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Itilbita~ ty1x.s: rccd V ~ ~ I C I I . ~  pnrsb IIIX\~I  if'lmli1ci3 ~ I ~ I J Y ~ ~ I I O C C U )  and ~ . :~ t~ ; i i l  ~tt;irsI~ ( 7 : i ~ r l r r r  spp.). In crtulr uf' tltex 
a rcs ,  n prctlcrctnlitw'l t~tctnhcr of litlrcd (3OLscr) 13-ktrnc uclu;tric nrr ~:~mplca conlitiiii11~ \*c$cl.lli\>ri. ticrrirrch. 
~rtd ir~vtttzi>ri~tzs wcrb CO~IL'C.W~ I dity Ixforc s~ray i t~g  iittcl 72 11 :rl\et sptryittg C < +  drteut irrr cSli.ab. YVc c~ilrrlit~ccf 
:!id i.o~~>p:crcd $ bic~;~iicsatr~cnt I I I C ~ S I I F C ~ ~  lo ~ ~ c r n l i n ~  it' rhcrc w:~.i an ci'i'cc~ ~d i{. $pttrtoi<.u.v nn mrlt:rr$cl 
wrga~listr~s dur4rtg tach rtf if16 silillplil~g wars. 'Rx rr)eih~s tcs~Ctl WCFV I I I I%~i l l J  (2x3 rickaess fthc oleoil istft~tber 
crt- ufl i:kxzi), 7) 11wm ditcmily (ci>tnbil)c,q lz~%:t ri~I111~ss ilwl ~h&tat~f:~~%cc% i f% i t  ~$it~ttn:tt.y slz~tihtic: LC., Sfr~ti~u?o 
lrrdax ii Ilfj. 3)  1Xprr.m rirhitths (n~iuus uiosqai~trcst IL~ a plwpi,rrirrtr of ail ortier cam ricltrcehs IUipit'rniotbrt~ 
rirhna~j, 4)  I 'Sipcn ~hundnrl~% {n?in~aa $ ~ ~ c l u i t r x s )  US a prnpnfiion r@'trlE rtthcr i s v m h l i :  :tlrii@dsr.rzc Ct3ipltistr 
ethers uba~rr&nlctr], aild 5J ffrttrctk~ltaf grriup cft;lrtgi:s i ~ r  pcrcettf csl~:crtr;--g:ttiim;e~'s, cxdJalrlor:blre~*e~h scrqtcra. 
shqcddns, itrrd p&ilan;. Rrlhcll VC~UICX w;% npptl>lird Jtrrir~g <I trc;ieatcnta ;ti chc 1;tIwled r)i>k:tgc S ~ F C  irk ihc irho\c 
hrthiialr in Brrwsklirld, XZi+ no &&dmrr~rrtl drcca ncmmrgek i?l-garri+rtw ccluiti Ix: rriinbutcd 10 this rnicrtrbral 
irtgcticidc. Mlrch nl' the waistinn in thle caotmi M. Ircamtcnr and ptr v% pat pkUs ttftm anriht~iszd f t s  Ih~tofi 
blht*f than ttb2 Cf1kct.s of  f?, spkcicric4~.~ 01t ~w~uargef Ur~arrbns, stt1:it il* the c!Chlf& ur sclrkfpiing. x ~ r r l ~ ~ l r ; t E  %^;\iiitlicul 
rhat ouesm i r i  s~ic11 dive= hahigi4t~ :is ~2i~:ti-y g i ~  r111d c~tttlil I I I B T S ~ I ~ .  ail@ Y I : I ~ C ~  ~wh, f\'hi@g? \WICLI irn~>ti& 
yeion. 

INTRODZ!CTXON 

Nurncmu?; lieid eacnc;y trials k i~ve  %en citn- 
duc&d using different Fomrulbtions OF Itcrcei!frr,r 
.~yff~ti~+a-ictw Nei& A< n nticrirbhi larvicide against 
n ~ o s q ~ t i f ~ ~ s  (+see ~ V Z O V C  by Yap ZtK131, Most o f  
t 1 ~ l t . s ~  trials hi1t.c h e m  cwied nut i tp ins t  specics of 
Crakv (e.g., Dilt'idgc)t~ ~t ill. If)&: rt A. I (i184: 
bit~fla ei nl. 1983d. l984b: Wailon and Muill 
1991 1; huwcvcr, :r,ittls aiso havc been cundncr~d 
,ag;unst /Irtt?pIrr/rs [Dzrvidso~t ct al. 198 1. 1'384; 
K,r&r'~er 1884). Aedc~a. fiVrai& GI al, 1982, Mltlla 
ct :LI. 89853, arld bLf~zrr~t;rmicr (%p 1385. Yqj er at. 
1988). RirniKrr.~ . s p l ~ l ~ r t i ~ : t ~ s  offers some Jisrilcct ad- 
Vst>tagt% e v f l  it?, conlincrcislly pro<ltr~'ixI Counler- 
p&-t, I t .  rir;rrittgicr~.sis ssp. istrrzrlot~~ris (fjti) in thzt 
there i s  an iilcaased duntion of lwvlcidal acrivhy 
against eertda specie-- of rnu.sqoitoes, especially in 
argnnieaaiy cr~ricbcd hi~bitua, aad the bacterium 
Inas rccyclc within rnoscluiio cadavem (Dcs Rod>- 
crs m d  1984, Nicalas ct id. IVtC7, K$fctl.i ct 
ax, 1990, h c c y  2EHt3,71, Atso. tests; with 13, $pharr- 
icza agnjnst r?<)nt;upcl invertcbrat~ species under 
lak3dflary and iicid citndi~ic>ns havr: cot~firrncd their 

! X)t?p:ur~lwi% of Enrottuslogy. b,lizl'ii~ult State L'niver- 
shy. Emt Iskitsing, M1 4 & , .  
' 12ujmtrnwrir of BiOOugy, Ln>yal;r Uni*ersity ul' Chicago. 

t:hicago, 1L AU62h. 
' I)c.p~:takfrt III' 13wlogy. Millcrsvills U~~lli*~nity, Mill- 

~ r % ~ i l l c ,  P.4 17551. 
' Ckp:~rlrncn! or Dictlogy- C<dg;~lt: Ilniuec41y~ H;u~~il%trrt, 

NY 13346. 
; C  p... r r b t  Ivfrwl~riict Cotrtr.c$l. Knscilc. I t  Ciol71. 

cuii63 s~xif ir itp snd Iat-k ol' cfkct on :I v;t~-itrjury GT 
nx%quiin p~'c"Q~ii)r;s, C I x i r o ~ ~ t ~ r ~ d e  ;rod arlwr 
C ~ L ? S  01' IICRYZ~~<ICK?I~I~~ Dfjsrer:,~ (Ali as& Nil)r:ir 1986. 
Ajy and Mu'lia 3987. Rodc7tarsw:rr d 31. 199 3 ,  %Val- 
con and h4hcfulta Ir)cfl). 

l i t  1948, rlre C i ~ y  of R~xrbficOri. WI, ~trc~jrastd 
curzttdlli~~g ntrislt~rr. i ~ ~ c * a t t r i ~ t l e a  wilh rhc fiqsvividc 
B. +vphnc~ir-rrs f\r'ectalcx': CGI. \fccrolus is t3tc first 
bic~lr>gic;il Izt~.vicitle twr;cd on [he R. .\plrtrptlirrr.s IMC- 
tcriuart to hc rcgistcmd ibr ttac in North America. 
While Iirsl rcgistcrcd for cantmi of C'II,, Vcctolcs 
u.=s have bm expantled ro itkclude concrvl af xev- 
tk.r:il Ac~tef D~.-liIer~~/rxtir~, AJ~oJ>IwI~sF, P s r > f ~ f J 1 0 ~ x -  
and Ct:oqnilf~f~icfit~ spccies {Vaient Bii,Scic~~ccb 
Cn~y.. ~,i~xstyvifiz. [t). 711e !naj<$r pest d~~~xqzt~li)e:+ 
af ct*xlcr:nx trr thc rcsichnls t r l  Br~wklittld were Ic~n- 
ponvy wmdtn~ld pool ntrrf. Ilftx~rfwsrcr spcich iAc- 
rlcs r-aims [Mcigcnj, Ochkt-~~;c-rrt&v .sritrairlsrrrs 
XWalkerJ, Qc. rrir*im<ttx [C<xluiilctJ) but a h  $11- 

clod& v : t f i c ~ t ~ ~  sizttka)ler s ~ c % I ~ $  ~f Cut, Am. ita&&. 
ln order to approve sclacr annu4 use of  If, ~ ~ ~ I i ~ t t ' ~ i c i 1 ~  

i n  Bi-oakfieici. tlic Wisccrndt~ l>cl~rrrmerlc~t oT%atawi 
R~yources (DNR) rcxlilirtd it st~~Cfy Eastkng 3 Y C ~  

{at 1hi: snrlre tZnw ;t cmltrol p.i%r.snl was antlclf*,$;lyJ 
((* nnstvcr 111c yucsXicni ;is rr) vrhclhttr R. ,q~J~~lpri(-~r,l 
muld t'ecluea ihe mc~syuito ~?(q~t~latiiua$ without z r f -  
fecting thc ntinrnrg~l invertehr~le ~r)rnn~nnity. 

Nu~~vasget :iquatic 0rgaaistn.s: iin" irr3pofiaa~ cum. 
prrmnts uT wcrl;rnci &r>syslrlnr$ iir~d often rxqrtp3 
rlx sn lm habitat 2~'s: r~tosquitues. 'rl>erei2lre, il w:i$ 
irr~portant lo rn;tke silrc that t11i.s rrticrt,tsi:ll ag~er~l dill 
not significantly itffuct thosc bcncficii~l c)rganism~ 



'rhree sanrptc& trlere ~ollcctiul a11G ca~fl,iacd for cclcft ecr~~pcrsitc irblla eatti site 
for ufi ywrs. 

(:oalposifty lrr 3UaOa~e cfiinjwsitr WLG taken per die, but in ZOO1 2nd ZOUt three cont[wrsites 
wrn: hkkcn Ci.az~t ewlr aitr. 

f4p. I ,  Exl:ctirtr~"~ital dcbign Tor Ra(~i?kjElictd, \VD. rhtll(nr$ct I I I I C T O ~ ~ V C ~ L C I ~ T : ~ ~ ~  ~ t t ~ d y  zr?ijn$ /i~17Ur(-%, sj~ltzi'c*rir 11% ier 
1110.squit,% cutaund. 

wit11 sufficic~tt sepal-iriicm su rl'lut cntatnd titvas 
wiitild r i o t  Ixr aKcdicc1 1 y   flit^ fri>n~ :~iljat'~lnt trmtecL 
ztrczta, Tfic 1rc;rilrrL :IZILI ut~rrztarctl sires uuprcwnred 
43% tot' ~ h c  2,LTfl pttccllial 1nc,*grtircbb~e~I31xg XKES 

wi ldn  thr: city {tn'alcc!: 7%? acrcs: t~nc~c:tt~d iv coti- 
tt-0'1: 25.50 acresf. A total of O <~f>plicntiuns of k'cc- 
rutrs CG weft? niarfe iltr'orrglrout the 3-)rc;u stucly. 
with 3 in par:  1.(#10, 1 i l k  1011 1, arid 2 iri 71H)2 (Fig- 
ta. Wiffci~nces h a  w~rrpfing &11cx ;ti~J ot~nlber. nl' 
rtzrtiunenL opplicatior~s :imong ymrs werc duc ti, 
nittural vt$riirtk>11 i ~ r  arii~lhll and n~at'xtr wager lcvels 
across yci~ts, S:irwp!cs fn1i31 ths 2 Il i l l~itzlt  lj'fW6 \vew 
ci>llecfcil i rlity 13ricir to spraying atad 71 1% ;tT~cr 
~l>r;iyi~lg Irl ikrcc~ ft~r effectv rra nnn1algt.t fztlna 
duc la 8, ~p/rrwr-ic.ct.~. 

In each ~rc-ntr~xm~t ;trd f'or~fnil ;~r.e:~, P ~ ~ t > t b l r l  sites 
wititin 113ese :im:is \srt:&- chuserr l3r ~i\rt~plic>g asiitg 
a p w n ~ m h r r ~ 1  quridrttt with a rrtnt3t,11~-nun1b~r ruhls: 
yencrtrtt~r. Xrr cuch r)l' thew sites, 3 cLr~& [3fl-sc:r.) 
13-Ct-amc aquatic net siirap2us ctrr~titirttr~g \-cg~~rttirri~, 
drtrihis. iriid iavcrlchrc&icz qvcrc. collc-clcd taici com- 
l-tineci into ctitc compnsir~ sa111plc,-ln 2WICd, nlc ~ i i m -  

pied 8 sitcs (7 i n  ectrb of the cclnind utxd trc;rtmcr~l 
1i:ibitat types). a13d in 2C30I and 2002, tJw nrtmher 
ilf sites was cut it2  huli' and ilw trtumtxr af samplrs 
per. site wxs ruipled (fzjp. t k. Thur~i.-~r~sc, Saw tf~c la\! 
2 ~C;IIX c d  .lfilc study. n $ctt:~l ~ l f  9 ~a(xiplcs {(.i crrm- 
pc%itc.%l EV'CIT iake13 p4X  bit^ G I C ~  YEiW. -?us, tile 
1zjt31 rutrulxr i,l' cc!fipr,sit~.d ~zimpiu> c.ollec~~d fi>r 
e;lctr souirrl 01' :~ppBicatio)~ !~xI.L' :111d 13rs1,i in irrat- 
17leJlf iltltl ~ 6 1 l l t f c ) f  Lei'e95 r>rl 2i1~'h 6arnpEr: date rqlfilkcci 
JS ~ I I  2<KW ii~td 7-5 in 2001 :md in  IfH)rf t Fig. I ) .  
i'ib ~ : I R  of Ijw orel.;hl I*rrngr;II.n. Ipu; t~ . c t t  inciudcli i1.i 

tllia slrtdr. larvitl and aii~ril rt~ol;riniixzc*s wcrc +at>- 

pled an a yicckly birsis thro~igh~irx ihc S C : ~ S C ~ : I ,  : t r d  

pfanldon xt~nj-rlus wcw r k c n  iusirrg ce 12S-tl;rr1 
rne,& rtrw net) ro assess ftirthm the c1-feels un targel 
ztrlil tx~t~ls~'gt\t vrgat ~SJI~S. 

S:rtnpiing irrvcrtobr,r$es uc,i;\i\teil of i perar.+rJ re- 
pihbfdiy l~ltrcing kht' IkYr;utre nci rlrt the wdimct~r:, 
it5 the I?oll~~rt ihl: rcw~cti pl:ir~ts (cirlter u;xri;ir'j' 
grass nc cttttdlsl ;md movicl  i t  vigc%rc3~tsly hitck and 
lilrth aact up srirl down whilr dliiwing it fo t t~c sur. 



F~ICC abng tbc p l : ~  slcxnfi for 30 xc.  T h i s  mr;t[~atl 
c;~ltc*&ts ailii~z:iJz; i13 cltc upg*r %vt.r:~li w.ficilaeters tlf 
d i m e a t s  alxf on wa?>nlerged stnxls and k ~ v e $  of 
plartts, assodared peripixyron. a114 eie8rirtis IhImitt 
rt ai. f%%j, T h i s  teuhniqttt?, usi~lg tinred sarnZ,lrs 
in etne@erxt vegaaLiaa. w&q semiquai~itrctiwe and 
1m h e n  >eeanioeesfeily used in tfre KEsslmnm Rived 
Marsln fla&plain rcsramtjon mciy in soutlr rn~~trid 
Rorida QIt4emitt er d. 1996. 1999: Cumrnins nld  

" Meu i t t  200 3 and in a study of rh.c CixJw~d~alrsI~c 
=vcr oxbnvis <Cumrnins und Mcrsitr 200 l , ~ f d t t  
ct ai, 20021, \V i~ i~r  t ~ c ~ ~ ~ p c n ~ r w :  ant] &peb z t f ~ T z :  t:&- 
cn st eztcfx s i ~ e  5vfie~1 C O X X W L ~ O ~ S  wrcre ~ B R ~ C .  

The net cotltcrlrs conf:tin;ng jrrucrtcbntfcs, vege- 
niiasl, &tritlr%, and 981tW sedj~lent~ Wet2 e1ttj3lE&d 
iato I4-tier bichets, field soded to mtnave lazge 
dekfi$ a d  any large t.t~acraitr%~e~hr~ks. i i t d  tlwa 
wzd~itd sevcml times rlrnlugh a ZS]-prn rl%mk sieve 
to separate sn~dler inwncbraccs and reuzaiiung 
corns debris from siZt ru~d fiat detritus. Tfbc rc- 
imtMng matekid in each slrtxrple was thca placed 
in %'hirI-Pakfk' bag+, iabdcd, haad pzc~~7t'cd will2 
95%- ethartuJ to 11 fiaiil cur~ccnlrxrrioa or 70% twrt~e 
rile Imp* were srt:rlecl. 

I,utmrsttasy rmetikMs 
Siunples frorlr ihc first appliattian 7 and 

13) in 2000 rvwc sane4 in the, IaMratory under s 
dissecting microscope ruict aft inveutebrates were 
pick$ and surtd front detritus. and tl~en identified 
;rnd ~%umes:~tcd, Because of the large sbc or rhtw 
$it% snmples, ail snhsdqucnl coliections kVerr: satit- 
sa~nplrcl fc)3!<1'ivinp ~hc- ~xtcclrcd of %?:ircrs JYfiCJ). 
The valjdis y of subs:~mplirtg thcsc sa~npits mi try 
~lri:, redl~riquc was tcslrzd az~d cvaluatwl i rr  the lab- 
a r u i t c y i y  and slmwtl tr, 1x statistically ~.eprcsentntiwe 
of tvtiar w-zts j)re.*ni in te~*rixs aP au:~d~er,s a d  rich- 
ness- 

After s;unplcs trtrcrr= plukcci. tz~xcn~aniie idcntid- 
uounns of a11 tam, cxcept chimnun~idri. wwc 1;ldc 
to tbe lawest tr~;unc,mic lcvol passiblc using Wed- 
crhuIn3 (1 I)83]. Pcnnak (1 989). Thorp and CuvicL 
( 194 ( 1 .  Mcrritt :md Cummins j 199611). and otl~cr 
~axono~nlu C ~ C ~ ~ I I C G S  ~ V C I I  in h4i:rrifl mjd Crtrn- 
1 ~ 6 i 1 s  { J  ~X)&I}, 

Analy.&q 

,&% set fortl, by the Wisconsin LTH1<, we exam- 
ined and campara 5 bios~s,~,ktmenL mc&sures in 
can~rof or ~ r e a m ~ ~ ~ r  ~ I O L S  befare B I I ~  C ~ ~ C T  spraying 
in unary and cattail m4mh btahitars LQ dctclminc if 
LIPCE WIIS ; ~ i  c ~ ~ C L ' I  of I?. .$j~Izt'~cn'c?z~v on nrmritrgct 
rry:wnis~ns durirlg c:sh or ~llc s:lntpling ucilrs. l3tcc 
m file tlifficulty of cheaining rntly qt~artiiitr~ivc srtrrr- 
pEcs in these weciaird f%%lGrc~tz. the fidlotving .en~i-  
ytiantitatiitive tnttfics 'Ivcra evaluated: i )  1-n taxa 
ri~hnthk (the mc;in nutld?er nt' all taxa), ? j  mrmz 
diverxity {combines L7xa rid~ncss and nhunclanccs 
in a sumrraary slatistic: i.e.. Sl~alvkun 3ndex [W'(j. 

3) Dipfen si~hnws (exdtrrling fnnsquitces) at a 
pyqmlrion of all ,*tiler t4&4 richncs~ {Uipre~fnrhcfs 
ricl.~nms). 4) Dipk~m slhundance [ex~ludii~g inos- 
quitcses) ,w a pnywxxiatt OF nJ1 orlxzr macroinvzm- 
Cxtl te al>z1~dmclz dl)ipred~thws uhndnnce), and 5) 
functional feecling gmup ckar?gc?r in pcrwnt cullcc- 
tm--ga~hcrcrs, cullmtor-tiitcrcrs. scmpcx-z. shrcd- 
rlcrs, iil~ti predat&s (Men-itt and Cuxtlrtxiats t 996h). 
* 7 I Isis 1:itrcr n~ettic was ;~dtisd in 3009 rznit 2ilO:! :ir, 
the retiraesl oT ++ricrrtihtt; T C ~ I I I  the i'v7sc:vir~ir1 13KR 

Irt ar~alily~ing tile 2 habitzi~ bepamrc?iy,  TI artsiysis 
04' vuimw {AHUVh)  on each methid w ~ s  per 
lbrzned using SYS'T.4T to detel-mi~te if Om-e was 
significant enaugh varriatian among year5 to require 
r;lrpliirate almty~~s or if years could be coml-iincri- 



204 J(3urtfl.u. W* -lf.~& :\MRKK*AN ?*~ILSQU~'F<Y C~NIHIII- RSSCX~IA'II<JS t'rn - 21, %<}. 2 
C"xl*.- 

'I'feillmcnl cffccts te*%td ~6if1g 11 1-l~'sL to ~ Y ? f n -  
P;~TC pre- anrl psxctretlrr>%?nt dwa fr~airi the eitm for- 
exh metric. C'cxitrol r;i[es were used as a reikrerrcr 
to hctp explain ctifl'rresccs eocourrtcrcd in the ircnt- 
roent s i ta  [Fix., narur%l variation. emergence pcn- 
oris, @tc.fr A l'Opi& LWBUT~S Ah"OvA W ~ S  91~0 
itppiieb ia dw 2NX3 and 2M2 &dt'a to dctcrrnine 
whecltct' sai~ples within years t lnd given wcttands 
could bc ppc~tterl. 'phis analysis comprrrrd the ti*- 

qonso  iu uutme12t (for irwted ritm) or irrsrnta,a 01 

pcrictcl [for cunrnjl sit;%) witkh each hahitat typ.  
aver dmc far tilt: yc;ii% lttat bad ~aulr;ple treattwnt 
pcrids, Vx P-vtiluc L~W m danate level af s ip  
nificnncc in this 3rady wm P 5 0.05- 

flPFUtm 

%iateC rempcmtures ranged f r m  ED to 233%, .gw- c 1 s 
cmlly it~crepsing fiim May to Augus~ clurin$ the 8 
study- except in 2CH32, wl~co cwlec trntpfittures Z5 
pwv-ailed ince ia  r1-I~ samn.  FX'ittor ilesp~I> in ~%$izify 
urld ciigtdl sites far thc:iittidy perid rafqml frd~xk 7 
RI 60 cr11 IRICXII = 17 ertQ. whkb wade samplii>g 
with the D-faine'rret m a  difficuit at cc3n&n tinam 
during pre- f t r ~ 1  p ~ s t ~ p 1 1  pttrid,js. 

\%'el-kly larval mosquita wmpllng and light trap 
svrvcy rcsulrs during pre- atld postapplication 
rhrobghaut tl~c 3-yi.rir study 420C)O-2PX)13 c;trutued n 
!X1-99$% teducrian in target tnasclt~i~o s ~ x s i ~ s  riue 
ro if. sp i~zwr ic *~~ .~  I Vcctolcx CG) t J. M;lllrwig, ~ I I -  

pub1 bhcd data J. 
Both cmarg gnws ancf cai%aiZ t ' i k a r d ~  hitbita~s sup- 

port& an abtlndaa? ;rnd dit'm?:r tiontarget fz~uua sf 
itlVlsficbz?xtes ~hjsl~xicfix I!. A kxal of 13% tax:% of  
iav~ncbn~tc!, were ex~wsed to 8. splfixeric~~.~ trcat- 
nleltrs <,vet n 3-yew time ~ w r i d .  The crrttail ~sarsb 
ttad the Izighest rielir~us with 115 t ~ ~ x u ,  \v.vh~ii:rts the CW&I r w m t  

s,mnry gr;~~h' l~ad f 10 &..a T ~ T s ~ :  wc;rc 66 hlna Fig, 3, Meat) raxa Jiucmiry {Shznnon i n c k  LH'Jt r - 1  
ci>mmon &th typs CAppcfdix j 1, Sfi, oE nolltnrpi fxuctu in rc~ntrol a d  Vc'~'tohx~~.&cesri~tsnt 

severttl graupe wcK wi&.ly r a p ~ s e l , x ~  ;Q ixxlr pbt" crf ~%t~:wy gn%% iarl+i czlrrii mmh clunne pre- *ad 

habitats. lt xvlls no$ zilwags prsiblo idctttify spec- tfiatzj~~~fi~uti~st LC* ~uil11.03 ~ f m ~ q u i t ~ e ~ .  Ptm* m~n~hjcat :1f1 
ucacs in tire ci~lrnil monh %nd arc rcpr;t t~d in c:m;lry iir~ens further than Pit~ily or gen:neric level k+tuse  ;,, rrxtl. n.s., nnnsignibiGart. 

of the iini~~~ii:tbility i l t f a ~ ~ l a t ~  specit-)-2-ievel keys. 
TItc class Inscer;~ 11ad the grWtest diversity of ail 
inver[chr;tics cotlrl?ext.tl \14tlx ttte Biprcril (55 ~tixu) - 0.0.15). bur significant iiwre~ces in tihc rrrrafrncnl 
sod Ccdcoprsr:t (35 tax:;) h y i n g  tlrc glcatmt rep ~ I ~ I L .  IP = 0.019). kle;itlr di\+cssiry also w;a signif- 
rtlsrrrtatintt. icantly ~chrced ( P  - 0.113%) k twrcn  pre- wcf JX>&~- 

Ail n~c?trics in ttx cattilit marsh [Pigs, 2a+ 3;1, -$;I, tze;~ttllrl.itr periods UI i l ~ e  cruntrol pii~fs St~r caUail 
5a) atld nmst uf tfic canary gr;;lss mtmh (Figs, 2h. m:wshes aeruss all p a r s  (Fig. 3~i). bur tfrerc *us no 
?h, 4b. 5b) sfitls&d nu significant aanual viwia~inn cignr'ficmt diftcrcnrx ~ G ~ X V G C I I  tcearme.*ot areas for 
:tnd ihus data frcxz~ mstltip1,lc lrc&rs \en: cotnlzined. this habirat ppc. A sintiliar txnd for cacmil ruarshei: 
R4cuics in ihc c;tnw-*fy g r t ~  habitat rxlribiting sig- was seen for mmn ti~x;t de$~nms [Fig. 2211, but mzarr 
oifisani wwi~a! vcid;itiurts were at.i:~lyzed apafa~ely diffcrcnc~s fur chi% mclric irt hath c ~ t ~ t ~ n i  ;tnd frcilt- 
{Figs, 7c, 3c. 3c). 'rye fi)trnii na significant negative rncnt ;1re3s were not signilicanc, but uniy r>~rirginitlly 
chao$:s in filly ~al '  the metric vnlucs due t o  3, IP = O,M n711@ i3.052- mspcctivcty; Fig- 24, 

, . &  .r~?~.rrcrir~~s cf%cts in eitl~cr the cntlary gas crr cat- Eilrl~tI~#b~[ fkdiug gmup cllanges bct~w.zn pre- 
, - . . . . ' . * '  $1 futbf.ritiit~ txlwecn pre and p s i  snmpfcs Cf4gs. m d  p%htappficariorr for each specific hrbilid arc 

2h-c 10 Sa-d. Oire mctcic, mciln divccsity, during show11 in Figs, 6 and 7, There ~YL% no si@~iiicilll~ 
yr3itf.ci 311d 3 12)00 and 20021 in cign:lry gt.i16& (X32, diiYei=nc~% functiunal grm~p ~t~xnpZf~iti~tri {per- 
361 showed a significant rcductiuo hel~*~ceit pre- cent collect<~r-gutharm, csltecaor-tYterers, 5cr;lp- 
arxl pslapplication pcrlod in ttic cc~trlnil plats If' cri;, shrcddca. xnd prclli~i~fif due to R. ,vphurl.icr~s 
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f i  cattail Rilafsh (AlR Ye= Camsinsdi 
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YBWS Cm'&irrudi €3 Cdhary C3rass (Years ti33 Ct icnW~I$  

R 9  

E-@. 4. Fvlcitft Dipzema mxir i-idtoexs Inlims Cufici&ejl 
total otter taxit richacm ( 2 1  SW in conrt*,l a d  Vmt(llttxC*- 
t l ' ~ t m ~ t  pkcs or s;iclilry grms and csrartail marsl~ during 
pre- anti pst t~p~l icai ir~n la ci3ntmf mosqr~i tclc;. P ~ I G  csni- 
binc Q1 yews of ;tmli~iition fee  tcxt). n.s., ~~Qgtkificarar, 

for eilher cmury gmss or currail inwslt habitats 
{figs. ti, 7). T11c greatest percentage of A~nctitrrznI 
feeding grt~ups ill the c-mzry gnss  h;&i.hit;lt' wcre 
scrapers {mainly gastn,prida), Fo~lou~cct by cojttc- 
tor-giicht-wrs (icopds. oliguchitctcs, ;ind spheeciid 
clan~s), illid the%] prrul:ltor?i (odoautcs citrld dydscid 
t~ctlcsl (Fig, 6. Appcnafix I}. In catt:il m;tmklcs, 
tlte 1ta6ur fuirnt~ii>sial griyuxn %'kre silnilar (0 the w- . k + , ~ ~ ~  1 3 { ~ ~ ~ ~ ~ & ~  :~hllrrti;rrk~,.r ~ . l t f l r . n ~ l c J !  
nai.2 grass hitbiti~t~ bat ~ ~ i l ~ l ~ t . - g s [ h c ~ ~ ' t ' ~  tisopodlr roral ahLui,jmcc: (z S E ~  ill cusalol stld vru 
atld c~Iig~ctlae€c.s] uoinprised Sthe k ~ g e ~ t  pr~7&~E'ti~~II. ~ < I ~ C , @ ' - ~ W ~ ~ I ~ O ~ I  pints aP c;rixnry y r:e%s c~ml rstt:ril c~xtrsh 
faliclwed by scrajxfs {mainly v:;lstro~s), iu~d then during prr* ;uld p,stq>pltcaiion 10 ~-tnr~of ~ n t w j i ~ i ~ r v s .  
pdators  (dptiscid beetles and Dipccm lavne) (Pis. J21c+t,ts ectrbine all ycarf in the esltssi rnrrrah awl :~rc sep 
7, ftppcndix i), rtrarcd in can;ilrq' gms  (see tc?xt,, (I h. dsnsig~titirsc~r. 

msuussrc)N a dmrcusc, Thcrcf'cFrc, ttrcre wcrc nu sigtlitjcanl 
R&sillts of our anaiysis lati~rg f l ~ c z  clfects aof R, ncqtive cffccts ctf Vectdcx on !am richness. di- 

.rphat.rkcr.r on nontargtrt inswtcbratcs did rmt show vemty, cli~temx fichnc.ssi~otal rietmcs~ for id! oti~ar 
any ncgttivt: cfgcct from this inicrabid larvicitic, If t:ttttt, OT Diptrsra ahcrnbr+nccftulrd iib~n<hncc k>r idj 
thcn was a dclctcr2uus cff'ict of Vcctulcx. onr: uthec taxit. AUx>~tgk kthrx w r e  aorrlct sin>/l;rdticr 
%vrrui$ expel to scr rnt%i of tftc ~rrctrics, exrep1 [ilz in pfe 8nd LXM satlqslrs ft3r all aletz-ica, rtlost hnh- 
f'unctiotlat Pestling gwup pcrcelllrges, significm.tltly icats showed coasidcl-ziblc vat-iatio~~ between sam. 

. decw~re in posttfeatnlent mnqwled w i ~ h  ptvtrar- piing p e d d s  f F i ~ s .  2-53" Ht,wrever, tIhel-il were c m -  
merit periods b&ct'd  HI r-pr>n.sL.LLs to ~r~ ,ssurs  in sider:ble diffem~xeb between ~wntrnl and rrezbt~~cnt 
w~etlm~ds (Litlie ct al. 2003). A3 shown in  Figs' 2- plo~s overa11, w i ~ L r  cur~trul pfuts hiiving nx7t.c t:la:t 
5, accpt  for I ins1311cc dc.wrikd wrlicr, this did rtrld a puettr.r Jivcr~ily in ft~c cattitil rnarsf, I l~t1 i t i1 th .  

nut cxcur in  any tri.31, and when significant difikr- T l z i s  curkt bc ~ttribotcrl to fctctur5 t;uct~ i t ~ c  rirnc 
cnees werr dctccied, thcle was a gcncrid ptrcn? of uT szunpling, naiui~ri vrrs-intion &at occu~i- in ~ u c h  
incrcasc in cr1c.h metric aftcs trcatmmt nrtk~r ~l'rira rlivcnz: Inhiids -xis can:iry gnih~ :~nd caar:ti\ ix~:inl~cc, 



Kg, C, Ctiangcs in m u n  p~'mcnt3ge (II'GIXJ l ~ k > ~ ~ g i t ~ z  to eacIt ftr~~cticwlal fccrting group in c<in~rel ;r~tI  VCLXCI~~T'. 
trratmnr plots of ira~tail nrmR durjrlg ytr- ;tt>ci post;t~lic,ukn rtl conirot nica.;cloitnes, fiu~ic.tiiu~:rl iecdiang groii$~?;: C:C; 
c~.lkctor-~g~irhe~er~; CIZ cr?ltcclar--tilrt=r*; St£, shtaifde~+; SC, ?;cr8[wa; PR. pi"e&lnm.l 

and twer depth. u+;hicli vrtried arriong years clt~a Icy r . ~ g ~ t  a r W ~ i ~ w ~  wcurriag in sl;rllili~~g-%:d~r Il-~bi. 
snow lllctt in rhc spring and zwnurtt ri~ittfzkll illtd d m -  lark. bc>lb nztturd anct 113:rrr ~r,.tctc. 111 rhih jbt-rlily, rile. 
hicnt air tcmpcriitrrrits rk~ri i~g r k  sotn~~er. leth:~] conccntntticm zo SC>5+3 ~ r f  thc popularion [l,C.,J 

Our findings are in ;rgtr?cmcnt wit11 other ylvvi. aT g. ~ l d ~ ~ i t f r i c : ~ ~  was fot~tld 10 b lO.CHXkfofc3 thc 
uusiy published strrdics wrxfktcted on rha ef3kcL.s [of toxic dc~spt lbr rhc t;rr.grt nnos~iuiirta; filiree.z ~(rti~rq$ic- 
B. spirat?xir.ta tltr nor~targtft organisms. Mulln at a1. ,&scititrrs (A% :in4 Nayar lcfX(i3. i i ta~hnv~w ired %I- 
( I BX4a. 99Mb) 81rd wafton and. &f~-lulk (li 991) roctad ppj$cti f 1984) found Acld-collecxd C 3 f n r r n r ) t t a  tar- 
n~ adverse effects of 13. spFtaeric.rfs on tai-v:r~ vr vae to be totaliy insensitive to this rnicrrtbial :rge~kt 
EphcterOprcr;t Orlo11aCa. and adults of Hcmiptcm, i l l  18wr;ltc>ry testa. At lnttsyuira Inrvieidtil t;tfes in 
Cale&pteuzi (dm Lzlrwe af Dytiscidac and F[ydr+ UI& field, tl'iis pithogcn did not tldw"dy iirrlr3ct 
phi i ih) .  wstraeads, and concbus~~c i i t~~  in tlte tab- ietjtjc papulations of ctdrc>rtotniii rriidgeh ~Ludicd 
nrxtory irr nrctumf ficld Imbilalx (i.e-? mesa- over n p e r i d  or 18 tlays. during whietl time 2 tip- 
casms. ficld ponds. btllft oligsrruphic and piiwticrrts t~cm n1.3cic [Mulln lcJS,5). '(bercf'ctrr_t. il is 
eutropliic). S'~*idics of the crfccts nf B. ~j~kiaet-llC't~$ cvidcnt. fj.onl pwvk~ux S ~ U C I ~ C S  and lira currcl~t crac 
on imnyaturc &fun;rt:~, El$heanecoprem, Het~riptera, tM ch:hjry~xl~niid midges :wd aEher nonlayet i>rg~:zrt- 
:in4 Culccrptenx i t ?  itrliic envirot~~nen~s been ism<, severcrl at- these king n~asquito p r c d i ~ t ~ ~ ~ ,  :we 
rhomeybly revilrwed t ~ y  I,a~ey ~tild Mullit (19%)1, unirl'fkiad hy this ~nicrobial brvi~.idc in natitr:ri 
#*;+ltuo a7kd Mulla 11992). and nlarc ~ c c o t l y  by tl:~hiifilts. 
tatty atd C2lX)O.) and L,aecy and &lcmrn[r When Vtctolrx was i1ppkic.d ar ~ h c  1:tbdccl dr~sagc 
(?,(#L7& 'flrcce studies have shown no adverse cF atte in cllc) a l ~ v e  1mbit:lis in Brtwk(icld, Wf, nir dct- 
fect~ of B, ~ ~ ~ S I I C I C ~ ~ T ~ ~ S  on thcsc major ilrrrrtargrt OF rinrcnrnl cffccis to nt>n{trrgel <rrg:lriismc cauid I?e xt- 
glrnisrns cornnlcmly ffctt~nd in ficslrwafcr marst~rts rribured to rltis n~icnlbiiil insrcricide. Mush of the 
;mb wcll:cnd.%. Soomc {oxicily in eaihacine inrrcrte- variiltiun in thc contml u\. Iwztment and pre vs. 
b r i m  (gntss shrimp? drte to D. .~j~I~ncricrr.s has k e n  post pIc>t-$ can bc artribtilt-d to frlctnts rather than L I ~ C  
rr:~tflcd ifr 1:thrrratnry :~ssays but ar fiui-1y high em- crfcc~s of I?- s~~Irrteficrrs on naiuargct r~~-ganisrt~s, ' l i t  

ccntt-aiicms (Key and Senn IQ931. bztcer rioiief.~rdnd i f  tlmre arc any Jcirin.rcotal cT- 
Ntmbiri~~g rrridgcti tile faiilily Chin>nrsnlidac krts over tlx I l o ~  term, it bctrer knowlctl$c <of &I:: 

it* ortc of file most aburtdant n11d irn~)cjrtimt nun- hirsic txa[ogicat interircrions hctacm 113~ pt~~fiogcn 
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1 .  7 Chaltgiz, in nxau pcncniagc uf [axil twtcrtigiifg ;u cw11 it~tr:tian;t$ I'iredihg group in  rrlrdrai and Vccit3lm"- 
rrrs:ttrnen plot% oiv:tixiry grass dt~ring pm- .in& pos&pptiakion rn conrr<d r r t r ~ q u i t ~ s .  tfii~r~i-tiuri:gl &ding pouja: CG, 
collcctar~nlhsn-rr: i X  collccrcrr-fikemrs: 311. sbn?ddc~a: SC. sc~*apecu PR, pd~~datt>n.l 

3~111 titrge.ttl. :in& iton~~~i'get otysnis~ns is reyul~d,  
1-ailg-$ern1 studirrs ari the cffccc (31' f j .  s&fE?iterfcf~;f 
tlse sir f ( ~ ~ ~ ~ r c s o u r e c  loss <mosquito lxv:lc& lilt 
piedatcrw arid other rvildlik that syxcificaily iicpctctnrl 
un &e targercd J'~Io+M~ host SOT ftmd or rcgulgiiqna 
and ~.hc effccj p,,r s~t~ktixittil Iwb r-c'rrkr$viral <XI their 
abr~nditnco and rliucrsity are lupitzs for rttr~it*i? w- 
scnrch I l , i ~~cy  ttrld hlm-ilt 2M31. 

A C :liNL3WXXDG&1:ENTS 

This ~ ~ r d y  cvas funded. in part. 13)' chi; City t3f 

B r m k k l Q  \I.'[. md C1ar.k~ Maquito C~>ntr~l. RD- 
xlle. It. W c  xkt?~awlcclg~ ihc assistrtncc iltd srip- 
part h l n  thc: ft~llnwing institutions rzrrdior irrtiit-id- 
uds: Wiscmsjn Vcprtmcal of Nz~tunxl Rcbi>rrtcas; 
Hil! Kolst:d. Binx$nr, Parks, Rccrcsaticxr, stir1 lzcat: 
cstry. City of 13nlok ridd, Wl: :inti W. .I;rney, Clarke 
Mgcluilt"? C~ur~!r'ill. We gr:itelulljr i~eki~~wl&Cigb 1 3 ~  
.f'ahn hilrzrfrwig ::~ritl his fidd asdsranrs 1"nr rhcit larIp 
i s i ~ ~ l  f b r  ~ M : ~ I . C ~ I  i ) f l  in~squito ~ i i n ~ p l i n g  and sur- 
\~iXi:roee i ~ i  tfds xludy. 1% tiraak tile following stu- 
rten~s, wlro asxisted with ali aspects d this strtdy: 
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