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RESUMEN

En esta tesis se anahzaron la dmamlca del C y N en macro- y micro-

agregados del suelo, el papel de la estructura de las cornumdades microbianas

en los procesos funcionales del sueio, en las dos fracciones de agregados y la

_dlstrlbumon espamal de las comumdades mlcroblanas del mismo, a una escala

- local.

- Los resultados mdlcan que la d1nam1<:a del C y N en macro- y micro-
,agregadas es diferente, encontrandose un t1po de C menos procesado y en
menor concentramon en los macro- agregados Asumsmo el nitrégeno presenta

“una redistribucién d1fc‘renc1a1 entre los dos tamafios de particulas, 81endok

mucho mas estable en los macroagregados

“En relac1on a las comumdades m1crob1anas estas son de naturaleza V

dlferente ‘en 1@5 dos tamanos de agregados, asi como ‘los procesos - de

- transformacwn de nutrlentes que realizan dentro de cada_fraccién/.- Los micro-

~agregados poseen una mayor proporCién' de organismos heterétrofos que

~;est1mu1an la mmowhzacmn del mtrogeno proteglendolo de su perd1da por

“hx1v1ac1on en la epoca mas humeda En contraste, en los macro agregados

o 'domman las bactenas nitrificantes.

Con respecto a la dlStI‘lbUClOl’l espacial encontramos que a una escala

' »local Ios organlsmos estud1adc>s presentan rangos de distribuciéon reducidos

~ con un alto porcentaje de endemmos valores de .d1ver81dad & entre 1-78 -1.9,

'fflcs cuales son mayo*fes a los que orlgmalmente se asumlan para estos

orgamsmos, una curva espec1c area”; en la que el numero de “especies” se

zlncrementa con el area muestreada y comunidades estructuradas 1oca1mente






ABSTRACT

In thls Work we Conducted an 1nvest1gat10n about C and N dynamics in -

soﬂ maero- and rmcro aggregates the role of soil - microbial community

. structure 1n these dynamms, and the spatlal d1str1but10n of soil m1crob1a1 5

‘ ‘.commumtles at a local scale.

We found that s011 C &; N dynarmcs and transformat1on ‘are dlfferent

w1th1n so11 macro— "and ‘micro- aggregates Maero aggregates posses lower

coneentratlons of C than ‘micro- aggregates and of less processed nature There

s also a dlfferentlal N redlstrlbutlon between the two soil fractions, bemg the N :

" w1th1n macro aggregates more stable than in micro- aggregates

‘, MlCI‘Oblal commun1t1es present in the two soil fracttons ‘are of dlfferent ‘
~nature and perform d1fferent nutrient transforrnatlon processes Micro-

N aggregates present a greater proportion of heterotroph1c organlsms which

j.estlmulate N 1mmobrhzat10n, avoiding its lost through hx1v1at10n during the
wettest perlod of the year. In eontrast, Wlthm maero.-aggregates n1tr1fy1ng

bacter1a are domlnant

In the case of microbial communities, we found hlghly struetured spee1es ‘
assemblages whtch showed high levels of beta dlver31ty and a non randomr

- nested pattern of dwersrty We demonstrate a non- ublqultous d1spersal for s011>

v prokaryotes Wthh suggest a eomplex bmgeography s1m11ar to that found for

terrestrlal vertebrates

[}
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" LAS BACTERIAS Y LOS ECOSISTEMAS |
Las bactemas juegan un papel relevante en la regulamon de la mrculacxon'
, de nutrlentes el ﬂujo de energla y la product1v1dad prlmana en los

"‘ecoswtemas tanto terrestres como acuatxcos (Paul & Clark 1989; Buckley &

B ; eSChmldt 2001 Hill et al., 2000; Wardle et al. 2004) Debldoasu d1vers1dad =

L metabohca estas pueden sobrevivir en practicamente todos los amblentes '

e tpresentan los orgamsmas macroscopmos (Finlay, 2002} Debldo a su caracter

b razones puramente estad1st1cas presentan altas tasas de mlgracmn y bajas

expierar y tratar de encontrar respuestas 'sobre 1a historia evolutlva de los

. existentes, 1nc1uyendo los extremos (Fulthorpe et al. 1998 Ward et al. 1998
‘ iNusslem &Tledje 1999; Staley & Gosmk 1999 Newman & Banﬁeld 2002
:-:Papke etal 2003] Asumsmo censtltuyen el grupo viviente: con mayor '
‘fdlvermdad tanto ﬁswloglca como genetxca (Woese 1987)

Actualmente ex1ste la controvers1a sobre la emstenma de patrones de

) dlstnbucmn v dwermdad en las comunidades bactcrlanas, smnlares a los que

‘ J‘umcelular tamafio reduc1do y extraordmama abundanma ha per81st1do la idea ‘
- de que las bactenas carecen de restrlccmnes para su d1$per31on y por tanto de o o

barreras geograﬁcas c patrones de dlstnbucmn ya que se p1ensa, que por

tasas de espemacwn y extmmon (leey et al 1999 leey 2002} SlI’l ernbargo
estas aseveracmnes estan basadas en la extrapolamon de datos referentes
o umcamente a protozoarlos c1hados

La apar1c1on de nuevas técnicas moleculares ha permmdo empezar a

"amlcroorgamsmos el ensambla]e de sus comumdades su dlversmlad act1v1dad

y abundanma [Hugenenholtz et al. 1998 Tledge et al 1999 Ranjard et al, 2000 V o |

L ~:Curt1s et al. 2002). Mas. aun las tecmcas moleculares nos han dado las

‘ -herramientas para empezar a discernir el papel de la dwer&dad de espec1es en

e ‘,1os ecos1stemas (Schlml 1 & Gulledge 1998; Cav1gelh & Robertson 2000

: Prosser 2002 Jessup et al. 2004)

Conocer la dlstrlbumon espamal de las bacterias y los mecanismos que la

S regulan nos daran las herramlentas necesarias para entender la redundancia -

: j},funcmnal las hmltaclones en su dlspersmn y nos aportara datos poten01ales



sobre el intercambio de rasgos ecologicamente relevantes:; Como mencionan |
Curtis &:Sloah {2004), si discutimos que la diversidad importa, entorices el

estudio de los patrones de diversidad global arrojara inforrhaciéﬁ substancial a .-
las investigaéiones ‘que buscan relacionar la funcién y la eStmctﬁra‘en las

comunidades.

Los .SUELOS Y EL BOSQUE TROPICAL ESTACIONAL
La fu‘enté prinéipal de nutrientes disponibles en los Suelosﬁ del bo‘sQue
| tropical eStaQional «(BTE) se obtiene a pértir de la minerali‘zaciéﬁ dei ‘la"matve'rié |
érgénica (Singh et al. 1989; Raghubanshiét al. 1990; SrivaStava V'1992"P1~'73;sad
et al. 1994; Campo. et al. 1998; Giardina et al. 12000). La acumulamon de o
formas d1spombles de. nutrxentes en el suelo del BTE sucede durani:c el perlodo
de secas (Roy y Smgh 1995; Singh v Singh 1991 Jaramillo y Sanford; 1995
Zarco Arista 2001) cuando la mayoria de los arboles catecen de hO]aS yla
absorcmn de nutrientes por parte de las plantas se encuentra ‘abatida (Roy y
Singh 1995; Campo et al 1998). ,Durante el periodo de 11uv1as,‘se‘pr¢scnta un, ,
,mayor,moizimie-nto de nutrientes entre los 'difefrentes compartim‘ehtés del
”ecosis‘tema en‘contréndase en el suelo los Vélores,més bkajos ‘df: farrriais :
inorganicas y microbianas (Zarco Arlsta 2001). ; |
El conténido de agua en el suelo Yy su consecuente efecto sobre las |

poblamones rnmmblanas y procesos de mmerahzaaon tamb1er1 se ve afectado
por la variacion en las caracteristicas de las geoformas, deﬁmdas a través de su.
~ elevacién, omentacxon, pendiente y material parental {Kachanosk.l 1988
Swanson et al. 1988; Raghubanshi, 1992; Silver et al. 1994; T1essen et al ,
1994). La variaciéon en la dlspomblhdad de agua en el suelo en- relacmn con 103
gradientes topograﬁcos produce valores diferenciales en el almacén de -
nutrientes vy la materia organica del suelo, especialmente ‘en la dinamica del C,
Ny P (Silver et al. 1994; Burke et éd 1995; Mo‘rris &Boérner 1998}. |

- La heterogenmdad topograﬁca a lo largo de la costa mexicana del Pacifico
A determma que en la region existan mnumerables cuencas, en ¢l caso partlcuxar

de la estacién de Bzolog1a Chamela Jahsco 1as cuencas hldrograﬁcas S



existeﬁtes se pueden“ ca’ractérvi‘zarw;or su t1po clase, kr:’a"sg}osy proCesoé de
- reheve (Lopez Blanco et al. 1999) Al interior de estas cuencas, ex1sten laderas
- con dlferentes caractemsi icas morfologmas 1ntervalos de pend1ente, longztud
o :forma y onentac10n que le dan a los suelos un patron espacial dlferenmal en el
: c contemdo de nutrlentes contenldo de humedad e mc1den(:1a de radiacién solar
:"(Martlnez lezar & Sarukhan 1990 1993, Martmez Yrizar et al 1996 GahCla
et al 1995; Lopez Blanco et al. 1999 Zarco-Arxsta, 2001).
En el.caso de 1os su elos del BTE de Chameia la cubierta vegetal y 1a
- dmamlccx «de nutnentescn el ecosistema son esenCIaIes parala consewacmn de
. 1a ‘ calidkad‘ dél Sﬁélbf La prop‘o‘rcié\n‘de’ macroagrégados, en los suelos de este
B ‘bosque, constituye apmxim‘adamente el 80% ‘de"su‘kr’nasa total y juéga un p'apel
‘1mportante en el almacenam1ento de carbono a corto y largo plazo (Garcia-Oliva :

“etal, 1999 Garcia-Oliva & Tapia, 2001} Garcxa—Ohva et al. (1999) observaron

'que despues del pr1mer mclo del cultivo, mgulente ala transformacmn del

- bosque por el metodo de roza-tumba-quema se presentaba una drasuca
: :reducc10n en 1a proporc1on macro- agregados /m1cro agregados, al 1gua1 que
una dlsmmucmn en los almacenes de C asociados con los macro-agregados. La
mformacmn acerca del papel funcional de lo macro y micro- agregados en este
* tipo de bosque €es. practlcamente 1nex1stente al 1gua1 que la dmarmca delCy N

en ambos tamanos de partlcula v los mlcroorganlsmos asociados a estas .

- OBJETNOS | |
1 Establecer el papel funcmnal de macro- y micro- agrcgados del suelo en 'la ,
| dmam1ca del Cy N en tres condmlones d1ferentes de humedad
= contemdo de materia organica. ,
S 2. Anahzar el patron de dlstrlbucmn de las comunidades bacterlanas en ias
‘ dos fraccmnes de agregados del suelo y en diferentes condu:lones de L
- humedad v relacmnar dicho patrén con la dlnamlca del C y N.. o
3. Determmar el patron de dlStI‘lbUCl()n espacial, a escala local, de las )

comumdades bactemanas del suelo a través ‘del escalamlento de su



diversidad y el andlisis de sus patrones biogeograficos en comparacién

- con otros grupos.

HIPOTESIS GENERALES -
1. La dinamica del C y N sera diferente entre los dos tamarnos de agregados
vy a su vez estara afectada por las cond1c10nes edaficas en cada una de

las posmlones del reheve )
2. La riqueza y estmctura de las comumdades bacterianas del suelo seran
diferente entre los tamafios de agregados mdepend1entemente de la

< pos101on del suelo en el reheve

3. Se espera que la_distribucién espacial de las comunidades bacterianas
- tenga una estructura no aleatoria y que los valores dediveréidad 3 sean -

~altos. -

ZONA DE ESTUDIO .

| El trabajo se reahzo en la Esta01on de Biologia Chamela dentro del
‘marco del proyecto a iargo plazo “Estructura y funcionamiento de un -
ecosistema tropical cstacmnal en Chamela, Jalisco” México, locahzada entre los
- 19°29° - 19“’34’ latitud norte y los 104°58” -105°04’ longitud oeste, Elclimaes

Awyg;, calido sub-humedo, ‘CQn lluvias en verano (Garcia-Oliva et al. 2003)

- Presenta un reg1men lsotermal con una temperatura media anual de 24°C. El

80% de la precipitacion se concentra en los meses de julio a octubre (Builock
1986] con una precipitacién media anual acumulada de 788mm (promedio de-
1977 a 2000; Garcia-Oliva et al. 2003). La vegetacion dominante es la Selva
Baja Caducifolia (Rzedowski 1978) o byosque tropical éstacional' (BTE), el cual
se caracteriza por un patrén e,staci'onal de 11uvias‘,”én donde la disponibilidad

de agua es el factor determinante de la estructuratvegetél v del_ flujo de

| nutrientes en el ecosiétema (Lugo y Murphy 1986; Mooney et al. 1995;"
Holbrook et al. 1995). La vegetacion responde alos. cambzos en la

~disponibilidad de recursos en forma estructural, ﬁsxologma y fenologica, siendo

tal vez esta ultima la mas evidente de todas (Holbrook et al., 1995).



Generalmente, estos bo‘sques‘: presentan una e:eﬁli)eSicién mas simple y una
: eStruCtura menor que 103 besques mas humedos que se Vencuentran en la
reg1on troplcal siendo sin embargc muy dlversos (Murphy y Lugo 1995]
. Problemas de deferestamon ’ D A ,
El 51stema agncola tradlclonal de roza—tumba—quema el desarrollo de

- agncultura rnecamzada y el establemmlento de praderas para agostadero se

R 7 eneuentran entre las prmcnpales causas de desaparlcmn del BTE, que hasta

E ihace unos anos ocupaba mas de la mltad de los troplcos del mundo

= "z(Challenger 1998 Janzen 1988) En Mex1co el BTE COIlStltLlla el 60% de la

. ;vegetaelon tropleal del pais, poreentaje que se ‘ha ido redumendo o
drastlcamente Challenger en 1998 reportaba que de la cabertura orlgmal del - :
BTE en Mex1co unlcamente se ‘mantenia entre el 31% y el 45% Sm embargo
‘:*un estudlo mas rec1ente y detallado elaborado por Dirzo y TYCJO (2000) s‘ug1ere ‘

- .que ya para el inicio de la dec:ada de los noventa umcamente se’ conservaba el
27% del BTE prmc1pa1mente en manchones alslados en la partes bajas de la
 Sierra Madre Oec1dental en Sonora y Smaloa Jahsco Tehuacan—Culcatlan

| .,jsur de Tamauhpas y Queretaro

Las tasas de deforestacwn, 2.2 % afio’! (Masera et al 1997) yla

;constante presmn economlca y social del pals amenazan contmuamente la

o k,mtegrldad de este bosque (Challenger 1998). La desapa.r1<:1on de 1a cublerta

: vegetal genera entre otros problemas la perdlda de la blOleCI‘Sldad y del pool
: genetlco la perturbacxon del reglmen hldrologmo la perdlda de los mecamsmosy
eneargados de la conse! rvac1on de nutrientes en e1 ec051stema yvla perdlda de
la cahdad del suelo (Soule & Kohm 1989; Wilson 1988, Maass 1995);. «
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B Abstract

Soil aggregates play and 1mportant role in soil structure dynamles and C~
' :sequestrauon in ecosystems like the tropical dry forest (TDF) in the westem
coast of Mexico, this. function is partlcularly 1mportant because the high -

proportron that aggregates represent of the total soil mass (80%). After forest

: Jtransformatlon to pasture or agriculture, all the meehamsms sustaining -

 aggregate formation and maintenance are destroyed. The extent at whxch
‘aggregates of different sizes contribute to the preservation of soil structure and
" the: b1ogeochem1eal dynamlcs of Cand Nisa questlon that has not been
‘answered for the tropical soils. Our purpose was to assess the functional role’
“of micro-aggregates and macro- aggregates in C and N dynamlcs in soils with

o three different conditions of hum1d1ty and so6il organic matter in a, ‘TDF i in the

state of Jalisco, Mexico. Micro-aggregates had 31gn1ﬁcantly higher nutrient '
_ concentrations: than macro- aggregates and the ratio at which C was processed '
f was faster 1n mlcro aggregates than in macro- aggregates L ,

- ‘jKey words C mmerahzatlon maero aggregates, m1cro aggregates m1erob1a1

’aet1v1ty3 Me}oco nitrification.
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1. Introduction

Soil orgarﬁc matter (SOM]) distribution and turnover rates are highly
related to soilaggregate dynamics (Elliot 1986; Six et al. 2004). Iritu’rﬁri,f the
| role that soil aggregates play in soil structure'stability, soil organic carbon
r(SCC] protection, nutrient availability, and microbial activity is critical for soil
integrity maintenance (Beare et al. 1994b; Six et al. 2000, 2002a; Denefet al.
'QOOla Garma-Ollva et al. 2004] The sequential forrriation of primary particles.

mto micro- aggregates (<250 um) that in turn form macro- aggregates (>250 um) o

mvolves organic bmdmg agents of cllfferent nature and stability (Tisdall and
Oades 1982). ‘Macro- aggregates are bound by temporary, asgwell as transient
agents, while micro-aggregates by persis’cent: elements (Tisdall and Oades 1982,
,Oadeys71993) Macro- agg‘regate' fo‘rmationk starts with the entan’gli‘ng of ﬁne '
part1cles via fine roots and hyphae coupled with the action of eementmg 3
- agents formed as by- produets of the fresh organlc matter decompos1t1on and by
exudates from the same roots and hyphae (Ashman et al. 2003; Garc1a -Oliva &
, Tapia 2001' Six et al. 2002b, 2004). The intra particulate organic matter
- (IPOM}) held w1thm the macro- aggregates is decomposed into ﬁner POM Whlcl‘l
‘1s then eombmed wrth metals g1v1ng orlgm to rmcro-aggregates W1th1n the -
macro- aggregates (Jastrow 1996 Six et al. 1998, 2002b} Therefore m1cro-
aggregates are protected Wlthm the stable macro- aggregates (Elliott 1986
Beare et al 1994a Gupta and Germlda 1988) and when the latter break the
: "former are released along with a llberatlon of lab1le SOM, enhancmg mlcroblal
act1v1ty, wh1ch in turn depletes SOM storage altenng the structural stabﬂlty of
the soil (Elhott et al 1986) _ o
| Although aggregate forrnatmn and d1srupt1on isa natural process it is

well documented that upon forest conversion, for cultivation or pasture the
,aggregate cycle is mterrupted followed by a rapid lost of soil structure and
fert1hty (Garcia- Oliva et al. 1999; Spaccini et al. 2001). Kushwaha et al. (200 1)
‘found, for a troplcal dryland agro-ecosystem, that in soils transformed‘by
traditional tillage cultivation, the labile and the inter- micro-aggregate'organic ‘

matter are lost, reducing the long term fertility of the soil. In contrast, when
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~‘5f ‘these sorls used for cultivation wrth moderate or zero ullage an 1mportant
, 1ncrement 1r1 aggregate tab111ty and C and N concentrat1ons were observed for
‘ the macro~ and mzero aggregates fraettons of the soil. o
: In the tropmal demduous forest (TDF) of the Western coast of Mvexico the |
' proportlon of macro aggregates found in. the forest soﬂs constltutes about 80% ‘
. ‘7 of the total 3011 mass. playmg an 1mportant role in the short and longtlme C
» storage (Garc1a Ohva et al., 1999; Garc1a Ohva &; Tapta 2001) ‘A 51gn1ﬁcant

3 cutback in the soil c pools assomated wrth macro aggregates as well asa

R ,drastlc reductlon 1n macro / mlcro aggregates ratlo occur in this’ forest

o ) followmg its transformatlon by the trad1t10na1 slash and burn” pract1ce

Y (Garc1a-0hva et al 1999) Cons1dermg the importance as a C storage pool and

; ,the rate of conversmn of th1s forest [Houghton et al. 1991; Trejo and Drrzo

«2000) the mam purpose of cur work was to assess the funcnonal role of -

rnacro aggregates and micro- aggregates in the C and N dynamlcs m s01ls '

: ‘w1th1r1 three drfferent landseapes posmons (top hill; south -facing mld slope

| ‘f'iand north facmg mid-slope), which present different cond1t10ns of soil

hum1d1tv, so11 orgamc matter contents and productlwty, and durmg three

o » fd1fferent perlods durmg the year (dry season, onset of the ramy season and

- ‘ramyseasoh)_[

2 Matenals and Methods

o 2.1 Study Site

L The study ‘was performed in the Chamela Cummala Blosphere Reserve, :
- on the Pacrﬁc c:oast of Mexrco (19° 30’ N and 105° Ol W), w1thm asmall

B watershed system that has been extenswely studled as part of a research R

P program on ecosystem functmnmg (Sarukhan & Maass 1990; Maass et al.

' 2002) Predemmant landscape forms are low hllls w1th steep slopes (< 20°) |

f Rhyohtes from the Tertlary penod‘ are the main soil parent material and

: kaohmte 1s the dominant clay mmeral (Cam > et al. 2001). Soils are sandy ciayr V
. ‘loams, poorly developed with a pH of 6.9 (Garc1a -Oliva & Maass 1998} and
: accordmg to the USDA system they are Typrc Ustorthents (Cottler et al. 2002}
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Soil organic carbon (SOC) and soil organic nitrogen (SON) mean concentrations -
are 32 mg C g land 2.2 mg N g, respectively (Garcia-Oliva et al. 2003)

: Around 30% of soﬂ orgamc matter (SOM) is concentrated in the 0-5 cm depth

'(Garela Oliva 85 Maass 1998} and about 76% of the fine root product1v1ty in the ,4 |

forest soils occurs in the ﬁrst 5 cm (Castellanos et al. 2001) The mean annual
temperature is 24 6 °C and the mean annual precipitation is (Garcza-()lwa etal.

' '2002) Apprommately 50 % of the annual prec1p1tat1on is 788 mm (Garcxa-
Oliva et alk 2003), usually fetched in by less than‘srx highly erosive tropical
rairisto:ms (‘Garcié-OIiva et al. 1995). Rains last generally from June to
October, being September the wettest month (Gafcia-OIiva et al. 2002). The
dominant vegetati()n is tropical deciduous forest (TDF), vwhere 'mosrt of the
species are Ieaﬂess seven months durmg the year (Bullock and Sohs—
Magallanes 1990} Total net primary productlwty averages 12 Mg dry matter
“hal yr ! (Martinez-Yrizar et al. 1996). '

2.2 Field samphvng
We used a nested des1gned with three factors three landscape posmons
(south facmg mid- slopes north-facing mid-slopes and top-hills); two soil -
aggregate size fractions (mlcro-aggregates < 250 ym and macro-aggregates >
250 um) and; three sampling dates: dry sea‘son (DS; May), onset o{ qainy
s season (ORS; June) and rainy season (RS; September) (Figure 1). This desigr;
was used in order to be able to test if the functional role of macro-aggregates
and micro-aggregates was independent of the differentcontentskof soil organic

| matter and soil humidity present in the three landscape positions chosen; .

samphng sites with different slope aspect w1thm the watershed have dlfferent

- solar radiation indexes (SRI; north aspect: 3651 MJ m2 yr1; south aspect 4475

MJ m2 yri; top~h;11. 4273 MJ.m- 2 yr1; Galicia et al._ 1999) and different,‘écil ‘
‘nutrient and water contents (Galicia et al 1999). Wi_thin the exper\imental
Watershed system hill-slopes and top-hills units Were identified according to
~ their longitude, aspect, as well as edaphic and morphological similarities -

(LépezBlan,co etal. 1999). In November 2001 seven plots, 150 m2in area,
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o ;_;were establlshed for each of the three landscape pos1t1one {south- facmg nnd—
f‘islopes north facmg mlcl slopes and top- h1lls} In each plot and in eaeh
ﬁ samphng date compos1te 'samples, of 15 und1sturbed topsoﬂ (0-5 cm), Were
Erandomly taken. These samples Were stored in black plastic: bags and kept in’
. ‘refrtgeratton at 4° C, unt ril thelr use in the laboratory Sarnphng was conducted "
'm the year 2002 at three different dates durmg the year: ‘the dry season (DS), |

o :the onset of the ramy season (ORS) and, the ramy season (RS)

2 3 Sozl analyses i

PI'IOI‘ to the blogeochermcal analyses, soil samples were dry—31eved 1n

' order to avmd labtle carbon and inorganic nltrogen lost dry separated in two

e :aggregate 51ze fracmons, micro-aggregates (< 250 Hm) and macro- aggregates >

: 250 um) small pebbles and. sand matertal were excluded manuallv Before the

E 3 total nutrlent forme analyses, samples were- ground w1th a mortar and pestle

’l‘otal C (Ct) Was determmed by usmg an automated CO2 analyzer (UIC, rnod

o CMSOlQ IL USA} Total N (Nt) was. analyzed by a macro- Kjeldahl method'

f,(’l‘echnlcon lndutnal System 197’7 ) and colorlmetrie readmgs were done usmg
'»an auto- analyzer (Bran+Luebbe 3 Auto Analyzer Germany)

In ﬁeld moist samples, microbial C (Cm) and N (Nm) were determmed

SR aecordlng to the CHClg fumlgatlon extraction method (Vance et al. 1987)

;Fumlgated and non fum1gated samples were 1ncubated durmg 24 h at 25 0C at )
- ‘constant mmsture content Samples were fumlgated for 24 h with e.thanol free

vchloroform at 24° in dark conditlons Subsequently, chloroform was remov ed

o i1by evacuatlon Cm was extraeted frorn both fumlgated and non- fumtgated

* samples with 0.5 M KsSOs, filtered using the Whatman No. 42 paper and Cm |

{lyrilglmeasured using an. automated CO» analyzer (UIC mod. CMDUlQI The amount

of Cm was caleulated as the dlfference between non- furmgated and furmgated
samples d1v1ded by the efﬁcreney value Kc 0of 0.45 (Joergensen 1996). Nm was
- extracted in a sm’ular way as Cm, it was first ﬁltered through a Whatman No. 1
papet‘, and then the collected solutlon was ac1d dtgested and determmed as

| ;total N by a macro K_}eldahl method (Brooks et al. 1985} Nm was calculated
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| 51m11ar1y to m1crob1a1 C, but divided by a Kn value of 0.54 (Broekes etal. 1985)‘.
“The values of m1erob1ai C and N were then divided by their correspondmg
we1ght of dry soil. The amount of K2S04-extractable C obtained from non- -~

, fum1gated soil was used as a measurement of soil labile C (Ciabie}. Using fresh
samples, morgamc N, NHa* and NOgz-, was extraeted from 5 g soil sub- samples
by shaking for 30 minutes with 50 mL of 2 M KCL The extractswere filtered
and nitrate and ammonium were determined colorimetrically using a - .
Brauh+Luebbe 3 autoanalyzer.

To estimate poftential C mineralization aerobic incubations were
performed in the laboratory: 100 g of fresh soil samples were,‘placed in a PVC
(polyvinyl-chloride) core (3.5 cm diameter) with a 0.17 mm mesh at the bottom. |

r Samples were incubated in 1 L] jars for 15 days at 25 °C and at field capamty
The evolved CO2-C was collected in traps containing 10 mL of I M NaOH
solutlon COz C concentrat1on in the traps was determined by addmg 5 mL 1. 5 '
M BaClz, and titrated with 0.5 M HCl {Coleman et al. 1978] ‘The j jars were

-regularly aerated the C02 C traps changed, and the soil mozsture was
permdlcally adgusted to reﬂect ﬁeld Capa01ty by addmg deionized water. The
COz-C values were divided by then- correspondmg weight of dry soﬂ |

- 2.5 Statistical analyses ’
B Blogeochem1ca1 parameters. The effect of the three factors considered (posmon
aggregate size and time) on nutrient eoncentratmn was analyzed by a repeated' :
V measures MANOVA in those cases where the results were expressed as rates
or rat1os we performed logarithmic transformations. When the esphemmty test
was 31gn1ﬁcant (p<D.05) we used the Greenhouse- Gelsser analys&s in erder to .
adjust the F value We had a nested design, where time was nested in.
aggregate 31ze which in turn was nested landscape position. We had three
levels for 1andscape position (top- hIHS 'south-facing mid-slopes and north-
~ facing m1d~slopes), with seven replicates for each position; two levels for
aggregate size (>250 um and <250 ,um)‘:and three levels for the time faetor (DS, "
ORS and, RS). When the results obtairied‘ v}e're significantly different‘vv“e used -
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/ orthogonal contrasts to find out wh1ch factors were different, these tests were
performed usmg JMP program (SAS Institute, Inc. 1995). We also performed
Pearson correlation analyses ‘separately for each aggregate size, ‘in order to find
any lmear relat10nsh1p among the variables measured for each soﬂ fractlon

(o= 21) We ran stepw1se regresstons for each soil fraction, to ﬁnd any poss1ble ‘

relatlonshlp between the potential C mineralization rate (C- C()z) with the
: lfollowmg \rartables 1ab11e C, microbial C microbial N, NHa*, N03 and totai C/N

- ratio contents. _These analyses were done by usmg Statistix 7 package
~ (Analytical Software 2000) ’ ‘

" 3. Results
3.1 Total forms ‘
Total Carbon. None of the 1nteraet10ns were s1gmficant (P>0.05); however, C

values were mgmﬁcantly different (P<O 05) for the three factors considered

- {Table 1}).° North facmg mid- slopes presented the highest total C contents

mdependently of the date and the aggregate SIZC In general micro- aggregates
presented hlgher C concentratrons than macro- aggregates within the three |
| 5 samphng dates and the three positions consu:lered (Fig. 2a). With the exceptlon
-of macro- aggregates in the Northk slope, the dry season showed the highest |
. con'cen‘tration of total C. - H | o |
Total N1trogen ‘Total N concentrations were szgmﬁcantly h1gher in the. north-
- facing rmd slope than in the other two positions (P<0.05; Table 1} The '
interaction time* s1ze was significant (P<O 05; Table 1). N values were hrgher
w1thm micro aggregates than within macro- aggregates, however, N tendencres

within the three dates considered were different between the two size fractions,

o N dynamic within micro-aggregates was affected by seasonality (cumu1ative‘ '

| , ramfall) within m1cro aggregates N decreased with time, whereas within
~macro- aggregates conce ntratmns showed no changes (F1g 2b). »

‘ ~Carbon1 Ni 1trogen There was no position effect on the C / N ratlo (P>0.05; Table
k}) The interaction time*size was s1gmﬁcant (P<O 05; Table 1). There was a__

significant difference in C/N ratio with time (P<0.05), values tend to decrease
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slightly in macro- aggregates and to increase in micro 'aggregates in the DS:/ '
and at the ORS macro-aggregates presented hlgher values than rmcro- 3

aggregates (Fig. 2¢).

‘3.2 Available and Microbial Forms =~ ,
Labile Carbon (Ciabile). There was not a sxgmﬁcant effect of. pesmon in Clabie (P>
0.05; Table 1), but there was a s1gn1ﬁcant mteractlon between time*size
(P< 0.05; Table 1), Ciavite concentrations were higher i in the DS and at the ORS
for 'both size fractions; however, m microyaﬁggre‘gates there was a reducti’o‘n |
trend in Ciabie concentration with time; whereas in macro-aggregates ‘had
similar concentrat1ons in the DS and at the ORS (Fig. 3a) ‘
Ammonium (NHs*). , Differences in NH4* concentration due to position were not
, signiﬁcant (P > 0.05; Table 1). There was a significant interaction between
time*size (P%Oﬁ 05). There was a tenkdency, in NH4+ eoneentration? 10 increase
with time in all but micro-aggregates in the north position (Fig. Sb} There was
also a'higher NHg* cOncehtration in micro-aggregates than in macro-
aggregetes. k' ) '
,Nitrates (NO3). There was no effect of posmon in NOs- concentration (P > O 05:
Table 1). There was a 81gn1ﬁcant mteractlon t1me*pos1t1on (P<0.05) and also-
~ time*size (P<0.05; Table 1). During the DS and the ORS NOz- concentratlons
were very similar; however there was an important increment in NOs
concentration with time, for the three positions and both sizes of aggregates :
‘ (F1g 30) In the RS NOa increased more than three times the‘concentratlon of
‘the previous sampling dates, and in the case of the north-slope theincrem‘emsi '
- were higher. Micro-aggregates in the RS had higher NOs- concentration than
~macro- aggregates ' , o | o
Mlerob1a1 Carbon ‘There was a significant effect of position [P<O 05; Table 1)
rmerob1a1 C concentrations, in the south~facmg mid-slope, were lower than for
the other two positioné, with exception of micro-aggregates in May {(Fig. 4a).

The interaction time*size was significant (P<0.05; Table 1), sémples‘from the
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, DS presented the hlghest values, 1r1 both SIZC fractlons but concentratlon

i kw1th1n mlcro aggregates was higher than in macro- aggregates (F1g 4a)

| Mlerob1al N1tregen Although there was no s1gn1ﬁcant difference among the
| three posn‘.lons (P>O. 05; Table 1), the interaction time* posﬁmngwas;&gmﬁcant '
) _(P—O 05 ’I‘able 1). Micrebial N coneentraﬁons were highery fo‘r the DS than for

' the ORS and RS 1n Wh1ch cencentratlons were very s1m11ar for both fractlon

’ 81zes however concentratzons for micro- aggregates were h1gher than in’ macro— o

o aggregates espee1a11y in the ORS Where the concentratlon was almost four

o tn:nes h1gher than in macro- aggregates (Flg 4b).

M1crob1al C N ratlo There ‘was not significant effect of any of the three faetors

‘ con31dered (tlme, pos1t10n and aggregate size; P>0.05; ’I‘ab]e 1).

3. SPotPnrzal Mmeralzzatzon S .

COz2- C. There was no posmon effect on the CO,-C evolved during the

e 1neubat10ns (P>O 05: Table 1). However the 1nteraet10n time* 'size was

| agmﬁcant (P<O 05) Smls from the DS had a greater COg -C productlen for |
both su:e parudes thls COg C producuon decreased drastmally in the samples
' ’from the ramy months (June and September Fig. 5) In the case of mlcro-~ :
B aggregates COQ C productmn was ‘higher than in macro- aggregates for the ORS
| and the- RS in the three p031t10ns eon31dered and also in the DS m the north—
‘ slope (Fig. 5] '

N 3. 6 Pearson correlatton & Stepwzse regresszon

o Pearson eorrelaﬁon ThlS ana.ly51s showed, for macro-aggregates, pos1t1ve and |

s1gmﬁear1t relatlenshl ps (P< 0.003) for Clabﬂe and lecmbmj, Ctotai, mecrobzal, Nmal,

‘:mecrohza} and Ctotal, Nm1crob1al, Crotal and NH4 lecmmal, Ntotal; NH4+ and NQS i NO3 -

- and Niotal (’I‘abla 2). There were also negatme sxgmﬁcant relations {P< 0. OOa) fori :
| 'Clabﬂ:e and N03 C:mcmb;al and NH4+%; and alao for Ci/ Nt and NOz-.and Ntota; {Table' o
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© NHs* and Ciapge found i 1n the samples prevmus to the 1neubat10n [CGzC 53 26

In the case of miero-a’ggregates the positive‘ and significarit relationships (P<
0.005) were among Ciabite and- Cmicrobial, Crotal, Nmicrobial, “Niotat; Crnicrobial and Ctatal, :
Nmicrobial; Niotat; Ct/ N and Cmta}, NO3z7; Crotat and Nrotal; Nmicrobial aﬂd Niotal (Tabla 2}.
kStepw1se regressmn We found the COQ C produetlon m the case of macro- .

aggregates, was related pos1t1ve1y with Cm;crobml and negatwely with the N O7,

- 0. 0888 CIabiIe +0 44 Cmicrobial - 1.59 NH4" - 0.384 NO3; r2 = 0.77; P< 0. 001) .
1In the case of micro-aggregates. COz C produetlon was ‘related p031t1vely w1th

~Cm1¢mbm1 and negatlvely with NO3- (COzC -59.1 + 0.019 Cmicmbm -044 NOs : r?
= 0 53; P<0.00 1) ‘ ‘

4, Discussion o

- Our results indicate that the influence of the p’ositienf within the
lendscape is only reflected in the coneentratien of the total forms of C and N. ;
This can be the expression of the differential net primary.produetivity feund‘ét,
Vthe threelocations_(Martinez-Yrizar &‘~Samkhén 1990, 1993, Méft_inez—'Yrizéretk
al. 1996), which in turn respends to the SOi‘lr humidity grajd‘ientjiprodueed by ‘the ,
differentiél solar radiation received in these areas (Galicia et al. 19’99)’ North? R
- slope s1tes had higher above and below ground product1v1ty and lower water o
- demand than the other two Iandscape posmons (Martmez—Ynzar et al. 1996;

Galicia et al. 1999). However, the differences between the two soil aggregates

size-fractions were not affected by landscape position, .there'fore‘, the nutrient |

- dynamics within aggregates size fractions are independent of landscape

position. - v ‘ , ,
‘We found, in general, significantly higher nutrient concentrations in o ¥
micro- aggregates than in macro- aggregates, as observed in other studies where

K dry aggregate separation was employ ed (Ashman et al., 2002; Beare et al.

1994a). Micro-aggregates presented more labile and microbial C per unit of
- total C than macro—a‘ggregates. There was also a differential labile C lost rate,
being gfeater in micro-aggregates than in maero~aggregates. The reduction in

‘total C with time was the result of the reduction in both labile C and microbial
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VC Wh1ch explain more than 60% of the reduction of ftotal C. At the onset of the

. ramy season some of the lablle Ci is lost by hxxvxatlon and 1ts transformatton

B : ‘Wlthln m1cro~aggregates occurs very rapidly (Campo et al. 1998; Garc1a-01wa et

B al 2003} even though the mlcroblal blomass content is very s1m1lar at thlS

B stage for both aggregate s1ze fractions, and although labile C concentratton is

much greater in micro-aggregates than in' macro- aggregates This 1ndtcate that |
'the orgamc matter present m macro- aggregates was less ‘processed than that |
,found in micro- aggregates giving as a result on the one hand a rnuch faster
consummg rate in micro-aggregates than in macro- aggregates and on'the |
: other a lower C and N long term storage capac1ty in micro- aggregates ,
The. total C / total N ratlo indicates that C dynamlc was dlfferent and
'.7more stable in macro aggregates than 1 1n micro- aggregates 1ndependently from
' the pos1t1on studled Iti is, hkely that the energy sources in micro- aggregates
“ "/are constttuted of mrcroblal and soluble compounds, perhaps exo-
polysaccharldes whlch are more easﬂy degradable {Ashman etal. 2003). These :
results are con31stent with the model proposed by several authors i in whtch
they state that the decomp031t10n characteristics of the organic matter

B assocxated wrth macro and m1cro~aggregates are different; the orgamc matter

- assocrated w1th macro- -aggregates is. less processed than that assoc1ated with -

- mlcro-aggregates {Elhott 1986; Gupta and Gerrmda 1988; Beare et/al 1994b

L;",*'\jGarcra«Ohva et al. 2003) In addition, the labile C present in macro ageregates =
‘is not completely available because it is located within the rrncro aggregates '

: that rntegrate the Macro- aggregates (Oades 1984; Elliott and Coleman 1988

T ,;'Oades and Waters 1991). Therefore the blogeochemlcal processes thhm eaeh

-aggregate ~s1ze~fract1on'are carried out at different rates. Our results suggestt - ”
| that micro- aggregates ‘have hlgher rates than in macro aggregates

| Mrcrobral carbon reduction with time, from the dry to the ralny season,
‘was also the result of the reductlon in labile carbon, the main energy source of |
the heterotrophlc mlcroorgamsms as itis shown by the posmve and srgmﬁcant ‘
o eorrelatlcn between microbial and labile carbon. This posrtwe correlat1on also -

' 1nd1cates that during the dry season there was enough energy for
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r‘nicrotjrgariirs‘msto carry out C mineralization processes. HoWeVer, at-the onset
of the rainy season (Junej micro~aggregates metabolize ‘moV‘r/e"rapidIy the
available C; at this time, redlstrlbutlon and transformatmn of nltrogen started
‘bemg stronger durmg the ralny season. :
. Once more; mtrogen red1str1but10n and lost between the two sizes of
~ag’;gl_’egates were veryydlfferent,‘whﬂe the total nitrogen ‘contents w1th1n macro—’t
| Zaggfegétes was very stable with time, the lost within miem-maggregétes ’v‘vaS'VeryV
‘fas’t,,and by the rainy season the amount of total N in this fra‘ctionwas almost
half ‘théltn,lamo;in;t found;duriﬁg fthef dry”sea‘son.‘With the reduetion of the labile
C sources, energy was ,obtaineci throughout the transformation of amﬁio'rflium‘,';
~ dominating the niiriﬁeation anddenitriﬁcation processes (Vitousek et al. 1982;
Hart et al. 1994]. Nitrification was dommant over ammonification in the ramy
‘season,; mtrate concentratlon was at least three times hlgher than that of NH*4.
Similarly, a previous work performed in the sarne forest 1nd1cates that N2O
fluxes were: h1gher in the rainy season than in the dry season (Garc1a Mendez
et al. 199 1}.
Aggregate formatmn and disruption along a year cycle in thls forest soils
.VIS very dynamlc; (Garcia-Oliva & Tapia 2001), but it is maintained by the
V orgamc martter comlng frorn the standing and surface litter, the soil biota and
thelr‘exhudates product1on, and the proportion of soﬂ pafrtlcles‘ (Garma«()hva et
- al. 2003). It is important to take into account the differential C & N |
transformation be"tween‘macro— and micr\o-aggregates in this forest soils
- because the change in the 'preportion»of these soil size fractions that occur
L ‘aftver this forest transformation, could eventuallylead to the reduction in C
eeque,snjation and the mechanisms that are strongly linked with the carbon
pool protection (Garcia-Oliva et al. 1999; Garcia-Oliva et al. 2003; Garcia-Oliva
etal 2004; Si}éet al. 1998; Six et al. 2000). Forest transformation leads not
just to soil eiegradation, but to the drastic lost in'the macro-aggregate size
fraction and all the mechanisms that enable its formation. Micro-aggregates

within macro-aggregates maintain the carbon renovation and storage, while -

[\
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-micro-aggregates outs1de macro aggregate enhance carbon lost and

B j:sub:»3<;:quently soﬂ degradatlon '
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Table: 1>.‘ Probabilities and F values resulting of the repeated measures MANOVA. -

Position  Size(Position)  Time  Time*Position Time*Size(Position]
SR F P F P F._ P F P F P
C-total = 8.37 0.00* 14.30 0.00* 4.57 0.01* 1.96 0.12  0.95 046
N-total ~ 8.83 0.00* 44.04 0.00* 36.35 0.00*+ 078 053 1525  0.00*
Ct/Nt - 0.23 074 517 0.00* 588 0.00* 057 067 7.02 = 0.00* g
C-labile  2:19 0.12 10.69 0.00* 78.05 000* 158 0.19 811 0.00*
C-mic. ~ 5.74 0.00* 19.37 0.00* - 414.03° 0.00* 4.47 . 0.01* 434  0.00"
‘N-mic.  1.29 0.28 13.09 0.00* 8559 " 0.00* 3.02 005 1032 '  0.00%
C/N" 543 013 069 - 056 108 034 039 08 054 077
(microbial) “°°T 7T T T TR e R TR o
.~ NOy =~ 117 032 070 055 1844 0.00° 606 - 0.00* 393 = 0.00*
~ NHs+ 116 032 130 028 . 3091 0.00* 0.762  0.51 753 ° 0.00*
- CO,-C. 5.74  0.00* 19.37 0.00* 333.24 0.00* 2.23 ' 007 691 . 0.00* b
L




- Tabla 2. Pearson corre}atmns among the diffe rent parameters measured for

_ macro-aggregates and micro-aggregates, separately.

Macro- aggregates (n=21)

NO;

0.3286

. ‘ 'Clab) Crmc ) Ctotai_ Ct’/Nt NH4 V Nmzc
Cmi-; T 03401 ' T ‘
o 10.0079*
Cunal 03794 0.3211
o 0.0028*  0.0124% ~
- C/N, ©0.0397  0.0681 0.5323
b 07630 0.6051 0.0000* E
NH; -0.2521. 02590 -0.1066  -0.1347
R 0.0520° " 0.0457* 04175 - 03047
© 0 N 0;3558 0 0.8892 02875 0.0323 -0.1144
e . 00053 . 0.0000% 0.0259*  0.8064° 03840 o
NOs 04477 - -02407 - 0.0875 . -0.2726 02552 “0.1519
b 0.0003* - 0.0639 - . 0.5060 -  0.0351* -~ 0.0491* 02466
Niw . 0339 . 02376 06257 = -0.3030 10,0282 02347 - 04108
b 0.0080* 0,06?6 - 0.0000* 00186 - 0.8306 - 0.0711  0.0001*
'Mlcro aggregates (n=2 K y : ‘ L
,Clabﬂe Crmc . CiN; V Cfma’l NH4 _Nmac,k ~ NO;
Chic. 05750 ~ ~
P 0.0000* o
“CJN, - -0.4997 <0.3489
P 0.0000* 0.0059%
Crotai 03478 03730 3048
P 0.0060* . 0.003(*  0.0169*
" NH, -0.1807 -0.1294 0.1157 -0.1062
P 0.1634 0.3202° 0.3744 0.4153 -
N 0.4732 0.8972 -0.3428  0.1664 -0.1377
P 0.0001*  0.0000* 0.0068* 0.2001 0.2901
- NO, -0.6992  -0.2816 0.5777 00260 . 0.1972. -0.2486
P 0.0000* 0.0279% - 0.0000%  -0.8426 0.1276 0.0533
Nl 0.7159 0.7184 -0.6657 03968  -0.1272 0.5586 10.5228"
P 0.0000%  0.0000* 0.0000% - 0.0015*% 0.0000% .

0.0000*




Figure 1. Precipitation and soil mmsture from June to December 2002 in the
figure we can observe the changes in soil mmsture in relatlon to the amount of
, prempltatlon : :
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Figure 2. Mean values of (a) total carbon; (b} total ﬁi”t‘r*‘ogen and (c } total C/N
~ ratio concentrations in soil macro- aggregates (Ma) and micro-aggregates (Mi),
at three different landscape pos1t10ns and in three different penods of the year
*(dry season-DS; onset of the ramy season- ORS and rainy season- RS)

Total Carbon
@)

" Total Nifrogen
(b}

Gtotal/Niotal.
{c)

Top-hill S«s-lopa N-slope ™ :Top{h;li S-siope N-siope
(May  (Ma)  (Ma) My (M) (M}




F1gure 3. Mean values of ( a) labile C; (b} NH4; and ( ) N03 concentrations in-
‘,3011 macro- aggregates (Ma) and micro-aggregates (Mi), at three d1fferent :

| landscape positions, and in three different periods of the year (dry season DS
‘ onset of the ramy season- ORS and ramy season- RS}
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Figure 4. Mean values of (a) microbial C; (b} 1cmb1a1 N; and (c ) microbial
C/N ratio in soil macro- aggregates (Ma} and micro-aggregates (Mi), at three
S ;.dlfferent landscape posmons and in three different periods-of the year (dry
S ‘,}season DS, onset of. thc ramy season—ORS and ramy season-RS}
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Figure 5 Mean values of COz-C productxon in soil macro- aggregates (Ma] and
micro-aggregates (Mi); at three different landscape posxtwns ‘and in three

different periods of the year (dry season-DS; onset of the rainy season-ORS
and rainy season-RS)
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CAPiTULO III

 SOIL AGGREGATES AND MICROBIAL COMMUNITIES IN A
~ TROPICAL DECIDUOUS FOREST IN WESTERN MEXICO
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1. Introductxon v
The role played by mlcroblal communities is crue1a1 in the regulatmn of
nutrient cycling, energy flow and prlmaryproductmty in terrestrial ecosystems
(Paul and Clark 1989; Buckley and Schmidt 2001). Evidence has beén found
| ‘recen‘tly about the non- random distribution of bacteria in soi}s that affeet the
' different processes they carry out {Norns et al, 2002; Nunan et al. 2003
j(ﬁ‘:mndmandﬁ 2004). The different aggregate fractrons found in the soil
' ’erlvirorim’entset an intrinsic heterogeneity that affects mlcroorgan_lsrns :
distribut.;iori (Me’hdeé and Bottomley 1998, Mendes et al. 1999; Ettema and
' Ward‘le 2002). Grundman and Dubouzie [QOOO] suggest that aggregates and
- fine roots mﬂuence Nitrobacter aggregatlon and dxstrzbutlon in soils. There i is
, also ev1dence that microbial biomass varies among d1fferent 31zes of aggregates
‘because of therr d1fferent1a1 physical and chemiocal characteristics, Wh1ch
,favours the dlfferenmal colonisation of microorganisms in sorls (Van Gestel et
al. 1996; Mendes et al. 1999 Schutter and Dick 2002 ) Ran_]ard and ,
' Rlehaume (2001) d1scovered that Azospmllum irakense inhabited only micro~
- aggregates; moreover, they also found that this soil fraetion was a I‘I%lOI‘C( S
suitable environment for bacteria in various soils. |

Soil aggregates in a topical deciduous forest Of western Mexico constitute

- around 80 % of the total mass of these soﬂs and they play a major roie in the

mamtenance of C storage and dynamics (Garcia-Oliva et al. 2003). Since

‘ aggregates are a key element in this forest, the purpose of this study was to
‘ analyse the bacterial community patterns among three landseape p051t1ons and
two soil aggregate size fractions, and to relate these patterns W’lth soﬂ Cand N~
dynamics i ,m this tropical forest in western Mexmo. We chose ’I‘ermmal
Restriction Fragrnent Length Polymorphism analysis (TRFtP) to characterize
microbial commummes since it overcomes most of the problems presented by :
other “ﬁngerprmt approximations; i. €. resolutlon power, rephcabxhty,

' drfferenmal electrophoretic mobility, translation into taxonomic information and

lack of capacity to quantlfy diversity (Tled_)e et al. 1999; stom et al. 2000).
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2 Matenal and Methods :

|  2 1 Study Area

The study Was earmed out in the Chamela-Cuixmala Blosphere Reserve :

~on the Pac1ﬁc coast Of Mexmo (19° 30’ N and 105° Ol W), as: part of a research |
~program on ecosystem functlonmg (Sarukhan & Maass 1990} Landscape
B ‘i‘forms are predommantly low hills with steep slopes (< 20° ). The rnam soﬂ
parent materlal 1s rhyohte from the Tertlary period with kaohmte as the
. f“domlnant clay mmeral (Campo et al. 2001). Soﬂs accordmg to the USDA
| k: system are Typle Ustorthents (Cottler et al. 2002} about 30% of soﬂ organle o
| | "’matter (SQM) (Gar01a Ohva & Maass 1998} and 76% -of the fine root '
":'productwuy (Kummerow etal. 1990) are concentrated in the’ ﬁrst ﬁve 7
- o centlmeters The mean annual temperature and. annual precipltatlon are 24 6’_ |
“ C and 7 41 mm respectlvely (1983 -2002; Garc1a-011va et al 2002) ’I‘ropmal
demduous forest (TDF) is the dominant vegetation where most of the spec1es -

. are leaﬂess seven months durmg the year (November to May, Bullock and

Sohs——Magallanes 1990)

-2 2 erld sampimg

Samplmg was! c‘onducted in September 2002 (the ralmest month), at

) "three landseape posmons (south facmg and north- facmg mld slopes as well as L
o ‘top- hﬂls} we chose’ these posmons because it has been found that in these .
‘ fwatersheds spatxal and temporal Vamatmn in the Solar Radlatlon Index (SRI)
\ 'affected by local topographlc charactenstxcs ‘which in tum ‘has a dlrect |
_ ‘consequence on the evaporatlve demand and soil nutrxent contents (Lopez~ :
- Blanco et al 1999 Galicia et al. 1999 Zarco-Arista 2001 In each topogx‘aphm =
| "b-'posmon we selected seven s1tes acc:ordmg to their longltude aspect as well as

e f‘»edap:hlc and geo- morphologu:al 31m11ar1t1es (Lopez—Blanco et al. 1999} In eackh' i

site we established plots of 150 m2 in which we randomly teok composute S

B : samples of 15 undisturbed topsoﬂ cores, from the top five centlmeters and we B

- rmxed them to obtam one composite sarnple per plot

2 3 DNA. extractzon and T, RFLPS
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Soil ‘s'amples were dry sieved into micro- aggregates' (<250 um) and '

macro- aggregates (> 250 um). We extracted the genomic DNA the sarne day of

samplmg, for both aggregate fractlons using the Ultra Clean Soﬂ DNA Kit (Mo
Bio. Lab Inc.), and stored the products at -20°C. We amphﬁed by PCR,

the16S rRNA genes, in each sample, using ﬂuoreseently labeled domam- o

" 'Spemﬁc-prlmers (Forward 515 vIC ’GCGGA’I‘CCTCTAGACTGCAGTGCCAGCAG
fccoeo GTAA-3’; Reverse 1492 6FAM 5

G—GCTCGAGCGGCCGCCCGGG’I‘TACCTTG TTACGA CTT- 3’ Apphed , |
Blosystems) Three 1ndependent PCR were performed for each sample wzth o

each PCR reaction containing 1X PCR Buffer, 1.65mM MgCI2, 0. 2 mM dNTP

.~ mixture, 0.6'uM of each prlrner 1 unit Taq polymerase (ABI) and 5% BSA. AH \
| ,reactzons were carrled out in a MJ research thermocyoler with the followmg
| '1program 94°C x 4 min; 35. cycles 92°Cx 1.5 mm, 50°C 1.5 min, 72°C X2 mm,

F72°C x 10 min. PCR products were combmed and purified from a 2% agaroSe ‘

gel (Gel extraction kitQiagen Inc ). ‘The amphcons were restricted using AIuI

and Rsa, in a 20 ul reaction during 3 hours, one reaction for each enzyme ,
(Promega) Each reaction contained 10 units of Alul (or Rsall) enzyme and :{Ol"
-ng of the PCR product, dzgestlons were run in a MJ research thermocycler w1th
Z”the followmg program, 37°Cx3 hours and 65°C x 30 min. Size and .
abundance of ﬂuorescently labeled termmal restriction fragments (t-RFs) were :
1 d.etermmed usmc an ABI 3100 PRISM DNA analyzer. Each t-RF was - ‘
1cons1dered an operational taxonomic unit (OTU} and only those «QTUS with o
‘:’;helghts > 50 fluorescent Units were used for the analyses.

‘:2 4 Bacterzal commumtzes

k In order to compare different parameters among microbial commumtres

- we built presenee and abundance matrices usmg O’I‘US with values z 50 FU.
| These data were used to perform all the analyses descrlbed thereafter but co-
,OCurrence and UPGMA.

Richness. The total number of species or species nchness is one of the

simplest approaches to know the diversity and to,some extent the func‘aonal

act1v1ty within a comrnumtv (Morin, 1999) moreover, it is an attribute that -
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~allow us to make basic compaﬁso 18 amonig differént communities. ‘Tn order‘ o
compare OTUs richness between aggregates and am’ong sites we cohstrtlcted‘ g
: rarefactlon curves and mterpolated to the smaller sample (EcoS1m 6. 0 Gotelh ‘
& Entsmmger 2001) We also calculated the total number of OTUs and thelr

- -dlstrxbutlon between macro and micro- aggregates: and among the three

e :k sampled Iandscapes p031t10ns we estlmated the absolute and relatwe

abundance of the O’I‘bs exclusive to macro- aggregates micro- aggregates and
‘ those shared by the two soil fractlons and we also tested for OTUs’ co-
(oecurre‘nce between the two soil aggregate fractions, for th1s analysm we used
presence / absence matrlces (Gotelh & Entsmmger 2001] ,
Dwermt}g As it 1s 1mp0rtant to know how many dlfferent spec1es there ﬂ |

' “are-w1thm a eommumty, thelr abundance w111 nge us mformatlon about the

o ‘rantyg commonness or dommance of the spemes mteractmg in a given -

' 'micro- and macro aggregates

~commun1ty We measured Shannon diversity (H)) and equltabﬂlty J ?) indexes

k' (Magurran 1988) W1th the purpose of makmg relatlve comparlsons among the .

m1erob1a1 eommun1t1esassoe1ated to landscape position and,assoetated. to
UPGMA ‘We performed an UPGMA anaIVSIS usmg presence absence

‘ matrlces te search for OTUs chstrlbutlon between the soll aggregates fractlons t |

| (PAUP) o |

- “2_.5 ozl Parameters Analyses ; ‘

. We used the results ebtamed from a prewous study (Chapter EI this

'thesm) to Iook for a relatxonsmp between rmcrobial cemmumnes and soil

o ‘blogeochemmal parameters w1th1n the two sizes of aggregates In order to.

5 accomphsh thls pomt we run the following tests.

“t7 test. Because there were no SIgmﬁcant dlfferences in the o
‘k blogeochemleal parameters for the landseape position {Chapter II this. thes1s)

Vwe run a “t” test to ﬁnd any 31gn1ﬁcant difference between the b1ge0chem1cal

values obtamed for mlcrow and mMacro- aggregates
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Pearson Correlat1on We conducted a Pearson correlation test for each

SOll aggregate fraction in order to find out any given correlatlon among the
: blogeochemlcal parameters measured (total C, total N, microbial C m1<:rob1a1
N, labile C, NO3, NH*4 and C02-C) within each aggregate fraction.

Stepwrse regressmn “We carrred out a stepwise regressmn for each soﬂ

aggregate fractlon to find any relanonshlp between the number of OTUs found
~and the blogeochemlcal verzablesb labile C, microbial C, microbial N, NHs and
E NOs. / | ' » |

3. Results

. : 3.1 Bactenai Communztzes
- We found a total of 149 different OTUs, with the hlghest value [55 OTUs) -

for the top- hﬂl and the lowest (10 OTUS) for the south- facmg mld-slopes

‘ -Accordmg to the rarefaction curves micro-aggregates were as rich in O’I‘Us as

macro- aggregates within each topographm posmon However, both size :
‘fractmns were richer in ‘the top- hﬂls than their counterparts in the south and
'north~faemg mid-slopes (Fig. 1). From the 149 OTUs, 25 % were only present
vin macro- aggregates 25 % only i in micro- aggregates, and:the 50 % left was A
shared by the two size fractlons Those OTUs that were shared by the two B
aggregate sizes were also the most abundant in contrast, those OTUs
restrxcted to either macro or micro-aggregates were the least abundant.
Additionally, the number Cf OTUs that cc-occurin the i:wo size particles within
each posmon was 10wer than the expected by chance (P<0 05), that i is, a non-
random’ pattern of OTUs distribution eXISt between the two aggregate size-
fractions. This pattern is confirmed by the UPGMA analysis in which the
cluster 1nd1eates a very clear separation of OTUs between the two sizes of
aggregates, 1ndependently from the posztlon (Fig. 2). We found two b1g |
‘branehes one for those OTUs mhabltmg macro- aggregates {(green circled) and
the other for those OTUS present in mlcro -aggregates [blue circled), with some"
outhers in both cases. We also fot;nd two small brarlches in which there is also

differentiation between the two aggregate sizes.
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H’ Values variatidnﬁalleng the different landscape pOSIthIlS was almost .

gnon-exrstent The values obtamed ranged from 2.96 to 2.99 for macro-

o aggregates and from 2. 66 to 2.86 for micro- aggregates The same pattern was’

‘ found for the equitabil 1ty 1ndex (J } which oscillated from 0.85-0. 90 and 0.78-

o ’ij 89, for macro- and rmcro aggregates respectwely (Flg 3)

. 3 2 Sozl Parameters ‘ _

| Accordmg to the “t7 test the average values of aH blogeochermcal
, parameters measured but total and microbial nltrogen were higher for micro-

I aggregates than for macro aggregates {(P<0. 05 Table 1). '

' Pearson correlatzon results showed in the case of mlcro-aggregates

i srgmﬁcant Correlatmns {Table 2; P<0.05) between microbial C and m1erob1a1 N

| - (0.:63); mlcroblal C and NO3 (0.61}; NHq and NO::,( -0.60); and the number of

L ’OTUS and m1crob1a1 N (0 52) For macro-aggregates the correlatlons were

o p051t1ve and 31gn1ﬁcant {Table 2 P< 0. 05} between labile C and rmcroblal c

| (0.75); 1ablle C and NO3 (0.78); mlcroblal C and NO3 ‘(0.66), as .Well asNH4 and
“the number of OTUs (0.49). o o o
. The stepwme regresszon mdlcated that for micro- aggregates the
'correlatlon was 31gn1ﬁcant (P < 0.05) between the number of OTUs and ,
: 'mlcroblal N (@2 =0. 20} Whrle in the case of macro- aggregates the significant
o -,'correlatlon (P<O. 05) was found between the number of OTUS and NHa* {r? "7:: :
0.24).

4 D1scussmn R
Rlchnesa and d1ver31ty can glve us 1rnportant 1nsrghts for the
1dent1ﬁcat10n of microbial patterns of distribution and mlcrob1a1 functlonal
~ actrmty in soils (@vreas and Torsvik, 11988). We found that the top- -hill was the
richest topographlc posrtron this could be explamed by the specific
“crreumstances of the watershed were the study was develeped (Garc1a -Oliva &
N 'Maass 1998} Aecordlng tothese authors. there is a dlfferentlal nutnent o

dyrramlcs among landscape -positions:
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_-a) Nutrient rCOflTIOl in the top-hill is more related to biologicaleonditionsf
‘because soil stabﬂlt} is greater than in the slopes, and at the same time C and ;
N mputs and accumulation of their avallable forrns are h1gher 1n top- h111s than
in the slopes (Zarco, 2001) These conditions favor aggregate formatlon as weli
" as nutrient enmchment giving more opportumtles to the creation of new and
different niches for microorganisms. Supportmg thls hypotheSIS @vreas and
' Torsvlk’(198.8). results indicate that soil diversity is affected by soil -
‘biogecchemical properties, and thatioi’ganic soils possess more :’diverse "

‘ mlcreblal communities than different sandy soils as a result of the broad range
of orgamc substrates present m the former, o

~ b) Nutrient control in the slopes is determmed by the landscape

t dynamics due. toa contmuous soil movement, which increases durmg the ramy
season; spe01a11y with cyclones (Garc1a -Oliva, et al. 1995) ThlS Creates a micro-
enwronment that is changmg contmuously, producmg the lost of. orgame
matter and nutnents as they are incorporated (Garcia-Oliva & Maass 1998
Zarco-Arista 2001) , '

| Equitab/izlity.inde’xes {J") were very similar among the c,omn"tunities .

studied and the valu‘es found were very clese tdone indieating that no

_ ,parttcular ouT predommated within the different commumt1es Zhou et al.

(2002} proposed dlfferent mechamsms that can turn out into a non- competltlve o

' pattern within a community: “super abundant resources, resource ‘

; heterogeneity, spatial isolation and, non—equili’t)rium conditions”, In this k
partieuiar case we can attribute the high diversity and equitability to two of thei
meehamsms mentloned super- abundant resources and resource

= hetemgene1ty | ‘

| a) Super-abundant resources. TDF is charactenzed by a period durmg
the year: with a high avaﬂabxhtv of resources {i.e. water and nutrients) at the

' onset and during the ramy season.. ’Fhe soil is enriched, at the onset of the
rainy season, with the nutrients leached from the litter surface, starting w1th
the mmerahzamon process that wﬂl sustaln vegetatlon as Well as

mlcroorgamsms in the soil (Singh et al. 1989; Campo et al. 1998; Garcia- Olwa
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et al. 2003). Even though:durmg the ralny‘seasor;;@vvand‘ N avaiiabili'ty is lower

than in the prev1ous seasons (dry and begmmng of rams) eoncentratxons of

 these nutrlents are: hlgher than in temperate, desert or agr1cu1tura1 systems

allowmg h1gh dxverse an non- competltlve eommumtles and;

b} Resource heterogenertyv A variety of data, including our results,

N : demonstrate the ex1stence of- dlfferentlal nutrlent charaeterlstlcs within macro~

and rrucro~aggregates glvmg m;lcroorganlsms the poss1b111ty to. ut1hze dwerse ‘
| '{“food” resources {Rangard and Richaume 200 1).

Dwer31ty (HY) and equltablhty (JY values were very similar for both 31zes

:of aggregates and the different landscape posmons poss1b1y because the most
 common O’I‘Us were also the most abundant Nevertheless itis 1mportant to

5 B 'emphasme the ex1stence of a non- random pattern of dtstnbutlon between
"mlcro and macro- aggregates The fact that only'SO% of the total number of
‘ ,OTUS is shared by beth fractions .and that there is a group of OTUS that are
only present elther in micro or macro- aggregates with low probab111ty of co-
] ocurrence _give us some 1n51ghts about the distinct functional roles that these '
~ 'specrﬁe and excluswe OTUs may play i in each fraetlon This' pomt was more

obvious When we analyzed the effect of aggregate size- fract1on on

' ’blogeoehemlcal processes ,

‘We found that micro- aggregates presented h1gher values for all the
vparameters measured with except1on of total and m10rob1a1 N, the values per (V
~se indicate a dlfferentlal storage capaczty and resource use betWeen the two
_' aggregate sizes. By September (rainy season) these. had a consrderable lost of
nutr1ents mainly total N which is lost more rap1dly than total c. The C / N '

B 'ratlos confirm that a dxstmct C dynamics ex1st and that prOcesses are
apparently more stable in macro- than i in micro-aggregates (Chapter 1, this

thesis). Slmllarly, the availability of C is also reduced (Garela -Oliva et al 2003; a

. Chapter I, this thesls) constralmng the activity of heterotrophle populatlons

and enhancmg nitrification (V 1tousek et al.1982; Hart et al. 1994).
It is 1nterest1ng to mention that the number of OTUs for mlcre and

macro- aggregates are related to dlfferent N forms (m1erob1al N and NHa*,
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respectively),, suggesting that the amount of "OTUs are directly related to N |
ktran‘s'formations In addition' the clear OTUs differentiatié’n between the two
aggregate size fractlons mdleates t:hat those mxcroorgamsms that are excluswe
either of macro- aggregates or micro-aggregates, are accomphshmg drstmct
blogeochemmal processes related to nitrogen dynamms, even though the1r

~abundances are much lower than that of the mleroorgamsms shared between
 the two aggregate fractions. -

Moreover, the number of OTUS in micro-aggregates is explained (Pearson'
,correlatz.on and Stepwrse regresszon) by microbial mtrogen “which md1cates
that in this 8011 size- fractzon there is greater heterotrophlc m1cro’b1a1 species
: than in macro- aggregates enhancmg N immobilization. The pOSItWe
correlatlon between. m1crob1a1 C and m1crob1a1 N and the negatwe correlamon
between NHa4* and NOgs- also suggest an important act1v1ty of the: heterotrophrc
populatlons and a greater C mineralization w1thm mlcm»aggregates
Apparently, bacteria are more protected within the rmcre aggregate fractron of |
kthe soil; as mentloned in other Stud1es (Hattorl 1998; Foster and Dormaar
1991), glvmg as a result a red1str1butron of the rmcroblal N forms in a time of -
the year where N lost and N plant absorptlon are dominant {Smgh et al. 1989
Roy and Singh 1995). (

In contrast, within macro- aggregates the number of OTUs correlated mth
‘ “\IH4 , which could be an indication that microorganisms rely on NH4
avaﬂabrhty for N immobilization ( in the case of heterotrophs) or. mtnﬂcatron It
- also seems that nitrification is hzgher in macro-aggregates than in micro- .
aggregates as suggested by the NH4*/ NOg ratio (0.16 and 0.22 respectzvely);,‘
indicating protection of the heterotrophlc populatlon by micro- aggregates ,
durmg the rainiest months. ‘

Our results indicate that the microbial communities found in the two sorl
aggregate size- fraemons have different eomp031t10n and that those | organisms -
1nhab1t1ng e1ther macro- or rmcro aggregates are more closely related
Furthermore, we can assume that the least abundant mlcroorgamsm are not

" necessarily the least 1mportant on the contrary, our data show that the least:
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'abundant mlcroorgamsms are the ones’p aying;"the different blogeochexmcal

: .processes w1thm each size fractlon ‘and also that they are carrymg out these

| processes at different rates.
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Fig. 1 Rarefactibhrcurves, for macro- (Ma) and micro-aggregates (Mi) in the three
different landscape positions (TH=top-hill; SS=south-slope; NS=north-slope).
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Fxgure 2. UPGMA analysw for th
aggregates.
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F1gure 3. Shannon diversity (H) and eqmtablhty (E) indexes for the two
aggregate fractions in the three different positions studied, Ma (macm—

aggregates), Mi (micro-aggregates).
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' Table 1. Mean values and “t-test” ijfblsabﬂmes for total, available and
v mlcroblal nutrients in macro- and micro- aggregates for the rainy season.
" period (September) : ‘

Nutnents Maéré-é;ggr:e‘gates Miéro-aggregé«tesé (P

- Totals (mgg 1 L A v : , o
" Carbon . 27(3.6)° . 40(5.1) 0.000*
‘Nitrogen = - 2.8(0.4)a - 3.3(0.3)p - 0.076ms
~ C/Nratio ,10(0.7)*) . 13(2.3)a . 0.038°

Avaﬁable (ugg 1 - e T

o Ciabite ~ 99.7(25)0 160(23)a - 0.015"
~NOs  89(10)p  112(14)2 - .0.000"
NHs* 13.5(2.3)b . 24.7(4.72 . 0.000°

© Microbial (mggl) L
© Carbon ~ 617(95)°  820(125} .  0.000"
CNitrogen = 12.2(1.9)2  13.9(4.6)2  0.385w

. Mineralization

(nggtdl) o | R T
COx-C__ 12(1.4P  ~ 20(3.5) __0.001"




Table 2. Pearson correlamons among biogeochemical parameters for (@)

~ macro- aggregates and (b) micro- aggregates. - - S e T
'(a] ‘ . T
- Macro-  Ciabite Cmicrobiat  CO2 = NHs " Nmicroia  NOs~ ‘
. aggregates _ production o

C microbia 0.751 ‘ i

P—kvalue' . 0.000" - . . ‘ o . - ‘ , ».
COQ(praducﬁcn) "0.276 -0.151 ) ‘ ‘ . o o ) S o . ‘ ’

©0.252  0.536 | |

NH; -0.425 -0.275 0.115
0.0695 0.252  0.638
Nmicrobiar ~~ 0.208 0.384  -0.307 ~ -0.398

‘ ; ‘ 0.391 0.109 0.200 ~  0.091
- NOs3 0.797 0.663 -0.189 --0.331 0.083
o ; 0.000" 0.001" 0.436 0.165 0.734 ' '
OTUs 0.0398 0.132 0.037 0.0485 -0.376 -0.0201
_ 0.871 0.589  0.879 _ 0.035" 0.111 _0.407
b S .
Micro- - Ciabite  Cuicrobial COz2  NHs Nmicrobiar NOg-
__aggregates’ production : '
Cr_ﬁierobial ) -0.277
" P-value 0.281
COQ(pmducﬁam -0.144 0.400
' . 0.5380 0.11 :
NHa4 - 0.026 -0.239 -0.180
| 0.921 0.355 0.488
Nmicrobial 0.035 0.634 0.077 - -0.302
: 0.893 0.006" 0.766. 0.238 (
- NOs -0.329 0.617 0.198 -0.598 0.278
0.196  0.008" 0.445 0.011" 0.279
OTUs -0.129 0.138 0.135 0.121 0.514 -0.174

0.620 0.597 0.603° 0.642 0.034" 0.503
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A. M‘ Noguez et af.

b1ogeograph1ca1 barriers - {Finlay, : 2002) than microbial
- eukaryotes. Scant emplrxcal evidence suggests that this

o generahzatxon mlght be trie for. ‘oceanic bacteria, but not for
soil or sediment prokaryotic asserablages (Pinlay & Clark, 1999, :
Finlay et al., 1999; Torsvik et al., 2002; Nee, 2003; Gmndmann, '

- 2004). However, no study has per”ormed a samphng procedure

g _demgned specu:calxy 1o address this issue, and the question of -
- whether bacteria show biogeography or not rermains unanswered

{Curtis et al., 2002; Nunan et af., 2002; Fenche] 2003}, -

L We define a syndrome of ublquxtv for 5pec1es ‘with -no bio- :
- ,geography to: mclude the fodowmg traits; (1) a high local to .

global s species ratio meanmg that a single site can contain a high
percentage of the full glaba] speaes set, which is ccomparauvely

- smalk; (2) a.very hlgh dxspersal rate, - coupled with a very }ugh o
. abundance of mdmduals, provadmga huge ‘seedbank’ of speaes, .
(3 extremely large distributional ranges, with véry few or no

speaes with restricted distribution; {4) a very low rate of species
. turnover (beta dlversﬁy), so samples tend to contain the same

spec1es regardless of the phystcal distance between them, (5)a -

. flat species-area curve, and (6) unstrucmred local communmes,
- whichare random subsamples of the global species pool
Available information seems to show that not all prokaryotes
are cosmopohtan, and that at least some species do not show
. traits 1'and 2of the syndrome of uhiquxty (Massana et al.,
2000; Curtis eral, 2002 Nunan et al,, 2002; Torsvxk et al,, 2002;

Fenchel, 2003; Whltaker etal., 2003) Studies-on the dlstnbutlony )
of. guﬂd members, phyIQgemtlcally related populatxons (Cha 8("
o - Tiedje, 2(}0{)) and’ pamcular species (Whitaker et al,, 12003) are
consistent’ with the conclusion that prokarvonc species can be

restricted ‘to given locauens, and their distribution probably

reflects adaptive, evolumm 1o local condltxons In contrast, -

pathogenic’ bacterial specxes and Bact?lm spore formers are
reported to have global panmacnc distributions (Massana et al,

20003, Similarly, studies on other free-living prokaryotes have
- found apparently identical mmroorgamsms in equivalent, but
geographzcally separated environments, such-as’ ‘polar oceans
(Hoihbaugh et al., 2002} ice (Staley & Gosink, 1999) and
~ mariné sediments (Bowman & McCuaig, 2003). meortunatelv‘

- assertions ‘concerning the biogeography of prokaryotes are

largely based on fragmentary information, and the pattern of
beta: diversity, or how: similar in species composition are the

7 samples taken from different plar:es, Has not been exammed

"(Nee, 2003). Alse unexplored is the pattern in which the-courit of
prokaryote species varies ‘with the sampling scale (Grundmain,
2004). Krowing the pattern of beta divetsity at different. scales,

researchers can, make inferences regarding the dlstrlbutzonal«
ranges of species, the speae&area relationship; and the degree of -

~ randomness of local communities {Godfray & Lawton, 2001;
~ Whittaker et al., 2001; Arita & Rodriguez, 2002; Ricklefs, 2004).
Here, we tis¢ such relauonships 10 test the hypothests that prokaryote

assemblages show traits 3: to #ofthe syndrome of ub1qu1ty V

MATERIALS AND METHODS

We exammed the compusmon of pmkaryouc sml assemblages at.
. four spatial scales’ by systematxcally samplmg sites w1thm a ﬁ‘hy

242 ) LS

Vll

8m
,
.

Figure 1 FPully nested system of quadrats designed to analyse the ‘
scaling of species diversity. An 8x 8 m quadrat of aread, =64 m’is -
_divided into feur quadrats of area A, =16 m?, 16 quadrats of area
A= 4 m?, and 64 quaérats of area Ay =1 m?, For clarity, only one
quadrat of each size is marked A soil sample was taken inside 32 of

. the smallest quadrats, following a checkerboard pattern. Operational

* taxonomic unit (OTU} dlverszty was measured at the four scales:
Syis the total leErSlt)’ found in the large quadrat S, average

" cumulative diversity ini the four quadrats of area 4, (each including

eight soil sampies), S, is the average cumulative dwcrsx{y in the
16 quadrats of aréa A2 {each including two soil samples}; and S, is

" the average dmzrsm, in the 32 sampling units.

nested system of quadrats {Fag 1, Arita & Rodmguez, 2002). This
“sampling design allowed us to measure distribution; taxonomic

diversity (see definition of our operational ‘iaXOI‘EOInlC units
‘below) and beta diversity at four spatial scales (A A;, An A}

Starting with a quadrat of side Ly=8 m{and area A, = 64 m"), -
containing S, taxa, ive divided -the sampling area. into . four
smaller quadrats of side L, = L,/2 =4 m,area 4, = A,/4 = 16 m’,
and containing an average of $, taxa. Byi iterating the subdivision,
we completed a series of increasingly smaller quadrats of side

) L—Zmandfl,-—lm,andarea 4,—&m and A;-—lm‘ con- - .
' taining $; and'S,; taxa, respectively. We used a checkerboard S

sampling de31gn, including 32 of the 64 possible quadrats c}f size .

A, to optimize available resources without compromising the °
* analytical power (Fig. 1). Usmg such desxgn, we had at least two

replicates for all samples at all scales, and this assured us agamst S
possible techmcai failures or sample losses. In fact, two of our
" samples yielded no-DNA, but the robustness of the dﬂmgn :

* allowed us to perform the compansons w1th0ut any’ Ioss oi“ E

analytical power, o
This sampling- scheme was deployed at two locations of the

Chamela-Cuixmala onsphe*e Reserve, on the western coast of ©

Mexico { i9°30‘ N, 105°05’ W}. One 1ocatibn was a flat hill‘top,

Global tmlogy and Brog@ography 14, 241- 248 © 2005 Blackwell Pubhshmg L
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,Am‘t To assess the hypothesis t that free- hvmg prokaryotes show a pattern of no\
bmgeography by examining the scahng of soil prokaryotxc dWersxty and by comparmg
it with other gfoups blogeographlcal patterns.

Locatlon Twc sites in the tropical dec1duous forest of Chamela, Iahsco, on the westem,
coast of Mexico.

% ‘ - Methods We examined the diversity and distribution of soil prokaryotes in tWo
o o 0 8X8m quadrats divided in such. manner-that we could sampleat four spatial scales.
Restriction fragment length’ polymozphlsms of 165 rRNA genes were used to define

oper:atmnal taxonomic units (OTbs) that we used i m ienof specxes to assess diversity.

- Results' We found Iughly structured species assemblages that allowed us to reject
" multiple predictions of the hypothesas that soil bacteria ahow nobiogeography” The
frequency distribution of range size (measured as the occupancy of quadrats? of |
OTUs foltowed a hollow curve sumlar to that of vertebrates on continents. Assemblages ‘
showed high levels of beta dﬁersny and a non»random nested pattern of d;&ersntv o
OTU divetsity scaled with area followe{i a power functlon \~1th slopes z=042
and 0.47. ‘

. Mam conclusions We demonstrate a non-ubiquitous daspersal for soil prokaryo- -
tes, which suggests a complex bwgeography sumlar to that found for terresfnal

*Correspondence: Héctor T. Arita, Instituto de vertebrates.
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México, Apartado Postal 70-275, CP 04310 Keywords

“México D, F, Meéxico. , Bactenal dnersxty, beta dlversxty, bmgeography, dlstnbutwn, scales, sml pmkaryotes,
TRFLP
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INTRODUCTION
. Prokaryotic species are essential cbmpénentsof the biosphere
because they catalyse processes that are critical to sustaining life
on Earth, In recent years, methods based on the phylagenenc
analyses of the siall subunit ribosomal RNA gene sequences
" have expanded dramaticall;y our understanding of prokaryotic
'diversit'}{ {Hugénhbl,tz etal., 1’998;,Cuftis etal, 2002). Never-
 theless, only 26 of the more than 50 major lineages (Phiyla) of the
domain Bacterin are represented in cultivated strains {Rappe &
Giovannoni, 2003), and there are only about 4500 species that
have been charaétemzed Considering that more than half a
miLion bacterial species could occur in 30 g of sofl, according to
- same estlmates (Dukhuxzen, 1998) it-is. clf:ar that most of the
diversity of prokaryotes remains unexplored

© 2005 Biackwel! Pubnshmg Ltd wwww blackwelipublishing.comigeb

{Godfray & Lawton, 2001; Finlay, 2002; Nee, 2003; Horner-Deving ; B

A direct consequence of the insufficient knowledge on the, -
diversity of prokaryotes is an almost total lack of information. -
regarding their distribution and biogeography. A current debare:
is on whether microbial communities show patterns of distribu-
tion and.diversity similar to those of MACIOSCOPIC orgam,sms—‘

ef al, 2004). Recent research shows that frec—fiving microbial E
eukaryotes (e.g; protozoa and microalgae) are cosmopalitan, so the |,
same species are found in sites in any part of the world, implving
avery low rate of species tirnover (beta diversity) and a lowglobal *
species diversity (Finlay & Clark, 1999; Finlay et al., 1999; but
see Foissner, 1999). This pattern of ‘no biogeography, meaninga |
global homogeneous distribution, has been assumed to hold
also for prokaryotes, arguing that their smallet size and higher
abundance make them even legs prone to be bounded by

DO 10.1111/.1466-822x.2005.00156.x - 241 -




“and the second was a south- facmg m1d—slope {27°) of a small

sproject on ecosystem ﬁ,lncnon Distance between the two loca-

S t10ns was 300 m. Mean annuai te-nperature is 24. 9 °C and the :

- ‘mearr annual preapxtanon is 763 mm, with the rainfall- concen-

" trated in a dearly marked- wei season that lasts from Iune to

October, shov.mg a peak in September (Garcia-Oliva et al,

" where most tree spectes are leafless during the dry season. Soils

. organicI matter oontent of < 5%, ‘mainly concentraxed in 'the top
5 ém, and witha pH of 6.9 {Garcxa Oliva et al 2003}, k

i ,f{FLg 13, we collected 5-cm’ core soil samples from 32 of the 64
IR quadrats of size A, in ‘each locatlon, sxew:d them to remove gravel
~and other large (> 2 mm) matenal and extracted genormc DNA

cfrom a ]- 8 ahquot of each sample \e"ee assessed. the d1versxty of -
K fprokaryotes based on restriction fra'gment iength polymorphisms -

; {RFLP) ‘of 1 65 rR?VA genes that were used to deﬁne operational
e ta_xonomzc ‘units” iOTUs) Genomu; D’\IA extraction was per-

. szeved soil using the Ultra Clean Soil DNA klt {Mo Bio Labora-
V ~tory: Ing. ) and the products weré stored at =20 °C. The 165 rRNA
.~ genes in each sample were . PCR{polymerase chain reactxon]
L (tomard :515 VIC 5°GCG GATLCT CTAGACTGCAGTGCCAG-
L CAG (,CGCG GT,AA—3 *everse 1492 6FAM 5"-GGCTCGAGCG-
- GCCGCLCGGGTTACCTTG TTACGA CTT-¥,  Applied
) Bmsystems. Angerteral, 1998) These are umversai pnmers that
S graups of both Azchaea and Eubacteria.

o with each. PCR coritaining | 1XPCR buffer 1:65 mas MgCl, 0.2 mm

T and 5% BQA All reactions were camed out in dan MJ- research

S0 10 min. Tg minimize PCR b1ases because of preferennal

3 promising PCR quah‘ry We aJso perf@rmed tests with dxfferent
C g polymerases until finding the most appmprlate for our case.
" Tillmann and I-raedrach (2003) found that there are no sxgmﬁcant

" temperature annealing s should be set for the pamcular primer;
' gel { Gel extraction kit Qidgen, Inc). The amphcons were restricted
Each reaction contained 10. umts of Al enzymie and 50 ng of the

- PCR pfoduct, dlgesnons were run in an MJ research, thermacy-
o cler wnh the Foﬂowmg program: 37 °Cx3 h and 65 °C x 30 min.

o iwatershed ‘that has been extenszveiy studied for a lang term

~1991). The dominant’ ‘vegetation is tropxcal dec1duous forest, -
- are sandy clay-loams (Orthents in the ‘United States Department .-

’ éof Ag,rlculture IUSDA] c13551ﬁcat10n) poorly developed, wuh an. .

OnJune 25,2002, fo]lowmg the checkerboard samplmg désxgn -

' farmed on thé same day of samphng from an aliquot of 1 g of

; .‘_»‘: amphﬁed using ﬂuorescently labelled domain-specific: ‘primers

o target prol{aryotxc genes, 56 our results can be: generahzed twoall
Three’ mdependent PCRs were. performéd far each sample, '
e . dNTP rmxture‘ 06. pa of each: primer, 1 unit laq polymerase (ABI) -

i thermocycler wnh the foﬂowmg pragram 94 °C % 4 min; 35 ,
: gycles;at 92 °Cx1.5 min, 50 °C. 1.5 min,. 72°C %2 min; and:

, amplification and ;-eannealmg. we standardmed and set the
- optimum PCR condmons for our- enwronmental 5amp1es as
ER suggested by Osborn et al. { L@Oﬂj We used the same DNA con-
centration and chose the’ number of .¢ycles and the, annealing -
i temperature in order o obtam the best product ~without coin- .

" differences in’ termmai restrwtmn fragment—length polymor-
phhm (TRELP} cbtained between 28and 45 PCR cyclesand that

PCR producfrs were combmed and purified from a 2% agarose.

usinig Alul enzyme (Pmmega) in a 20 uL reaction during 3h..

_Prokaryotic macroecology

Sizé and abiiridance of fluorescently labelled terminal restriction
fragments {t-RFs) were. determmed using an aBl 3100 PRISM
DNA analyser. ‘
" Each't-RF was consxdered an OTU and only those with helgnts )
of 2 50 fluorescent umts {FU) were used for the analysis. Thresh-

- olds are chosen by assessing the noise in a region known to have

no fragments, based on the ,pamcular background noise pro-

‘duced for each machine and on the appearance of peaks in sam- '
ples run only with a control. Studies Have shown that by cutting

peaks at 100 FU or greater, there is an increase in the 'Iumber ef
errors found (Blackwood ef al., 2003).

Characterization.of mlcrobnal ‘communities has beer hmdered

' in the past by tradmonal culture methods, because onlv a very

small fractlon ‘of microorganisms found in env1r0nmental sam-
ples could be recovered. Recently, several molecular techntques

~ have been- developed to. study phylogenenc relationships and. o
... diversity in microorganisms (LIU et al, 1997; Tiedje et al, 1999;
‘Ran;ardgml 2000; Norris et al., 2002; Hill eral, QOS), Among. .
these, TRFLPs lgve‘rco'rrie,most of the problems plaguing other . °
‘ﬁngerprmﬁngvappréac‘hés in terms of low resplution power/ lack - =+

of rephcabxlltv, differentfal electrophoretic mobility, and Iack of .

; capacrcy 1o quantify diversity. In parncular, TREFLPs are very use-

ful in comparing different communities because of their high
level of sensitivity and replicability { Blackwoed et al., 2003).
For each locauen, we gonstructed pr%ence—absenée matrices

- describing the distribution of OTUs among 30 quadrats of sizeA;

in the hilltop and 32 quadrats in the slope (we were unabie'to
extract usable DNA from two of the hilltop samples). The: purs
pose of the sampling procedure was not to measure the total
oT1U dwers;ty of sites, a goal that is not, feasxble for prokatyotes
with existing methods. Instead, the obJectwe was to assess the -

~ spatia] patterns of diversity by conductmg a standardized sam- :
, ‘phng procedure that allowed us to carry out valid comparisons
‘among quadrats. Thu& we assessed the adequacy of the sampling -

by its.statistical represemanveness iGllbert l98/) and not by a

. criterion of completeness, as in mventcry orxen‘ated >tud ies’
* {Gotelli & Colwell, 2001).

In environmental studies, a parameter is cons;dered ade~
quately sampled if the probabﬂlty of a 20% variation around the -

‘mean value is < 0.1 {Gllbert 198/) The probabmt‘, can be esti-

miated-with the formula Z_,, = \.i”d fn, where ot is the proba-
bility, Z, o is the value for the standardized normal distribution,

" # is the number of samples, 4, .is the-chosen acceptab e relative o
1x 4 {/i; where % is the measured average ‘and Wis |

error (d
the true, unknown population 1 mean}, and n=o/u (wheve fsi is

. the true populatmn standard deviation). Usmg this formula, we
. assessed the adequacy of our measuremem of diversity at scale

A;, estimating O with, the observed standard devmnon {s} and b
‘with the observed sampling mean (). :
Rarefaction curves were. buﬂt for the two sites b’y otting thg

_ cumulative number of OTUs as a function of increasing numbers. -
- of samples. We used EstimateS version 7.0 {Colwell; 2004) 1o calcu-

late the poirits of pur rarefaction curves, using the procedures «f
Colwell ez al. { 2004) that allow the exact-calculation of e\peucd
 diversity valuesand assoaated variances for any fumber of samples
{see also Ugland et al., 20{]3)
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Figure 2 Rarefaction curves of OTU diversity for 30 soil samples in
‘a hilltop {filled markers) and 32 samples in a slope {erpty markers)
in atropical dry forest of western Mexico. Broken lines show the 95%
confidence intervals for the ineans. The curves were built usmg the
exact solution of Colwell er al {in press ) as 1mpiemented in.
Estxmates »ersmn 7.0,

We assessed B diversity at three scales using Whittaker's {1972)
formulation B, = S..,/S, where §, is the average species diversity in
quadrats of area A, Arita & Rodriguez, 2002). To, determine the

-shape of the OTU-area relamonshlp {equivalent to the’ spemes—area '

relanonshxp (SAR}], we performed non- -linear regressions ‘of
average OTU dwersxty againstarea for the’ two sampling sites. We
examined the structure in the assemblages by measuring their
degree of nestedness. In a perfectly nested assemblage, OTUs

* - found in poor sites occur also in more diverse sites. Nestedness is
- acorrelate of order or structure within commumtles, and can be

‘measured with a temperamre value (Atmar & Patterson, 1993).
Low temp;—:ratures arecharacteristic of hlghly ne;ted assemblages

showing low degrees of &é’sordeﬁ. The sigrificance of the nested-

ness measure was assessed by assembling 1000 random sets of
species using the fempera‘iure calculator of Atmar and Patterson
(1993) ' :

RESULTS AND DISCUSSION

CoTU dwersuty

We documented the presence of 198 OTUs in the two sites. Qf ‘

** these, 155 oceutred in the 30 samples from the hilliop and 133 in
the 32 samples from the slope, with 56.(36.19%) and 34 {25.6%}

taxa exclusively found in the hilltop and the slope, respectively. -

*_ThUS« overall, only 108 of the 198 identified OTUs (34.5%)
. occurred in both sites. The hilltop was richer in OTUs than the

- slope, even'afer taking into account the differing sample sizes, as -

* shown by rarefaction clirves {Fig, 2).
Full inventories of prokaryotic taxa are not feasible with
" currently available techniques. To analyse patterns of diversity for

- this group, as for other highly diverse brgan'isms; such as beetles, |
- tropical butterflies or aquatic mvewebrates, researchers rély on
sampling to generate diversity estimatés at dlfferem spatial or -

temporal scales (Gotelli & Colwell, 2001}, Those estimates are
comparable only if standardized field techniques are employed
*andif provisions are taken to consider the effect of differing sam-
pling effort. The purpose of cur study was not to measure the
" total pfokaryotic diversity of sites, but to analyse spatial patterns

in the distribution of diversity by comparing quadkra‘ts in Whiéh L
standard samphng and analytical procedures weze performed :

" Because of the nature of our malecalar tecnmques, we con-

centrated on the numerically dominant. organisms, those thh :

higher probabilities of being detected by our D}\A analysis. Our

molecular threshold (30 Pb) established the vell line’ {Preston;
1962a,b} that separated the detectable from the non-detectable

texa, in'the same manner that sampling effort marks the veil line -
in diversity studies for otlier groups, such as motha and beetles. *

In those cases, valid compamsons can be made if standard field;
laboratory,and statistical precedures are foﬂowed for all samples.
In assessing the representatweness of the sampimg proce-

“dure, we found that the probabilities of sustammg arelative error
of 20% or larger (d, 2 0.2) in measuring S, thh r=30° sampies o

. “for'the hilltop and n'= 32 samples for the smpe were P=0064 = .
and P = 0:0002, respectively {in both cases, P < 0. 1) “Thus, thef o
amount of variance (and thus, of potezmal bias) of our meastires

- of §, 0T dwersxty at the two sites is low enough to make vahd‘ o
comparisons, Because of the fully nested design, estimations of o

S S,, and S, diversities, which are based on combmanons of §;
diversities put on a spatially exphcxt des1gm are also adequate Y

“sampled.

L

Occupahcy

Within sites, the frequency distribution of occupancy of OTLs) -

(occupancv defined as the ‘number of quadrats in‘which a given
OTU is present} followed a unimodal, r1ght-skeweé {"hollow’)

~curve, which Is-the most commion shape for a variety of

organisms, from foraminifets to trees and vertebrates { McGeoch
& Gaston, 2002). The curve is also very similar to that of the X

frequency distribution of range size for vertebrates in continental - .

masses (Brown et al,, 1996; Gaston, 2003). However, the frequ'

- ency distribution for occupancy differed from a | og normal

distribution {test for normahty usmg log-transformed data,“

. P<0.001), showing an overrepresentatmn of OTUs that
occurred in very few quadrats. Sixty-eight” {44%; Qt the 135
* OTUs recorded in the hilltop and 56 (42%) of the 133 OTUs in

the slope were detected in only one A3 Samp}e In LOnt'ﬂht anly

“two OTUs in the hxﬂtop and seven in the Sli)pe were derected i in :

more than 23 samples iri each location (Fig. 3a, There wasa ™~
significant correlanon between the occupancy in the two sites.
that is, OTUs that were w1despread in the hﬂhop were axm w\de~ R
spread in the slope {r="0.4875, calculated as n=198 owupmu :'
pairs, P < 0.001). : )
~ In any study of species dxsmbutwn, there s the’ pmentm
problem of bogus patterns emergmg from incomplete ba’ﬂ{?‘ ing.
It is possible that the oécurrence of some OTUs in some quadrats
might have gone undetécted because: of < our choaen “miolecular

threshold, However, the effect of this potential prob em, which s o

common to all studies based on samplmga is likely to be Wi minor

- importance. If we could lower the threshold to an imaginary tevel

that allowed us to have'a complete inveritory of OTUs, it is likdlv
that some of the OTUs would be detected in niore quadrars than’
presently repgrtéd; {that is, some QTUswézild have a iargtr g

occupancy). However, by lowering the threshpld, we would uno
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~ Figure 3 Diversity patterns of soil prokaryotes in twolocations of a
tropical dry. forest,it western Mexlco Black marks indicate hilltop

_samples.and white mldrs]epe xamplaes {2} Flequencv distribution of *

. oetapancy {number of occupxed samphng quadrats) for prokaryonc

o VOTbsmthe 1wo 64-m* squares. {b) OTU diversity-scale plots for the

twio 64-m’ squares, showi ing @TU dxversny asa function of scale as

T explamed in Fagur.. 1.{c} Specles area cur»e, data for OTUs fmm the
two 64-m” squares were pooled to calculate the regression; the right-

most point 1s the to%a] cumu, atwe dwemty in the two squares

be able to dezect many more of the rarest OTUS, those occurring
' af extremely low densities and, most hkely, in fewer quadrats We

* would not change s;gmﬁcamlv

Thus, by documenting the presence of OTUs thh extremeiy

“estncted”dwtnbunon and by demonstrating that a large

“ " peicentage of OTUs are found in only one of two locations,
we rejected predxctlon 3 of the syndrome of speczes with no

' bwgeogra?hy

a Scalmg and OTU—area re!attonsh:p

- Assemblages af prokaryonc taxa foﬂowed sirnilar scalmg trends
in both locations. ‘s shown by‘trhe OTU scale plots (Fig. 3b).In.

Prokaryotic macroecology

these plots; log species diversity or log OTU diversity are
functions of spatial scale, in this case, scales 0, 1,2 and 3
corresponding. to areas 4, =64 m% A, = 16 m? ‘Az 4m’, and
Ay = Lmd, respectxvely The'slope of the regressmnhne is equal
to —log ﬁ where Bis ‘Whittaker's (1972) beta dwersny {Aria &
Rodnguez, 2002):. When B is small, there is very.- httle species
turnover and samples contain about the same OTUs regardless of .
their size; whereas Iarge P valures mean a high turnover rate that
implies marked differences in the composition of- ‘OTUs among
samples. Regression analysxs for both of our locations: fit a
straight line with slopes ~0. 281 (B=151,.r" = 0.99) for the
hilltop and —0.251 (B = 1.78, r*=0.99) for the slope. Note that
only the average values for each scale were used to perform the

: regressions 1o avoid paeudorephcatlon and reduce the effect of -
- spatial autocorrelation. These results indicate that an increment
-in quadrat area by 4 factor of four represents an increase i the
- diversity of OTUs by a factor of B=1.91 in the hzllta:)p and by
= 1.78 in the slope. Arita and Rodriguez (2002) used the same

sampling procedure as ours but with 4, quadrats of 180,000 km*-
and found that d1vers1ty for non-volant Mexican mammals .~
ranged from 1. 19ina homogeneous (the Yucatdn Peninsuia) to

~2.52ina hxghly heterogeneous area (cenfral México). Figures

for B diversity of prokaryotes in our 64-m” locations correspond
to high-end values for mammals in quadrats that are approxi- '

- mater 2.8 % 10° times la;ger inarea. Hence, prediction 4 of the

syndrome of ubiquity, a low rate of species turnover, can be un-

equivocally rejected for prokaryotes in our locations.

Linear OTU scale plots imply OTUéarea relationships of the
form §'= e, where ¢ and z are mnstanb {Rosenzweig, 1995;- V

" Harte et al, 1999 Arita & Rodriguez, 2002): Performing non-

linear regressions, we ‘éstimated z'=0.47 for the hilltop and -
2 =042 for the slope (r* =0.98 for both cases, Fig. 3¢}, These 2
values are highér than reported values for vertebrates in nested
,samplixxg units in continents (Rosenzweig, 1995, and are much
higher than for invertebrates in the sea {z = 0.161, Azovski, 2002)
and for ciliated protists (z = 10,043, Finlay, 2002}. Prokaryotes in
our locations clearly do not show a flat species—area cuirve; there- A

fore prediction 5 of the syndmme of ublqultv can be safelv
. tejected. : .

Our samghng design {quadrats arrayed in a contiguous gnd)k
yielded type I{-OTU-area curves in.the classification of Scheiner

" for species-area relationships (2003, 2004}, A related sampling |
contend that by, lowering the threshold, or by performingamore .

intense sanipling, we would si mpiy miove Prestor's (1962a,b), veil”
line, but that the shape of the hlstograms shown in Fig. 3(a)

procedure uses strictly nested quadrats (type I in Scheiner, 2003, .
in which only one quadrat is sampled at.each scale and smaller
quadrats are nested within larger ones. The théqretical implica- -
tions of such design has been explored by Harte ef af. (1999}, and
similar sampling designs has been used for the analysis of the

continental distribution of species diversity (e.g. Lyons & Willig, .

2002). The design suffers, in.our view,: from the lack of repl icates
and from the fact that smaller scales cover only lirrited parts of -
the whole region, going to the extremne, where thie smallest scale
is represented by a single point {at the centre orat one extreme -
of the region). The sampling design used herein; in contrast,

* systematically arrays quadrats of every scale mvermg,the whole -
. region. providing true replicates and a better depiction ofthe .

spatial variation of diversity (Arita & Rodriguez, 2002),
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Figu re 4 Highly nested pattern of distriBuﬁon of soil prokaryofic
diversity in rwo 64-m’ locations in the tropical dry forest of westerr

Mexico, hilltop (left), slope (right). OTUsranked according to their - ‘

occupancy { widespread taxa close to the top, restricted taxa close to
_ the bottom). Samples are ranked by their OTU diversity {richer sites
close to the right extreme, less diverse sites close 1o the left extrermne).
Eash point represents the presence of a given OTU ina given samiple.
. In aperfectly nested pattern; points would arrange in a triangular
" pattern in such a way that the 10wer left part of the ﬁgure would
contain no points. ‘

, Nestedness

‘Both of our samphng sites showed a high degree of nestedness
as measured using Atmar and Patte;som £1995) ternperature cal-

culator (Fig. 4). The hilltop. iocation had a temperature value of -

T'=12.55% [P{T < 12.55).= 1.09 X 1077} and temperature at the
mxd-siope,measured at T=12505 [P{T<2505) =7.56 x 107,

P values are the probabilities of témperatures equal or lower .
than the one cbserved, based oni the distribution of T values for.

randornly generated assemblages { Afmar & Patterson, 1995). In
both locations, the.nestedniess values show that.our prokaryotic
assemblages are highly structured, clearly departmg from.values

~ ,correspondmg to random communities. In our locations,

+ samples containing OTUs that occur in only one or very few
samples are also the most dwerse thus-generating thé highly
~ nested patierns. This result is consistent with the suggestion that

rnicrobial communities reflect adaptation tolocal environmental -

heterogeneity and are assemblages of generalist and specialist
axa (Balser etal, 2002). Additionally, our results suggest that
. functions of microbial taxa are rarely interchangeab}e and are

direct responses to environmental heterogeneity, as repcrted for:
rmacro-organisms, Moreover, these results demonstrate 2 non:

" random structure for prokaryetic assemb)ages, thus rejecting

predlcna:m 6 of the svndrome of species with no bmgeograph‘f

CONCLUSIONS

Our analyses of the prokaryotic cbmmunities of two locations
have allowed us to reject multiple criteria exhibited by organisms
with no biogeography. Still, it could be argued that our finding of
highly structiired assemblages is merely a local pattern, not nec- |
essarily rejecting the ubiquity Hypothesis in a biogeographical
scale, That is, the possibility could remain that séil bacteria had a
global dispersal but occurred locally only in suitable microenvi-
ronments, thus showing struc’turedliocal communities but to
biogeography. This possibility is unlikely in our sites, however,as
45.5% of taxa were exclusive to one site or the cther,suggesdﬁg a
non-random arrangement at the between-sites scalel Because
we only sampled two sites, a divect test of prediction I of the syn-

-drome of ubiguity is not reasonablé, However, our results clearty"

contrast with those used to document the ubiquity of microbial
eukaryote species that have relied on similarly small sample sizes
(Finlay & Clark, 1999; Finlay, 2002; Fenchel, 2003). ‘

We contend that it is inappropriate to think of bacteria as -

“organisms that have an exceptional ecology or bzogeograp‘w

Prokaryotic species agsemblages, both in laboratory and natural
conditions, have provéd to be adequate model systems for testing
ecologieal questioné {Bohannan er al,; 2002; Jessup et al., 2004;

© Srivastava et al., 2004). We argue that the same can be stated for

biogeographical matters. Qur data show that rujes that detér-

- mine the distribution of vertebrates at a continental scale can be

applied to prokaryotes in a 64-mm° quadrat Thus, we'co nténd'that
a biogeography for prokaryotes is possible at such small scales,
and that we can'‘talk about OTU ranges of only a few metresin "
size. As it is the case with »ertebrates atthe commental scale, the
ecalogical and evolunonarv processes that determne the pamfms o
documented heré are not - yet clearly estabhshed W’Hat 5 clearis -
that soil prokaryotes do not belong to the set of organisms with

- no biogeography, as suggested by previous studies {Finlay, 2002).
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CONCLUSIONES GENERALES

EI anahsm reahzado en esta tesis 1nc1uyo diferentes’ aspectos desde la
exploracmn sobre la distribucién espamal de las cornumdades bactemanas a .

_una escala local; hasta. el sondeo del papel de la estructura de d1chas

L comumdades en los prc:-cesos funczenales del suelo espec1ﬁcamente en la

“'dmamlca del Cy N.
Dmamzca del C y N asociada a dos tamafios de agregados
Los resultados mas 1mportantes nos 1nd1can que: (a ) los macro--

.agregados en general presentan menores concentraolones de nutnentes que" '
los rmcro agregados {b) el tlpo de C encontrado en las dos fracc1ones esde ‘
: naturaleza dlferente los macro-agregados poseen C mernos procesado y por 10 ;
tanto mas estable {c) la tasa de perdlda de carbono Iabll es menor en 1os _
macro agregados que en micro- agregados (d} el mtrogeno tamblen prcsenta»
una redlstnbumon y perdlda d1feren01a1 entre macro-y m1cro~agregados _

’ 751endo mucho mas esi abie en los prlmeros y (e} durante la época de lluwas' la
energ1a para las pcblacwnes m1cr0b1anas es obtemda prefercntemente a traves .
’:~'de 1a transformamon del amomo pr1nc1palmente enlos macro agregados
Agregados del suelo y comumdades bactenanas
. Los resultadcs mas importantes de este capltulo nos mdwan que las
- comumdades bactenanas presentes en los dos tarnanos de partlculas del sueiof |

- son de naturaleza dlfcrente asi como los procesos de transformac1on de
| nutnentes que realizan dentro de cada fraccmn Los resultados sugleren que -
. los micro- agregados poseen-una mayor proporcmn de orgamsmos heterotrofos
que estlmulan la mmovﬂlzacmn del mtrogeno proteglendo a este elemento de
su perdlda por 11x1v1a01on en la epoca mas humeda en contraste ‘en los macro-
agregados dominan las bactenas n1tr1ﬁcantes | '

 Otro de los aspectes mteresantes es el hecho de que aunque el 50% de

 los OTUs encontrados se locahzan ‘en ambos tamanos de agregados eXISten
| OTUS excluswos para macro- y micro- agregados (25%, respectwamente) v

aunque estos son lo% menos. abundantes son los que muy probablemente esten, -
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marcando la diferencia en cuanto a la dinamica del C y N. Podeh*ios o
~ave:nturamos a senalar que aunque en algunos casos las redundanc1as
f metabohcas ex1sten tarnbxen ex1sten orgamsmos cuyos papeles enla dmamlca
fde;nutrlvent‘es estan claramente dﬁﬁmdos, sm 1mp0rtar Cu‘anabundantes sean‘.
El coricepto de que las bacterias éevencuentra'n en todas pa;ijtes’y‘de'q_i;e’;sus' ‘
funCiqﬁc‘s son intercambiables comienza a ser mas obsoleto cada vez, como lo
indican nuestros fesultados. | | |

* Distribucion Espacial

En relacién al tercer capitulo sobre la distribucion 'e"s?a‘cial encontramos
que a una esca}a local los organismos estudiados presentan | |
(a) rangos de d1str1buc1on reducidos con un alto porcentage de endemicos (b)
valores_ de.dwers;dad f$~muy por encima de los que omgmalmente se supohia

para estos organis:rnps; (c) una curva “especie-area”, en lakcﬁal el nfizm‘er’o'de‘
“especies” '(OTUS) se Aincrementa con €l area ‘muéstreada" v (d) comumdades no
distribuidas al azar, cs dec1r estructuradas localmente Es zmporta.nte |
‘enfatizar que nuest;ros\ resultados demuestran que las mismas reglas que -
determiﬁan la distribu(ﬁién de vertebrados a una escala céntinen't‘a‘llse plieden ‘
aphcar a procariontes en un cuadrante de 64 m2 ‘Lo cual sugiere que existen’
patrones de dlstrlbucmn espac1a1 comunes a la mayorla de los seres vivos y que
su principal dlfcrcrzma radica en la-escala a la que‘ se expresan de acuerdo con
su forma de vida. '

+  Perspectivas

. Elestudio de los patrones de distribucién y diversidad bacterianas es un

area que se ha empezado a\eixplorar muy recientemente; Sin‘embargo, las

posibilidades tedricas que esta aproximacion nos plantea van desde La_ )
: uniﬁéacién de los yé.stt;udios de ecologia microbiana (inciuyendo ‘proceSOS de ‘,
- ~dispersion, especiacion y extmcxon) hasta la busqueda de patrones de
diversidad y los procesos que determman dlChOS patrones. :
- Nuestro trabajo 1nd1ca que la aprox1macmn macrcecologma v
: kblogeoqmmlca en el estudm de las comunidades microbianas en el suelo nos va

abnendo puertas en la resolucion de los papeles func1enales y de dlStI‘lbU.Clon :
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de estos orgamsmos Aunque en este caso comenzamos a obtener mertas

~ :respuestas son aun mas las preguntas que quedan en el an‘e No hay que
»perder de vista que con nuestros resultados podemos plantearnos preguntas
' mas concretas: Ccuale's son los organismos espec1ﬁcos que estan llevando a

cabo la transformacmn del C yen especial del N?, ¢son los mismos en los

f macro- agregadc;s que en los micro- agregados? 0 g,cual es el papel de las meta-

. ‘comumdades el la estructuracwn de comumdades a nivel local? o mas aun ¢la

relacmn especie area <;e mantiene a escalas mayores? Es indudable que el

" aconmhar diferentes d1fsc:1p1mas realmente nos llevara a abrir la caja negra de Ia'

dxversxdad bactenana y sus papeles fun01onales
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