
Habitat features affecting bird spatial distribution in the Monte 
Desert, Argentina 

Luis hlurone 
Areci (Ie Irr~e.stigiciots cle lirs ZON~IS A r i h ,  CRICYT-M~J. Ciuil lr ck. Correo 507, (55001 M~~trelozii, 
Argerrritra 

i 

Rtrsumc?n. Se wtutlici 111 re1iic.icitr de diw~rsirs cctrcicteri.sticcu (101 hiihirirr t w r  111 ciburrdirtrciii cle gretnios 
v 1t1 di~r,:si(/irrl cle c,vpc.cie.v tie NW,  tr3n el ohjett) de idc~rtfli~trfCri-tor~~.s prii-rittros (10 seleceiiitr del 
hdhitcrl. Etr la  estclcibtl (Ie crirr, CQS grc~ttrios u r h i c o h  (her1)i~i)r~s e irr~~~(ri\~oros) siguicrotr d prirt1c.r 
eje de 1c1 cott1111f.jiclircl trttibie~rtcrl, getrt.r.cw10 IMW hi cohetvurri (Ie 1o.v rirt*oles 17 irrhusro.~ cluc8 les hritrrlarr 
alirt~c.trri~ y srrstruti) cfu&mvrjeo. Lcr di.stril~ui.itit~ dc 1u.s cfrzfu1t)re.v cle irrsecro.s err \litrrc.lo.s 1eirxo.s subrr 
e.se t jefue bi-rtrtwlitl, i r  cv~rr.vec.wettciii rle liw difere~rfcs tlit~ricc~s de trrzir de sus e.s/)cc-ic?s. Los ~rirnivoro.s 
rerricoliw. no rir~treirror, rrinxiirr grirelicwre eittrl~iet~riil, inc.luie10 el gctrercr(Iu /,or lirs p1crrrtrt.s que 1e.s 
/mvecrt .se~trillas y hrore.s. Estc rc.sulfcrrlo esruvo irf.cbtirtlo por el eliserio de trrucwreu, pcro sur;cririn 
lwitrc.il>irltrr~~trr~~ de It1 i t r i ~ ih i l i c / c~ /  (MI que C/ are#rtrio O C U ~ I ~  10,s tirtrhietrtc.s 1to pt~rtut-hiieIo.~. Lit 
distribucicitr es/nrcicil elcl etrsirrtrble itrverr~d de ccrv.v (~trc~i)rituricutre~te cor~~t i tu i~ lo  p r  greitAuros) 
tiunbi6rr fue ir~dc~pc~r(lir.,rte cle 1o.s griu1ie11tc.s iutrt>ietrrirle~s. La dive,:vicltr(l cle e.sl,ecie..s cle ictpes se 
ci~rreliri~ionci /w,siti\*(r y s i ~ t ~ ~ i t n r i ~ r n t r ~ r r ~ e  curt lit ct)tty>kjicI~rd \.erticirl, hurizot~tnl y jlorivticcr (lei 
I~cihitcrr err tc~r~/~>rerclir de i.ricr; rtric~trrrers que err ia\*it~rrro dkhir cnrwlncitin NO Jut> sigttr~trrrivcc. El 
trte~lelo correle~i~io~rcrl bcisii(10 err Icr cli\rr.vicli~tl rlc* ir\.rv fue nrcJrros efc>ctiw que el etdi)(lur grc.rtricrlprtrcr 
d e t e ~ ~ i r r ~ t o r s  pre~xirrri~,~ rle selei-titirr (/el hiihitirt, clebiclir cc qire 11)s irrdices sirtr/)les (It> trrrt~/~l.jiOcrd 
cunhierrtcrl qire rtrilizcr clictru rtrtw1c.b cijr~iwitiro#, y i r  quc* d .si~trific.rcc/o biolijxicrr c/e 111 rc.krc.icirr errtre 
l ~ i  cliw~csielii~l (le crluJ.s y lit eu)~t~l~ltjirlirrl iutrl~ie~~rcrl c.s cortjif.so. 

Abstract. l7ri~ tr.ssocitrriotr cf sc~rlt~rrrl hahitcuSc.crfur.c:reture. 117irh bird guild cihutrrI~tticr irtul birr1 slwcic~s 
P1rrs.i~ +oi~s ad ier l ,  nirttirrg ctr itlt~trr~@i+lg ~~mx i~~~rue fc l c~ t~ rs  ($b id  f ic tb i tufs~iet~ ic~~.  III the hrt~eclirrg 

d e , > ~ * # f &  fC&iwtq t& k.y&*vrn~~ al~1cty.v ?Y~M$w/ ~r/zlB flw ask 49' etr~~irutr~trerrtiil 
c~)u'f&xdry, & m e r i d  by ilw r*cw of&osce rwm (fwd shrul~s thnr ~r~c)u/ l  supply rhertr with focd art61 
j i ) r f i ~ i t ~ x  .sut$ccvzvC m e  d;.vtrih~tic~tr cf1ot1~-flight itg.sect-hut~fc.nv o1rr tire strttre 1~ri.s r r n s  hi-rrrcwlirl flue 
to tire d[ffvretrt hittrri11g ttioe1e.s fd'r/?eir cotr.vtiriterrt .s/~ei-ie.v. ~~rre.vrri ir / -~rt~rri~~)rt~.s (IicI rrotfi)llow l41ty 
etr r~irwrnrrc~trtttl xrcrtlierrt, itrc~lttclirr~y rhc orrc..v gcvreri~rc~l hy the tvver c$tho.se pltrrrr sl~ecie.~ which su/~ply 
rhcvtr with sc~e~c1.v irrc(1 hrrc1.v. 'Ibis rcvrrlr ,rn.r.s t ~ i ~ c t i ~ c l  by tlrc scrrtrl)lirr~ ckesi~tr asetl, but it w~oulrl nritirrly 
irrist~j-ortr rhc i trstcr l~i / i~~~ n i r l ~  ~r.hich ~l1i.f guil(1 otr*irl~ic~cl ubrclisrurt~eri sires. n?c ~vitrrt.r- hircl irssettrh~irge 
(ttrcrirrly rtrirtle i r l )  c$,qrttrrirwrc~.s) clicl trot trirck itrry e~rr~iror~ttr~~rrrtrl grc~rlicnrrr either. Dirrirrg the hrec~rlirrg 
selcsorr, t11c~1-e ~c.tt.v i t  positirv tracl si~aifiturtrt tv)r~t~lirrior~ ht.r~c*t>eti bird .sl>ec.ii.s clirvr.sit~~ crrrd hcrhitiir 
rrrriiur/, horizotrtcd curt/jk)ri.vtic. corrrl~/r.n'ty. \IN ~'i l l tt*r. 110 ~ i x ~ @ c . i i ~ t  i~)rre~firic)ti I I '~LS~~)UI I ( /  IW~H'C~CLI~ 
ttres.sc !~tcriithles. l lrc tvr~rlirriorrirl~rrc~~li~l k r . s i . r l i ~ ~ r  bird cliruv:vip rrvrs lcvs cflcicwt to c1etec-t pro-virnirte 
fcrctor.~ c!fhtrhitirr sclcr~iotr r l r t r r r  tlrca hire1 ,yui/rl tq~/>t,mcti-h t>ec~rtt.ve I ~ i r l ~ i t i ~ t  cwtil>le.viry it~1ice.v co-~~irr-ieel 
csrr(1 ttre kiok)gitrrl trreir~rirrg c!f rlrc~ corwlirrintr bc~tt-eerr bird dirrv.sify i r r r c l  htrljisrrr cwtrplexi?,~ ~ ~ i r s  
rtrisl.trclirt,~. 
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I~ltroductiotl 

The use of experiments to determine the effect of hahitat complexity on the ahundance and distrihution 
of h i d  s p & a  has iwccas& a w r  the past two decades. Some studies involved direct hahitat 
manipulatitm (Wiens d al. 1986). whereas others t&k advantage of fortuitous hahitat alterations as 
those cause by tires CMarme 199Qtt1, car h e ~ h i c i k ~  ( k v e r  1976). Nevertheless, the detection of 
patterns of hird hahitat occ~@~my has otlm appmached hy correlational studies (hlacArthur 
1972, Rotenhrry and Wiens 1980. Ccdy t981, W i w  and W m h r r y  1981). 

Correlational studies are h a . .  om hw pw~'cti mxMs. ,C)hrE & ~t.w hahitat structure 
complexity indices as independent variahles and hird spwies divershy inditxsm &p&at EWW. The 
justitication of this nwdel is that hahitat structure complexity promotes niche dvernik&kw. On this 
account, niche theory predicts a positive correlation &tween hahitat complexity and s i i c s  cljvrnity, 
This approach was apparent from the work of MacArthur and his colleagues (MacArthur amd 
MacArthur 1% 1, MacArthur et al. 1962). and presents several advantages. It is a simple and intuitive 
approach, heac'auw the indepndent variahles used synthesize a great numher of hahitat feature$ such 
as food items. nesting sites, or cover from predators. However, there exists increasing evidence that 
falsities the positivecorrelation hetween hahitat structure complexity and hird species diversity (Rclth 
1981, Wiens and Rotenkrry 198 1, Jaksi6 and Brltkar 1983, Ralph 1985). Anotbr  disadvantage of 
this approach is that, even when the predicted positive correlation is shown. its biological meaning 
renxiins unclear k a u s e  the nlcdzi d<ws not identify what hahitat feature is selwted hy each hird 
species (Cody 1985, Wiens 1983). 

An alternative corrclatitmal model uws multivariate axes that synthesize the variance of hahitat 
tloristic and physiognomic features as independent variahies, and bird s p i e s  or guild densities as 
dependent ones. Tbjustitication of the guild approach is that hn)d and foraging mtdes are important 
factors in hird hahitat selection. On this account, the species of the same guild would s e l e ~ t  the same 
hahitat features and, therefore, their hahitats would overlap. This model does not assume ti ptic~ri 
implications ahout the existence of species interactions (Jaksid 198 1.  Wiens 1983). and advances in 
the identification of proxin~ate factors of hird hah~tat wlection. With the ready availahility of 
multivariate statistical packages on computers, the nunlhrr of studies hased on this mcde1 has 
increased (Rotenherry and Wiens 1980. Rice et al. 1983). Nevertheless. cotnparisons of the results 
of the two correlational approaches to the same study case have hezn srldom shown. 

The objectives of this paper are ( I )  to study the intlumce of \ever.al hahitat featurzs on the 
ahundance and distrihution of hird guilds and on hird species diversity: (2) to  compare the suitahility 
of the correlational approaches nimtionzd above for identifying proximate t~tctors of bird hhaitat 
selection. 

Materials arld Methods 

~ u t &  Arrtr 
*rent i na The Biosphere Reserve of Racuiiiin (12,282 ha) is located in the province of Mendoza. Ar, 

(34" 02' S. 67" 58' W), in the Monte Dosrrt (Morello 1958). All econotnic activities, previouhly 
connected with W C H ) ~  cutting and cattle raising, cased in this area ahout 20 years ago. The reserve 
is located in an alluvial plain and comprises an open forest of mesquite (Pt.o.sopi.s j lr, .~~to.v~r) with high 
shrub (spwiallly Lirt.rc*ir spp.) and grass cover. Its clini;tte is 111iirkedly seasoni~l: winters are cold 
(mean < 10°C) and dry (~nean = 53.9. SD = 32.0 mm). and summers are wartn (meit11 > 20°C) 
and rainy (mean = 279.0, SD = 77.0 mta). Wide year-to-year precipitation variations are an 
outstanding feature of ~acuiiiin's climate. 

Bird counts were made in six sampling sites dur~np winter. spring and sumliwr. Four undisturM 
4-ha sites (80 x 500 ni) were established at random inside the reserve (Und I ,  Und2, Und3. Und4) 
where hird counts were made from 1985 through 1988. Since the spring of 1986. two 4-ha spatial 
replicates were esstahlished in a zone (naturillly?) humt in Fh~ui t ry  1986 f Burned site). Finally, during 



T u l ~ l e  1. Vegetaritm Ei~tures i r f  the air 4-11s sites whcr~: h i d  sanqilingr werc carried out, PIa~rt species ctiver is  exliw~..wd as 
the per~etttagc t i f  the t ~ i t a l  ~ l ~ ~ l p l i ~ ~ g  pointb where the sliccier was p w s n t .  The hahitat vertical. hori/.cintul. and tloristic 
con~plexity ind iwb t l~t delincd i n  the k x t .  
T;rI)lic 1. Pr i~~c ip t iLs  seractc.risticas ite la vegetaci6rr en lor e i s  ~ i t i l r ? .  dc 4 ha en lo% quo be Ilevtlnin a coho Inuestreos de aven. 
La ct41t?rtura dc ey>ecie.\ vegelalcs sc cxpreba ctrlltb e l  porceniaje dci Itital dc puatos dr: Inucstrcu en 10s que la zspccic. esluvo 
prcsente. Lt is i ~ d i c z s  de coa~plejidad vertical. hori/.ointal y fitiristica dcl hihitat son dcfiniJc~s en el trxto. 

Vegetation UII~ l U11d2 Ur1d3 UNi4 &rnred Grar.t?tl 
- 

Thorny t ~ x e s  and tall thorny shrubs 20.30 IS .SO 6.60 3.10 0.40 10.90 

Non-thorny tall shrolrs 

Grasses 

i Dcccc.rlnher 198% 

Vertical hehitat rn~ r rpkx i t y  

the winter, spring and sumliur of 1988, hird counts w e  made in a 4-ha site outside the reserve, 
which had heen g r a d  during the two previous years ( G r a d  site). Tahle I shaws the cover of plant 
s p i e s  and hahitat structure indices for all six sites. 

Vc~t~rcrticrrr scrrrbplirr,(r,. 
Vegetation features wen: recorded hy using a rnoditication of the point quadrat method ( D q d  

a d  Poissonet 1969). This niethtd cunsisted in erecting a "stift' wire", tluirkd at intervals 0.25 tn 
high, in a numher of randomly selected sa~iiplinp points, and then counting the laves it touched 
(MacArthur and MacArthur 1961). The hasic records for each sampling point were the nu~liher of 
contacts of each plant s p e c k  on the wire. and the height at which contacts occurred. This hllsic data 
allowed deterltmtion of the cover ot plant s p i e s  as well as the tidiage proportion in vertical and 
horiu)ntal layers. 



Tal~Ie 2. Factor loading of vegetatisnprincipal conipowntr (direct gradient analyxis). Only ~I~osr! values that were significaatly 
correlated (n = 6. P < 0.05) with any of the firs1 three colnponents are shown. 
Talldu 2. Carga clr. 10s conpowntes principalcs tle vcgctaci611 (anilisis directo de gratlieate). Sc indican clyuelltw vakww yuc 
sc com.lacicmn~n siiipnificativan~c~~lr: (11 = 6. < P 0.05) con algulw Je 10s tres prinlen~s C ' O I I I ~ O I M ~ I C S  de1 anilisis. 

In each of the 4-ha sites, 2,000 wnipling points were established. They were taken at random 
over 100 lines 80 111 long, Itxated across the strip transect, 10 meters apart from each other (in the 
Grdwd site only 200 p i n t s  were estahlished). Plant cover was estimated as the proportion of the total 
sampled points where the species was recorded. 

In order to estimate horizontal habitat complexity (HHC), maximum vegetation heights were 
determined in 400 squares of 10 x 10 m (except for the Grazed site where only 40 squares of 
identical size were used). This approach rendered a grid that encompassed every 4-ha site completely. 
Each siluare was then classified into one of seven height categories: 0 to 0.5 in 0.5 to 1.0 m, I .O to 
2.0 m, ... 5.0 to 6.0 In. The proportions of squares in every category were the pi in Shannon's 
diversity formula: HHC = - C p, In p,. The same formula was used as an index of vert~cal hahitat 
complexity (VHC). To this purpose, the foliage proportrons in every 0.25 m vertical layer were taken 
as the pi in Shannon's formula. This approach discards all possible (1 pr-iori assumptions ah)ut the 
number of vqetation layers przsent in fiacuiiiin (Wiens 1983). Hahitat tloristic complexity is 
expressed hy the values of the tirst axis of the vegetation principal compmennt or direct gradient 
analysis (see helow, Statistical Methods). This axis synthesizes 63.2% of the variance of the cover 
of plants o r  groups of pltlnts (Tahlc 2). 

Bird sccrrrl~litr~s 
Bird samplings were made by using the strip transect method (Burnham et al. 1980). Every 

transect was run several times on each sampling txcasion (average = 8) after dawn for no more than 
bur hours, and during the last three hours of daylight. All individuals ohserved within the transacts 
were recorded, except for tho= that tlew across them at great height. 

The species recorded were assigned to tive guilds (Capurro and Bucher 1986, Marone 1990h): 
(1) terrestrial-granivores; (2) tree-herbivores; (3) insectivores that fwd on surfices (ground, hark o r  
l aves )  by gleaning, digging or pecking; (4) insect-hunters using short tlights anlong the ti~liage; and 
(5) in.sect-hunters using Icmg tlights (their prey remaining in the air o r  on the ground) (.see Appendix). 

Bird s p i e s  diversity in each sampling site was estimated after Hill (1973): N 2  = (C pi2)". 
where pi is the proportion of the i"' s p i e s  in the sample. Aini~ng at eliminating year-to-year 
differences. the diversity values of each year were nornralizzd (divided hy the annual mein, calculated 
for all the sites involved in thr: ana1y.w~). 



Stnrisric.cr1 Mc.rhc~lv 
Multivariate statistics is an appropriate tcu)l for quantifying the n~ultidimensional Hi~tchinsonian 

niche (Rotenherry md Wiens 1980). Principil component analysis (PCA) reduces the great nurnbr 
of environmental variahl~s the niche is made up of to a smaller, mom nutnagahle set of orthogonal 
variables (components or axes), that still accounts for a large part of the total variation in the 
environ~lwntal data .set. Here, PCA was used to synthesize the spatial variation of hoth vegetation 
(direct gradient analysis) and hird guilds (indirect gradient analysis). 

The direct analysis wa,s h a .  (MI the cover of .seven plant hqwcic~ (Pro.vopis fle.~u~).vct, Gt0e)ffroect 
c/c~~vnimtr.v, Arcrttri.vqucw otrcrr~itntrcr, G)trdcrIict rnic.ro~)l~yl(r, Lcrrrc~ci clirru.itnrec. L. cut~cijii,lir~, and 
A~ril)lr.x kirtrl)ir) and two groups of plant species (low shruhs and grasses). Fortis were discarded on 
account of the intense year-to-year dynamics they showed in the hurned site G h l e  1). The indirect 
gradient analysis, h a . 4  on hird-guild density changes. involved matrices having the tive guilds as 
rows. In order t o  diminate year-to-year differences, density data corresponding to each year were 
normalid.  Throughout the .;tudy, the association hetween variahles was analyzed through simple 
linear correlation (Pearson's Prtduct-monient model). 

Results 

Bird guill clisrrikuriotr (1t1t1 c~trrirwnrretrr~rI gnrdit>#rt.v 
The tirst axis of the vegetation PCA was determined hy the cover of thorny trees m d  tall thorny 

shruhs. low shruhs and Lcrrrcrr cli\.crt.itur(r, and accounted for 63.2% of the environmental variance 
(Tahle2). Inspring(r = 0.89, 18d.f.. P < 0.001)andsu1nnrrr(r = 0.90, 18d.f., P C0.001). this 
axis was signiticantly and positively correlated with the tirst component of hird guilds. generated hy 
the ahundance of the three tree-guilds and (negatively) hy the abundance of long-tlight insect-hunter 
species (Tahles 3 and 4). 

The second axis of the vegetation PCA was datermined hy the cover of Lcirrcw t+irtrc~iJi)licr (Tahle 
2). During the h r d i n g  wason. the second component of the analysrs of hird guilds was largely 
determined hy long-tlight insect-hunters (Tahle 4). In spring (r = -0.77, 18 d.E, P < 0.001) and 
summer (r = -0.7 I, 18 d. f.. P < 0.001 ) both ajtes were significantly httt negatively correlated with 
each other. which made it evident that these hirds did not occupy sites with high cover of Larrc.tt 
ccnre~c~fitr. 

Finally, the density of ter~.estrial-gratlivores generated the third co~npnent  of the indirect 
gradient analysis in spring iind summer (Tahle 4). This third component was correlated neither with 
the three nuin mvinurmental gradients, nor with grass cover (spring: r = 0.04, 18 d.f.; summer: r 
= 0.18, 18 d.f.), nor with grass + forh cover (spring: r = 0.16, 18 d.f.; surnmer: r = 0.24, 18 
d.f.). Although granivores were fewer In the g r a d  site (Tahle 3). where grass cover was lower 
(Tahle I), this site had little impact on thc: cwcrrdi analysis (1116 amplings). 

In winter, the tirst axis of the indirect lcmrEysis -wxx)unied for 99.2% of the variance of guilds, 
md it was generated hy the ahlmdance of ternstrial granivtmws species. This axis was not correlated 
with any of the three principal axes of the vegetatitm analysis, with grass cover (r = 0.15, 17 d.f.), 
or with grass + forh cover (r = 0.23, I7 d.f.). 

Bird .vl>c.c.ic.s clirr~viry errrrl trcthirccr crrrnl)le.riry 
Tahle 5 includes the results of the simple correlation al l i l ly .~ hetween hird s p i e s  diversity and 

habitat vertical. horizontal and tloristic complexity. The results indicate that variations in hird species 
diversity are independent of the hithitat batures in winter, hut closely associated with them in spring 
and summer. 
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Table 3. Bird guild density (individuals per ha) in the six sampling sitesJwated in the Biosphere Rebewe of NacuMn (Undl. 
Undl. U d 3 .  Und4. Burn). and in their surroundings (Gra). in winter. spring and surnnler frotn 1985 thrt\ugh 1988. The 
species e ~ u n t i ~  plant malrrial f m n  .anwng tho foliage (tree-hemivores) during the hreeding season rued on seeds on the 
g m u d .  or wwxt to il. in winter. Thew data were !he hasic amtrices for the idircct gradient analyws. carried out through PCA. 
T.G.: Cmslrialyranivans. S,L: surface imctiuurrs.S.F.1.H.: short-flight insect-hunters. L.F.I.H.: long-(light insect-huWrs, 
T.H.: twe hrfhivows. 
'Pa& 3. Dcnsidad de g~mkEius 8e avrxfln&vic~ui)s p t ~  hP) e n b s  =is siiitw 6 ~l~treslruu uhicarlos en la Reberva de la Bicisfcra 
de Nacuiin ( U d  I .  UnJ2. U&, U n l l .  &I%). y &a SW p+o%iHrddade~@3a). sa invkm>. prin~avera y verano. desde 1985 
a 19M. La* esp~wies que w alinwstan del FaSlirje de irhfiw (tree -jdufanto Is rswirin repnxiuctiva w alinxntan de 
sen~iltar dal suelo durante el invierno. Estc>w datiw fornu~nm ha bd&as da adlisis indiwtos de gradicnle 
calculados nlcdiaflte PCA. T.G.: graniv~>msterresIres. S.I.: inseclivorotr dr: s ~ r f i c k ,  s.F.I.H.: cr&~res Je iqlrrclosde vuko 
corro. t . F  1.H.: cazadtms de insectus de vuelo largo. T.H.: hcrhivoros arhon'ccrlas. 

P ~ U C ~  l r d l  lln12 iJmLZ [In14 8um Cml 

Y a r  85 86 87 YX 85 86 87 88 W 86 87 88 US 86 87 M8 M 87 88 88 

WINTER 

s.1. 0.1 0.1 0.3 0.0 (1.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.1 0.0 0.1 0.2 -- 0.1 0.0 0.1 

S.F.I.H. 0.1 0.t 0.7 0.0 0.0 11.0 0.3 0.0 0.0 0.1 0 .1  0.0 0.0 0.0 0.0 0.0 -- 0.0 0.0 0.1 

L.F.I.H. 0.0 0.0 0.1 0.0 0 0  0 0  0.1 0.0 0.1 0.0 0.1 0.0 0.0 0 0  0.0 0.0 -- 0.0 0.0 0.0 

T.H. 2.0 1.5 2.2 2.2 1.4 0.8 1.5 2.2 0.8 0.6 1.1 0.9 0.5 0.3 1.0 1.1 0.1 0.1 0.0 1.5 

S.1. 2.1 1.4 1 9  1.4 1.5 1.9 1.2 1.4 0.7 0.6 0.6 0.6 0.1 0.3 0.4 0.4 0.2 0.2 0.6 1.0 

S.F.I.H. I 1  1 2  1.0 1.1 1.7 0.7 1.1 1.1 0.3 0 4  0.5 0 6  0.1 0.0 0.3 0.2 0.0 0.0 0.0 1.2 

T.H. 1.7 1 6  2.2 2.1 0.9 1.7 1.6 0.8 1.3 11.7 1.1 0.6 0.4 0.7 1.0 11.5 0 0  0.0 0.0 11.8 

S.I. 1.5 2 0  2.8 1.9 2.6 1.8 2.0 1.9 1.2 0.8 0.X 1 4  U.5 o.8 0.S 0.5 0.5 t1.2 0.1 1.2 

Discussion 

- - 
wres, and shod-flight insect-hunters 

guilds we= recorded on thew plant> 
e m ,  where they l w k  for fiwcl (Marone prJr.s. &.v.). On the other hand, the positive correlation 
found between density of these guilds and ths: cover of L~irr-rci </icli\rrr.kiiru wc)uW he a misluding 
result. Orians et a]. (1977) hold that the diet of a g w t  v w h y  of herbivorous w f h r ~ p ~ ,  and trf their 
p d a t o r y  birds, depends on shruhs of Ltirrc'i in Andalgalli. In ~acuiiiin these shrubs were ohserud 
to he scarcely usld by hirds fhr foraging, perching or nesting activities, which is in accorJanec: with 
the tindings of Andefson and Anderson (1946). Rait and Maw (1968), Austin (19701, and Rait and 
Pi- (1976). who indicated a very low u.w of L~rreti c I i~*~cr i c i~~~  hy birds in North American deserts. 
Tb different role of Ltirrc.tr in Andalgiti and gacuiisin m y  be a consequence af  the grater  s t m t u a l  
aoJ floristic couhpkxity of &acuii&n. 

Long-tlight insect-hunters preferred zones which, for diffirent reasons, show4 low cover of 
LAcrr~i cutr~ifoliii (Tahles I and 3). This guild was more alrundant in structurally complex sites (a.g., 
U d l )  and in disturbed sites (Burned and Gntzd). This peculiar environmental distrihrrt~on of the 
guild responded to the fdct that its species did not show the mine hahitat requiren~ents. prohahly due 
to their different hunting mcdes. Xo1ttri.s ct)rotrcrrcr, Qrurtrttu.s scr\*irtrttir and Myiirr(./tus r)~rir~trulrrs 
uslliifly hunt for arthropods on the ground or next to it. They preferred open hahitats and were alore 



l'abbk 4. Fiiitor loading 01' Ihe pnlwipal cot11pl)i1c111 awlyhi). id bird ptiilds [inditvct gradient analysis). ( ) ~ l y  those v ~ l u e s  that 
were signilicantly ctlrrelatcd In = 20 in spritig and sunlnvr a ~ d  n = t9 in wittier: P P 0.05) with any ol !he lir.it tlrree 
c~rnlpt~iwols of the  analysis are rhtrwn 
'I'nbla 4. Carga del atuifisis de ct1nymtluntes prtt~iipalcs de gremiou dl: aver tamilistr inbircctct iJc gradiente\ Slilo se aitiestran 
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alpuncl J e  los 1k.b p&ttc:nt, ct)n~omnci.s&l aclriksis. 
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tree hcrhivores -- 0.48 0.52 

Tul~lr 5. Correlalitu~ analyse.* hetween I~ird species divcr~ity a d  hul~itat vertical (VHC). h ~ r i ~ o i ~ t a l  (HHC) and floristic (El )  
ctnl~llksity in witner (n = 19). spring (n = 21)) and suntnxr (n = 20). The corwlati1111 coelficieat ir iidisated c~aly when P 
< 0.05. 
T&h 5. kdlibis  de correixi611 e ~ l r c  la divcrsiilail dc chllcsich I)(: abch ) la conp~lcjidad vcflisal (VHC). ht~ri;rtrntnl (HHC) 
y flurihticu (El ) deI hiltitat c.11 i11vicr1n1 (11 = 19). priniavera (a = 20) y vcrainr (n = 20). SI: indicu el i o c l i c i c ~ ~ ~ e  tlc ~'1rrelacicin 
r d o  cttainlt1 P < 0.05. 

VHC HHC El 

ahundant in the 0 1 1 4  s i ~ .  Tynitrttus n~e/citrcl~o/ir-us dominated in the Grazed site. and El#i~/oti(~lt~u.~ 
turr~cctrrioct?~'ocri~~~li~~~.~ sh)wed. a nr)re even distrihutii3n thrc~~ghi>ut &e environn~mt (Marune 1990b). 
The last two species hunt insects 111ainly in the air. sallying from tall trees, stlr those present in the 
Grazed and undi\turhzcl sites. 

The  spittial dihtrihutioa of brrestrial-granlvores did not appear to he intluenced hy the 
evironmental gradienth derived ftcm PCA o r  by grass and forh cover. Nr\~ertheless. the saniplings 
IW& in the Grazed site indicated ththat mivca roua  birds abandoned areas where they were suhiec td  
to  stress caused hy food reduction fTahle 3j. &as~des. it has heen proposed that the decrease in forh 
cover from September 1987 In the Burned site provoked the drve of granivore der~hity In 1988 in this 
area (Marone 1990a. see Tahles 1 and 3). The l o w  unplrct o t  the Gl-azed site o n  the overall study 
would obscure the correlat~on hetween granrvcm &mtty and grass and tcrrh cuvrr. Nevertheless. the 
most important fact that ohsc~lred that cr)rrelatlcm was the inshhility with w h ~ c h  granivorous hirds 
occupied the undisturbed sites. Those s ~ t e s  which one year were clearly preferred hy granivores may 
not he ah attractive the fr)llowing year and viceversa ITahle 3. contraxt with the relative greater 
stability that tree-guilds showed In 4lte occupation). The tour undlsturhed qtes have a colnpact and 
homogeneous grass cover (Tahle L i .  tht-retort: they may hc ass~uiied as eilually preterreu hy 
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granivores. Year-to-year modifications in granivore occupation of these sites would then ht: due to 
intra-hahitat migrations within an unsaturated envircmmnt (Marone ~ I J  p r w ) .  Preferences for some 
site, if any, would be the consqumce of behavioral (e.g.. site tenacity) or random factclrs. 

These d t s  concur with what hlzpnded in winter. Only terrestrial-granivores were ahunhnt 
in this season, 4 they hwu€I;y rlzrtrtrmid the first component of the indirect gradient analysis (Tahle 
4). This a i s  did not follow any envin>nmentth gradient, as the third indirect axis did in spring m d  
summer, contirming the independence of grdnkore distribution from any vegetational gradient. 

Bird slwcit~s ~litwr.viry at~d htrbirt~t t.otnlj1~xiry 
The h d i n g  -son data contirmtxl the positive association hetween h h i t a ~  complexity and hird 

s p i e s  diversity predicted hy niche theory. However, nothing daf~nitrz c m  he .wid ahout the 
differential predictive value of every vegetational variable used as niche axis, heX.yul;r: their eqtirnates 
co-varied over the hahitat as they would usually do in nature (Roth 1976. but WG R<denkrry and 
Wims 1980) (Tahle 5). For this reason, ohsr?rvationidl approaches would he inefticient to identify the 
kind of hahitat coniplexity that trffats hird s p i e s  diversity. Furthermore, even though the 
identification of the precise kind of hahitat conipbxity was possible. the biological mwning of its 
correlation with hird species diversity would not he immediately apparent (e.g., the spatial co- 
variation of two or more hird species may arise when every species selects different hahitat f i tu res  
which, in turn, co-vary over the environment) (Ccnly 1985, Wiens 1983). 

In winter, hird s p i e s  diversity did not correlate signiticantly with any nieasun: of hahitat 
complexity. As indicated ahove, the winter hird srs.semhlage is mainly made up of terrestrial- 
grdnivores, which spread over the hahitat without tracking the env~ronmzntal gradients. As a result, 
comlating the diversity of this &%sernhlage with envirorunzntal gradients will hz most unlikely. 

Both correlational models concurred in pointing out that the spatial distribution of wintering hirds was 
independent of the various hahitat features considered. I suggest that this pattern arose from the fdct 
that terrestr~al-granivores, which never tracked environmental gradients in fiaculiiin, highly prevailed 
in winter samplings. 

In the h r d i n g  season, the two approaches suypebtd that both hird species diversity and hird 
guilds (except for terrestrial-granivores) tracked environmental gradients. The analyses h a d  on 
multivariate axes that synthesize hahitat wmplexity s ~ e m  to hc: more efticient for jdentiying proximate 
factors of hahitat .selection than thosl bawd on hird s p i e s  diversity, k a u s e  of the co-variation of 
environmental indices tlnd the difticulties in interpreting the hioit~gical meaning of the relationship 
between the= indices m d  h i d  diversity. 

The guild appmoh m y  be a wful kx~l for studying bird-hahitat relationships. In fiacuiiiin, 
several &!wilds responded r whole to vadouw habitat features: tree-herbivores. surtice-inwtivores 
and &on-tlight insect-hunters tntckd the cover of trees and sl~ruhs. On the other hatd, long-tlight 
insect-huntem did not track the cover of tr=s tlnd shruhs haxuse the guild involved .several specieis 
t h t  hunt in open hahitats. Terrestrinl-granivi~res did not track any aivirontmntal gradient, casting 
douht upln the capahility of correlational approaches t i ~ r  identifying hird-hahitat relationships when 
hirds do not saturate the hahitat (i.ct.. when the availahla patches are m o t  totally txcupizrl hy the birds 
that szlwt them). 

kkmt~slIedgmuntu. I wish ta  thank F a h i b ~  JaksiC Gbr his qqron. I a l w  thrcrtl S. Cao~iri. M. Or?x~r?r)ield rrd two anwiytbmwa 
rcvicwelrc b r  ~OIIIIIWI~~X. and L. Mwltwry. G. Mitidbry and N .  Horak fiu their invalualik help. This M y  is pa0  o f  LM'n 
Dtwloral Thcsis. fullitled ai &lie Utaiversidd Naciwal dr: San Luis. Argeriluw. The Ct>t=:jtr Nacirrturl do Invcstigacitmer 
Cienlificas y TJsnisas (CONICET) pitnially financed this work. - 
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Tm-herbivores: c),a~~nlise~is paing(u~iis, Myitn~~siIra nionac/ta, P h y r e m  nirila, Saltam artmn~iimst~is, Poospiza torqnata, 
SaIcunicrila d c d m .  
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~urf.ce-iasectivo~%:~wryptaianceolata, hiihrcs f t iurws,~tul la~u~erci l iar is ,  Pserulaseisrcmlophnres, Coccy~~ucincnus, 
Colaptes nlelanolaitn~(~~ .Dtyrmnis' bticfg&i, ~pidocolapes ang~csfitvsitis, Uprrcenhia cerrhioides, L*pfasfhenum 

' ' aegithaloidcs, J>naIIaris allwscens. Cerfhiaris py~mphia, Tripnphaga spp., Tmghlyfes nedon. 

Short-flight insect-huntera: AnairercsJtavimfris, ~ m a t u m  btdypofdes, Scrpophnga nncnda, Elaenia~klbicc~ 
Longgighr inserr-hruuem: Epidonottircs mana'onmrihuW, @30cephalrcs trrbinru. Myatrhru. rymhul~cs, ~ r a n t m  . . 
ntehocholicrcs, Dmnnus savana. Xolttiis C 0 m ~ f 6 .  . 
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