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~ R/\cr: Artichoke growers in Monterey County, California oJJtTently nse a fresh oncichoke bract ,chlorophacinone beit to 

JJJS rl their primaty vcncbrate pest. the Califomia meadow vole. Upon •SlJ~pect.ed chlorophacinon~ resistance 1by meadow voles in 
"°~':ke fields, M al~cmativc ~ bei,:n sought. We stud'.cd llte effect of zincph~·"Pl~de-trcoted arti:cho'ke bracL,;; on C~ifomia 
lll'll;!i v vol~<:. We toun<l that zmc phosplude-lreated ar1Jchokc bmcL~ we.re effecuve 111 -reclucmg ,meadow vole populations on 
111 ~vplots by 95-98%. Our results suggest tJmt zioc phosphide--tr:eated nrtiduike bracts ore effective iR ,reducing California 
~ow vole populaticllls in artichoke fields and mny provide a usefuO alttrnative for areas tn which antiwagulant resistance by 

voles is suspected. 
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(NTRODUCTJON 
Toe California meauow vole (Microtus califnmicm) 

ts the most common species of vole in California, and a 
serious pest of aitichoke crops. Artichoke growers in 
Castroville. California currently use a chlorophacinone 
rodenticide (0.0 I 01.i chlorophacinone oil artichoke brm;t 
bait) to c-..ontrol voles and decrease crop damage. 
However, concerns have been raised by growers ahout an 
apparent decrease in efficacy of chlornphncmone for 
meadow vole eontrol. In response to this, Salrnon imd 
Gibson (2003) sludied the enicacy ofchlorophaci1lon<:: 011 

vole control. They found a poor <lose-response 
con-elation ofdtlowphaciuom: ou rucadow voles, as well 
as a decrease in ovcraU efiicacy ofchlorophaciuone, bt1th 
indicators of anticoagul~mt rcsistmice. Salmon and 
Gibson (2003) also examined zinc phosphicte~treatcd 
artichoke bracts as an alternalive toxicant and found it to 
be effective i.n controlling voles, reaching up to I00% 
mortality in outdoor pen trials. 'The objective of our 
"?Seal'ch was to exmnine the effectiveness of using 0.5% 
1;10C phosphide-lroated fresh artichoke bracts in control­
hug vole populations in a field applic-ntion. Because bait 
Rcceptru1ce of ttrtichoke bracts by mc;ndow voles was 
found lo be higher than .available alternative bait ca1Tiers 
<Marsh el al. 1984), it was tfo.: only carrier tesled for field 
use. 

METHODS AND MATERIALS 
Study Arca 
M 111e study was con~uct~ 1_1ear !he 10wn of Castroville, 
F Onterey County, ( alltonua from Janurny lhroqgh 

c\~ruaiy, 2004. The climate in Monterey C\1t111ty is 
1YP1cal Mcditerraoe.an with low rn.infalt and hot. dry 
summers. Field ff5 at S1rohd RfmclJ, s~1 Mis1 Farms was 
selec~ed as the sludy sit~ based on its history of h.cavy 
:le uifestation. Rodent cPnlrd llsi11g anticnagulant baits 

d been temporarily suspended prior to th.is sludy at the 
request of the rcscai-cht:rs. T~rrain at the study site was 

Ont or .mnolem1ely slop:ing, and oxrdis ~-ceds i(Ox<ilis sp.) 
were p.1;evaleJ)i, alitraou:~h weed coittrol had been 
perfrm:ned in the 1fwniws t mo1~tb rdoir t{,1 tile study. We 
cs'l.:a'bUsbed seven 1-lm ,plots. comprised -of 4 treatments 
and J e~mtriois. To make !he most dfa.:ient 111se of the 4-
h~ 1t11e.abmleal ~ restriction 1ir.np~sed by oor Umiversity of 
C:il,iJFomia re-search c1u'.tlho.riza1-ion, w,c selec'tcu a 4-ha 
artichC>.kc lfoj,cil and icliyided ·i,t tr110 -4 adj,acemt 1-ha plots. 
Census areas w1itil!lin eadh p:lot w,erie located at least 15 m 
from the edg,e or the plot auc.l were at least 3(!) en from the 
l;ensus rnre.:1 of ,aDy acJjaceiilt 1plots. Control plots were 
selected i:rn t.be same mmmer and Wclie }Q)Catcd al least 500 
m &om ·t,Jieated 1plrots. 

Ccosu,s Mctb@ds 
Tw-o in<!Jexi,ng metfacx'is (;i,nd'ire.c•1 and 1-0lirect) were 

0011<lu01eu for 2 days <each, ~re- ru)){t posH!reatmcnt for a 
total 10U: inc'lcxllilg days ('ifab1c il. The d~oot nnd indi·-rect 
im.lcxin,_g metfaotis were eon(luctetl on ~~parate fjlays. 

J11direc1 M.eJJmd 
Va.nious 'indices have be.et11 used for es.timating vole 

populations 1iucJmiing measuri,qg consl!lmptlo.n of apple 
slioes (Hi1y'cS :and Cu1l!imm )9:84, Tobin et al. 1992). We 
used ,a chew card 'lll,elhocil (Cmagh.k y (!/ al. J9q8), hut we 

Tab.118 1. Sohedu)e ofev:ents for .tine phosphide baiting trial 
tn CastrovlUe, CA, 2005. 

ActiQ,111& PenformedDate I Stage 
Cbtiw fntlei,: 'DBY 1, AccJima'te Traps I1/25.104 

1t216l04 Chew Jmlex D.a:z: .2,. Aoolimate ifra~s 
I 
I Pre-TreatmentTr.aio, Incl'~ ID.oy 11/27/!JJ4 

1il'.ZiB/'04 T rt'!lll lmdm1IOB!/' :2 
1/30/0)4 Z!r,1c Ph(l_W/nide .B.af,!1rm Dar J1rceatment 

OJ1ew ilirnlex Day 1 Acdl'ima,\e 1rraos 21'.2f0tl 
213./04 C.ri1cw lmr.a.~ 'Duy 2. Acclimate TrcililS I Post-

TreatmentTrap J.rn.~lfl)l. Dat 'I 2/4.1'04 
2/5/04 Trait; lndex IDav 2 
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used m1ichoke bracts as the chewing de\~ce as they were 
already well accepted by voles i11 the artichoke fields. 
Becau~e of the 1.:01umunal living habits of voles. we used 
a binmy (cbewe(I vs. not. chewed) rather than a 
quantitative (;,mount chewed) index. 

O11e hundred wire 11ags were placed in a grid ocar the 
center ofeach plot. The grids were established by placing 
a flag at Ille base of every fourth plant in IO consecutive 
artichoke rows. Each grid mcasmed approximately 30 x 
70 m. On each morning of the iuclex pcriOll, a single 
fresh a1iichokc bract was attached through the WiJic 
Sllpport at the base of each flag, flush wit'h the grow1d. 
Each evening a researcher removed the bract and 
recorded whether lhc bract w,JS chewed or not chewed. 
Bract!i tJiat were completely missing were assumed to be 
r,iken hy vc,lcs mid recorded as "chewed." This proce.~s 
wtis conducted for 2 days e.ach, pre- and post-treatment 
Bract~ were complelely removed in the aflcmoon, to 
avoid chewing fr1Jm noclumal mice known to inhabit the 
fields. The chew index was limit.cd I.() 2 days to prevent 
voles from becoming ael:ustomcd 10 finding the bracts. 

Direct Met/"''' 
Twenty trapping stations were ci;tablisbed on cacb 

plot with 3 live-catch traps at each station, for a total of 
60 traps per plot. The Irapping stations were IO m aparl\, 
antl the traps were set near runways and hurrows located 
within 3 m of the center of the station. The traps were 
positiouect 011 rows I, 5 or 6. mid 10 of the chew index 
grid with 6-7 1rap stations per row. The trapping grid 
measured approximately 40 x 40 m. Traps were locked 
open and baited l.n the morning to st:1ve as an acc.limati<m 
period for 24-48 h0urs before lhe onset of trapping. 

Following the acclimnt.i()n period, the traps were set 
and haitcd with artichoke hear1s each monung between 
0600 and 0900 for 2 consecutive days. In the morning or 
Day 2, oats were a<ldcd 10 the traps to help sustain the 
vole through1)u\ the Llay. Grown cotton was added to the 
traps as a bedding material on da.ys of min. Tlte traps 
were checkeu hetwecn 1530 and 'I730 and then closed fr.lr 
the night. AII vol.es caught were marked with ear tags 
anci released at the pt)il1t orcapture. Captur~ voles were 
examined for signs ofan er.11· tag that muy have falien off 
and all recaptures were recordeJ. All voles were 
examined and detcnni.ncd to be in good hcahJ1 ht:'fo1iC 

being rdeased, Voles that tlicd in !he tr.ips were recorded 
and lefl in the field. The same method was repeated post­
lreatm1.-nt. 

llantaviru~ S~ft-ty G1tidclincs 
l-fa.11tavirus js u hwnan disease lcuown to ne carried by 

deer rnke (Pemm_vscwl spp.) and Lmnsmilleu through 
their urine. feces, ,md saliva (.John.sou 2001 ). Pre-trial 
trapping indicated that deer mice were present in the 
artichoke fields and that they were most active at nigbl. 
For lhis reason. we trapped only during the daylight 
hours. To decrease potential exposure to hantavirus, traps 
•uPrp onencd downwind ~m.1 away from the trapper' s 

• • •l-~ ' "'''"' it w~ released at 

the virus '(D. [kyimn. Liphatec, lm:., pers. commun.). 
Trn[)S were re-set !ht; nc"'t momint. If a lrap was 
exce.ssiWlly s(~ilcd by deer mouse w·ine or feces, it was 
11epfacccl witb" ele~m trap. 

na,iting 
Se~'era'I ~atdics of lbail w.ere 1Mi'Xed <1cL·nrding lo the 

USDA z inc pbusphiiclc label sp,cciification for fresh 
\:lcgetabl.e hail (TN">/\ Reg, No. 56228-6). 11)e hatches 
wrere ini~1Qcl att.orclwg .to 1the foH01,1,·i1,g procedure: io JO 
llbs of :brnu\s (45 5 ikg;l, we added I ou:ncc (28.35 g) of 
cru,1l1ln oil foJ,]c,wc.~ by_ 40 g. of z;i1)e phosphide (ZnP) 
p0wdur {63.2% active Hlgr,e<lient). n~e canola oil was 
atlded ,firs! to hdp the ZnF powclcr a<Jhere to the bracts 
am! to reduce airborne 7...n.P pm11iculatcs. Bracts were 
mixed ,in '80-l,b :batches for .a mi:nimmn of 10 minutes per 
batch in a standar:d ca;piaoity ba·it m:i:x·er 'tit the Kleen Globe 
b.ii.t mjx.iu:g facHity, Castrov,iJ}e. CA. Batches of placebo 
brncts (Gt-mtainu~g cm1t'>1b oj1 on')y) wcn:i mixed J.or the 3 
co.Jiltro1 ,pifots. Placebc1 bracts were m.i.x.ed before zinc 
pba~phidt-1reated bracts to '°1,itoid contamination. 
H.a:Jldilers ui,~d capp!ic,1tors wore ,aprropriale personal 
protec.t:io.11 cguipmen1 ,as irequi11C£,! for 't..iuc phosphide. 

A!fl 1\n:akd imcl cont1;u1l !brads iv,erc .nwved into p!astlc­
lilmxl rbiu.s and tnmsprn1,nol by tractm to the re.~t site 
FoiUowing d1c prc-1n:atme11>t indt).xii1g period, Plots 1-3 
we.re itrea1ed with iplacdm ar,i.ie:hokt hrncts and Plots 4-7 
were \l.realed with I0.5%., zinc ph&sph\de articliokc bract~ a! 
a ra'lie of 4-5 ibrac1:. per plant. the rate used fo~ 
chl.orophacjnone &~;catc,J ai'1kbo'k,c bro0ts (CfWA Label 
W%5-.§'0067-AA SLN CA-9J0022). Bracts were hand­
pk1<:.ed ·on ,tbc gro"t,1nd at lhe h,isc of c..1cln plant 

DA.TA COLUl:CTIO;N t\.Jl\"'D ANii\.LYSJS 
For lb<." ,d'i:r-ect {,tr~pping/ index method, we calculated 

the munbc.r 'l'lf v·oJcs cm1gh:t per avuilriblc trap e.acll 
irappmig day., p,re- and r<i~t-11,e.t:tmeut. Voles found d~d 
l'l'l traps we.rc nt)l i11ch1d(,x! im ima,ly,sis, 4IDr were 11011,targd 
captt1r1,,"S, am:1 the t:roJp~ iira which ,t.lmy we,re fouud were not 
wu11t.cd as ''.t'Wti~.~bfo" ,in ,:ina~y-si:-... We calcul.:ted = 
perc,ent red11etio1.1 1JJl the :f):Opt1foliH1'1 indilll usmg 
foH(,wing fo.mmla: 1 

1(pre-po.'l't} !prt:} x 100% [ ~ 
w:JJ~nc '"lf)J1e'' and "p0:~1•·•Ai!:!fer 110 11_,e .ivcragc P:~ '.~cannPd 
:post imatu1ieJ1t vo:I~ per 1ta;&p ava1Jablc. ,1"(:srl."ct1~c!bcr of 
fhe ~mHred ,(iehew) i11de~. we ca1cu1tit~ the nulll eraJO 
bmct:s 1tthewc(l ,of 1(Jl(} ,offi.ered t:Or e,.,1ch d.ay. The a.\sirt 
for r,ie am! p0s{ trealm-:nls Wt:fe ca]Ctllated ne"""' 
Eqwrtiion I , bu! S.tibMilt11!111g lhc U,tH1Jlber or b1cidS C 

for the numher of·voJes .triappt:<l c.1~ 

_ 'Htt:: i:ie.r~_ent 1cduc:,1it'lll hct"-\'Ct~u pre and _P0st t~l)'S~Gf 
for ho. th ,mhves was C,(l!!i!'lJ)nre<J ttsm ;g 0 ,'l. -W,IYr. wJ!IIJ 
Variance (ANOV.1\J usi11g l'be (iLM Procc urt, s (i;.'9! 
·rukey nd_j:,1strne1i1 ,coirp.aring leasl 1,,quares 11:4flc,r,• 
Vernim1 Q. f). Di:tjfo,,cnc~ wer:e cnnsidercd sign 
{( = (ms. 

ru,:sULl'S 
'fra in ,Index 
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Pre-Treatment Post-Treatment %Change 
Plot 

1/27/04 1/28/04 
Avg, 

2/4/04 2/5/04 
Avg. Pre to Poat 

1 2 Treatment 

0 C·1 0.133 0.050 0.092 0.133 0.190 0.182 76.1% 
J:, C·2 0.276 0.085 0.181 0.305 0.246 0.276 52.5% C: 
0 

C-3 0.283 0.153 0.218 0.373 0.373 0.373 • 71.1%(,) 

~ T-4 0.464 0.250 0.357 0.Q35 0.036 0.036 -89.9% 
QI T-5 0.439 0.207 0.323 0.000 0.017 0.009 -97.2%s 
ff T-6 0.339 0.119 0.229 0.000 0.017 0.009 -96.1%
Ill... 

T-7 0.321 0.109 0.215 0.017 0.017 0.017 -92.1% I-

CheW Index results from zinc phosphide trial showing the number ofbracts chewed out of 100 available bracts In 3
T=h plot. Negative number& Indicate a decrease In the population Index. 

Pre-Treatment 
Plot 

1/25/04 1/26/04 Total Avg, 
1 1 

g C-1 37 28 65 32.5 

C C-2 65 41 106 53.0 
0 u C-3 58 45 103 51.5 - T-4 77 90 167 83.5r: 
di 

75 77 152 76.0 I T-5 

T·6 69 82 151 75.5!... T-7 79 78 157 78.5 

Post-Treatment % Change 

2/2/04 2/3104 Total Avg. Pre to Poet 
2 2 Treatment 

37 40 77 38.5 18.5% 

41 46 87 43.5 -179% 

52 55 107 53.5 3.9% 

5 5 10 5.0 -94.0% 

5 2 7 3.5 -95.4% 

6 1 7 3.5 -95.4% 

2 0 2 1 0 -98.7% 

showed a difference in the change in population mdices 
between session.<; depending on tbe treatment (Fl.c'i = 
73.82, P == 0.0004). The population index was signifi­
cantly lower after baiting in the treated ru-ea (P = 0.0009), 
with no difference iu control plots (P "' 0.0762). 

Chew Index 
1be avcrnp:e nwnber ofbracts consumed on treatment 

days rangea from 75.5 to R3.5%, with an average 
population reduction of 94 to 98.7% (Table 3). On 
control plots, lhe number of bracts chewed ranged from 
32.5 to 53% with a population change ranging from a 
decrease of 17.9% to an increase of l 8.5% (Table 3). 
Two-way ANOYA showed a difference in the change in 
chew index bt~twcen sessions depending on the tr~1t111c,11t 
(Fu "' 88.84, P < 0.0001). We folmd no Ji(fere.nce in 
chew index between treated and control plots (P == 
0.2209). Differences in ~hew index ovemU varied pre 
anu rost treatment (P < 0.0001). We frmnd a method x 
day llJteraction (JI < 0.000 l ), suggesting more ckwiled 
analysis iJ-; required, 

DlSCUSSJON 
Both indices show a dc,;;rease in activity in the 

treatment plots after treatment, while 01e control plots 
showed in all but one case an incr~tse in activity. This 
suggests that the decre<1se is a result of zinc phosphide 
1t.catment ,uld not the result of other factors, such as 
disease. We included Figures I ;md 2 lo provide a 
graphical representation of the results, illt1st'rating the 
sharp decline in activity al\cr tr~tmenL Even with 

natural variations in activity. it is evident that treatment 
with 0.5% zinc phosphide had a dramatic effect on both 
activity indices. 

Although them was variation in daily activity levels 
on each plot, if the treatment was i11c1'fectivc, we would 
expect siI1iilar changes in activity from pre- to post­
treatment in all 7 plots. ln both figures, it is appar(.."ll t that 
the activity in the treated plot-; changed consiJcrably 
more than io control plots . This chao,gc in activity 
supports our hypothesis that a 0. 5% zi.nc phosphide 
artichok~ bract treatment is au e(foctive treatment for 
controlling me.idow vole~ in artichoke fields. 

Da'ily vole activiiy can di ffer depending on weather 
conditions. Por example, ou the second day of the pre­
treatment trapping session, there Wi\S a sha111 decline in 
trapping success. This coincidt!d with warmer 
temperature in the a11crnoon, when compared to the other 
3 trapping days. To detcrmi.m: th.t: effect or this weather 
change on the results, we recalculatctl the percent change 
in activity for The trapping index to exclude the day in 
question. By removing this d,1y, the avernge change of 
activity in control plots changed frow an average increase 
of 66.6% to nn average incrc11sc of only 17.9%. 
Howcv1.-i-, the index changes in the treatment plots were 
relatively Lmaffect.ed Cfoble 4). 

We included lhe rceaptmed voles in our daily me.asnre 
of trapping activily, but we did not perform a 
capture/recapture analysis. One could argue !'hat this does 
not take into accc,11mt the Imp affinity that may have 
Jeveloped am\ introduces bias into the pre-treatment 
popul.:ition estimate. We reduced the potential for trap 
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Figure 1. Dally percent catch of voles during zinc phosphide trial. 
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Figure 2. Dally chew Index 1'8&ults from zinc phosphide trial. 

Table 4. Percent change in activity Indices pre to post-treatment, adjusted to exclude Jan. vi" results. NegatlY11 nurnblfl 
indicate a decrease In the population index. -

Trapping ln<lex Trapping Index Averal18Plot Average Average Chew lnde•lncludlna 1/28 

 
Excluding 1128 

C-1 76.1% 21.8% 18.5% 
1.5%66.8%C C-2 52.5% 17.9% -17.9% 0.0% 

0 
(J C-3 71.1% 31.8% 3.9% 
.... T-4 -89.9% -92.2% -94.0%C 
Ill T-5 -97.2% -97.9% -95.4% .os.e'l'

-93.8% -95.5%~ T~ _QA 10/., - s:17 '.',Of,, -A/i.4% 



. limiting trapping to 2 days in c~ch session. 
,ar1.11,1tY bY·cei)l of the _vole.-; _were ret.:apturcd m the_sAmc 
fit\~1 r:1eSsion (37 vi 244 live voles). and we considered 
uaPP111~ •• 1 ofenor acceptable. 

• 1rugu • • • l i I • 1n1s n d vole.~ found lli traps were not _me uc C( m our 
pea r was the trap they were found m cow1ted as an 

res~Jtsbl~otrap. Our reason for n~t including them was 
,yatlase they i.;oul~l not ?e ui;~d. m our mdex,. as they 
t,c:eBld not be avatlabl~ tor. act1vl!y at a later tune ancl 
wou . 11,ey did not dw at natural causes. The mu11ber 
t,ecaUS: tripped without ,ll1 animal in it were not recorded 
of trn~sUUlet'i t(l be constant over all plots. Carcass 
1111d•ciies prod11cc.l 14_ ,.,'an.:asscs in t~ated pl~ts within ~4 
serours of baiting,. a tu11:efn~ne corunsteut with mo~ahty 
:rn ,:itic phosphide po1som.n~..N? carcasse..s were low,d 
. control plots. However, 11 1s important to note that
111 , as.~ searches are limi1cd by the dense foliage of 
~hoke fields and the fact tbat many of the voles lik:1Y 
died underground. And althou~h the carc~ss searchmg 
data cannot be used to establish population levels or 
changes to 01ose levels, it docs fort.her support the 
observation that lhe Zl.ilC phosphide treaimeut was the 
CJiUSC of thi.: change in activity levels pre to post­
trcatment. 

MANAGEMENT IMPLICATIONS 
'Dte fost-acting umurc anti overall efficacy of zinc 

phosphide-treated artichoke brnc.ts suggest they arc viable 
alternative to chlorophacinone. Video surveillance 
conducted during a similar project sll0wed thai voles 
were tl1e primary consum<.:r of aiiichoke bract bait, with 
min1mal fee.Jing by deer mice. Dming the post-treatment 
carc;iss search, no non-lm:get carcasses were found, 
sugge..citing minimal risks to non-target species. 
Additionally, tllt; low persistence ofzinc phosphide. in the 
environment aud the fact that it docs not accumulate 
residul;) in the carcass makes zinc phosphide m1 attractive 
altenrntc for use on anticoagulant resistant voles (Staples 
etal. 2003). 
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