I3#STT"L##H*..#*.)/0I3#STT"DI#

##

Y/#%4%.%#*&#).#+%.6-28.-.6*#&*+).1-,8%3# E%,2-1%#=%,#,*-++8%.*&#E%6%()U28+-&#+%2=/*Q-&#

1*#+%.6-28.-.6*&#=,82-,8%&#A@BD#*28681%&#18,*+6-2*.6*#-#/-#-62?&E*,-#()*#,*-++8%.-.#+%.##

+%2=%.*.6*&# >%/<68/*&# %,0<.8+%&# *.# =,*&*.+8-# 1*# /-# /)4# &%/-,# AR,->%OW/>-,*4# 5# P%,,*&O

X-,1?.3#JKKJDI#Y/#BC#*&#6%2-1%#=%,#/%&#*&6%2-&#1*#/-&#=/-.6-&#5#=)*1*#-E*+6-,#18,*+6-2*.6*#

>-,8%&#=,%+*&%&#E8&8%/?08+%&#8.+/)5*.1%#-()*//%&#()*#*&6<.#,*/-+8%.-1%&#18,*+6-2*.6*#+%.#/-#
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$%&'()*+,+'-'.# $&%# /0/1$2&# 2-# -)*+,+'-'# 3&*&4+5*6*+)-# /5# 2-4# 7&0-4# 89%*:;<=-%):-# -.) /0>.#

?@@?A># B2# &;&5&# )-(4-# 4:5*&1-4# *:$+)&4# '/# '-C&# /5# D&4E(/4# '/# #1234) 5/6.7-811# F+5'2>#

8G%($-#H#'/#I-(/%.#J"KLM#N+22/%#-.)/0>.#?@@?A#H#"91-4)6-0181:4/#O)72>#1+41&4#E(/# 3(/%&5#

%/$&%*-'&4#$&%#$%+1/%-#,/;#/5#2&4#-C&4#P@Q4#/5#/2#R-%E(/#S-)+&5-2#T/4+/%*&#'/#2&4#F/&5/4#

'/#2-#U+('-'#'/#N6V+)&#8W2,-%-'&#H#X/%5Y5'/;.#?@@?M#'/#I-(/%#-.)/0;<#J"PZA>#

##

F-# 1-H&%:-# '/# 2-4# $2-5*-4# ,-4)(2-%/4# 8=+15&4$/%1-4# H# W5[+&4$/%1-4A# 4&5# 7&4$/'/%&4#

&D2+[-'&4# '/# 4+1D+&5*/4#1(*(-2+4*-4# )&1&# 2&4# 7&5[&4# /)*&1+)&%%:;+)&4.# 2&4# )(-2/4# 4+%,/5#

)&1&#(5#,/7:)(2&#$-%-#*%-543/%+%#1+5/%-2/4#H#3&%1-4#&%[Y5+)-4#$%+5)+$-21/5*/#'/#R#H#S#'/2#

4(/2&#-#2-#$2-5*-#8O1+*7#H#\/-'.#?@@PA>#T+)7&4#7&5[&4#3-)+2+*-5#/2#)%/)+1+/5*&#H#'/4-%%&22&#

'/#2-#$2-5*-#7&4$/'/%-#-2#1/0&%-%#4(#*&2/%-5)+-#-2#/4*%64#7:'%+)&#H#-#2&4#-[/5*/4#$-*][/5&4#

'/2#4(/2&M#3-,&%/)+/5'&#4(#-'-$*-)+]5#-#4(/2&4#4-2+5&4#H#)&5*%+D(H/5'&#/5# 2-#'+41+5()+]5#

'/# 2-# /%&4+]5#'/2# 4(/2&# -2#1&'+3+)-%# 4(# /4*%()*(%-.#1/'+-5*/# 2-# 3&%1-)+]5#'/# -[%/[-'&4#H#

/4*-D+2+;-5'&# 2-4# $-%*:)(2-4# '/2# 4(/2&# 8OH2,+-# -.) /0># J"""M# I&[/-*<^%+D&(2&*# -.) /0>.# ?@@!M#

R+&*%&_4`+# -.) /0>.# ?@@PA># W'/1Y4.# 2-4# 7+3-4# '/# 2&4# 7&5[&4# BUN# )-$*(%-5# H# *%-543+/%/5#

/2/1/5*&4#5(*%+*+,&4#7-)+-#2-4#$2-5*-4#'/4'/#4+*+&4#E(/#5&#-2)-5;-5#-#4/%#/V$2&%-'&4#$&%#2-#

%-:;.# 2&# E(/# +5)%/1/5*-# 4(# 4($/%,+,/5)+-# -2# 4/%# *%-543/%+'-4# '/# +5,/%5-'/%&4# -2# )-1$&.#

3-,&%/)+/5'&#2-#%/)($/%-)+]5#'/#4(/2&4#'/[%-'-'&4#8N&2+5-#-.)/0)?@@ZM#R-%2-'6#-.)/0;)?@@!M#

\+5)]5# /*) /0># ?@@JA># O+5# /1D-%[&.# -2[(5&4# -(*&%/4# 7-5# %/$&%*-'&# /2# '/*/%+&%&# '/# 2-4#

)&1(5+'-'/4# '/# 7&5[&4# 1+)&%%:;+)&4# /5# [/5/%-2# $&%# 2-# )&5*-1+5-)+]5# -1D+/5*-2M#

&D4/%,Y5'&4/# /5# /2# )-4&# '/# /4$/)+/4#BUN.#'/)%/1/5*&4# /5# 2-# $%&'())+]5# '/# /4$&%&1-4.#

%+E(/;-# '/# /4$/)+/4.# )&1$&4+)+]5# H# /4*%()*(%-# '/# )&1(5+'-'/4.# '/D+'&# -2# '/$]4+*&# '/#S#

-*1&436%+)&#8R+*/%#-.)/0;<?@@JM#B'_-%'4#-.)/0;#?@@!M#U-%3%-/#-.)/0;.#?@@LA>#W2[(5&4#-(*&%/4#
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#

$%&# '()*+,&-%'(# .*,# /(0# $(&1(0# 2345# 6*,',&# 0,7# # 8&$898'(0# 6(7# %/-(0# &8:,/,0# ',# ;5#

',&(+8&<&'(/(0# =&8-7(>?98)(0@# AB7&(/'05# CDDC5#E7%&'7*'5# CDD!#F#G8//,0H(:# -.) /0I# J""JKI#

2&-7,#/(0#1L&,7(0#',#$(&1(0#234#+<0#0,&089/,0#.*,#0,#$%&#7,6(7-%'(#%#/%#>,)$%#F#.*,#0,#

$%&# 7,180-7%'(# 6(7# /%# 67,0,&)8%# ',# 0*0# ,06(7(+%0# -,&,+(0# %# %12345056/7) '/3./1289# F#

:-;-056/# AG8//,0H(:# -.) /0I5# J""CKI# 2&# -%&-(# "6<42=-6/) ;>9952?-95# !51.2=/1289) 066I5#

#205?-16/#066I#F#%56-=.-00/#066I5#.*,#>*,7(&#',-,)-%'(0#,&#0*0#7%M),0#)(7-%0#F#+,'8%&-,#,/#

7,180-7(#',#0*0#,06(7(+%0#AG8//,0H(:#-.)/0I5#J""JKI#N(7#(-7%#6%7-,5#/(0#-%O%#+8)(77MP8)(0#.*,#

0(&#+<0#-(/,7%&-,0#%/#;#0(&#//%+%'(0#=&8-7(>M/8)(0@#F#,&-7,#/(0#.*,#0,#8&)/*F,&#%#,06,)8,0#

.*,# 67('*),&# ,06(7(+%0# ,&# ,/# 1L&,7(# !/=.4/1-00895# %0M# )(+(# ,&# '/3./1289) .4-25@/0895#

'/3./1289)18A897)'/33/12/)066B7)#/C20089)2=D508.897):>@15<45189)502D/3-5/0;89#F#%>059<51/)

A2;120059/7) AE7%&'*'#CDD!Q#G8//,0H(:#-.) /0I5# J""CK# F#%56-=.-00/) 98;020/32=/# F#%4-0-<451/)

.-11-9.129#AG8//,0H(:#-.)/0B7#J""JK#.*,#+8)(778P%7(&#/%0#7%M),0#)(7-%0I##

#

N(7#(-7%#6%7-,5#R7,9,&)#-.)/0I# AJ""SK# 7,6(7-%&#.*,# /%# ,O6(08)8?&#%#%/-(0#&8:,/,0#',#(P(&(#

6*,',#8&'*)87#)%+98(0#,&# /%#,0-7*)-*7%#',#/%0#)(+*&8'%',0#',#$(&1(0#2345#%>,)-%&'(#/%#

)(+6(08)8?&#',#,06,)8,0#F#0*#%9*&'%&)8%#7,/%-8:%I#T(-$#F#U%$,F#ACDDVK#(90,7:%7(&#.*,#/%#

)(+6(08)8?&#',# /%0#)(+*&8'%',0#234#>*,7(&#%>,)-%'%0#6(7# /%# //*:8%#<)8'%Q#+8,&-7%0#.*,#

W8+)-.)/0B#AJ""XK#+,&)8(&%&#.*,#/(0#+,-%/,0#6,0%'(0#-%+98L&#6('7M%&#'%Y%7#,/#',0%77(//(#

',#/%0#,)-(+8)(778P%0I##

#

N(7# (-7(# /%'(5# TF18,Z8)P# F# B&',70,&# ACDD[K# (90,7:%7(&# .*,# %/# ,/,:%7# ,/# &8:,/# ',# 3\J#

%-+(0>L78)(# 9%](# )(&'8)8(&,0# ,O6,78+,&-%/,05# 0,# %/-,7%9%# /%# +8)(778P%)8?&I# R%7)M%# -.) /0B##

AJ""VK#,O%+8&%7(&#/%#7,06*,0-%#',#/%#+8)(778P%)8?&#,&#*&#9(0.*,#)(&#08-8(0#,O6,78+,&-%/,0#
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$%# &'#(# %)# $*+(%,-.# /#(0),%)*$.1# 203.# 4)0# 5.)5%),-05*6)# $%# 7''# 8(.9#(.9
:"#
$%# ;<7=#

.21%->+)$.1%#*)5-%(%),.1#$%9#"?@#%)#90#(*5.--*A05*6)=#203.#%9%>0$.1#)*>%9%1#$%#;<7B#C%#

*D409# (0)%-0=# E-%1%$%-# F7''?G# .21%->6# H4%# 90# 024)$0)5*0# $%# (*5.--*A01# 04(%),6# %)# 4)#

I-.(%$*.# $%9# ?J@# 203.# %)-*H4%5*(*%),.# $%# ;<7B# # K)# L.-(0# 5.),-01,0),%# M0--%),# -.) /0B#

F7''NG#1%O090)#H4%#90#-*H4%A0#/#$*>%-1*$0$#$%#%1I%5*%1#).#1%#>*%-.)#0L%5,0$01#5.)#%9%>0$.1#

)*>%9%1# $%# ;<7=# I.-# 9.# H4%# %1,.1# *)>%1,*D0$.-%1# I-%$*5%)# H4%# %)# %9# 0O.# 7'!'=# 90#

5.(I.1*5*6)#/#90#%1,-45,4-0#$%#5.(4)*$0$%1#%5,.(*5.--PA*501#I.$-P0)#50(2*0-#1*#1%#1*D4%)#

*)5-%(%),0)$.#9.1#)*>%9%1#$%#;<7=#04)H4%#90#-*H4%A0#/#$*>%-1*$0$#).#1%#>%-P0#0L%5,0$0B#

##

K9#$%5-%(%),.#%)#90#$*>%-1*$0$#/#024)$0)5*0#$%#%1I.-.(01#$%#(05-.(*5%,.1#%)#K4-.I0#Q0#

1*$.#-%I.-,0$0#$%1$%#90#1%D4)$0#(*,0$#$%9#1*D9.#RR#FS-).9$1=#"TT"GB#C%10L.-,4)0$0(%),%#

90#024)$0)5*0#$%#9.1#%1I.-.(01#I.$-P0#).#,%)%-#(45Q0#-%905*6)#5.)#90#024)$0)5*0#-%90,*>0#

$%#.,-.1#5.(I.)%),%1#5.9.)*A0$.1#I.-#Q.)D.1#K;U#5.(.#901#-0P5%1#5.-,01#$%#9.1#+-2.9%1#

FV%Q-*)D#-.)/012# "TTWX# Y.)11.)#-.)/0B=# "TTTGB#Z-0*D%-#/#S9#[0/%DQ# F7''JG# -%I.-,0)#H4%# 90#

0I0-*5*6)#$%#%1I.-.(01#$%I%)$%#%)#14#(0/.-P0#$%#L05,.-%1#59*(+,*5.1#I-%1%),%1#0#9.#90-D.#

$%9#0O.#/#%),-%#0O.1X#1*)#%(20-D.=#901#-0P5%1#%5,.(*5.-*A0$01#%)#%9#14%9.#%1,+)#I-%1%),%1#%)#

5409H4*%-# \I.50# $%9# 0O.B# S$%(+1=# %1,.1# 04,.-%1# 1%O090)# H4%# 09D4)01# %5,.(*5.--*A01# 1.)#

L.-(0$01# I.-# Q.)D.1# 015.(*5%,.1# (*,.1I6-*5.1# *)50I05%1# $%# L.-(0-# %1,-45,4-01#

-%I-.$45,.-01#1%]409%1#.#%1I.-.(01B##

#

^*99%1_.>#-.)/0B#F7''7G#%)5.),-0-.)#H4%#%9#$%I61*,.#$%#`#I4%$%#-%$45*-#90#024)$0)5*0#$%#901#

-0P5%1# 5.-,01# (*5.--*A0$01B# K)# 4)# %]I%-*(%),.# $%# L%-,*9*A05*6)# 5.)# `# %)# 4)# 2.1H4%# $%#

[4*A0=#M%,%-#-.)/0B=#7''"#.21%->0-.)#H4%#90#0$*5*6)#$%#`#0L%5,6#90#$*>%-1*$0$#2010$0#%)#9.1#
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#

$%&'(')*%# +'()*,'%-# $.# /')&*(*/01.# /'.# 2*# ,03$(%0,*,# ,$# 2*%# (*4/$%# /'(5*%# 678# 9# 2*#

/')&'%0/01.#,$#$%&$/0$%#+:$#*+$/5*,*#*2#*,0/0'.*(#;<##

#

6.#8=>0/'#%$#?*.#($*20@*,'#*2A:.*%#0.3$%50A*/0'.$%#&($20)0.*($%#*2#($%&$/5'-#5*2#$%#$2#/*%'#

,$# B*%50*.# -.) /0<# CDEEFG# H:0$.$%# /')&*(*('.# 2*%# &'I2*/0'.$%# ,$# ?'.A'%# &'5$./0*2)$.5$#

%*&('I0'%#9#678#,$#5($%#%050'%#/'.#,0+$($.5$#A(*,'#,$#,$/20.*/01.#+'($%5*2#$.#:.#I'%H:$#,$#

"12-3) 4-025263/) ,$2# J$%0$(5'# ,$# 2'%# K$'.$%<# 6%5'%# 0.3$%50A*,'($%# $./'.5(*('.# H:$# $.# 2'%#

%050'%#/'.#)$.'(#,*L'#&($,')0.*I*.#2*%#$%&$/0$%#&'5$./0*2)$.5$#678-#)0$.5(*%#H:$#$.#2'%#

%050'%# )M%# ,*L*,'%# 2*# )*9'(4*# ,$# 2*%# $%&$/0$%# $./'.5(*,*%# +:$('.# %*&('I0*%<#

K*)$.5*I2$)$.5$#$.#,0/?'#$%5:,0'#.'#%$#$3*2:*('.#2'%#)0/'I0'.5$%#&($%$.5$%#$.#2*%#(*4/$%#

/'(5*%#,$2#'9*)$2-#/'.#2'#/:*2#%$#/'.+0()*(4*#&2$.*)$.5$#2*#($,://01.#,$#$%&$/0$%#678#&'(#

$+$/5'#,$#/'.5*)0.*.5$%#*5)'%+=(0/'%<##

#

N'(#5*2#)'503'-#$.#$2#&($%$.5$#5(*I*O'#%$#&2*.5$1#/')'#'IO$503'#$3*2:*(#/')&*(*503*)$.5$#

,:(*.5$#,'%#$%5*/0'.$%#C'5'L'#9#3$(*.'G#$.#,0+$($.5$%#*L'%#C"PPQ#9#"PPRG-#2'%#/*)I0'%#$.#2*#

(0H:$@*# ,$# $%&$/0$%-# ,03$(%0,*,-# /')&'%0/01.# 9# $%5(:/5:(*# ,$# /'):.0,*,$%# ,$# ?'.A'%#

$/5')0/'((0@4/'%#$.#2*%#(*4/$%#,$##2783)9/4.:-522#$.#,'%#I'%H:$%#/$(/*.'%#*#2*#70:,*,#,$#

8=>0/'# CN*(H:$# S$/($*503'# 9# 7:25:(*2# 62# J$%0$(5'# ,$# 2'%# K$'.$%# 9# N*(H:$# ;*/0'.*2#

T'H:0*&*.G# /'.# ($&'(5$%# &($30'%# ,$# &($%$.5*(# ,0+$($.5$%# .03$2$%# ,$# ,$&1%05'# ,$# ;#

*5)'%+=(0/'#9#'5('%#/'.5*)0.*.5$%#&*(*#/'.'/$(#%:#&'%0I2$# 0)&*/5'#%'I($# 2*%#&'I2*/0'.$%#

,$#?'.A'%#678#H:$#/($/$.#$.#2*%#(*4/$%#,$)#;)9/4.:-522#<#

!
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$%&#'%&#&()(%&#*&)+'(,'%&#&*#*-.+*-)/,-#+0(.,'%&#*-#1,#2+*-.,#'*1#3,11*#'*#456(.%#78(9+/,#

:;<=#>#)(*-*-#'(?*/*-)*&#-(@*1*&#'*#'*AB&()%#'*#C#,)D%&?5/(.%#78*--#-.)/0;#<EEE=;##

#

7<=#F1#G,/H+*#I*./*,)(@%#>#2+1)+/,1#F1#J*&(*/)%#'*#1%&#$*%-*&#7J$=#)(*-*#,1)%&#-(@*1*&#'*#

.%-),D(-,.(B-# ,)D%&?5/(.,# ># &*# 1%.,1(K,# *-# '(/*..(B-# '*# 1%&# @(*-)%&# '%D(-,-)*&# '*# 1,#

2(+','#'*#456(.%#7LM+/*9+(N#OPPO=N#,#+-,#,1)()+'#'*#"N"O!#D#&;-;D;N#>#9*%9/M?(.,D*-)*#*&)M#

+0(.,'%#,#<EQ#:OR#PPRR#'*# 1,)()+'#C%/)*#>#EEQ#O!R#PPRR#'*# 1%-9()+'#S*&)*#7J,)%&# )%D,'%&#

.%-#+-#TGUN#TVI4WC
X
=;#F-#+-#*&)+'(%#/*,1(K,'%#*-#<EEYN#8*--#-.)/0;N#7<EEE=#/*A%/),/%-#

-(@*1*&#'*#'*AB&()%#'*#<Z;!#[9#C#\,
]<#
,^%

]<
#>#OP;:#[9#U#\,

]<#
,^%

]<
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7O=# F1# G,/H+*#C,.(%-,1# _%H+(,A,-# 7_S`=# &*# 1%.,1(K,# ,# +-,# ,1)()+'# '*# "N"!P#D# &;-;D;N# >#

9*%9/M?(.,D*-)*# *&)M# +0(.,'%# ,# <EQ#OPR# PPRR#'*# 1,)()+'#C%/)*# ># '*#EZQ#:OR# PPRR# 1%-9()+'#
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#
 Unidad Desierto de los 

Leones 
Zoquiapan 

Datos climatológicos     
   Clima  Cw Cw 

   Temperatura media anual °C 12 12 
   Temperatura mínima promedio °C 2 2 
   Temperatura máxima promedio °C 20 25 
   Temperatura mínima extrema °C -5 -9 
   Temperatura máxima extrema °C 26 34 
   Precipitación media anual  mm 1100 700 
   Días de lluvia al año   120 80 
   Intensidad media de precipitación en 24 horas  mm 80 60 
Datos del suelo    
*Fase física   Lítico Lítico 
Clase textural  Andosol húmico- 

Mediano del tipo 
migajón 

Andosol húmico- 
Mediano del tipo 

migajón 
   MO % 7.8 13.43 

?-64/@6+# ABCCBD#,/2)+'2%# 56/# /*# &+='# 0/# )*+,%# =%4%# /(&'(# (+&+'(# /(# 9E# F# )*+,%# &/,=*%0'# (6GHIJ,/0'# 0/#

%)6/40'#%# *%# )*%(+1+)%)+K2#62+8/4(%*#)*+,-&+)%#0/#LM/==/2# ANOBPD>#:%# &/,=/4%&64%#.# *%#=4/)+=+&%)+K2# 16/4'2#

&',%0%(#0/#*%(#;'4,%*/(#)*+,%&'*K@+)%(#0/*#Q/48+)+'#R/&/'4'*K@+)'#;%)+'2%*#=%4%#/*#=/4+'0'#0/#NO!N#I%(&%#

NOSCT# U9%4&%# /0%1'*K@+)%# NV!CTCCC# Q/)4/&%4W%# 0/# 34'@4%,%)+K2# .# 34/(6=6/(&'># :%# )*%(/# &/X&64%*# .# *%#RY#

A,%&/4+%#'4@-2+)%D#16/4'2#&',%0%(#0/#3/4/%HZ(&4%0%#ABCCPD>#
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='G*%)+'2/(# .# &+='(# 0/# I-G+&%&(a# %0/,-(# 0/# 56/# (/# =+/40/# ,/2'(# &+/,='# /2# /*#
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)'(.-,'.&&*<,'.+#7)9#=%&>4)#?)'&)%(,:.#3#$49(4&%9#)9#@)+,)&(.#7)#9.+#A).1)+#3#)9#=%&>4)#B%',.1%9#

C.>4,%5%1D#
    % AR 

Clave de 

identificación Manto Color Forma DL ZOQ 

        sp.6¶ G Negro Monopodial 13.01 12.77 
        sp.22 E Amarillo Irregular-Pinada 11.35 - 
        sp.27 M Anaranjado Dicotómica 6.24 - 
        sp.9 B Amarillo-claro Dicotómica - 5.61 
        sp.26 M Café Irregular-Pinada 4.90 - 
        sp.10 N Café Monopodial - 4.28 
        sp.14 E Rosa Dicotómica - 3.18 
        sp.28 I Blanco Dicotómica 3.06 - 
        sp.32 N Anaranjado Dicotómica 3.00 - 
        sp.25 H Café-claro Dicotómica 2.55 - 
        sp.16 H Anaranjada Dicotómica - 2.47 
        sp.19 H Anaranjado Irregular-Pinada - 2.38 
        sp.29 I Rosa Irregular-Pinada 2.38 - 
        sp.38 L Café-claro Dicotómica - 2.20 
        sp.21 L Café Irregular-Pinada - 2.44 
        sp.20 H Rosa Dicotómica - 1.63 
        sp.15 N Aamarilla Dicotómica - 1.31 
        sp.43 H Café Dicotómica - 1.10 
        sp.11 C Rosa Monopodial - 1.01 
        sp.41 M Café Dicotómica - 0.98 
        sp.39 L Café Dicotómica - 0.95 
        sp.4 L Anaranjado Dicotómica - 0.95 
        sp.7  Anaranjado Dicotómica - 0.92 
        sp.31 L Café-obscuro Irregular-Pinada 0.89 - 
        sp.17 E amarilla Irregular-Pinada - 0.80 
        sp.13 E Naranja Dicotómica - 0.74 
        sp.31 L Café-obscuro Irregular-Pinada - 0.74 
        sp.8§ E Negro Monopodial - 0.62 
        sp.40 H Café Irregular-Pinada - 0.59 
        sp.18 L Anaranjado Dicotómica - 0.53 
        sp.1 H Amarillo Monopodial - 0.53 
        sp.42 H Rosa Dicotómica - 0.48 
        sp.2 M Amarillo Dicotómica - 0.45 
        sp.3 L Café-claro Pinada - 0.42 
        sp.5 Q Café-obscuro Monopodial - 0.33 
        sp.30 P Café-claro Coraloide 0.36 - 
        sp.36 M Café-obscuro Irregular-Pinada 0.21 - 
        sp.12 H Rosa Monopodial - 0.21 
        sp.51 I Café-obscuro Dicotómica - 0.21 
        sp.49 L Café Irregular-Pinada - 0.18 
        sp.48 P Café Irregular-Pinada - 0.18 
        sp.24 H Café Irregular-Pinada 0.18 - 
        sp.33 H Blanco Dicotómica 0.15 - 
        sp.37 H Café Irregular-Pinnada 0.15 - 
        sp.46 E Blanco Monopodial - 0.09 
        sp.44 L Café Coraloide - 0.06 
        sp.47 L Anaranjado Coraloide - 0.06 
        sp.34 I Blanco Dicotómica 0.06 - 
        sp.35 I Rosa Dicotómica 0.06 - 
        sp.45 Q Anaranjado Dicotómica - 0.03 
        sp.23 H Rosa Dicotómica 0.03 - 
        sp.50 P Café Irregular-pinada - - 
        sp.52 H Café Monopodial - - 

<=!!-./0/0012) 3-/456712E# >! =#!89/45/:8) %//;) <6.78.9608F#G%1(.# HI0J# &)/)&,7.+# 7)# %'4)&7.# %#
@)--3E# KLLMNF# @AO# =%&>4)# ?)'&)%(,:.# 3# $49(4&%9# )9# @)+,)&(.# 7)# 9.+# A).1)+F# CPJ# O# =%&>4)#

B%',.1%9# C.>4,%5%1F#Q#I?O# =.&')1(%6)# 7)# 9%# %8417%1',%# &)9%(,:%# 8%+%7%# )1# )9# 1R-)&.# (.(%9# 7)#

&%*')+#'.&(%+#S$GD#

# #
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Sitio y año ZOQ-2006 ZOQ-2007 DL-2006 DL-2007 
DL-2006 6.45 5.12 - 58.33 
DL-2007 5.12 9.30 58.33 - 

ZOQ-2006 - 60 6.45 5.12 
ZOQ-2007 60 - 5.12 9.30 
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Z)5&-31#/303/'%0,1'(/31#%12%/,L(/31#.%#)61#1('(61#.%#%1'&.(6#6=1%043.61#%-#>?@#8#I;#L&%06-#

)61# 1(5&(%-'%1[# )61# # 1&%)61# L&%06-# \/(.61# 2303# 37=61# )&530%1N# 1(-# %7=3056# 20%1%-'306-#

.(L%0%-/(31# 1(5-(L(/3'(431# %-# )3# /6-.&/'(4(.3.# %)9/'0(/3# 8# %)# /6-'%-(.6# .%# Y# 8# M:# $%#

6=1%04306-# 43)60%1# 7\1# 3)'61# %-# >?@# %-# /672303/(+-# /6-# I;:# ]12%/,L(/37%-'%# %-# )61#

1('(61#.6-.%#1%#0%3)(*+#%)#7&%1'0%6#%-#>?@#8#I;#20%.67(-3#%)#1&%)6#3-.616)ASQ7(/6#/6-#
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)%6'/*1.#/+.##%6#7*(*+#23#<;%#0)%7%.('#66;=*'7#(+))%./*'6%7#>#;.#&'>+)#.?&%)+#'6#'@+A#%.#%6#

23# ># 89:4# B;'.$+# 7%# )%'6*C')+.# 6'7# )%,)%7*+.%7# 6*.%'6%7# $%# 6+7# D'/+)%7# $%# 0EA# B5A#F#

E;&%$'$A# G# ># H# %.# )%6'/*1.# /+.# %6# .?&%)+# $%# )'I/%7# /+)('7# 5BJ# =*='7# ># &;%)('7# .+#
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5464!('+"%+'7&!

$%# &'(&# ()*+*,-# '&# )&.-%-./&)-%# 0%# (-(*1# 2&# 34# 5-)6-7*%*(-(/8-'# &%# 1-'# +-'90&'# 2&# #:)

-./012344# &%# ;<# =# >?@A# )&'01(*%2-# # /58-)(*%(&# 2&'(*.*)# 90&# &%#BCD/.-# &D/'(&%# 8-.-'#

()*+*,-'# )&1*./-%*2-'# .-%# &1# &'(02/-# 2&# 1*'# .-50%/2*2&'# 2&# E-%F-'# $GB# &%# 1*'# )*H.&'#

5/.-))/I*2*'#2&# 1-'#8/%-'#5&D/.*%-':#J&./&%(&5&%(&#K*12CI#20).5:# L4MM"N#8)&'&%(*)-%#0%#

/%(&)&'*%(&#&'(02/-#'-+)&#.-50%/2*2&'#&.(-5/.-))HI/.*'#&%##4678)9.:.;.6.#&%#+-'90&'#2&1#

'0)&'(&# 2&# BCD/.-A# +*,-# 2/6&)&%(&'# ()*(*5/&%(-'# '/1OH.-1*# LP)+-1&'# '&5/11&)-'A# P)+-1&'#

'&5/11&)-'#Q#60&F-A#.-%()-1N#&%#./%.-#.0*2)*%(&'#2&#R5#D#R#5#=#&%#1-'#90&#'&#)&F/'()*)-%#1*#

8)&'&%./*# 2&# ST# (*D*# 90&# 6-)5*)-%# &'8-)-5*'# L&%# )&*1/2*2# 60&)-%# SMA# =*# 90&# &%# 1*# 1/'(*#

*8*)&.&# !269;9;;7<) 329=-457<) 90&) &'# 0%# *'.-5/.&(-# 5/(-'8U)/.-N:# V2&5P'# 1-F)*)-%#

2/6&)&%./*)#S4#5-)6-(/8-'# WXY7JZ<[7(*D*#&%# 1*'# )*H.&'#2&##>)9.:.;.6.)90&#.-%()*'(*#.-%#

1-'# 34# )&F/'()*2-'# &%# &'(&# ()*+*,-# &%# #:) -./012344:# ;/.E-'# *0(-)&'# )&8-)(*)-%# 90&# TR#

5-)6-(/8-'# (0O/&)-%# 8*()-%&'# '/5/1*)&'# 2&# WXY7JZ<[# .-%# 1-'# &'8-)-5*'# -+'&)O*2-':# Y/%#

&5+*)F-A# 2*2-# 90&# 1*'# .-%.10'/-%&'# &'(0O/&)-%# +*'*2*'# 5*=-)5&%(&# &%# 1*# 8)&'&%./*7

*0'&%./*#2&#&'8-)-5*'\5-)6-(/8-'#=#%-#'&#8)&'&%(*)-%#2*(-'#.0*%(/(*(/O-'#2&#1*#&'()0.(0)*#

2&# .-50%/2*2&'A# %-# &'# 8-'/+1&# &'(*+1&.&)# 5*=-)&'# .-58*)*./-%&'# .-%# 1-'# 2*(-'# *90H#

8)&'&%(*2-':#

#

$%# )&1*./U%# *# 1-'# &,&)././-'# )&*1/I*2-'# 8*)*# 2&(&.(*)# &1# 5*=-)# %]5&)-# 2&# (*D*# 2&# 1*'#

.-50%/2*2&'# &'(02/*2*'# 5&2/*%(&# LTN# &1# &'(*+1&./5/&%(-# 2&# 50&'()&-'# &%# 2/6&)&%(&'#

&'(*./-%&'#2&1#*^-#=#L4N#&1#/%.)&5&%(*)#&1#&'60&)I-#2&#)&.-1&../U%#&%#&1#%]5&)-#50&'()*'#2&#

'0&1-#L2&#4T#*#_TN#&%#&1#'/(/-#.-%#5*=-)#)/90&I*#2&#&'8&./&'`#&%#&1#8)/5&)#.*'-#60&#8-'/+1&#

2&(&.(*)#0%#5*=-)#%]5&)-#2&#(*D*#$GB#50&'()&*%2-#&%#-(-^-#4MMR#=#O&)*%-#4MMa#=#*'H#
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$%&'()# (')&*+&)# ,-.# /(0*&-.# $1# )&2+$3(# 4$# $.5$/&$.# (,# 4$56.&'-# 4$#78# 5+4&914-.$# -*.$)%()#

2+$#.$#4$*&6#(#+1#$:$/'-#$.'(/&-1(,8#'(,#;#/-0-#<(#.&4-#)$5-)'(4-#5-)#=-&4$#-.)/01)>?""@A#;#

2+$# .$# 4&./+'&)B# 0B.# (4$,(1'$C# D&1# $0*()E-8# .$# 5+4-# -*.$)%()# 2+$# $,# /(0*&-# $1#

/-05-.&/&61#4$# '(F(#GHI#5()$/&6# .$)# &14$5$14&$1'$#(,# $:$/'-#$.'(/&-1(,# )$E&.')(4-#$1# ,(#

)&2+$3(#4$#'(F(C#G1#$,#.$E+14-#/(.-#1-#:+$#5-.&*,$#4$'$/'()#'$6)&/(0$1'$8#;#4$#(/+$)4-#(#,-.#

$.'&0(4-)$.# # J(/KK1&:$#4$#5)&0$)#;# .$E+14-#-)4$1# >L+)1<(0#(14#M%$)'-18# N!O!P#Q(,0$)#

N!!NA#+1#'$)/&-#4$#,-.#'(F(#5)$.$1'$.#$1#,(.#/-0+1&4(4$.#4$#<-1E-.#GHIC#Q-)#,-#'(1'-#$.#

&05-)'(1'$#<(/$)#1-'()#,(.#)$/-0$14(/&-1$.#4$#R&,,())$(,ST+&3#>?""UA#.-*)$#,(#&05-)'(1/&(#

4$#)$(,&3()#$.'+4&-.#5&,-'-.#-*.$)%(/&-1(,$.#5)$%&-.#$1#$.'$#'&5-#4$#$.'+4&-.8#5()(#$.'&0()#$,#

$.:+$)3-# 4$# )$/-,$//&61# 1$/$.()&-# $1# ,(# '-0(# 4$# 0+$.')(.# 2+$# 5-)# +1(# 5()'$# .$(1#

0(1$J(*,$.#4+)(1'$#.+#5)-/$.(0&$1'-#$1#$,#,(*-)('-)&-#;#2+$#(4$0B.#1-.#5$)0&'(1#4$'$/'()#

+1(#5)-5-)/&61#.&E1&:&/('&%(#4$#,-.#'(F(#GHI#5)$.$1'$.#$1#,(.#/-0+1&4(4$.#$.'+4&(4(.C##

##

V#5$.()#4$#,(#&05-)'(1'$#)&2+$3(#;#(,'(#4&%$).&4(4#4$#<-1E-.#GHI#2+$#.$#$1/+$1')(1#$1#,-.#

*-.2+$.# 1('+)(,$.# >VE$)$)8# ?""UP# W$<)&1E# -.) /0C8# N!!XP# L)+1.8# N!!YA8# ,-.# )$.+,'(4-.#

$1/-1')(4-.# $1# ,(# 5)$.$1'$# &1%$.'&E(/&61# &14&/(1# 2+$# $F&.'&$)-1# 4&:$)$1/&(.# $1# ,(#

/-05-.&/&61#;#+1(#*(J(#.&0&,()&4(4#4$#$.5$/&$.#$1')$#ZM[#;#\]C#8#,-#/+(,#5-4)^(#(')&*+&).$8#

/-1# ,(.# )$.$)%(.# 4$,# /(.-8# (# ,(.# 4&:$)$1/&(.# $1# 4$56.&'-# 4$#7# ('0-.:9)&/-# )$5-)'(4(.# 5-)#

_$11# -.) /0C# >N!!!A8# (+12+$# $F&.'$1# :(/'-)$.# 4$,# .&'&-# 2+$# 5+$4$1# /-1')&*+&)# /-1# $.'(.#

4&:$)$1/&(.#$1#,(#/-05-.&/&61#4$#'(F(#GHIC##

#

G1#,^1$(#/-1#,-.#)$.+,'(4-.#-*'$1&4-.#$1#$.'(#&1%$.'&E(/&618#Q$'$)#-.)/0C#>?""NA#$1/-1')()-1#

2+$#,(#(4&/&61#4$#7#'&$1$#$:$/'-.#$1#,(#/-05-.&/&61#4$#,-.#<-1E-.#GHI#(#1&%$,#4$#,(#)(^3C#
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$%&'%# ()*+%&(,-.'/+%# 0+)1(')-)# 23+# -4,3)-%# +%5+1(+%# $67# 5/+%+)&-/')# 1-08('%#

%(,)(9(1-&(*'%# +)# -83).-)1(-# .'%# -:'%# .+%53;%# .+# 4-# -.(1(<)# .+# =># ?'%# 1-08('%# 0@%#

%(,)(9(1-&(*'%# 93+/')# '8%+/*-.'%# +)# -.//.01) 01234351A# 23+# 93+# 3)-# .+# 4-%# +%5+1(+%# 0@%#

-83).-)&+%#-#)(*+4#.+#/-BC#-)&+%#.+#4-#-54(1-1(<)#.+#=#D#23+#.+1/+1(<#./@%&(1-0+)&+#+)#+4#

%+,3).'#-:'#.+%53;%#.+#4-#-54(1-1(<)#.+#+%&+#+4+0+)&'>#?'%#*-4'/+%#-4&'%#.+#+23(&-8(4(.-.#

+)#+4#%(&('#EFG#+)#+4#H4&(0'#-:'#().(1-)#23+#+4#)H0+/'#.+#0'/9'I-)-&'&(5'%#+)1')&/-.'%#+)#

+%&-#@/+-#+%#0-D'/#D#+%&@)#0+J'/#.(%&/(83(.'%>#?-#+23(.-.#*-/(<#.+5+).(+).'#.+#4-#4'1-4(.-.#

D#+K(%&(<#4-#.'0()-)1(-#.+#3)-#'#3)#)H0+/'#/+.31(.'#.+#0'/9'I-)-&'&(5'%#+)#+4#%(&('#L?>#

7-/,-4+9#M"!NOP#%+:-4-#23+#4-%#1'03)(.-.+%#1')#.'0()-)1(-#.+#3)-#<#5'1-%#+%5+1(+%#%')#

%(+05/+#1'03)(.-.+%#1')#5'1-#.(*+/%(.-.A#+K54(1@).'%+#4'%#*-4'/+%#/+4-&(*-0+)&+#8-J'%#.+#
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Parque Nacional Zoquiapan  
(otoño del  2006) 

Especie n Pi Pi*LnPi 

1 5 0.00572082 -0.02954029 

2 15 0.01716247 -0.06976596 

3 13 0.01487414 -0.06259234 

4 22 0.02517162 -0.09268288 

5 7 0.00800915 -0.03866155 

6 351 0.40160183 -0.366379 

7 31 0.03546911 -0.11843465 

8 19 0.02173913 -0.08323133 

9 43 0.04919908 -0.14818175 

10 4 0.00457666 -0.02465348 

11 34 0.0389016 -0.1263026 

12 7 0.00800915 -0.03866155 

13 25 0.02860412 -0.10166489 

14 89 0.10183066 -0.23262645 

15 5 0.00572082 -0.02954029 

16 29 0.03318078 -0.11300658 

17 27 0.03089245 -0.10742057 

18 15 0.01716247 -0.06976596 

19 73 0.08352403 -0.2073585 

20 38 0.04347826 -0.13632584 

21 22 0.02517162 -0.09268288 

Total 874 1 -2.28947934 
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Parque Nacional Zoquiapan  
(verano del  2007) 

Especie n Pi Pi*LnPi 

1 13 0.0151692 -0.063536 

3 1 0.0011669 -0.00788 

4 10 0.0116686 -0.051935 

5 4 0.0046674 -0.025051 

6 79 0.092182 -0.219761 

8 2 0.0023337 -0.014143 

9 146 0.1703617 -0.301512 

10 140 0.1633606 -0.295976 

14 18 0.0210035 -0.081138 

15 39 0.0455076 -0.140613 

16 54 0.0630105 -0.17419 

18 3 0.0035006 -0.019795 

19 7 0.008168 -0.039268 

20 17 0.0198366 -0.077764 

21 60 0.0700117 -0.186168 

31 25 0.0291715 -0.103109 

38 74 0.0863477 -0.211498 

39 32 0.0373396 -0.122761 

40 20 0.0233372 -0.087694 

41 33 0.0385064 -0.125413 

42 16 0.0186698 -0.074322 

43 37 0.0431739 -0.135675 

44 2 0.0023337 -0.014143 

45 1 0.0011669 -0.00788 

46 3 0.0035006 -0.019795 

47 2 0.0023337 -0.014143 

48 6 0.0070012 -0.034738 

49 6 0.0070012 -0.034738 

51 7 0.008168 -0.039268 

Total 857 1 -2.72390496 
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Parque Recreativo y Cultural el Desierto de los Leones 
 (verano del 2007) 

Especie n P1 Pi*LnPi 

6 269 0.35582011 -0.36767959 

22 34 0.04497354 -0.13949358 

23 1 0.00132275 -0.00876725 

24 6 0.00793651 -0.03838319 

25 83 0.10978836 -0.24254453 

26 154 0.2037037 -0.32411068 

27 99 0.13095238 -0.26621591 

28 22 0.02910053 -0.10292854 

29 80 0.10582011 -0.23767352 

30 8 0.01058201 -0.04813333 

Total 756 1 -1.77593012 
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Parque Recreativo y Cultural el Desierto de los Leones 
 (otoño del 2006) 

Especie n Pi Pi*LnPi 

 6 167 0.19042189 -0.31581722 

 22 348 0.3968073 -0.36677078 

 25 3 0.00342075 -0.01942267 

26 11 0.01254276 -0.05491987 

27 111 0.12656784 -0.2616128 

28 81 0.09236032 -0.22000762 

30 4 0.004561 -0.02458478 

31 30 0.03420753 -0.11546099 

32 101 0.11516534 -0.2489168 

33 5 0.00570125 -0.02945877 

34 2 0.0022805 -0.01387311 

35 2 0.0022805 -0.01387311 

36 7 0.00798176 -0.03855665 

37 5 0.00570125 -0.02945877 

Total 877 1 -1.75273395 
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