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~B~~rn~cr: 1l1e _c:alifomia meadow vok, Mier~uu._r califorr11cw,, is A. m;ijor venchr.n~ r~est .in attichok~ fieiu.s of Castrovi.Ue_ 
Califom1a. Complamzs from gro<;i.,er~ nbout tl1c eflecuvcr1ess cf the only avaDabl • mdcnl1c1de. llh1Qrorhm.;mone treated artichoke 
bracls, led tcst;ard1ers to the te~t the bait and b1uting srratcgics. When !abmn1ory 1rinls wore t:onductt:d in 200l. the poor doSi:­
responN: corrcla:Lion and apparent !ow sensitivity to ehlorophncioone in some animals :-ugge~tcd the possibility of ,ulliC{lagulant 
res1stance. The current study was uutiatl!d to exmninc polcMtilll resistant of voks from artichoke fields .in the C.Jstroville ~ 
Baseline bloo<:I c-011g,1.Jlat1c)J1 data Wo(t'l ~1bl.li.ned fr m wild, anliGoagrdwtl··!{USCeptibk voles lfapped in Yolo Cm1111y, Califomia and 
cumpim~d lo data frnm Castroville voles.. Rcsuhs indicate a sitiuificaJlt dilfon:mcc in clotling time:- 24 hours after dQsh1g with 
,ml1coagulant bcrween vole~ mm 'aslroville artidmlre field· and voles fw111 th~ Yolo populaticm. ·n1is supports lhe hypo1he.1is !ha! 
volu:. frtim C';istmville artichoke fields are resislanl 10 m1ticClag1.1IMls. 
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lNTRODUCTlON 
A1iichok.e gmw1.;r; in Ca&tJ"ovillc, Califor~1in use: the 

anticoagulant ch1orophacinone (0.0 l % Roz.of oil 
a11ichoke hrnc1 bait , tn control their primmy ve1tebrare 
pest·. the California meadow vok (Mii'!'OlW. 1:a/iforni ·11.v). 
Dne to complafols from arlkhoke growtrl-i of po r 
efficacy of cblomph;1cfoonc, WI! conductcJ (l study to 
determine tbe dose needed for effective control (Sabnon 
an<l ibson 2003). Reslllls showed a poor dose-response 
condation and appan:nt low l,t1sa..111ibility to chlompha­
cinonc, which is a possible m<lication of ;mticoagulalll 
re~istance, 

Aoticoc1gulant l"e,\;istancc bas been found in ;1 munher 
uf conm1Qnsal rodent species where some por1i in of the 
largct pormlation does not respond to th~ lrcatmeut. 
G,eave:, provid~ an industry accepted definition: 
"AnMcoagulam resista11,:e i.r II major /.nss r!f' efficac.·y in 
prm:tu:ol conditi'ons w/rerC' the antic:nagu/a)I( has heen 
applied c.orrfc:.tl 1, th I loss qf ej/im '.}' being due to !he 
111·esence ,{/· (I !)'train <?F rodeni Jvith a h<1ritC!.ble and 
cQrmrtcnsum1ely reduced sensilivi91 to th<' ,znr.icongu• 
/ant. " (Grr...wcs 1994) 

Wbcn rr..sistauce Ji; due to a genetically inheritable 
trnit. there is the potcnli.11 for the mdcnticide to quickly 
become ineff:ec.tive in co11trolling a pes! as lhe re.sistancc 
builds throughoul th • populatio11. T<.1 cornpmmd tJie 
probk..w~ resistance to a first-gcncratioo auticoagulnnt 
such as chlorophacinone oJten co1Jfcrs cm8s~re:c;is1ancc t'0 
c;ther fir.st-generation ;md sometime~, though to a lesser 
e,c:tent, to second-generation Mllic:m1gu1ants (Greaves 
1994). 

Anticoagulant rodenticides are by far the mos! 
..vi,,n<:iiw~lv U.<;e<l rodent control method in temperate 

• .:~.,11,,r-:ll crop:. (Hadler and 

e peviaUy since there are few alternative toXJcanls 
available. h1 agriculture, the loss or use (or ct1'ective11e.u) 
of rodeotic1des has the potential to ere.ate a seriooa 
e,.;onomic loss (SaJmon 1987). Anlitot1gulant rodeoli· 
,~ides affecl rodents by interrupting the vitMnin Kc~ 
which in tum LJlhibits the synthesis of nonnal blood 
clotting fuctors (Mf11.:NicoU J' 86). If .anticoagulant icvell 
in rcas1~ in a t0de11t s body, l110 clotting factors cl~ 
\ll'lti! a f.atal hemorrhag results. Resistant animals • 
able to synthesize clotting fa ·tors in the pTestn?e of dll 
aolicoagula.ut, which keep them from hemorrhagUlg.. ftall 

In ar1ichokes, there arc siguifit-ant los~es 
mea<l w vole burrQwjng under ,md feeding on th.:!':! 
Artichok" ar per~nn.iil plam witl, an avetage IP--;. 
ri n lite of 9 yearn. A damaged or dead plant 11t11 
looses its value lhe. year it is damaged, bu! also M 
remaining years of the rotation. 

ULOOD 'LO'f!'IN ~ l~SPON~E 'T'ES'i:s the 
d ter ume l] tenta1l r '> tance .1Pcd IJJO 

pop~lation, we cun~lucl ed a st11dy that tneasur i of 
cl< 1trng re vou. e 11m to a nH::-lnlfed am(B~'ru u.­
phacu1~ne, BlMd clotlinc, r~J1S~ . Ceetlinl 
m -reasmgly taken lhe pla • of lethal f i 
CFP) Lest<; for detenni1Ji11g anticoagulat1L : 
rudeals. Advan1ages of the BCR_tesl -~v<l~ 
ru ~ it sbmter time t.o get resuJ -, mdepvtl

• • • . , J are·1t.cr,1 1ceding nature of u,1 amma . ru:ic e,- • • 

identifying resis mice. 
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ditfef"ellt 10~:•;;···possible_ (OEPP/EPPO 1995). In_ Ollr 
t,flt c::icr0st~1dow vole proJects, we used voles from helds 
~yioUB_ rf)avis Yolo Colll:rty, because the,: b.ad not been 
i,e8f tJ.C. anticoagulant !Je~itmeuts: Tn srltwiy rJi_e EPPO 
~s~ 1? voles were coHecle.d . trom 4 are.:1s 111 Yolo 
,iiddlll~s, repre~en! the susceptible population for 1hi~ 
countY ~reeding was aL-;o com:lucted .in the lab by 
siudY; voles fr:om cliff:ereot Yolo aunty loc;1tions.. 
crosi,~i-.g e<l tor 1esti0¥ were mndo~nly d1osell fr?m any ol 
Vol~ uso{ips, With one exception, the !rn..:a.t10m; were 
the 5 ~d bave bad no exposure to anticoagulants in the 
~o\~l~iS 5 years and in most c:ases much longer, if ever: 
p.revio search laboratory performed a chlorophacinone 
Oli!. re .trial for pocket gophers (Thomomys bottae) 
baJIUlg tbs • • • 1 llect' froroximately 7 mo~ ~or to~ co_ 10n m 
apP 0r the cnl\ection sites.. Sm~~ tbls test tL'led 
on~er rott:nd bai1.:1og Rnd was m a d1ffereu1 area o[_ the 
UI;lci 1I·om where the voles were captured we b~liev 
fi ticQaguJant exposure to voles "!as extremely _unlikely.
Ml animals wer~ trapped usmg metal,, 1ive-catcl1 
Sherroan® traps baited with rolled oats or Jtesh tlpples. 
Trups were cb.eck.e.d ,daUy and dosed during !'he hot.tesr 
p!lll of tbe day to avoid trap dt",ath. 

Selection of "Unknown" or "Resistant" Strain 
(Castroville Voles) 

To test the potential resistance of voles from the 
Castroville area, animals were captured from 3 different 
anichoke fields near Castroville, California dwing May 
2005. Field selection was based on grower identification 
of infested fields with a history of anticoagulant use. 
Animals were collected after the harvest period when the 
artichoke plants were being cut to soil level. This was at 
least one month after the most recent chlorophacinone 
treatment. Voles were collected by digging up active 
vole burrows and hand capturing the animals. 

Animals Maintenance 
Animals were ht)used in groups (based on captui;-<! 

location) at the U.C. Davis research facility (fB-J) in lO 
>c 20-foot cement-bottom outdoor pens. During tes1i:ng, 
animals were individually caged in 9 x 12-incb stainless 
steel wire bottom cages tmd given a portion of a 2-inch 
PVC tube rm<l cotton batting for environmental enrich­
ment. The room was t,emperature controlled at 68-726F. 
and_had a 12-hotJr ligh1/dark cycle. The voles were given 
Puru.111 Laboratory Rodent ~bow and water ad lihitwn 
and a plcce of potato daily to . nppl.cmen1 waler intake. 
Vole.~ were allowed ·to acdimale to the lab for a minimum 
of 7 <lays prior to testing. AlJ voles were sexually tm1ttu-e 
and <!.ppeare<l healthy. ]' emales were separated from 
mal.es for a minimum of3 weeks (t11e gestation period for 
i~eadow voles) to assure they were not pregrumt .it tho 
lime of the triaI. 

BCR Procedure 
, . Pruthrombir1 Timl! (PT) and Proteins lnd11ecd l~Jl 
~lfamin K Absence or antagonists (PIVKA) dolling 
tunes are two mewmres of the time it takes for a blood­
pl~sma sample to clot. When rimrnaJ (1101Hesistant) 
atllmals receive a Jose of antiwagulant~ their blood takes 
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hernmrhagc and die. Anticoagulm1t resist~t animal; 
contitme:.1 to clot nonnally (or very dose to normal) when 
given a dosi;:: ofanticoagulant. 

The dose administered to the animal to determine 
whether it i8 susceptible 1s called lhe cliscriminating dose. 
Detenniuiug tb.e level at wb.ieh an animal is a resronder is 
not generally defined (OEPP/EPPO 1995). It depernh on 
the researchers ' classificadon of "response:' In onr 
study, "response" is characterized as a clotting timethar is 
greater than 2 standard dc:viatJom, from the mean mmnal 
clotting time when a set dose of anticoagulant is 
administered. Therefore, when an animal receives the 
discriminating dose of anticoagulant and has a PT greater 
than 2 standard deviatioru; from nonnal, it is considered 
"susceptible" to chlorophacinone. Animals with PT 
times within 2 standard deviations of nonnal PT are 
coru;idered '·resistant". 

Gavage and Blood Collection 
Voles were weighed and gavaged with mi 18-gauge 

stainless steel ball-tipped needle .at 0.5 ml per l 00 g of 
body weight with a solution of polyt~thylene glycol CPEG 
400) and technical grade chlorophacinone powder t' get 
the appropriate dose. (Doses will be discusse(] below). 
Twenty-four hollrs nfler gavaging (±30 11lj11ules), voles 
were weigbed and anesthetized with carbon dioxide gas. 
A 0.45-ml blood sample was drawn via cardiac pu1lctme 
int a ~yringe containing 0.05 111·1 3.8% w/v sodium 
citrate. The blood and citrate were dispensed into a test 
tube, agitate.d, and placed on ice. Within 20 minutes, the 
samples were spun down in a micro-centrifuge for at least 
2 minutes. The plasma was removed into a separate tube 
and placed directly into a -21 °F. freezer. The frozen 
pla:cmm samples were taken to the lJ. '. Davis Veterinary 
Medicine Te.aching Hospital (VMTH) cfo1icaJ chemistry 
laboratory and analyzed for PT and in so1ne cases aJsQ for 
PIVK.A time, according to their standard laboratory 
procedures. PT is the most commonly used measure­
ment; but PIVKA is somewhat more sensitive to changes 
in clotting time. To be consistent with other resistant 
rodent BCR tests, we used PT for our analysis. The 
clotting time results were recorded to the nearest tenth of 
a second. In addition to laboratory controls (samples 
from animals that were not dosed), samples were taken 
from Yolo voles dose.d with PEG 400 only. These 
samples were taken with each dose group to monitor for 
possible effects of day or PEG 400. The 0.45-ml blood 
sample was coru;idere.d non-survivable, and the voles 
were euthanized immediately after the sample was taken. 

Normal Clotting Times 
Because this procedure has not been reported on 

voles, it was necessary to obtain the normal clotting time 
on un-dosed voles. Approximately 30 voles of each sex 
( 42 from Yolo County and 22 from a Castroville popula~ 
tion maintained at lab) were tested to establish normal PT 
for voles from each area. These animals were not 
gavaged prior to blood collection. 

Effective Dose 99 
The effective dose 99 (ED<)(l) is the dose in which we 

https://Te.achu.1g
https://agitate.cl
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wouJd expect 99% of the susceptible animals to respo11d. 
We 1deutified u responder as any animal that had a PT 
clotting time that wail greater than 2 st.andard deviations 
from the nom1al mean cloning time of non-anticoaguhmt 
exposed animals. EPPO guidelines require testing both 
sexes at .S dilforent dose levels witJ, re~ponders and non­
responders ,jg eacb group (OEPP/EPPO 1995). We chose 
dose levels based on previous anticoagulant studies of 
0.03, 0.05, 0.07, 0.09, 0.J.J mg/kg of body weight. 
Twelve voles of each s.ex were tested at each dose le-vel. 
Doses were administered and blood drawn as described 
above. For the males responders had a PT time gre,a.ter 
than 11.68 secouds. For females, PT tirnes greater than 
l0:35 seconds Wi.----rc considered responders. Vole~ with 
P'l s equal lo or less than these value& were considvre<l 
nmHesponders, i,e., resistant. 

Resistance Testing 
'The ED9vwm; adtninfare.red to three groups of Castro~ 

ville voles (n = 44) with unknown susceptibility and one 
gi;oup of Yolo voles (n = 17). Approximately 9 males 
and. 7 females from each group were tcste<l and PT and 
PIVKi\ thues were dctermined. 

RE 'ULTS 
Nom1HI Clotting Times 

111<~ normal clotting limes for voles are listed in Table 
1. Although nonnal clouing times did not vary signifi~ 
caotly between sexes (p = 0,4975), we analyzed the data 
sepm-ately by sex as • s.uggested by EPPO gui<lcl.ines. 
Additimially there was uo significant difference in 
nonn..il cloHiug times between voles from the YoJo and 
Castroville locations (p == 0.2109), so we pooled the data 
to obtai.n nom1.al 01e.u1 dotting lime for meadow vales 
(Table 1). To test for potential affects of PEG 400, we 
compared clO'Ltiug ti.mes of m1r PEG 400-dosed control 
voles to the clotting times of non PEG 400-doscd voles 
a11d found no significat1t diff.erence in PT (p = 0.1960 for 
fornales, p =0.2803 for ma.Jes). 

Effective Oose 99 
We conducted probit analysis to determine the 6D99 

(the dose at which we would exp~t most susceptible 
animals to respond). 111is grtvc us a discriminating dose 
for males of 0.105 mg/kg (0 .077-0.218}, and fomalcs 0. l 6 
mg/kg (0, l 08-1.186). 

Table 2, Blood ciottlng response of meadow voles dosed wtth chlorophaclnone at the E0119 dose. 

Table 1. Normal blood clotting times for meadow volH 
from Castroville and Yolo Couoty. 

Meao PT' Standard 
LocaUon N .clotting time deli"latlon 

. - 9.BOOl'ldS 
CastrovH!e ma/es 13 7.90 n.35 
CastrovHle·females 9 7:94 0.38 
Yolo males 8.60 2.0622 

8.16 1.35 
Pooled ma!es 
Yolo females 20 

1.6735 8.34 
1.1329 8.09Pooled females 

"P1 ~ Prothrombln Time 

Resistance Tc11:tiug 
. A resi~~t pop_u!ation can have sig1_1i~cm1~ variabmty 
m suscephbtlity. 1able 2 show~ the stt1r1su0al 10 'Otrna!ion 
we obtained from tbe resistance te&ting. U:-1in° the ctnoff 
po~nt of 2 standar~ deviation.s from normal to c,Jqssi!Ty 
rumnals as non-resistant, we found that only !0'% of the 
males and none of the females u1 the Yo!o group would 
be classified as resistant to chl.Nophncir1011e. aslmvi)le 
groups showed much higher resistru.1e:e with 89%, 57%, 
and 500/4 of the males i.n each group dassi.fied -as resistant 
For the female gro~p, 43%, 17%, and 71 % .'lhowed 
resistauce, respectively. Figmes l aad 2 show the 
avernge clotting tirucs by group and the pei't:t:nt res1stan(, 
respectively. 

Loc<1tions {or groups) were evaluated for diffe:renGCS 
using ANOV A, followed ap with a Tukcy 1:(rarm:r tt!st fur 
differences between means. 'fl1e nieans follc wed by 
different letters are significantly difi~rent al '!he 0,05 levcl 
(Table 3). 

DISCUSSION 
The:rc is a clear distinction between the Yolo ma.lrs 

and the 3 Castroville mate groups, with the aslr?vitle 
groups being classified as resistanl to chJorophacmof!O 
under <Jur cntetill. While ~his distinction is le-ss dr.111n: 
for females, the Cast.r9v1lte grOtips Ail treod 
resistance. We know the Yolo voles come 

mw 

bctWt!Cl'1 r,,a, 

Jdit­
a ..11 1lf 

from a,tlll 
witb .no <U1tiooaguhmt expo:,ure, and this suggcStS !hal: 
-cawe for the significant di ffenttN 
Castroville and Yolo voles i::J ,due to rt.-sist.aooe to du 
phacinone. . 
• Confom.-itory feeding tests would g1w 
information about tl1e resistance status of volei. 1 

N1Jmber ·of Av~. Pr Avg. PIVKA~' Meiifan 
Group N M1tdlan PT• PIV+<A"'Sax ,..lstant std. dev. std. dev, 

12·1,9 Yolo 10 1 20.55 21..14 (6.94) 138.53 (71 .63) 
24,BCastroville 1 9 8 9.20 9.87 (1.63) 28.67 {12.42)

Mate 27,3 Castrov!lle 2 7 4 11.50 12.63 (4.08) 45.61 (35 .87) 
Caslrov!]le 3 8 4 11 .20 11 ,55 2.30 4.2 .91 20.57 ~ 
Yolo 7 0 15,00 15.36 (2 ,76) 69.77 (23.93) 65•3 
Castrollllle 1 7 3 11.50 11.26 (2.76) 41 .54 (22.90) 39-5 

Female 
Castrt>vine 2 6 1 12.65 12.70 (2.72) 51.68 (19.67) 54• 1 

• 1. ,,u_,. ~ 25•37 5 9.00 9.54 (1.69) 30.03 (14.251 
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pittwrenoes between mean clotting times of teet groups of meadow vole.s by locatk>n. 
f,t,18 3, 

I Pr I PIVKA.. 

Sex location I Mean I N I 
Non-significant I Mean I ti I Non-significant 

raoaes 111naes 
Yolo 21 .14 10 A 138.3 10 A 

Male 
Casirovi!fe 2 12.628 7 B 45.6143 T B 
Castroville 3 11.55 8 B 42.9125 8 B 
Castroville 1 9.866 9 8 28,667 9 e.. 
Yolo 15.3571 7 A 69.7714 7 A 

Female 
Castroville 2 12.7 6 AB 51.6833 6 AB 
Castroville 1 1i .2571 7 B 41.5429 1 AB 
Castroville 3 9.542 7 8 JQ,0286 7 8 

•PT"" Protnmmbln Time. •• Pll<\/A = Proteins Ind~ by llllarnin KAbs~ or IITllagonls~ 

l'lormal Nom,al Yolo Yolo C•st. Call. Caal C.a•t. c..t. Cast. 
male femAle male female 1-m 1-1 2-m 2°! l-m 3.f 

Figure 1. Average PT (prothrombin time) by meadow vole 
group. For "normal'' voles, the stacked ba~ represent 
pooled value and responder level (see Table 1). 

l taaft ,-- --- ---~- ----- - -------
_; !0,0.,. ·t-,.---.-----,,;1~11.tti;_;;,...---E~ :,--:-::-::_:.,_:•'_" ~· :~:=:-:=:~-1·1  

' ,0.G~ 

~ ::: i:~•.,-0--°"'---11~;!) 

Yolo Casn-ovflle 1 CntnWlfle 2 Cntnwllle3 

Figure 2. Percent of voles from test groups classified as 
resistant. 

~icboke fields. We conducted terminal BCR tests, so 
rollow-up studies on these voles were not po sible. We 
can use infomiat.ion from a previous study, however, to 
suppor1 om fimling.. ln studies conducted at U.C. Davis 
0 11 baitfog $lratcgi~ for meadow voles in artichoke fields, 
l~hor..11ory focding trials of chi rophacinonc baits showed 
s~g11ific,1ntly different ~fficac1~ between Yolo and 
Cn. _trovilk: v les. The Yolo voles had 90-100% mortality 
dunng the feeding tests, while the Castroville voles 
experienced 25-80% mor!ality (Salmon and Gibson 
2003) . If we assume the voles tested as "responders" in 

our BCR test would die and tlu1t ''non-responders" would 
survive similar feeding tests,, we would get overall 
averages thal arc ve.ry similar to the prev10us studjes . 
Specifically, 3.3 % of the Yolo voles and 55% of the 
Castroville voles survived the feeding tests, and 5 9% of 
the Yolo voles and 56.8% of lhe Castroville BCR voles 
were classified .,iii resistant (Table 4). 

Wll V CASTROVILLE VOLES? 
Anticoagulant resistance is not a new phenomenon, 

though as best we can determine, it has only been docll• 
mentcd in commensal rodents. Several factors arc likely 
<.:011tributors to resistance to in our artichoke field voles: 

A) Vo! • are pr·eseut year round. Artichokes are a 
perennial crop ,u1d prcwide fairly constant food and 
shelter throughout the year. 

B) Artichoke growers bait with cl1lo.rophac.iuone on 
a coutint1ous cycle. Baiting practices generaUy .include 
baitmg each field 1-3 ti.mes per year. Thos. it js 
reasonable lo assume tlmt almost every geueration is 
e.xpo!>cd to the same to>t.icant (chlorophacinone). No 
significa11t alternate control methods arc used. 

C) Voles have high fecundity . Litter sizes are 
usuaUy 3-9 pups, and because of post-panum estuatio1 
fcmoJes cari have a. new Iitter every 3 weeks (Marsh er al. 
1985). This means the resistant genes can be exposed 
and presumably selected for multiple times each year. 

D) 111erc is: no significant sow·ce of sosccptibJe 
vol~~ for immigration into the artichoke Gelds. Castro­
ville mtichoke fields are borckred in some places by 
natural ai~s where voles c.oul<l live, but these areac; 
probably do no1 harbor a large enough po1mlation to 
s.ignificantly dilute the n..-sistant genes in the artichoke 
field population. Many ditch hnnks and other areas 
adjoining the fields are kept clear of vegetation and are 
1hcrcfore not suitable habit<1t for voJes. 

We l;)eli -·ve me.idow voles in Castroville art ichoke 
fields were particularly vulncr-ctble to d "'vcloping an!ico­
aguJant resistance because or thest:: factors. 

MANAGEMENT ™PLICATJONS 
lt is (,lear that continued use of chlorophacinonc m 

artichoke fields will only further COUlf)Qtmd the resistrmce 
problem. However, with n high value crop such as 
arlidiokes, even 50% control gives growc~ incentive to 
U'-C di.l1,ropha0inone, since it is the only rodenticid • 
registerl.ld. Alumimm1 phosphide burrow fumignnt is 
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Table 4. Comparison of bait feeding trfal mortallty and BCR 
(blood clotting response) tests for antlcoagula11t 
resistance In meadow voles from Castroville and Yolo 
County. 

% of Voles,Rultlant 
Castrovjlle N Yolo N 

Feeding Test 
(all !ests compared) 

47.2% 220 3.3% 30 

Feeding Test 
leoual iraatmenl& compared) 

55.0% 80 3.3% 30 

BCRTest 56.8% 44 5.6% 17 

used, but the labot requited .and difficulty in use when 111e 
plants are mature make this .approach of limited value. 
Vole populations naturally decline in the ,summe( months 
but rapidly reboild tbro!lgh fall and winter. 

it is important I.hat artichoke growers imple1l'l.ent some 
son of resistnoce monitoring and management program 
so tbat they may weigh the costs and benefits of addi­
tional ch1orop.hacinone and other a1tcmatt~e treatments. 
This could be accomplished through BCR tests, lethal 
feeding tests, or field indexiu,g measures pre and post­
baiting. While this study indicates approximately 50%, 
resistance, we do not know the affects of additional 
antieoagula.t1l 1reau11enls,without contimml monitoring. 

Effective controJ 1m1st inoorporate several methods .SQ 
that animals that escape tox.icaol lreattnent ure controlJed 
ln an alternate way. Stucli.CR have shown that altering the 
concentrati,0n or application rnte of a toxicant does oot 
provide much long term benefit aud often can make the 
situation worse (Roush 1989). Even stopping the use of 
anticoagu1ao.ts wUl not de.crease tlle prevulence of 
resistance (Heiberg et CJ!. 2002). A good non­
anticoagulanl bait is ueeded to help artichoke growers 
de.aJ with this serious pest. Fortunately, zinc phosphide­
treated al.'tichoke. bracts ha:ve proven to be effective bait 
foi; voles in artichoke fields. Once registered, th.is 
material, if mic<l properly and in cortjundion with 
chlorophacino11e, wilJ he a key part of an effect resistance 
mrumgement progrntn. 
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