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RESUMEN 

EII esTe Tr¡j!)dIO se discuten las razones para utilizar grupos Indicadores ell la medida de la 
hiodivp-rsldarl i:l. nlvp.1 1e P.S["lP.<.If'S (rJlvp.rsirlarl organismal de Harper 'l Hawk.""wnrth). S,,- p'ofundlzan 
IIue;,t'¡j;, PlupUp.slas anteriores para el uso lie lus e;,cdr<:luajcs del estiércol de Id sullfo!Tlihd SCi::IrdUaelnae 
(lf1sect.1" Cnlf'ornr~ra) como f)rupo ndlcador para estudiar los tipos de cOlTlunidades que conforman los 
bosques 1!u!JI,.iill:s y [U!!Jli.lC urles derivadas, especialmente por la acción amrópica. Se plantea cómo 
obtemH ulla irlformación cuantificable qUE< permita redlrzar estudios comparativoS, así como un análiSIS 
ele Ir)s efectos de 12 acción humana al alterar, fragmentar y destruir las comunidades naturales. Aunque 
el ó'llasls se pone 8n el grupo ndicado' y las comUnidades escogidas. se plantea os1e análisis de la 
hllllllverSldad para ser utllizajo con otros grupos ~' en diferentes tipOS de com . .midad. Aunque todo lo 
que planteamos como argumentos para el dnáhsls d través de ",rupos Indicadores puede aplicarse a 
1I1st rItos enfoques del estudio je la bicdlverSldad él nivel de espec es, este trabajo se concentra en 
presentar la metodología adecuada para el análiSIS Ileo óglco Es decir, para el estudiO ::Je lél 
blOlllVersidad pl.ntL.al como eleme;¡to para la InterpretaCIOf\ de la estructura y función de las 
con·,unldades. 
Palabras Clave: Blodlversidad. Grupos indicadores. Scarilbaernae. 

ABSTRACT 

In 1hlS stlldy V\lP. d'S~IIS" th"! rp.<lsors fnr tJslng Indir-;;ltor groLJpS to mp.é1surp. bi(){J¡vp.rs,tv ,~t thp. sppr-:I"!'. 
ItOvel l"urJi::IllI::.rlldl tJi\'er~ity" seusu Hdfj.Jer Jnd Hawkswor1hl. We furthel' explure UlH' j.Jre·~I'Ju::, ¡lru¡.Ju;'dl~ 

for the use nf dlHH] bpetles belonglng In thp slltfamily Scaranaewae (Inseca: Culeoptera) as an 
111Ulcator g'oup for st'Jdyrng (he types uf CUllHlIUI,ities r(Ju'ld irl trufJlcill fure~;ts ar',d uerlveu forma;rorl~. 
partlculéuly those credted by human actlvlty. We present a method br obt31ning quantlfl,ll;!u mtormatiOn 
H,at iJll,)ws Corn[hlréltlVe ~tlldlf"5 tú l1e done. as well as an analysis of the effects 01 hum,,11 JctlvillC:!S 
that r·.,sult il", thp. altf?ratIPf1. frilgrnentatlon and destn.ctiol' of natural comrnurities. AI'.holJgh em¡chasls 
IS plac2d on Ihe Indl:::alor group and the commJnilies selected, we propose thal IlllS analy.'>ls of 
blodiversity Cdll be lJsec wlth other groups and in different commLnlty types. The argurrél)ts W& 

pres811t fur the use of 1I1ulcat:)r groups can be applied lo different ways Df stucylng lJlo(jlver"lll.i al the 
é,peCI']é, level, howev(}f tt·.¡s stud y' locuses on presenting appropriate rnethodology jor nr;ologicéll 

arléllysls; tllat IS. lor thE: study 01 local blo!Jlverslty as an elerr'e'lt for Ihe IrterprelatlOn 01 comrTunitv 
5tructure <Irld Ill(,,;llljO 
Key Words: 81Ulj v:::ro;llv. Indlcator ;Jroups. SC8f~baeln8e. 
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INTRODUCTION 

Since the 1980s, 111 both the sClentlflc cOllllllunity and in the general public, 
t'lere has beell an illcreasing awareness of the eifect of human activities on 
biolo[llcal dlverslty, The current loss of sper.ip.s ras stlmulated the analysís of 
conceptual framevvorks about the orlgln ;:¡nd func:tion of bíolooical dlversity in 
orrJer to n'ah:: operéltlve proposals for conservatian lof the ¡::¡hlJnn¡::¡nt recent 
Ilterature see: WllsDIl, 1988: Solbn9, 1991; Rlcklefs & Schluter, 1993; 
Hawksworth, 1995), DurillO thls century, the perception of species diversity has 
evolved frorn being cOllsidered the result of an ~llstorical process that reflects the 
accumulation and extlnCtl['n of species U"'lrough time (a perspective derived from 
télxonomy anrJ paleontology, predominallt at tt1e beginning of this centuryl, to 
being studied almost exclusively as the result of ecological interactions, primarily 
COlllpetltlve, in small meas and habitats (the ecological perspective of the 60s and 
70s). The currelll¡Jusitivrl (sillce the 19805 8nd particularly in the 90s) IS that of 
r\:!cvllclli¡I~1 both of these perspectives alld of ackIIVwlt.!<.J~Jirl\.-l ttlé:lt patterns ill 
diverslty are tile res u t of a variety of eco:ogical and evolJtionary proce5~e::;, of 
hlstorlcal evcnts and geographic circumstanc8, as \Noll as ecolagical interélctions. 
Tlle recenr tJook edited by Ricklefs and Schluter ('993) presents a brilliant 
synt~leSls of this new visian of biodiversity. 

T'18 élllCllysis af biodiversity can be carried out frorn v¡;Hious fronts. We can Illake 
¡ln ccOIOglCéll Interpretatían of locsl diversity of the specíes diversity 1hüt we find 
In ¡) 911,,'011 ccosystom, DS an importunt w<Jy of comino closor to undcrstiJllding 
cornrnunity ~;trllcture and function (ccological focus of dil,,'ersity). Another 
npproach is to analyze the historical and geographical factors that have shaped a 
graup of sDccies at the landscape or regional level (biogeographical focus of 
biodivorsity). Lastly, \Ve can analyze the specI8s rrchness of a landscape or region 
and dcter'11ine how it 'Nas formed. whether by high local diverslty or through a 
notable turnover in species (strlet analysis of biodiversity). This last focus is very 
similar to that V'v·hich HC1l1lrnond (1995) re"er5 to as a "specles rlchr:ess assay". 
I:::;:¡r.h ot Ihp-sp. élppro<lr:h8S Ire;:¡ts the specles as the unit of stlJrJy, whicll Harper 
811(1 H¡:¡wkswnrth (1995) refer ro as thp- organisl1¡:¡1 level of hiodi\lP.rsity, 

dlstlnglllslllf1~J Ir trolll tlle gefl8tic and ecologlcal levels. 
Regardless of U1C focus with which we approach our analvsis, one conclusion 

tha1 emerges is tha! II we cannot measure blodiversity 011 the same scale as that 
of the study, thel"1 \rVP- cannot predict the effects of changes imposed bv human s 
with any de~Jree of accuracy. The new biological discipline that is emerging 
addresses t\l\'O kev queslicJIls: Is biuuiversity a !Tleé::lsuri:lble pruperty? Wlldl is tlle 
most approprli:lte \'VCly uf rlleasurill!-j biuuíversity? (HtllfJer alllJ HClWkswu,th, 1995). 
Tt',t: UllucrrrOLlS difficultics of evaluatillg b odiversity, cOllsidering all orqanisllls, 
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whether at the loca! ~alpha) scale, with respect to replacement (beta) or at the 

regional (gamma) scale, can be overcome by the use of groups of organisms that 

allow reliable relatlonships to be established between the information obtained in 
the fjeld and global species richness, as well as between biodlversity and other 

charact€rrstics of the ecosystem. !n particular, the use of indicator groups allows 

ulle tu fullovv Uf.) un vvhat is hdlJ~.H:ming to biouiversitv by rnonitoriflg them. In 
recerlt years, there has been cUl incredse in the ::;eclflJI for incJicators, the 

qUi:H1titative eXlJres::;ion of whidl allow us to ullder::;tand more clearly what is 

happening in the Qeneral community. Nevertheless, efforts for the selection of key 
groups in different types of ecosystems are still scarce (See Kremen, 1992, with 

respect to the selection of a group of indicator species. Regarding the 

measurement of biodiversity see: Magurran, 1988; Brown, 1988; Margalef. 1991; 

Toledo, 1994), 
Although mammals, birds and flowering plants have been used as biodiversity 

indicators, there has recently been a 5trong tendency to consider insects and other 
arthropods far these types of studies (e.g. Webb, 1989; Brown, 1991; Coddington 

el al" 1991a: HollDway & Stork, 1991: Kremen, 1992; Halffter el al., 1992; 
Pearson & Cassola, 1992; Halffter & ~avrla, 1993. Kremen et al., 1993; <lIso SP.F 

reffHp.nr.e 10 the. work of P,M. Hammond in Halllmond, 1995; Flnnamore, 1996) 
The mast likely reasan far this i5 that more than 80% of all the species in the 

vvorld are msects, in addition to the fact that it is posslble to establlsh simple 
systems for the capturp. of insects which provlctp. quantitrahlp. Information. 

r hp.rp. i5 no doubt that in complp.x ecosystems such as tropical torests, rellab\e 

information about total blodiversity can only be acquired after comparing the 

results far dltterent groups ot organisms obtained with different methodologies 

and even different theoretical approaches; ir) this way, findings can be 

corroborated_ This is both desirable and possible in cer1ain locales (see proposals 

in Coddtngton et aJ., 1991 b~. 

One of the types of ecosystems most threatened by human activlty is tropical 

farest, which ranges from tropical ra'lfl farest to tropical decíduous foresto Tropical 

forests are the terrestrial ecosystems with the highest local species diversity (alpha 

diversity), the most complex ecologlcal structure and tremendous spatial 

heterogeneity {beta diversityl, but where knovv!edge of all these characteristics is 
more lirnlted than for other vegetatían types (Longino, 1994). Our obj8ctíve in thls 

article ís to recapitulate and analyze our prevlous proposals (Halffter, 1991; 

Halffter et al., 1992; Halffter & Favila .. 1993) about the use of the gUlld of dung 

bcetles of the subfamily Scarabaeinae (in the taxonomic sense followed by Halffter 

& Edmonds. 1982) as an indica10r group for the study of basic aspects of 

biodivcrsity in tropic~d forests and for the evaluation and monitoring of the effects 

of anthropogenic alterJtion of thesc ccosysterns, Although the argumcnts that wc 
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preserll fur Jle selecliurl uf élrl irnJcé:llor ~¡roup Cüll be applied to differerll 

approaclles 10 tlle study of biodiversity as llleclsurecJ '/Vltll species, this study 
propases a rn8thodalo9V for an ecological (l[lalysis of biodiversity. TI-,at IS, by usi"lg 
th~ SCdraba~irlat! ilS the material and trap cal forest and derlved ecosystem,s as the 
object of stlldy, we offer an approximatloll of how thc study of an Indicator group 
can be usen to measlIre alld monitor the biodlversity of an ecosystem and its 
ilnthropo~el)lc derlvéltlves. Usi:lg tlle same reasonlllg for the selection of the 
indicatar grollp, but wlth diffcrcnt alluiytieul mcthods, it is possiblc to do 
:Jiogeog'aplllcal an;:¡,ysls of regional b10dlvcrsity (Halffter el al., 1995) or the studv 
of whiJt w(; !1,lVC rdcrred to as biodivcrsity per se. 

SCARABAEINAE AS AN INDICATOR FOR THE STUDY OF BIODIVERSITY 

It is irnportclllt to miJke an appropriate selectlon of rhe Indlcator group w arder 
to justify its lIse ClS iJll Indicator of modlflcations 1;1 the cornmunity or for the 
analysis of biodlversit'l. It does not necessarily follow that a group of orgal1lsms 
that vvorks well in él glven ecosystem will produce equallv rellable results 111 other 
ecosysterrlS_ 

For the Sal'lR (JhjP-ctlves and wlth [~h¡:¡rrlr.tp.rtstlr.s \lRry slrn!l;H ro thosp :hat we 
glve to the Indlr.rltor groups (Halffter & Favlla, 1993, 1hls text), Hammond (1995) 
propases tt-'e use of 'focal groups" and other authors also propose "indicator 
g'ollps" (Pearson & Cassola, 1992: Prendergast el al., 1993: Pearsol 1994. 
1995: Margllles el al., 1994, Falth & Walker, 19961. 

The function of Ole indlcator group IS to make possible lhe approximation of an 
allswer to a complex and laborioLls problem, that of measuring and monitoring 
total biodiversity. Thc suitability of lhe selectlon made for a given community will 
o~lly be ralified by tlle usefulness of the results and their agreernent with results 
obtailled with othe' indicator groups ar by other estimates for measuring 
b,odivers ty 

A good illcJicator of biadiversily should have several characteristics, the most 
important of which are indicated below (see also Pearsan, 1994 and 1995). We 
compare these characteristics with the informatian available about the group 
(Scarabaeinael that we previously proposed as an indicator of biodiversity in 
tropical 1ore5ts, not o'lly in arder to demonstrate that it has been correctly 
selected, but ¿¡Iso to cstnblish guidclincs for the se!ection of other indicatar groups 
for the same type of cornmunity or for othcrs. 

1) The indlcatar group should be comprised of a r¡eh guild and be well defined in 
the type of cornmunity for which one wishes to evaluate biodiversity. This guild 
should be Important in the structure and functioning of the entire ecosystem. 
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The Scarabaeinae well represented In tropical afeas, comprises a very well 
rlefined Quilo in hoth the Tunctianal and lhe taxonornir:: sense, éiS It is a r:Jearly 
rTlonophylelic group. The number of spec:ies ranges from 25 fo 70 in tropical ram 
fotp.sts (Sp.p' Halttter, 1991), with as many as 124 species in Afrir:éln savannas 

(Calnbetort, 198b, 1986) The importance ot thls !Jroup in recycling excrement 
(and In tOfp.stS ot the Americas ;md southeast Asia the recycling of small 
carcasses ¡:¡nrl decaying fruit) makes it a key element in the dynamics of the 
ecosystem (Halffter & Edmonds, 198:2; Hanski, 1989; Hanski & Cambefort, 1991; 

Halffter, 1991) In the forests of the Americas many species have adopted necro­
coprophagic feedlng habits, and even exclusive necrophagy, to compensate tor the 
historieal reductian (in the evolutionary sense) in the nurnber af large mammals 

that generate excremento in this same geographic area saprophagie species that 
feed on decaying fruit are also important (see Halffter & Matthews, 1966; Hanski, 
1989; Hanski & Cambefort. 1991; Halffter. 19911. 

2) There must be sufficient information available on the natural history and 
taxonorny of the proposed indicator group to allow tor (a) thc identificiltion of 
species and (b) the eeologica! interpretatian of the results obtiJined. VJhen crrors 
in Identlfication occur or when there are gaps In the literaturc on the biology of 
thc group, that glOup is not useful for our objectivcs. If we cxtcnd comparative 
studies in thc geographic sense to include communities that correspond to the 

sarnc type of ecosystcm, but do not necessarily includc the same species, the 
need for sound biological and taxonomic informatíon becomes even more 
important. 

In general terms. the biology, behavior and ecology of the Scarabaeinae ha ve 
been thoroughly studied (see syntheses by Halffter & Matthews, 1966; Halffter 
& Edmonds, 1982; Hanski & Cambefort, 1991) This knowledge, which includes 
a nurnber of seminal taxonomic monographs as we\1 as local and regional faunistic 
studies¡ makes it possible for this group to be used by non-speciallsts with a 
reasonable arnount of effort. Curren1ly, there are several taxonomists who study 

Scaraucll:!illde in different parts of the world. It vvould be relatively easy to make 
field specie!:> identificatioll keys arld have regional reference coUeclions for the 
rapid idelltificatiofl of specie!:>. 

3) The organisms that make up the indicator group must be easy to célpture. 
Capture method must be standardizable and it must be pussible to repeat the 
capture rnethod in different sites according to a pre-established programo 
Meeting these requirements will ensure that the results obtained can be 
compared, whether they come from geographic locales of the same ecosystem, 
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si tes with diftcrcnt dcgrccs of disturbünce or sites thüt me biogeogrüphically 
vcry diffcrcnt. It IS important to remember that the usefulness of the indicator 
Imgely dcpcnds on thc possibility of making comparisons of thc daté] obtnincd, 
¡)nd conscqucntly diagnoscs and predictions. Coddington et al. (1991 b) indicate 
that the sampling methods used for estimating species richness for a given area 
playa very important role in research on the loss of global biodiversity. In order 
to be useful, the methods should be rapid, as time is of the essence , and should 
al so be reliable, simple and inexpensive. 

The methodology far capturing Scarabaeinae has been standardized for 
quantitative sampling and is simple. Pit-fall traps are baited with excrement, 
carrion or decaying fruit and are buried at ground level (Fig. 1). The bait for 
coprophages is usually human or herbivore (cattle, mule ar harse) dung. The mast 
r.ommon h;:¡it tm Ci'I[1tllring ner:rorhage heetles is a r.hunk ot tish or sqlJirl. 1f , with 
the Scarabaeinae or other guilds, we wish to obtain a quantitative estimate for the 
rurpose ot nnnlV7lng (lnrJ comparing the prorortion of rJominnnt, r.ommon nnrJ rare 
species, the relationship between species diverslty, community complexity and 
other characeristics of communities, it is clear that we need collection methods 
that meet at least two requirements: 

a) The results must be statistically comparable, implying that different 
samples are equivalent. 

lJ) Tlle speei:llens eaptured Illust statistieally refleet the behaviour of tlle 
popu~ations sampled. That is , we must emphasize a sampling design that 
allows us to estimate abundance and other measures of the different 
species that occur in the community with the number of speeimens 
obtained in the sample. 

There is ample evidence thm pit-füll trups (Fig. 1) ure approprintc for monitoring 
the abundancc of dung bcctlcs (Lobo et aJ., 1988; Veiga et al., 1989; Doube & 
Gillcr, 1990). However, the type of trap used can affeet the results with ecological 
1lleaning (e.g. the relationship between the number of species and their 
abundallce). Thus, it is preferable to use the same type of trap in the different 
study sites so that the results will be comparable. We have frequently used Trap 
A in Figure 1. This is a baited pit-fall trap with a hale in the lid that allows the 
volatile compounds of the bait to escape and the beetles to fall into the trap A 
little soil is placed at the bottom of the box so that the beetles can bury 
themselves 
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The plt-1all traps are placed in the ground early in the day and collected, checked 
and rebaited at sunset in arder to separate diurnal from nocturlal species. The lJSe 
of soil in the trnD instead of a compound that kills the Insects alJoV\ls tlle bep.tJes 
to be released once they have been identifled and eliminates any possible removal 
p.ffer:t on Hl€ poplJli':Ition in 70nes where the indiciHor grolJp mighr have heen 
affp.r:terl by hlJm¡:¡n <1ctivity. Specimens are only srlcr!1lc.erl fm deti'lIIRd taxonomic 
stlJrly where the coleopterotauna is poorlV dor:lJmented or In those cases where 
there 1$ uncertalnty aboLlt the Identity of the specles captured. 

Sampllna wlth pit-tal! traps is the most appropnate approach tor studles tllat 
hélve as their obJective the ecological analysis of biodiversity beca use it is efficient, 
Illexpensive and simple. However, for cases where ir is necessary to obtain 
information about "all" the specles in an area (analysis of blodiversity, per se), 
other complementary sampling reglmes must be used I:see HilJ, 1996). 

The simplicity and low cost of the sampling system, as well as the possibilitV of 
applving the method universally, makes the Scarabaeinae an Ideal group for 
comparativo studies of a giv8n ecosystem found in differellt geographic locations. 
The necessity éwd wnportance of tilese studies has been emphaslzed by di Castri 
81ld Younes (1990). Sa\T,pling methods that are simple and not labour intensive 
nlakü It posslble ro establlsh continuous, long term sampling prograllls because 
they do not rcqUlre special equ'lpment or spccíallzed pcrsonnel. A useful estimatc 
Cé'l'l be obtained by cOnlpming unmodified forests or those wlth a low dogree of 
modificatíon with landscapes exhibiting different degrees of transformation, as 
long as one iS working within an arca that is biogeographiciJlly cohcrcnt, in the 
Intcrcst of reduclng the noisc that faunlstic and tnxonomic vüria~ions Cüll introduce 
(seo Halfftcr ct al., 1992). Another estimüte can be obtaincd bV compming 
capture data collected befo re and after disturbance oecurs. A simple monitoring 
fJrogram can determine the accuracy of the predictions made. These predictions 
¡)nd compQrlsons can be used for a global inrerpretation of changes in biodlversity. 

\/v'e wish to emphasize the i\T,portance of havíng a sound sta:istical design for 
rnonitoring, to analyze the behaviour of the relationship between effort and 
species accumulation. Soberón y Llorente (1993) propase stochastic models for 
understanding 111 e relationship between the coJlectian time span and the number 
of species accumul,ated, since the langer a trap is in positian, the greater the 
likelihood that more specimens will be caught. According to these authors this 
analysis glves more weight to faunistic and floristic studies and permits, among 
other things, 11\ the quantitative camparisan of lists of species, (2) the planning 
of collection activities in the fie!d when the rnodels predict that the maximum 
number of species has not been collected, and (3) their use as a Dredictive tool for 
tlle com,ervation and study ot biodivers!ty. See the discussion of the use of 
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accumulation curves and non-parametric estimates in Colwell and Coddington 
(1994, 1995) 

4) The indicator group must be one tor which collection and other necessary 
activities can be carried out without jeopardizing the conservatian ot the group. 

o n comparing different trap models used in Spain, Lobo et al, (1988) and Veiga 
et al. (1989) found that the traps tested reflected the taxonomic composition of 
the site well and did not result in a 1055 01 species. Very few studies have be en 
carried out in tropical regions (Hill, 1996: Santos, 1995) with the goal of 
r:omparing rhe efficieney of dltferent trap models anrl systems for trapping, or tor 
deteetlng thA rlOssible effer:ts of removal on local populations. However, our 
extensivR experienr:e in the f¡eld leads us to believe that the repercussion of these 

samplings on natural populations is not considerable. Caves, mountain tops and 
similar sites in which populations consist of a reduced number of specimens are 
exceptions where livetrapplng is strlctly recommended. Beetles can be collected 
from the traps live and liberated after identification. 

5) Capture data must provide enough ecological information to determine the 
composition and structure of the guild and its interaction with the rest of the 
community. 

Scarabaeinae are an abundant group that is well represented in the tropical 
forests of the Americas as well as in ather ecosystems su eh as the Afriean 
savannas and open cattle ranching systems af the Mediterranean. Their role as the 
principal proecssors of the excrement of medium to large sized mammals makes 
them quite sensitive to chunges in thc composition and structure of a givcn 
community. ScariJbaeinae are very sensitive to changcs in vegetation. Numerous 
studies, especially those done in the tropics, have demonstratcd that they are 
stenotopic with regard to vegetation cover (Howden and Nealis r 1975; Klein, 
1989; Halffter el al., 1992), 

What follows is a list of the main variables which must be determined in arder 
to reach an ecologieal interpretatian of biodiversity. 

To analyze guild diversity: 

(a) Species richness: the number of speeies in each community. 
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(bl Indices of diversity and evenness. We propase tlle use of Indices baseu on 
the proportional abundance of species: Shannon, Simpson, Hill. The last 5et of 
indices (Hill's numbers) 5cerns to be the most appropríate (see below). 

(e) An EH1ülysis 01 relativc specics übunoance using importanee curves (number 
of individuals or biomass pcr speeicsl. 

To analyz8 guild structure: 

(d:' Trophic dlversity: In the case of the Scarabaeinae, one of the following 
C;;¡t8gorles would he assigned to 8ach s[1ecles: genP.fnlist, stflr.t corrophagnus, 
necrophagous or saprophagous. 

(e) Temporal diversity in acrivity. TI1e separatian 01 daily activity (diurna!, 
nocturnal and crepuscular species·¡ and annua( activity (changes in tt1e species 
CUITlpo!::iitioll allu CltJUIIUeH1Ce ayer tlle course uf él year). 

(f) Spatial segregatíon. In the case of Scarabaeinae, the relocatiQrl of foad 
sources (in thc case 01 dígger and roJler beetles) as well as the spatial sepa ratio n 
of species due to externul factors that affeet resource availability \e.9. 
microclimactic vmiations and the spúti<11 distribution of mammalsl should be 
considered. 

Ot these points only t'ne first, (a) species richness, provides the basis fer a 

cem¡JrHison nf biodivArsity In di1ferent tropir.AI fore!>ts or modified ecosystems, if 

trere are Die or two well studied areas whlch facilltate the Interpretation of other 
sites. Point (b) refines the ecological interpretation 01 alpha diversity. Point ':c) is 
very use1ul 10r the analysis 01 changes in species/dominance relationships and 
allows us to evaluaTe the contribution ot rare species, which exert a great 
iniluence 011 the shélpe 01 importanee curves. The Iliche 01 the guild in natural and 
ITlodifiljL\ ecusyst€IlI.S is allalYleu willr points (o). (e) c:Jl1d In, either by cOlllparillg 
different sites wlthin a particular ecosystem or between different biogeographícal 
reglons. \/\le stress here the importanee of understanding the group's natural 
history, as this wd\ permit the selcetion of those niche dimcnsions thst must be 
iJnalyzcd 111 biodlversity studics. Multivariate methods of classification and 
ordenation are easily applied to the data matrix in the search for patterns of 
species which relate to gradients oc enviro'lmental patehes, e.g., the forest­
el.ea ri ng -edge-p asture-crop sequen ce . 
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6. The Indir;ator group must flot only provine informatlon about the intaet 
communilY. but also serve to measure decreases in biodiversity resulting from 
different causes: the reduction In area or available resources owing to human 
activity or environrnental changes, different degrees of dlsturbance, 
lTlanagt:rnent or otller anthropogenic activity (Noss, 1990). 

Studies by Ilalffter and Matthews 119661, Howden and Nealis [19751, Kohlmann 
and Sánchez-Colón [1984), Klein 11989), Halffter el al. (1992) and Hill (1996) 
show that the composit;on and organization of the Scarabaeinae species within 

tropical forests are different from those found olltside forests, This allows us to 
speak oi two guilds, one inside the farest and the othcr in thc dcforested 
surroundings. Tran.sitional fauna, with its own ecologicaJ strllcturc, ;5 found in the 
ecotones. Here, we refer to landscapes in which tropical farest has been, or 5till 
¡S, the dominant community type. Under these canditians for native species of the 
Americas, Southeast Asia, and Australia, but not of Africa, in areas without dense 
arboreal covp.r, the Scarabaelnae guild IS generally less nch than the guild fauno 
in the farest Interior. 

In each geographical area of the Americas, the existence of a series of very 
marked differences between Scarabaeinae gtJilds inhabiting the forest and in the 
immediate outskirts makes this taxan an excellent instrument ior measuring the 
effect uf chcHlge or pidrtidl traf1~furrT1atiufl of tro~ical farest ecosysterns un 

biodivelsity lHalffter el al., 1992i. It is a group which clearly reflects lhe challges 
brought about by human actions such as ecosystem fragmentation, the depletioll 
of fauna. simpiiflcatian of the ecosystem and the effects of the introduction of 
cattle, among others. 

HOW TO PROCESS THE INFORMATION 

The short term cD/Jsequences 01 forest destroetion: changes in species diversity 
and modifications within the guild 

Klein ('989), orle of the first to document the effects of farest fragmentatian 
an insects in the tropics, used the Scarabaeinae to show the effects of forest 
fragmentatian and destruction on biodiversity. In fragments of 10 ha and 1 ha, the 
~uild of these beetles is different from that found in conti/luous forest (Mdnaas, 
Brasil)_ This, despite the short Japse of time over which fragmentation occurred (2-
G years) and despite the short distance between the fragments {- 300 m). Upon 
cornparison with the small deiorested fragment, the change in the guild is almost 
complete; four species nat found in either the 10 ha fragment ar the continuous 
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farest uppcür as dominant specics. Thls study shows not only the change in the 
frequcllcy with which each speclcs is represented but [lIso u modificütlon in tf)C 
composition of tlle guild itself (in species, blom8ss, and trophic structureL This 
ChH;,gU becomes drastic ín the deforestAd area. 

USlllg Scarab88mae, Halffter et al. (1992) analyzeci tr·e short terlll (in P<llenqL8, 
Chiap<ls) and long terrl (comparison of forests ín the area of Laguna Verde, 
VerElcruz, see below) eHects of tarest destruction ane! mod,ficatían In 
Southp.8stern Mexir:n. In Pf1Ip.nqup., lhey tollOWfHi the mP.thoanlogy o(J!lilled herein 

to analyze the sllort term effect Of deforesta1ion by using capture data from 1965, 
tar inside ~he forest lar rne time largely Ilndisturbedl, on tile forest edge and for 
nearbv land \/\11th nO arboreal cover, the latter characterized by horses, mules, 
sume local illhabitélllts anu Vlsitors. In 1993, captures were repeated for the same 
~ites, amJ these. hall c\\angeLl in th8t there was él lllucll ~realer hUrllélll p¡esence 
in deforested areas and along the torest edge, as wel! as greater proximlty to the 
pastllres created by cattle ra'lching (Data from 1993 is being processed). 

Hi:llftter et at. (1 (92) founc that 11 of the 27 farest species were captureo Oll 

the fOrc~jl cdgc:s alld onlV 5 in the deforcsted Grca (Tab(c 1). Thus, 44% of U1C 
sp8cies oxr.;anded thelr distrrbú:ion are a to the edges bu: OIl(Y 19°1c· Ilvaded the 
deforested aroa. AII specles found in the doforested area were al50 c8pturecl at the 
edge of the torest. Th:s coincides with Klein's findings (1989). 

Table 1 
An andlysls (JI the dlversity 01 the SCdr¡ÜJél8lrlde guilll in the Pdlel1ql.lL!, Ch,apd!:i íoresl élnd 
éJ reccntly dclorestcd i.Hca in 1965 (datu from H<llfftcr, F<lvdü & Halfftcr, 1992). 

Forest Forest Edge Pasture 

F1rchness 27 1 1 5 

Divcrs.ty (SliiJllllOll) 2.5 2. i 2 1 .01 

Evenlless :Shélllnon) 0.76 088 062 

The dominance-diversity curves which are based on lhe tlumoer of Indíviduals 
(Fig. 2A) sllow th8t the e! stribution of abundancc was more bnlanced 111 the forest 
tilarl 011 thc cdgc or in the clcared 3rea, where a limlled number o' species were 
clomillclllt. When dominance data were analyzed taking ínto aCCOullt biurnass (Flg. 
2B). It becalTlo clear that there was a tendency towarc a more bal;:mced use of 
resourc:es bOt:"l 111 é-lnd around the torest, whl\e the clearina showed a geometric 
cllSlribution reflectillS} tlle e!omrnance OT a teV\! species that are rJ)2ractr'!rlstlc ot 

Ilarsh ~11'JirOIlJnellts 
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'Nltll regard to gudd structure, there was a greater proportlon of non-roller than 
roller specles In the three zones, but domlnance of non-roller specjes lessened 
np.arer to the clearing (Fig. 3A). As for trophic diversity (Fig. 3B), 52% of the 
forest specles wwe generalisls, 44~/o coprofagous and 4% necrophagous. At the 
edge of tre torest, 73~Yo were generalists and 27% coprophagous; there wefe no 
strictly n€crophagous saeeies. In the deforested area, 80 D/o of the specles were 
generalists and 20% coprophagous. V\lith regard to activlty period (Fíg, 3C) in the 
forest and the edges, Ilocturnal species dominated notably. In the deforested area, 
however, there was a drastic change In guild cornposition: 80q,o of the species 
were dlurna\ and 20% nocturna'l. Beetle sizo in the forest and cdges rangcd from 
4 to 27 mm, but ill the cleanng from 4 to only 13 mm. This rcduction is clomly 
relatad to the much gronter importanca of diurnol fnuna, which are, on avcr8gc, 
srnaller in sizc. 

The examplcs from Mall(}os (K;ein, 1989) and Palenque (Halffter et a/., 1992), 
using Scarúbucinae as an mdicator group in the same way that we propase in this 
study, show a drastic redLct'on in species as a short term msult oi forest 
destruction or hagrnentation. They a)so illustrate changes in the structure and 
fU'lction ot the gudd. With deforestatíon, he proportion of small-sized, trophic 
gcneralist and dlurnal species increases. In Manaos and In Palenque, both 
Neotropical areas originally covered by torest, a new guild appears. This new guild 
is much poorer in species and has a different structure than the farest guilds. 
Wh¡L follows i::; d brief descriptiull uf inforrnatiorl that ScaratJéH~irlí:le as all illuicdtor 
!:Jroup call pruvid~ about lile IOf1g-terrn effects uf farest destructiun, fraglT1entatioll 
,-irlU Ch<illge lO pastures Uf utt~er systerns 

Analyzing diversitv with the indicalor group 

Research 'v'Vhlch adopts tlle ecological focus for one or more s'tes included in 
anéJlvsis at 11~is scale, using the same indicator group, wiU provide us with the 
rl'leans ro Illterpret ha\'\! the indicator group is integrated structurally and 
tunctionally, and wllI also allow us to predlct how the group will respond to 
ecological changes. In addition. the ecological study oi biodiversity, through 
1110111torlng progranls, pro 'les very va,uable 10r ttle detection ot slll,all and 
Illtermeol,He c\l,anges. 

A fundalllental Issue to be addressed ',n any stuoy nf olodlversity is that of scale. 
Fnr eX31llple, tlle rlegadiverslty jCldex 15 a nllmArir:ril way ot referrlng to 
hlodiversity ;lIlrl has been widely llserl In recent years. Thls Index Indicates the 
l'lImbo of species per country for the mast well-known grnUflS of Drganisms 
(Mittermeler, 1988, 1990:1. 
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Alrhough u~e1LJI ro inrlir:ate which countries have the greatest biodiverslry on a 
global scale, it does .10t allow for the comparlson of sites belonglnQ to the same 
type 01 ecosystem or to different ecosystems. Nor can the megadiversity index 
serve as a LJasis for moniroring programs. In general terms, this occurs with any 
index that only takes inta account the number Di species belonging ro one or 
several groups il1 extel1sive areas. In reality, these numerical expressions provide 
él SUlll lutal uf lile species found irl uifferent places ond ulHJer different 
¡..¡eu\-jféi¡Jhical cUIHJitions, lhe limits uf which are rarely defineu by nature as they 
are, most often, borders between countries or state lilles. 

Pielou's recent propasal (1991) is interesting, as it uses different strategy in tlle 
search for a!"") all inclusive index of biodlversity; that is , one which takes into 
account all groups of organisms present in a given space. Pielou suggests the 
appllcat:on 0"1 (l diversity vector which, to be useful , must possess two properties: 
it rnust be formulated using in1ormation easily obtained from the field, and it must 
be easily undcrstood by non-specialists. 

In ecology. thc \/3rictv of divcrsity Indices 15 surprísing. Why this growth in 
índices? Biological diversity has its own meanlng when considered 35 the rcsult 
of historical processes (evolutionary and geographical) and as a result of ecological 
processes; but it is also an element of ecological structure. In tne sixlies and 
seventles, ecologis:s were not interested in biodiversity per se but rather as a 
characteristic of the commun·ty which helped them to interpret how environmental 
resources and energy were dlstributed throughout biological systems. This led to 
the applicatlon of different methods of analysis which arose 1rom systems theory. 
Thus, :he study of biodiversity w:,th an ecological perspective is a measure ot the 
hetp.rngp.neitv o' a system, and rhi" heterooenelty can be analyzed by focllsing on 
d fferellt propertl8s: hrllélnr;e, domlnanee, number 01 rare s[1er:ies, etc. This IS why 
variolls Indlces ot hiorllV{HSltV are used In ecology, ilnd why each has its own 
lirnitations (Ludwig and Reynolds, 1988l. 

According to ccologisls, species diversity has tWD r:1ain camponents: species 
richlless and lhe élburdance of each of those species in a particular community 
(Magurran, 1988'1. Illdlces for rT'easuring diversity generally incorporate these two 
CDfT'pOnellts In él siJ1qle vé:Jlue, which led Peet (1974) ro call ther'\ hetero~eneity 
imjices. He recornm81l(Js the use uf indices which élre eaSy to apply and illter¡Jret 
ecolog1cfll'ly. Tlle series u: irHJice::; proposed by Hill (1973) 11'88ts tl!ese 
requirelllell!s \/Vell. He applies a family of diversity Illdlces known as Híll's 
11umbers. These measure the apparent number of specles in one sample, and thelr 
Ul11tS .:He glven 111 nUlnber of species instead of bits, probabilities or other units of 
Ullcertalll ecologlcal value Weet, 10741. With the exccption of NO, Hill's indices 
are indcpcndcnt of sizc iJnd numbcr of siJr1plc units and, as a parametric family 
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et al., 1993). The family of diversity indices praposed by Hill in the form of an 

equation is: 

, 
NA -- ¿Co)' ¡1-AI 

where p, is the proportion of individuals (biomass or other importance value), 

corresponding to the ¡ th species and A is the arder af the diversity indexo Ilill 
showed that the A - O, A,,-, 1 and A = 2 orders coincide with the mast important 

measures of divcrsity (see Hill, 1973 for an explanntion of this equation when 
A,--- 1). In this way, NO is equal to the total number of species present in a sample; 
Nl is equal to the exponential of H', where H' is Shannon's index: 

H' - [(pi In pi) 

and N2 is the reciprocal of Simpson's indcx (i.c., 1/p2, 1/p22 I 11/ n ). 

Explicitly, NO is the number of species in the sample (regardless of abundance), 
N 1 the number of abundant species in the sample, and N2 the number of very 
abundant species. N1 is more sensitive to changes in rare species, while N2 is 
more sensitive to changes in the very abundant species (Peet, 1974). 

Using Hill's indices far three Mexican forests lacated in Boca de Chajul and 
Palenque in the state of Chiapas and for Los Tuxtlas in the state of Veracruz, as 

well as for a one-hundred year ald pasture with farest fragments located in Laguna 
Verde, Veracru7, we taund, that the number of species of Scarabaeinae (NO:I 
c:ollp-r:tAd in thA torests was greater than in the pasture (Table 2). Only five of the 

specles present In the pasture were also present in the foresto and all af these 
lived in fragments of surviving farest (Halffter et al., 1992). Proportionally, Nl 
(abundant species) and N2 I:very abundant species) tended to represent a greater 
percentage of the Laguna Verde pasture guild than in the forests. N 1 and N2 
represent a smaller proportion in Chajul compared tO Palenque and Los Tuxtlas, 
vvhich have similar values. Thus, the common characteristic of forests is the 
greater abufldaflce uf rare species, which in Boca de Chajul rndke Uf.> 51 % uf the 
totdl. This is 110t true for the pasture, where rare species account far only 2 a/c of 

the total. 
Hill's Ilumbers tell us much about hoY\' biodiversity is affected by the ecol09ical 

sirnplification of a complex community such as tropical foresto Ilowever. other 
diversity indices can be better rneasures in particular cases (Beav &. Pene v, 1995). 

Currentlv, our research group at the Instituto de Ecología. A.C. is making 
comparisons among diffcrcnt typcs of tropical forest and piJsturcs thiJt rcsult from 
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deforestation and ttle introduction of exotlc grasses and cattle. We are also 
comparing tropical forests and nearby coffee plantations, as well as tropical 
forests with dlfierent degrees of disturbance caused by clearing, the introductíon 
of cattle or fra~Jmer1tatior1. Vvith the data from these studíes for a given regían, we 
can establlsh predictive models that inuicate what will happell tu the diversity of 
Scarabaeinae under different environmental conditions. The comparison 01 these 
results with deta for other indicator groups will provide a quantitative 
approximation 01 how biodiversity is affected by anthropogenic changes. 

Table 2 
Diversity values using Hill's series for three tropical forests in southeastern Mexico. B. de 
Chajul ¡Morón et al.. 19851, Palenque, Chiapas (Halffter et al., 19921, Los Tuxtlas, Veracruz 
{Murúrl, 19791 amJ for apasture with rernnanU:; uf tropical forest at Laguna Verde, Veracruz 
iHalffter et al., 1992}. Percent species in parenthesls. 

Hill's Indices B. de ChaJuJ Palenque Los Tuxtlas L. Verde 

NO 27 27 24 18 
(100) (100) (100) (100) 

Nl 8.16 12.00 10.30 9.96 
(30) (44) 1431 (551 

N2 5.25 8.00 7.24 7.66 
(19) (30) (30) (431 

Orle 01 the 1T1usl pertiflent ljuestions wilich tile ecalogical view of biodiversity 
addresses is the function of rare species (see Halffter and Ezcurra, 1992). Lovejoy 
(1988) presents t'NO bastc ideas about the origin and function 01 rare spec,'es in 
communities. 1) .a. community's rare species may have been important in the past 
but have been II marg inalized" by the presence of other more competltive species. 
2) Rare species may become important if the community undergoes change. In this 
way, the species that accumulate in en ecosystcm ns a conscquence of historical 
events also providc thc ccosystcm with the capacity to respond to changing 
conditions. 

In this contcxt an important application of local ecological studles is thcir use as 
points of reference for "calibrating" the indicator group and the strategy for its use 
in the analysis of biodiversity per se at the landscape scale, If , within a given 
eCDsystem, we compare two locales with different degrees of anthropogenic 
change, we 1ind that the number of rare species is lower in the more modified 
loeale. A drop in the number af species, which affects mainly thp. rfHp. srf!cies, 
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occurs at a local (alpha diversity) but not necessarily at a regional level. Over an 
extensive landscape, a certain degree of modification and fragmentation of human 
origin can result in an increase in the global number 01 species (gamma diversity), 
atlhough within remnants 01 the original vegetation, local diversity may be lower 
than that found in an untransformed landscape (Gonzalo Halffter and Lucrecia 
Arellano, a study of the biodiversity of Scarabaeinae in Central Veracruz, personal 
communícation). 

One of the fundamental questions relating to the conservation of biodiversity 
concerns the degree to which ean forests can be fragmented and patch size 
reduced (both the results of human intervention) before there is a drastic reduction 
in the number of species in the landscape unit. The answers will undoubtedly vary 
greatly depending on the indicator group selected. 

The range whieh a particular species occupies within the importance curve of 
the indicator group provides an interesting appraximation of the comparison 
between different locales ~or with differen.t degrees of modificatiQn) in one type 
of ecosystem. For example, Canthon cyanellus cyanellus LeConte is a 
copronecrophagous species of Scarabaeinae with an average abundance within 
the tropical forests of Mexico. While not truly rare, it is not one of the most 
important species found within the forest, By changing the ecological scenario and 
generating a landscape in which a vegetation masaie dominates (pasture-forest 
fragments), this species acquires a very important role (Fig. 4}. One possible 
explanation far its success in this type of modified environment is that C. 
cyanellus prefers to occupy the edges of tropical foresto As patches of farest 
vegetation are conserved in a masaie landscape, the population density of this 
speeies increases {see Halffter et al., 19921 because forest fragments are more 
similar to the forest edges in terms of the microclimactic canditions that they 
generate. 

DISCUSSION 

The practical difficulties in evaluating biodiversity, both at a local and regional 
level, lead to the search for strategies which yield results and can lead to 
recommendations in reasonable lapses of time. Of these, the mast promising 
seems to be the use of indicator groups, also called focal groups. Through the use 
of indicator groups, we intend to establish reliable relationships between the 
information obtained in the field and the global richness of species, as vvell as 
between biodiversity and other eharacteristics of the community. Perhaps the 
most attractive aspect of using indicator groups is that it can provide an 
instrument for follow-up programs to monitor how biological diversity changes as 
natural communities are altered, fragmented or destroyed. 
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An example of changes in the position of Csnthon cyaneJIus cyanel/us Iblack rectanglel in relation to 
the dominance-diversity of th*J Searabaeinae guUd in: A. tropicat forest io Chajul. Chiapas. B. tropical 
forest in Los Tuxtlas, Veracruz, C. pasture with remnl/Jots (11 tropieal forest at Laguna Verde. Veracruz. 
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We have dlscussed the possibilities which Indicator groups otfer for the 
evaluatlan af biodiversity, using Scarabaeinae as an indicator grollp far tropical 
hrests. We vval1t to stress that not all groups of organisms are useful as indicators 
of biodlversitv Furthennore, a group that is adequate for one type of community 
is not necessarily appropriate far a differp.nt tyr p of community Scarabaeinae, 

hecause ot their rllrect relatlonshlp to the excrement ot largA rn;:unrnals {rlmnng 

thAIn hLJmé'lnkllld anrl cattle. two rapldly expandlnQ specl€sL are thlls of great 
ecologlcal irnportance in a wide range of cornmunit18s, but are only Llseful 

Indlcators 111 tronleal forests and savannahs and In temperate, Medlterranean-type 
ecosysterns. 

This reqUlres LIS to be diligent about keeping in mind one of the crucial attributes 
Ilecessary in an indicator group: it must playa vital role in the type af comrnunity 
selected for studV. If we are gUlded by this crlterian when making our selection, 
we can avoid the controvelsy over evaluatinQ the role of b¡olo~ical diversity in the 
corlHT1unity. The concern 15 ovel which is l110re illlPUltd!1t, Orle ur severdl svecies 
(key spe:::ies:' that playa very specific role ill the ecuflufTly uf a curnmuflity, or a 

L]I uup uf species fuulHJ ill d glvel1 place as a result of histmical plOcesses (anu 
which Illay include I·edundant species), 

The canditiolls vvhich we have proposed here for the selection and use of 

indicator groups allow us to address this contruversy On one hand, the role of key 
species is made clear vvhile the irnportance of the graup of species, Including rare 
species, is also consiJered. 

When talkil1g about biodiversity, we are not slrnply referring to the heterogeneity 
uf a therrrodY'l:.'lmic systcm in which cfficicncy IS u basic rcquircmcnt. Rather, we 
rder to thc rcsult of blolagieal evolution, a process in which the redundance and 
tl18 é-1ppearélllce of alternatives ¡i.8. species) occur with surprising frequency, even 
whAn these species do r~ot appear to be ecologically important. It is this explosion 

cf alternatr"'8s whlCll determines the capaclt'y' for change and far adaptation to 
vaflable and (Jften critical environmental conditions thrcughout geological time, as 
well as to present scenanos of drastic rnodification. 

VVe do not \iievv biodlversity as solely a response to the heterogeneity of the 
f~nVlrOnrTlent It 15 al50 a consequence of historical processes such as the evolution 
cf IJinta ¿:Inri nt tllP PiHth fhp. <:;urviv;:¡1 ;:¡nd sp¡:ni;:¡1 coexistel1ce ot speclPs which 
results frnrn thesp. processes has ¡md wil! cnntinlJf~ to bp. rnorlFIp.rl by er:ologi~al 
r1ptp.rr'llrlants. ~ut ttlese. cOllsldered alane, do Ilot explaln the entire complexlty 

ot IJlOloOlcal cllverslty 
In this paper W'2 tlope to have shown the virtues of using indicator groups as a 

stlategy tor lllp.aSlirlng blodiversity. This strategy is effective both for analysis 
c,.Hried out flom an ecologlcal perspective and fer a bio~eoqraphlcal interpretation 
of biodlversiry. It is also effective for analysis which, at él local or regional level, 
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attemr'lts to evaluate hlologir:81 diverslty as n r.har8cterlstic in its OWI1 rlght. From 

thls last pOlnt of view, compar.sons and syntheses based 011 results obtained wlth 

differer:t groups nlake the strategy especially prornising. Using this strategy to 

nnalY2€ the different ways tn which anthropogenic activity affects blological 

diversity wil· permit the leap irOrf', postulating from a weak quantitative base to 

representatlve Ilumerical estimatlons which can be compared and verified. 
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