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ARSTRr\CT Braconid wasps were used as an ind~catorgrou~ to test the hypothesis that the degree 
ofdisturbance in silvicultural treatments will change the total abundance and composition ofspecies. 
Wasps were coliccted with hfdaisc traps on undisturbed (control), rnodera:eiy disturbed (pine 
single-tree selection) and highly disturbed (pine-hardwood seed-tree) research plots of the LSDA 
Forest Service in the Ounchitn kationa! Forest of [Vestem Arkanss. \Ve used 3  measures of w q  
d~versity: (1) numbers of individuds and numbers of species, ( 2 )  estimated totd species richness 
and abundance, and (3) observed and estimated ~omplenientruit~ (proportions of species shared or 
not shared) among treatment types. In all. 1.300 wasps were collected, representing 23 subfamilies, 
84 genera, and 51 morphospecies. Raw n'urnbers ofiridividuals and species sugested little difference 
aniong treatments. Totd species richness estimltes projected that the disturbed treatments have 
twice the number of species as the undisturbed. However, measures of complementarity revealed 
strongl! difierent species complexes between treatments: undisturbed and highly disturbed treat- 
ments had just 24% of their species in common, whereas moderately and highl) d:sturbed treatments 
shared 42%. Thus, some species in undisturbed forests are lost after disturbance, even though actual 
diversit) appears to increase. Braconid wasps show promise as sensitive ind~cators of faund changes 
during disturbarice These changes are best perceived through species comparisons between trrat- 
ments when patterns of rclative abundance and f.~uliaI complementarity are incorporated. 

K E Y  FI'ORDS Braconid~e, forest rnanagernen:, spccies richness, biodt\ersi:\ complementarity 

S u s r ~ r r ~ s c  BIOLOC1C.C. DRTA5m has bcconlc o n e  of t h t  - ~~ 

principal g o d s  of contcxat ion  C ~ a ( i u a l 1 ~ ~  the  goals 
have moved froni concern for specif~cal!y tiireatcried 
species to t he  broader desire to protect ccosystenis. 
thereby allo\\ing man! more spccies to bcncfit hs a 
result, a variet!, of nicthodi h z  been dcviscd for qiiaii- 
tifying the  diversit! of spc~cics w i t h i n  an ecosysteni 
T h e  most thorough ana!\.sis of biodi~crsit! i r i  ari e co -  
systern would be ari i n t en ton  of all ~ . L Y X  arid their  
relative at)undnnces Such invcritorics arc nrohibited 
b y  t h e  ultirrlate size of the data sets. as W C I I  ZL~ t he  t ime 
requirement and the d~fficult, i:: gcttirig sufficient 
scientific and finaricia! support (Kin; 199'3) Hescurch- 
e r s  have ttlus been looicingfor M a! s to assess bioiogica! 
diversits b y  using a single species or a sniall indicator 
group to represerit the o%.crali se: ofspccics in a c o m -  
munity.  

\Ve ltavc focurcc! 0:: ~ : ~ s c c t i  b c c n u t r  t h r >  pro\idc. 
many criticidly irnpor',~::: ecos>st~~r i :  s cn i ccs  (\Isiison 
19S7, Kim 1993, Sar~i \ \a ,~  T 19$)4, H.i:iirnoiic! 1995) 11;- 
sects are  we11 suited to r~lonitoriri; la;~dsc;ipc ciiangcs 
because  of they are ab~:!tinnt, s?ecics ricli, arld ubici- 
uitous in occurreriel: (lioscrlbcrg e: al l?iSG'! Anton; 
t he  insects, the, II>.r:icnopteru, a.7ti i r i  p:lrticular t h e  
parasitoid wasps, arc az:orig t!ir r!ins! spccies riel) nric! 
biologicall ,  diverse t~~ t . 1 .  (tnS.llic. and Ca~iic! 1993) 

This s tudy cxplorcd the usc o l  braconit1 parasitoid 
wasps (Hyrncnoptera. Eracoriidai~: ,2i biologcal indi-  
cators.  IVe posed the folio\ving questions: First, bvil! 

tit? degree  of disturba::ce in sil\icultura! practices 
affect the abundance and ditcrsit) of the local b r a -  
conid wasps, and if  so, ho\c' Second, do bracoriid 
wasps have clixacteristics tha: make then) useful i n -  
dicators of local c!~versit! ' Third. i f  so,  which measures 
of  diversity arc. niost e f f cc t i~e  in capturing the  indi-  
cator potential of the \ ~ ~ j p s '  

N'c sarnpleri Lvasps ui :h  staiidard Llalaise traps in 
undisturbed, n iodera te ;~  disturbed, and highl? d i s -  
turbed silvicultural treatment sites. The  t v a s ~ s  could 
thert be  compared amon; trcatnlertts b!. 3 methods  
comparisons of total riunlbcrs of indi.\iduals and total 
spccies, estimations of to:d species for each t rea tment  
from the sample distribiltioris, and finally, the faunal 
disparity (coniplerncntxit)) bctweeri treatments 
T h e  usefulrlcss of bracon:ds as drvcrsity indicators e x  
then be  evaluateti fron: these con~bined data 

\i'hy Brnconidtc? Bracoriicl \rasps represent o n e  o f  
tlir nxost dicc,rsc arid aLu-dniit oit l tc puas i to idgroups  
(S113\\ and IrIudtiiesto:: 1991, LaSalie arid Cauld 1993) 
The )  are t )p ic ;~I l i  puasitoidi of otlier insects, p u a -  
sitizing arid uIt!rriat(~l!. k!Ii~rig t i ~ r i r  hosts Their  most 
coninion hosts arc ttic l a n a c  of Lepidoptcra, Co- 
Icoptcra. and D i n t e r ~  i\L'iiutori et al 199;). T h e \ .  . . 
occur in ven,divcrse iiabitats m d  arc higiily abundant  
i:i cool tcrrrperate regions (l,nSalle , u ~ d  Gauld 1993, 
IVharton 1993, Quicke and Knift 1995). Braconid s p e -  
cies tend to attack arid feet1 on a very narrow range o f  
tiosts, and the!. are iirnitcd b! spccia1izcd biological 



and  behavioral adaptations (\%'hitfield and \Vagncr 
1985,Shaw and Huddleston 1991, Wharton 1993, Shaw 
1994).  Such  a high degree  of specialization gives bra- 
conid wasps strong potential to be  sensitive indicators 
of environmental richness and stability (Shaw and 
Fiuddleston 1991). 

Why Sample  with hlalaise Traps? Malaise traps 
work well for collecting braconid warps because most 
species a re  fliers, and because the herb-shrub (0-3 m) 
layer sampled by  this trap has been found to be richer' 
in braconid wasps thari other parts of the canopy 
(Papp  1994) .  T h c  traps are  tent-like structures made 
of  fine mesh fabric nett ing The version wc used has 
a matte black, vcrtica! center  panel that reduces its 
visibility, and blocks the passage of flying insects. The 
t o p  of t h e  t r ap  is roof-shaped and higher a: one end. 
T h e  insects gather  at  t he  highest point in the "roof' 
and then exit into a collecting chamber with a remov- 
able  conta iner  filled with killing agent (Townes 1972, 
Gauld and Bolton 1963).  \Z'e used identical standard- 
ized traps s o  t h e  samples were replicates (Xiatthews 
a n d  bfatthe\vs 1983, Chven 1953). 

hiaterials and hfethods 

Stud! Area.  S a m p l ~ n g  \\as conducted In the Ouacii- 
tta Pis t~onal  Forest of westen! ArLansar, a p~ne-hard-  
wood forest c o v e n n r  610.500 ha iUSD.4 1984) Iri the 
o v e r s t o n  of  the  average stand iri  this forest, the most 
numerous  species were  shortleaf pine, Pinw edlirtata 
biill. (Plnaceae)  , foiio\r,etl by postox!!, Qtrt7-nrr sftdic!a 
LC'ang. (Fagaceile),  white oah, C) alha L., black h ic l -  
o q ,  Caryci t~xur lu  Buckl. (Juglandaceac), mockeniut 
h i c k o n ,  C torntntoscl (Poir.)  Sut t . ,  and wringed cln;, 
U1rnu.s alatci .\ftcii\ (Clniaceaci iCuldin et a!. 1994) , ~ 

T h e  dominant  species i r i  the underston were pre- 
dominarit l) .  So r t l~e r r i  rccl o d ,  Q n ~ b r a  L., Goweni~g 
dog\r,ood. Cor711a jic)ritio I* (Comnccaej,  blackjacl 
oah. Q rruirilaritlicu hlucrici! . arid winged elrri Ti l t  
pronlincrit groiintl co\ e r  spc,cics includetl pa~lic 
g r u s c s .  PUIIII-LI~II l>i)scii I'oir, f )  dt~/~otornl~iri  L (C;rri- 
rn incac) ,  tick trrfoij spccics, D~,srrlodtuni riuti!fioni!rl 
(L.)  DC., V roturitii,f?)lttirr: DC., arid Desrnodi~irr~ spp 
(Lcguniiriosae),  d i t tan) .  Ctrriilc: or-tgc~r:oid(.s (L. )  Entt 
(Labia tac) .  pipe-vine, r\nstoioc/iic sc?yn~tariu ('kni- 
to lochiaccac) .  wild l iconcc, Coliurn d rcuc~aru  hf tc i i~  
( I iubiaccae) .  bird's foot \,iolct, \'tola pcduta L (\'tC,- 
Inccac) ,  d o \ \ . r ~ y  piiiot. Piilo.~ r~ilosr~ L (Polenioni. 
a c c a e ) ,  stiff Coreopsis. Cor-co\>sic pciirrwla Su t t  ( A i -  
t c r accac ) ,  povcrt!. oatgrass. Diiritiionic v~icmtu (L l 
B c a u i ,  ex Rocni and Schuli. f Craniineaci. ant1 i::oir 
co \ , e r  Tticse plarits occur i r ~  cor~irn~iriihcs that drf'cr 
tfcpendirig or) the predorninan: o a l  species iri ti.)!. 
overstor?, (Fot i  arid Culdiri 1994). 

USD:\.Forest Scmicc Sil\.icultural E\pcrirneritil 
Design. This stud! was carried out \\<thin ecocystet:~ 
nlaiiageuient plots of the L'SDA Forest Scn icc  
(USVA-FS)  iri the Ouacliitn liatiorial Forest. The  rv- 
search design irnplerrieritc:d alternative sil\icultilra! 
methods that  included partin! cutting techniques that 
retained p ine  ant1 hard~voods  iii va-rious densities, 
compositions,  and structures in even and uneven-ascd 

forests T ree  hanesting to implcrncn: tile siI\~cultural 
treatrncnts wz5 cornpleted In Septerrher 1993 (Baker 

lit? or west 1994) T h e  research stands were on sc, : 
facing slopes that contained 2 1 4  ha of mature, pine- 
dominated fores:, with trees averaging >TO 17 old. The 
average stand basal area of pine was 13.5-25.2 mvha,  
whereas that of hardwoods \\,as 4.6 -1 1 5 rr2/ ha (Baker 
1994).  

Braeonid Study Treatments. From the USDA-FS 
research design w3e chose 3 treatnlentj for our study: 
undisturbed, moderately disturbed. and highly dis- 
turbed sites that reflected the origind piiie-hudw,ood 
forest cornmunity. The folIo\ring 3 treztments were 
replicated 3 times, so wasps w.ere coliected at 9 sites. 

Undisturbed, Unmonaged Controi Thij treatment 
contained iS.S-.25.2 m21ha pine b a a !  area and 4.6- 
11.5 rn21ha hard~vood basal area with no h a ~ e s t i n g  or 
stand management for the  past 30 yr except for wild- 
fire protection (Baker 1994). 

hloderatelii D~sturbed, Pinc Sir~glr-Tree Sekrt~or,, C1n- 
men-Aged Some pines were  hanested or. a 10-yr cut- 
ting cycle based on single-tree selection. Residua! 
basal area in  pines varied from 10 3 to 13 0 rn2/ha The 
hardssoods were harvested except for a remnant for 
wildiife use (0.5-1.1 rnqha )  (Baker 19% 

Htghly Dsturbed,  Pinp-Harrf~i-ootl krd-7rec  In this 
disturbed treatment, 25-35 of thc large<: pines and 
hzrd\voods were cut Ica\ing n tot$ b s a !  area of 2.3- 
4.6 ni? ha,  of \\ hich 1.1-3 4 rtioi ii;i \r ere hardwoods, 
wit11 al! otiiers haring bccri h~ncj:e-.cl: or othewise 
rernoved (Baker 1994). 

nar;j Collection. Insects \ \ e r r  CCI\:CC:C? in Aldaise 
trap5 for 1 \vk eaci: nlontli dunri; Jiir.e. Ju!!, and 
Augis t  of 1991. -=I !.r aftcr sii\-ic::!:x;: treatments 
werts initiated Thc  Xldaisc trap n:odc: used was a 
bidirectional Towries stylr  ~ , i t i i  203 c;~! 5ont height, 
1 17 cm back t1ci5iit. and 127 cui \ ~ i i i , :  i):~ : j 3  cm long 
(To\\rics 19,Z) Trnp col icc t~o~i  j.ir. ice:,, filled with 
93% etharioi r\li traps werc3sct lip 01: :l!c sx.ne day and 
collcctc~ci 7 c! i.ltcr C).ita collcctcti lo: :ilc ; trestmerits 
\vt,rc. coittro! (9 sarriplcs), pinc si~ig;:,-tri.t. sciectlon (6 
sninplcs).  LUIC! pint-Iiard\tood seed-tr:~c 5 samples) 
\\'c 10s: 4 s~n ip lc s  ir ;  2 r cn~o tc  ioi~:.os:;  bcc3s~se of 
iritcrfcrcrlcr b )  bears, in all \ re  ~oIir,:t:.~i '1 or the 27 
szrrioics in ti!? riesirii 

T h e  braconid \varps were sorted I: 111: the raii sn-71- 
stnrcd in 95% etii:lnoI, later p::.::cd or pointed. 

arid I;ibclcd Spcc~rr~ens  r c s ~ i l t i r ~ ~  Iri'-: I;.,. stud! werp 
dcpositcci a_r \oacircrs in t i , ( .  Ur!i\rri::: of Arkmsas 
~rt!:ropor! l l i~scu!~: Thc. \c;~sps \',:rr. :.!entifed to . , 
g(:nus usirig lI:~rs!, ct a! (1957) arlcl I :  ?i.inux! of the 
N c u  \\'orid Cci icr ;~  of tiir Farriii) E-~:i-:lid'~c (Hy- 
rnc-r~optcr~i', (\?'hartoi,t et  a\. 199,). tttc: ,,.<cc! t3  nior- 
r)iios:)ccics ' L 

Ttic co~li;>ansoi! of \ t z j )  a\~iir~c!.i, L:' ?.::i! d:\crsity 
\ ~ c t \ \ c c r i  tri>atrricLi!ts \ v a  ali;~I!it'(! i 1  ii.c foilouing 
tlircc: w,;l>,s ( 1 )  Trcatincnts \:c3rt, cc,:::?.\r:.d for to t4  
rii!rribcrs of 11idt\-idu:ils aritl total r:i::::t!,:r? of species 
cliiritig tlic rnori:hl! s:irnpIi~ig pl-riodi i') dtversity 
cstiri~ators \\ere i1sc.d to prcdtct ti,(. estin~atcd total 
spccies i l i  each irc:,it~~ient, ;i:itI ( 3  to:~!;?:enientarity 
coriipnrisotis \ \?re  rii:icie of sj)rcic's coii~po~itional dif- 



T ~ b l c  I .  Annlyriq o f  toid n u r n l ~ c r ,  o f  weap* by trentrnrn! (rncan + SE) 

A v g  no of wasps pcr t : ~  
Treatment 

J u n c  July A .? O\cra!l 

Control 46 4 d  2 6 1 31.0bA 2 6 6  5 9 5 S r 9 2  41 12  7.1 
Plne single-tree reiechon S 4 b A  rt 106 44 4bA r 9 7 136 3 ~ i  r 17 1 69 I z 11.1 
Rne-hardwood seed-tree 40 4bh = 7 6 39 7bA r 7.5 66 ~ A E  = 13 0 4 7 4  r 8 3  

For a treatmen!, monthis values w:th different lowercase scripts arc significantly dtffercnt [ P  > 0 S 5 '  For a m o n t h  and overaii, treatment 
values with different uppercue scripts zre significantly difkrent ( F  > 0.05)  

ference and sintilarity between selected pairs of t rea t -  
ments. T h e  shared species for the pairs of treatments 
were  estimated and compared with the raw, data.  

Statistical Andyses. ( I )  The model for t he  analyses 
of data on number of i nd i~ iduds  and number  of spe-  
cies was a generalized linear model (LlcCullagh and 
Nelder 19S9). The erroredistribution for insect and 
species counts was chosen as the Poisson distribution 
because this distribution is often appropriate for such 
counts; the analysis can accommodate the  situation in 
which the  variance is ~rooortional to the  mean. In the  * ' 
analysis, the log of the true mean is f i t  by  a l ~ n e a r  model 
consisting of the main effects and interaction effects 
of  treatment and month. nested effects of location 
w i t h ~ n  treatment were also Included T h e  restdual was 
used as the error for companng months and the  lo 
catlon source of \a.iation way used ac the  er ror  for 
treatment comparisons \!'hen the interaction of trcat-  
ment  and montii \r.u sigriifiearnt at the 10% level of 
probability, treatments were conrpnred at the  5% level 
of probability per coniparison within each niorith, arid 
months were sirnilail! coniparcti \\ithi11 each trcat-  
ment .  When the main effect of treatnirnt \ras signif- 
icant at the 10% level crnroba\~i l~! \ . ,  trcii!rncrrt rncarls 
over months were cor~rpnred at the 3% level of prob- 
ability per  cornparison A!i t e s t  and corr~pnrisons \r ere  
carried out for means on the lor scale Estinlatcs of 
means on the log scale \\ crc back-transformed by the  
anti-log for prcscntattor; as mean counts T h e  staridarc1 
errors. estimated froni thc. niodc.1 anal\.sis. M ere added 
and subtracted to the nie,i:i cstini~tcs or) the  log scale, 
tiiesc values \r.crc then back-transfoniied, and onc -  
half of their difference \rz< rrenorted a$ the  standard 
crror  for the reportcd nleai: counts The  anal>.sis \ \as  
done  usir~g the GES?IOL) procedure of S.4S (S.4S 
Institute 1996) 

( 2 )  Species riciinesi estiniatioris were  gclncratcti 
using G-tiri1atcS5 Ii~ciincss Estirrlator prograrn version 
5.0.1 (Coi\r,c\i 199;) Tii? prograrri irlcorporntcs total 
obsewed species, tok'i! indi\.id~lais. sinrlctoris (species 

represented b), I indj::?ua!), doubletons (species rep- 
resented by 2 indi\idca!i), uniques (species o c c u m n g  
in only I sample),  and dliplicates (species o c c u m n g  in 
only 2 samples) to co-2i:te species richness estimates 
(Colwell 1994. 1995. Coiweli and Coddington 1994).  
T h e  program has specia!ized estimators for applica- 
tions to diffcrent t \ pe j  and sizes ofdata sets. Our  data . . 
were characterized b! luge  numbers ofsingletons and 
species containing <10 indi~iduals.  The following 5 
estimators were chose:. ai most applicable to our  data. 
(1 )  T h e  i n c i d e n c e - b ~ c d  coverage estimator bases 
predictions on species found in 10 or fewer sampling 
units (Lee  and Chao 199.1, Chazdon et al. 1998). ( 2 )  
T h e  Chao 2 estimator i j  an incidence-based predictor 
o f  population size b z e d  on capture-recapture data 
(Chao 1957). (3) The 7r,d-order jackknife (Jackknife 
2)  bases estimates or, rtuntberj of uniques and dupii-  
cates and the numbc: of sites sampled (Burnham and 
Ovcrton 1976, 1979. Ht.l:she arid Forrestcr 1960; Smith 
artd van Bcllc 195; Coddington ct al. 1990; Ct~azdori  
et a! 1995, Lnrrdd:: c.: a1 1999) (4) The bootstrap 
estimator of spcciei r,:hness h u e d  ori the proportion 
of sites containirrg c*:! specics (Sriiith and van Belie 
1954. Col\\cll arid Cr8?t.rigtor 1394) (5)  The  ,LIichac%- 
11s-llcritcri eqnatio:. cn$n.iii! dc~\cioped for usc ir! 
enzyme kirictics , F,ii;nia!irrj 19S7). the equation 
makes r ~ s c  of nl:i\::-:;-.! likc~itiiood to estimate the  
parainctc*rs ; t r ~ t i  ti!c:- \m:irlcci (Lnrid:u.: r t  a!. 1999) 
The  rnoct uscfrti e5:;r.';.ors fo: our data L\ ere projeetcc! 
to bc Ch;lo 2 a116 :'bi Ziitl-cr3t.r jackknife, bccauscs 
the! earl ril:ih(. cs:!::..;:.onc o! spccic-c b a e d  on sn~nl l  
sarnplcs that irrclud.. L.:I(IIIC-< nrici clttP!~cates. All esti- 
riiates wcrt. ba.ic.d ct :  . OW r.indornizcd replicationi 

( 3 )  C o m p l e r r ~ c r i : ~ ~ ~ ~ .  \\:ti cs~-i[as a diversity esti-  
rnator to compare 1:  .- j;>(,CiCi Ii5ts o f 2  selccted t rea t -  
ments (Price 19s-! \ \  : : , l , ~ r i i \  1993). Coniplementaritb 
is a simple hctcroci.: ., .: nir,~i::rcirrcnt \ \ - i t i i  b i o l o ~ c a !  
sigriificancc, brc:iz:.-, ,. I. tiir :roportiori of all species 
in the 2 trcatiircri:< t! i. occuv ;i: o r ~ c  trc~trt icnt o r  tiir 
otiicr on\! (C:o!i,c,' z? Cc,"i:ricto!r 199-1:). S p c c i ~ s  

Tnblr. 2. Ana1:sir a i  to!< nunibrr l  o f  n~ur~iiil,.~revr+ 1: t rrn! i i , r r l l  (mran zt St:i 

I-rc,,:.. t.. , 
A \ .  n o  of ni~r~i!o,~cc:r,. 7 . .  .-J;' 

J u n c  J i l l  i .i . : 0; r e d ' '  

Controi 2 :  ?dB z 3 9  20 h ~ \  r 3 5 -. 7: - - z - - 4 2  -. ? ;  .ti ' q  = - -  i 3 

R n e  singic I - i c  >e'cct:or 3 4bh z E 5 30 55.\ r. 5 6 6 -  ,-! r 5 6 4: 4.\ = 5 9 
R n c - h l u d \ ~ o o d  $ r e d  ::rv 3 !  L . \ B  z 4 5 29 7s4 I 4 6 a- .L- z ~2 3 2 O \ A z 4 7  ". - . -  

For a IreJtmen!. mo-ti:, \ ~ J C S  mi! \ ;  dtTcrcr,: io\rcrc&5c scn;,!i a r c  siFni6c.i.;ti\ d ~ R r c n t  ( i  :) C ' i Fo. --or!tii s.;d o\c:d'l, trca!r?:f~:': 
values wi th  diKerent uppe:cue s c n p l s  arc s ~ ~ : : ~ f i c a n t l >  diKercnt ( 1 )  > 0 0;: 
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lists for each treatment wcrc  used to calculate rich- Tahle 3 .  S p c c i r r  richr~rsr  c ~ t i m s i ~ s  f o r  all i rca tmcnt r  

ness. T h e  total spccics (S,) in one treatment were  
added to the  total species ( S k )  in a2nd treatment, then Rnc 

Va!uc Control single-tree P'ne-hardwood 
species (&) common to both treatments were sub- sc,ectio. sccd-trce 

tracked, leaving t h e  total richness (S,,) for t he2  trcat- 
ments. Bootstrap I ! ?  206 192 

Chaol 161 276 2L2 

s,, = s, + s, - r;, 
Species cornmorr to on]) 1 of the 2 treatments, (i e , 
unique ( Q k )  to e i ther  si te) were found b)  totaling 
species in bo th  treatments 'and then subtracting twice 
the  number  of  species common to the 2 treatments 

Finally, the complementarity of the 2 sites is found by 
dividing unique species by the  total species richness 

T h e  complenientaq figures are expressed as thk per- 
centage of species that are  different between the 2 
treatments (Co lue l l  and Coddington 1994) The con1 
pansons are  proportionalities drawn from the pres 
ence-absence da ta  collected In each treatment 

In addrtron to  the  rau data compansons we eoni- 
pared treatment pairs using the co\ erage-based esh - 
mator of shared species (V),) (Chen et al 1995) com- 
puted b )  the  ErttinateS 5 program The estimator (L3 
1s a shared sDecies estirnator tha: auements the ob - 
served  umber of shared species b! a correction tern: 
based on the  relative abundmce  of shared, rare spc- 
cies (Colwell 1997) 

Results 

\Ve collected 1,300 bracoriid  asps representing 21  
subfamilies and  S-i Fe!lCr;l These were separated into 
531 niorphospccies. A cornplctc. lrstirig of niorphospc- 
cies designation, locatiori, and month collected is pro- 
b-idcd i r r  ,4m~ew(f!x 1 , , 

Cornpnrison of l ' r e a t n ~ c n b .  Arid!,sis of the  tot^! 
rlurliber of irrdi\iduaih frorri each sitt, stio\ced no sig- 
nificant differcrrccs b c t ~ c c r ~  treatments o i e r  the 3 riio 
collcctiori period ( F  > 0.05). Cornparsons betwccri 
June ,  Jul!, arid August siio\\ec! a higiil! siznificarit 
month effect (d f  = 2 .  9. P < 0.001), pius a significnri: 
treatment and montti interrtctiori i d f =  1.9.P = 0.05' 
(Table 1). T h e  total nurrit,er of species collcctc~ti 
arnong treatrncnts id; = 2 .  5, P = OOM) and th r  
iritcractiori of treatrrrcrit arid month (df =: 4. 9, f' = 
0.054) werc n~nrgiriali> irisigriihcarit arnons nionttis 
iTahlc 2)  T h c  total nurriLer of snccies collected var- 
i d  significarltl, arriong riiorittit \viti, Auyus: col1e:i- 
tioris rliorc spccres rich tiinri tiiosc, i i ,  Junc arid Jul)  
\vhich wcrc similar to e;tcii ottier in nuriit)er oispc.cics 
T h e  trcatrricrit cffect \ \ a ?  ricnrl! significant 

I)ivcrsih h1c:tsures. Ti]<, EstiiiintcS 5 di\crs:t! esti- 
rirators produced fairl! w i t l ( >  ranges of spccies estt- 
mates for each treatrnrrrt T h c  bootstrap est~r;iatroir~ 
\vcre in the lo\\, crid of tiir rniigc' for all treaknrents For 
exmiplc ,  ttic bootstrap estirnnteci the controi trcat- 
nicnt to have 112 species Tht. higt; end of tire rarigc 
of estimations was  produccd b! ttic iricidence-based 

Chao2 i 43 313 293 
ICE 172 350 32.5 
Flrst-order jackiniic I 35 2 j S  239 
Second order jackknife 156 313 7.39 
M~chaclis-hienten means 145 365 3!3 

coverage estimator and b)  the  ~l~chael is -%lenten 
means, w hich produced the overall highest estlmate of 
365 species for the  prnc s~ngle- t ree  selection treatment 
(Table 3 )  T h e  Chao 2 and 2nd-order jackknrfe esh- 
rnators were  more  real~stic for this data set, and they 
produced similar estimates for each t r ea tme~t  These 
2 es t~mators  suggest that -60-70% of the actual total 
sDecies were  s a r n ~ l e d  In the 2 d~sturbed treatments 
whereas only 53% were sampled in the control treat- 
ment.  Thus,  t h e  control treatntent appeared to be less 
Fully sampled than the  2 disturbed treatments. These 
2 estimators were  plotted along with the species ac- 
cumulation curve  for each treatment in Fig 1. T h e  
to td  number  o f  singletons, doublctonj and species 
represented by  ter: or  less is shown for each treatment 
site in Table 1. 

Faunal Cornp!cnientarih Among Treatments. 
Conrparisons betwecri control and p1r.c s!ngie-tree 
sclection treatrlicrrt sites showed 705 coniplementa- 
rity bct \ \cen the  trcatrrients, with 60 speciesshared by 
both T h e  2 extreme treatments, con:rc! and pine- 
hard\\ooci seed- t rcc ,  had tile highest coz:piementarit) 
of 765, \\ here  15'1 specie5 \\ ere fourid I: ,  on\! 1 of the 
2 trcatnic~lts B(-t\ceeri thc pine siriglc.tree selection 
arid pine-hardwood secci-tree treatrncr::,. the comple- 
nicntarit! v.as io\r,cr nt 55';;. ~ r i t i i  fc\ci.r species thus 
found i r i  on\! 1 trcatriicnt ant1 rriorc. sklred species. 
Tahlr  5 11~:s the  total aric! siiarcd sp-:~::~.. for each 

Tlie covcragc-bxscd estirrr~tor ofslixrtd species ('13 
was used to project estiniations of \ lk; i :  ~ o u l d  b e  
fourid i f  thc samples \r,cre coniplctc for thr treatment 
pairs. Thc  control arid pine single-tree sr;., r-tion treat- 
ments were estiriiatcd to h a w  107 siisre? spccics.The 
control and pine-hardwood sccd-tree t - t . > '  a .... rnents were 
predicted to have 91 conirnori species Ti.:s:rea:nients, 
piric. sirigic.-trec sclcctior; and pint.- i ;~-d\\ood seed- 
trcc \ rcrc  estir~iatcd to h a \ c  195 sh'ircd spec1t.i T h e  
estiiirntcs of siiarcc! sprcics for c;~cii  ji.1:: c!tre,i:nrcnts 
\ \ e r r  t i i u  approuirri:itcI! t\\-ice! ttint G' th:, ohsewed 
corr~pIcrrrer:tarit~ calct~iaiions (Tahlc = 

I I ' r  bcg.~!) tliis sttit!! h! asiiiriir \\ltctbcr desrec of 
d is turba~ic t~  ir: fores tn  practices woui.! ayect bra- 
coriid \<,asp poptiintioris The  alpha tIi~c:j!:! o: species 
richness re\.ealeti littlc ahout ttic eficc: ~f forest dis- 
turlarrce ori tiic \va_rp< \t'iicr: the spccies \ !s t5  frorn the 
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Species Accumulation and Estimated Richness 

Control treatment 
350 r I I I I I I I 

Number of malaise samples 

Single-tree selection treatment 
350 8 r & 1 

0 1 2 3 4 5 6 7 8 9 1 0  

Number of malaise samples 

Pine-hardwood seed-tree treatment 
350 

I 

C 1 2 3 4 5 6 7 8 9 1 3  

Number of rnalarse samples 

Fig I.  ~ t i a o  2 and 2nd-order jackknife (Jackknife 2 )  estiinator c;~lcuiations o f  species r i chcs s  in each treatnlent, platted 
wi th  the actual cumulative obsened  species found iri eaci,  treatrncii: 



December  1999 I ~ I S  A\ID L V H ~ L ~ I ~ ~ I )  B ~ ~ ~ ~ c o u I J )  r ~ i \ m r n  L\ h l l ~ . ~ ~ c m   FOE^ 991 

Table 4. Ovcrviev of rirqletom. doublclon~, and rpccicr information on  dl ritcn 

Contro: 
-- 

h n e  single-tree selection Rnc-hardwood seed-tree 

S ~ t e  1 Site 2 Site 3 - Site 1 Site 2 Site 3 Stte I Site 2 -- Site 3 
location. - ---------- - - 7 

19% _ x  g ; +  y 2 : _ x g ; _ x " 4 _ x p - C !  
- - <  & Z < & Z <  .C"Z<ZL < / - A <  g Zz<zz<ZZ<g 

Species 
Singletons 8 12 10 17 20 21 I3 ! 2  1; 44 - - - 25 27 36 30 20 44 84 3!  32 23 2! 26 22 2 j  11 - 70 
D o u b l e t o n s 3  5 2 6 3 4 3 4 6 I ; - - -  3 2 12 7 4 15 32 4 6 7 4 7 3 ; 4 -  37 
Uniques 1- 10.3 95 
Dupllcater - 7 ) 36 33 
<I0 1 1  18 I5 29 26 30 20 19 X E? - - . L5 31 6"' 42 30 7 2  136 40 39 36 2; 3;; C 25 17 - 152 
Ind~viduair 36 2 j  34 71 45 80 36 5 7 2  4.3 . . - 4 5  39 137 61 50 136 471 55 4; 8: 36 49 i; 33 26 . a! 

., Samples were destroyed b\ bea-s 

respective treatments were  compared, the beta diver. 
sity showed marked differences Among the treat- 
ments,  the distributions of rare and common species 
were  also very different, and this may probide the most 
insight into what happens to braconid wasps when the 
forest is disturbed. For  this discussion, rare species 
w e r e  defined narrowly as singietons found in only i 
treatment,  and commor, ones as spectes follnd In all 
treatments Lslng these defin~tions,  there uere  25 rarc 
spectes In the  control treatment whereas the 2 dts 
turbed treatments containrd 50 r u e  species each 
Cher  half of all wasp species collected \\ere singletor) 
spectes found rn o n l ~  1 treatment Hov.e\e~ lridi\id 
u d c  of common sDectes made U D  more thxi half oFal - . 
individual wasps collected Ir; the contro: trpatrncrit 
comnion species made up  12% of species and 7%; of 
all indi\iduals In the disturbed treatriicrits coninio:: 
species represented 23% of spccics arid -157 ol  i:~d:- 
kiduals iri pine single-tree selectiori and ir. pine-hard- 
wood seed-tree tiicy were  25% of species m d  -10% o i  
iridi\iduals. 

It appears that disturbaricc in thr  fort.5: carisci! 
dis~1accrnerit of niari\ of tfic coriirnon uac3s \\ hilt, a: 
the  same time drn\virlg i r i  spc%cics riot 11ori;:~!1; fourii; 
thcrc.  Disturbance niay iricrciuc thc specici di\cr-sit! 
and ovcrail nunihers ofbraconid wacps, a: lea!  i:: thc 
short  rut?. This ma!. b e  caiisetl in part b!. ti:. i:!cre'~st-i! 
p r in i an  productitit! of disturijcd systems. uii ici~ i r  

usually greater tharr that of ~ l i ~ l i ~ ~  associations Cur- 
rent t h c o n  suggests that thcx highest species d i~c r s ! -  
ties sliot~lti bc  found i r i  relative!) uritiistiir5ed to n:od- 
cratoly disturt~cti  iiahitats (Pctraitis ct a! 1953 ' SO: I~C 

level of disturbance may ac: to increase species di- 
versity, bu t  if the  disturbance is too severe or  too 
frequent,  species may b e  lost from the community. 
T h e  levels of  disturbance in these forest systems, at  
least a t  t h e  local level, appears to be relatively ex- 
treme, especially in the pine-hardwood seed-tree 
treatment.  

O the r  factors may b e  influencing the bvasp commu- 
nity. First, thc  undisturbed areas ma) naturally have 
lower total wasp population derisities that are more 
difficult to sample b) hfalaise trap. Iri undisturbed 
forests, braconid wasps and their natural host popu- 
latior~s ma!. b~ 10% in numbers but higl! ir: overall 
species diversity (Fluffaker and hfcss~ngcr  1961, La- 
Sallc 1993) Ll'acps iri undisturbed forests m3!. also b e  
rnore fully stratified verticdl!,, and thus rnore difficult 
to c o m n l ~ ~ t t ' ~ \  s:~rnr,Ic b \ ,  hl.1I~isc trao 

A .  

S c c o ~ ~ d ,  irt ntorc disturlxti t r e a t ~ n c n : ~ ,  open areas 
Lccornc covcrcti with earl!, si~ccession flowering 
plants and weeds that attract polliriatorj m d  ph>.to- 
pi~ngous ir~sctcts. Sonic species of braconic! ii asps nor- 
riia1ly n o t  cornrnori irr thcsc forests III ,L> b:, drawn to 
clcarirrgs ari euploitat~ic trr~:porar> hos: population 
ori ~~1cc~ss i c1 r i :~ i  p1:1rits Ttrc. ilr>\rcri~i; p11~~ts  them- 
sclvcs arc  also a t t r a c t i ~ c  to ni.iri! adult bidconid wasps, 
and both nialcs arid fcnialcs oFa varict! o f  species have 
bccri ot)scr\oc! to \.isit flo\+i.rs for r i cc t~ r  and (espe- 
cial\\.) poIIeri (Sh;i\\ 3 ~ i d  Huddi~stor i  1 4 0 i .  J en i s  et al. 
1993). 

Scvcr;~l oucstioric thcrr crricrrc. Iri d:cturbed areas. 
M ~ I ( : ~ c  ; t l ~  the  i r l c rc~~ icd  nuriii,crj of brdconid wasps 
coniing frorn3 Arc tlir! dra\\r! out of neL~rL.. Forests or, 

1-rcatmcn!  pa:ri 
r:5!:.-,.,,.+ Shased 

S;>ccicx i~ ;.- S-L-CC! Tola' 
(:oT;. a S ~ C C X .  species 

col :cr~,-d s;.': r .  ~:,':;c.! spccici 

Conkrol (i : 
ancl 

, , . *  6,; 1 9'1 
Ri-ic sirrpla-trcc sclectio- 16; 
Con!rul c :  

and 
. - .  . >. 2 i 20 : 

Rne-hard<,ood secd.trzc 15' 
Rnc  stn~le.!ree select~on 16i; 

and . I; . . $7 216 
R r ~ e - t i ~ - ~ i * o ~ d  seed-tree IS5 
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altemakively, from open field communities? If there is 
n o  mature  forest in the vicinity for recolonization, are  
some  species then lost in the  long run? We might then 
predict  that,  if extensive disturbance is too wide- 
spread, it may b e  detrimenta!, whereas small-scale 
disturbance might b e  temporarily "beneficial," as sug- 
gested by the  results obtained ic this study. 

How did the  braconids fare as biodiversity indica- 
tors? This study has shou,n that braconids can b e  
useful as diversity indicators The famil!, has many 
species, with wide variation in abundance, which w e  
collected quite e a i l Y  in hlaiaise traps in al! treatments. 
The i r  species distributions underscored interesting 
and sometimes peculiar differences among the treat-  
ments.  However,  braconids are slo\v to process axid 
identify because of their smali size and high diversity, 
and identification to the species level may not always 
be possible because many groups need taxonomic re-  
vision. 

T h e  indicator of the braconids was best 
expressed through the conibination of diversity mea- 
surements  used above, rather than through any  single 
measurement.  I n  particular, w e  found that the simple 
comparison ofspecies richness did not reveal anything 
about  how species \%er r  affected by differences 
among treatments.  Instead, w e  required tile beta  d i -  
versity, or  compiernentan::,, t o  higlilight the diffcr- 
ences  among the species cornpositio!! of the treat-  
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Appendix 1. Braconid hlorphoapeciea Collected from Ench  T r e a h e n t  Sile. Alph&ticd list of braconid w u p  morphorpecice 
identified according to treatment, rite, m d  month couected. h 'u rnben  indicate wmsp co l iec t ioo~ in each rite, morphorpecicr t a tdr  u c  Lifitd 

in the right-hand c o l u m ,  m d  aite t n l r l e  arc at  the bottom of the appendix.  

Control Pine single-tree selection Rnc-hardwood seed-tree 

S ~ t e  1 S ~ t e  2 S ~ t e  3 S ~ t e  l S ~ t c  2 Site 3 S ~ t e  I Site 2 Site 3 Treatment - - - - - - - 
Locahon 1994 G r h i G ~ ~ U ~ ~ ~ ~ E  g E _ x  hl: L r x G r u u r K  - :z<:z<;z< ~ " ; ; ; ~ < ~ r < ~ z < G z . <  5 2  

Subfamily Genus 
Adcliinae Adelius 1 
Agathadinae Alabagrus 1 1  1 

S P ~  I 1 
sP3 1 3 
Bassus 1 1  1 . 3  2 2 

S P ~  2 1 1  I 1  

sP3 2 2 
1 1 2 1 

3 ~ 6  1 
Cremnops 1 3 

Alysiinae Aphaereta 
sp2 
~ s p i f o t a  

S P ~  

sp3 
$PI 
J P ~  
S P ~  
rp7 
sp6 
J P ~  
Chorebus 
sp2 
Cratospild 

- 
T o d  

1 
5 
2 
4 

10 
6 
4 
2 
1 
1 
4 

16 
sp6 
Pneurnoserna 

Aphid i~nac  hphidius 
sp2 
sp3 
B~nodox\,s 
Boreogalba 
Ephedrw 
sp2 
Lvsaphidus 
sp?. 
Lysiphiebus 
sp?. 
4 
PdllC~lci 
Praon 

sp2 1 1 2 
1 1 

sP; 1 I 2 4 
Braconinae A ~ J ~ ~ C O I L L X  1 1 

i I sp2 2 I J 

Bracor I 1 
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Control Pine single-tree selection Plnc-hardwood seed-tree 

Treatment Sitc 1 Site 2 Site 3 Sitc 1 Site 2 Site 3 Site 1 Site 2 Site 3 
~cat i0"19?+4 

:,$:,8L;,dce,!j:3 i2 3 Q :$ .  b i  E e $ : 2 g : > g  
2 2 < Z Z 2 2 2 2 2 ~ < 2 Z  < .... < & - < Z Z < 2 Z <  

Microgactrinac Diolcogatcr sp6 1 5 1  I 8 
2 1 3 rp7 1 I 

sp8 
Dolichogcnidac I 1 2 
Clyptapantclcs 2 3 5 

1 1 sp2 
I 1 1  3 sp3 

1 1 2 sp l  
hircrogater 1 1 4 1 1  1 1 10 

I 1 SP* 
hiicroplitis 5 1  I 1 1  1 1  I1 

1 1  1 3 sp2 
1 1 1  1 4 sp3 

1 1 spl  I I 
s$ 

2 1 sP6 
1 2  5 2 10 sp7 

3 1 2 : 1 1  9 sp8 
Pholetesor ornigis 1 2 
Pholetesor 1 1 2 

bedell~ac 
Rotomicroplihs 4 2 1  4 1 12 

1 : 5 sp2 
Rygoplihs 1 1 

1 1 sp2 
bfuacinae 2 Mirax 

1 I 1 3 sp? 
Opiinae 1 2 4 Opius 

1 2  4 1  1 9 sp2 
1 I 1 3 sp3 I 2 

sP1 
1 1  1 2  1 1 1 2  1 11 

I$ 
3 1 2  6 S P ~  

Orgilinae Or!giIur 1 1  1 1 6 
1 1 sp? 

1 1 2 s f l  
1 1 spl 1 2 

s s  1  1 
3 ~ 6  

Rogadinac Alelodes i 1 i I 3 7 
I 1 1 I 4 sp2 

Clinoccntm 1 3  4 I 9 
I I 2 Rags 
I I 1  3 sp2 1 

s$ 
Sigalphinac S~galphu 1 I 

Totd 34 7.3 3 71 45 80 36 27 7 2  0 0 0 48 39 137 61 50 lji. jj 47 E I  X 49 74 33 26 0 1300 


