
--- - --

1

,

1

Evaluation of Inilgat'ion Valve, Boxes as. Underground Bait Stations for 
Calilfo1rnia Ground Squirrel Control 

Tracy Ellis,. Ten-ell P. SalJD.on and.Cheryl' Wilen 
Umversily ofCalifornia Cooperatfve Extension, San Diego County,,San Diego, C.aliforn.ia 

AHSTIU.. ~r; •rf1t:, ,uu,icmlgiwlanw, ci.ikn nph::miJ1onc aud diphat im,1~; are 1'l.'~1slL"r,.;d in ( ·;i liJ, ,mm tc, {M l ti:, ,I g 1ound squ !m·ls. Since 
n tu l1,~1[1r, fce<fii,111,s on IJ1c~. antieoag_ulan11' ari,;; twces~LLry. bait s!Jtltons. arc u.tlcn u s1!d Sc-.vcl'al h.1,ir .'!-fat1\ 11,1' i\!:~igns I1avc h~n 
~uggpaed und u~ed to rerhret: tatn{fleriiig am.I ak<;o fQ minimize trn~l' l!Xpo.o;,ir • In umH.1rrgel' ,rnu;n11'l~.. 1''11k-1,1,1ial opttou;; Ii'> H:dun:d 
CX(\KlSliln.::risk s(taflilg_ie1;-an!- tn use rn 1mxlifi:cdLT bait slatin1. u1,1dergn.iuHcJI bail st~ion. llt' 1·1,1-\'mm1,w h,11ti11g. llu!- su1clv l'valnalcd Uie 

hdm\lJ0!f of gtrotmd,squi.n'ds \t!ilh rugru:d to 111..mlifie[l'-T rmd1itflde rgrou;Hdi baii sta!imu cm,npancd IP !I'll' sJamlar<l-T ba il statIrn1 that is 
rnmHll~r,dy 11:,,:,:.l for ,g,n>m1d squia,d m 111n,L 

KEY Woos: bait stations, baiting sttategies, behavior, burrows, C&lifomia,groW1d !ICJUmel. food habits, rodent control, 
Spennop/Wus heed,.eyi, surveillance, underground bait stations, video 

Proc. .22• vcrtebr. Pnt Conr. (RM. Timm andJ. M. O'Brien, Edi,) 
hbllahm at Unh'. of Calif., Da\'fs, 2006. Pp. 148-150. 

lNTH.ODlfJCTION 
Tile. Ca\iflm:~ia gp·nmdl squu,rd SjJ1.:.rmi1,JJln'ht~i f>eeche_yi 

is iu<lig-eJ<mus: k) tbc oak -sa•Mrn~•alhi gµtssla.mJis., H i.st'O[li1-
L"ally, sq1uiirn1d compeHl'.con rw fooo and' 111.eirr C:X.I C,JrU:;i•n: 

\,1urrow:,;; crcaK-d co~1flid with caltk· grni-11ng. Grnurn\, 
squilird:,.' a1lso, im,l\abi!, agricutlrnal: and ot.l!ier devel'oped 
l,:1,ud and are:: destrudt\Jc; to many crops,, esipec~ally fu1i1l 
aucl 11\l..1t, on:,fmnl's, ini •ul im1sys~ems. and othc, strl!l'Ct\1.1:re:s 

{Marnlh l,l 78, 199'8') . (Jir0u11i:fl squ ~.rircll hu-rrows arc tspe­
d.aiity lt ubl'e::-.mne because. 1bey cause, snil t:ro:iou 
(torn ·•l111.1n;I I()5,1) and dam·.i_g,c aqueduct:,: ;uc1d' le1Jee.s. 
SqHi:u:ds1 nl.hm inhahil n:cnea1iom1l andl pi(~kfi:C ;ireas wh~i;c 
ll1ey am the bos(I lor lhlC n1iJ.ai"liC-~I1Wcd. O'c..::1 life- cydc, 
w.ltid1, f\l~lt}: , r,j::;,i10~ at risk foJi Ith.iii;. dmdly <luscase (Sah1r1.1,1u 
I lJ~'l, Man;h I ~1,8,Z M~tan1)w1 and 1Dohrolff11'.>[Q-va, '.W~16)< 

·n,1.: anti.coagwikl'1lt:i, ehfoH1fJhitCl\11011e aud dir;,h;jcfamne: 
are, 1egistered in Ca1Hfomiia ll)I conl,ro~ g,Lmmcl ·quinds-, 
'Uht:)I'arc. a!iJpl ie<l.l>.y a·gr.b1,l11u al,npmatj@ns, v~ct.!Dr rn,11ti.ro!1 
a,~ncie-s., anti, t")tben; Lo tont1· !: ground stiuurrds e::aus,ing_1 

,j~J!l/,,'1/Jltuii<1l anril srructur:a! da1111a~c or pos~ng. puM~l'c- heaJtl,1 
ri·sk.s,, A11l,iicoag~1,1:.Jn1S', are v11tau"llil K antag ,mists: fl'lat 
affect er1zyme$ ~1ece:'lsmy fo1r fon.nfag 61om1 cl'o1ti1;1g 
fodo.n;. This,¥cads to :,;;yrmptt:1ms f~f cnpi~lhry ~vama!\:e aml 
iuteruai 1\emol(rha,gill 0 (l'hsl,1~va I:995 , Ware 200Ll)., 
'cner.:1Hy. treedtHg 01m autkoagu·kmtJ- o'l!er several day~. is 

r~11uii:ed1 [rn1· t,he ba if to be e:-1:IeCc:l'ive. 
SuppJ1y11:1ig confo1uot1Si ac.:ces~' h) 3:lll'icoai:,,ulan~ baits 

\:an b(.· doue- by Jill.aeing haih in a bair ruswmu:er. i. . bait 
st,ftinn. Tl111: a!X)'•,.1e.~rou~1(~ &tan,~·ard--T' bai~sla1iml ff igt:irc 
I') is. 111..- mosrl Ct)Ulil'tola stmiou usei:..I fht· California grouiudi 
,t'j!ltivrdl co1111<1!l (SaJma111. 1198 t, Marsh l 9-94). I.Jnfolilo­
na!dy, t/,1e,9c s.mtrousi can me.cOJ,l!l'e tl tairget ~lf lat1,1pe1int.\\ 
witcu used ~11, pufotic area,L This. can !1eaid. ta spmedl hui1., 
\Vhid1 is, a hJi:&,cl to, d(;;g:-;. dm1,1es~'ic'ate<l aminrnL i hirclls-,, 
and othc-,1.- wild'Hfo. /'l.111d, -1 d'esti-o,yed t1aii :-;ta.~i n 111,11/"AUls, 
thte. <.1mln1l prog,nn ~s nn !longer elfedci:ve,. 

St~IJ ,-. <11h bait- slat i'-'!n designs Ll..we, hec.n s-1rl:(g_e~tcd and 
i,ised to, rt~hurce ~ampc rri1ng and also lo miti.1iuuzc bait 
e.i,posun:- (o nor1,-targc( a.uiro1als-. For CJ1mtnp!e, l'o r,n·cven! 
use y <.!ndanger~ kangaroo,[al m1ti kit fo,x., a m di,Hcd-T 
h;111:t st.itinu (Fi@-tre 2:) was deve-D.nped andi is1 miw accepted 

for use i.tt the tiangc t iftlK":'i •' t".n<lang1.·rcd spl' ·ics (Whisson 
t ')9Q1). A.11 umlergn__1u111d1 r,av,t station l1as bet:11 described 
J,lrmt, would' <..'flfl,l'<lll11i1ag; • ~f 1r~,n11public vlew (Maish J995). 
This slat lit.1,u uses·a burn.:d J1r,t1:gafa)Jl valvt: bm with lwo I 
lti 2"1m• (3 !,1l (-, .. IH1-!1llll !J,, 7 .':- f (l l'0-•nn"dimnetei n to 4-in) 
com1gat.ed fl.exihk ,!1iaii1r1 ~iipe~ ,1.ttaeht'd (F1g11re J ). The 
vulve [mx ,utd draih I ~f!CS- ar,r,: ~d umkrg,-.1und and burietl, 
with the fol or UR" \lnlve, bex and lhe e'tlds nC lhe dr.t,in 
pir,cs: t!Xpose-d al the: soiI kvcl. Thr sl ation r.~ serviced 
!lu:ough !he ti<l by placini; 1he hai,t in a bowl or !my at the 
bnt11mn of 1h..:: vatw llo). . Sim:c: this is sitting 011 soil, a 
I.ayer ofgn1vcl can he m:ed I , reduce lll!)isture ex~1osure. 

Lit1fc.data, art· nvailahik cm admtl use of hail iilatiOM 
by sttuin-el;. In leshMg_ ihe rn<1<lificd or stamlurd T ooit 
s(ations, srq,uutrds beg'al1, to 11ise them from I tt1 6 _da}"S 
after tbey were pb~:.e:d ~J~ tk~ t>:nVumu11mt (Wlu~SOII 
1999'), J,itl!le m, i10 work Im~ lK'CII reporh:d on squ~ 
us~ or orher kincl-; ar bail si.aH011~. TI,is report Jcscrib11 

;,mJ i.:01:111parc-s: grotrndi ~t111irrel use of' suin~d-T1 

Bl\Td i.fied'-"C,il'l 1d tmdk:rgn1tw1d bait st.ii ions 

u ,~tfcq~rnund B:111it ~al i101~ Ul1,C' _ f nd 
Tc piin -tddit'i na.11in,s,i dH mt1.1 !lie _usc ~l ~\cct. 

b,iit s.l.aJi l!S, ~mutl\crr r ,'in t~ j,llS' scrup m_a •'At !bll 
11:cr } ar:c;:i h1 'llalll I C'.entmr:. C:11ifonua. 
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squirrel burrows were associated with rock outcroppings 
in and adjacent to a dryland oat field. Underground bait 
stations and modified-T bait stations were set in pairs and 
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Figure 1. Aboveground standard-T bait station, 
constructed of PVC pipe. 
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The bait ..-volr need onlyOl-3nlllllu~t>I, 
be 18-ln high, sufflci1mt lo<l'lr.1.-ap [ 

. hojd 3 to 5 pounds or belt /~ 
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Figura 2. Modified-T bait station, used to prevent entry by 

certain endangered species. 

Ftu~ 3. Underground bait station, made with a typical 
Ut1ed irrigation valve box and corrugated drain pipe. 

obsl!IVed using oat consumption. Squirrel use was also 
monitored in the underground bait stations using the 
Quad Sentinel Video System (Sandpiper Technologies, 
Manteca, CA). 'lbc timing and duration of the squirrel 
visitation in the underground station was determined from 
video recordings. 

RESULTS 
Choice-Test 

During the initial exposure period, ground squirrels 
visited the standard-T hait stations and underground bait 
stations 5 to 7 days after placement, compared to 9 to 12 
days for the modified-T bait station (Table 1). All 4 of 
the standard-T bait stations, 2 of the widergrounds, and 3 
of the modified-T bait stations were visited during the 12-
day test period. One of the modified-T bait stations was 
never visited during the course of the study. During the 
12-day study, the total amowit of oats com;urned was 
greatest for the standard-T bait stations (13.6 kg; 30 lbs), 
followed by the underground stations (11.3 kg; 25 lbs). 
The modified-T bait had the least an1ount of oats 
consumed (2.7 kg; 6 lbs) during the 12-day study (Table 
I). 
• Two months after the initial 12-day test, 

chlorophacinone-treated oats were placed in the bait 
stations. All 3 bait station types were visited by Day 3. 
On Day 5, squirrels stopped visiting the modified-T bait 
station. By Day 9, no bait was heing consumed at any 
station (Table 2). During the course of the test with 
chlomphacinone-treated oats, the greatest consumption 
occurred from the standard-T bait station al 4.7 kg (10.5 
lbs), while the w1derground bait station had 3.9 kg (8.7 
lbs.) and the modified-T bait station had 1.2 kg (2.6 lbs) 
taken (Table 2). 

UndC'rground Bait Station Use 
Total consumption of clean oats during July­

Septen1ber at underground compared to modified-T bait 
stations was ahnost equal over time at 65.3 kg (144 lbs) 
and 69.4 kg (153 lbs) respectively. The average length of 
visits to the undcrgmwid stations peaked between 12 PM 
and 4 PM at 1.5-1.6 minutes per visit. The most activity 
at the bait station in tenns of total nun1ber of visits to the 
bait station occurred between IO AM and 3 PM. An 
overall increase in the total time spent each day in 4 
underground hait stations occurred during the course of 
the study, maximum being 468 minutes. 

DISCUSSION 
Califomia grow1d squirrels used all 3 bait station types 

although there were differences in visitation and overall 
use. Squirrels did not accept the modified-T bait station 
as quickly as the other 2 types of bait stations; however, 
once conditioned, the squin·els took bait readily from all 
station types. "fl1is suggests there may be a longer 
acceptance interval when using other types of bait stations 
compared to the standard-T hait station. but eventually, 
the stations will be used. When offered a choice, the 
squirrels consumed 4-5 times more bait from the 
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Table 1. Toi.al con5umption of c;laen oals from standard,T bi!llt, modlfted-T bait, and underground bait etatJon11 when 
Callfomie ground sQuirrels were offerert a choice. 

Total rol~ 0.1t& consumed (kQ 

Standard-T bait .Station 
Mocfffie(l-T ba!t S(alion 
Uncter~mwd bait StaUon 

N 

4 
4 
4 

10-Aug J 12-Aug 

setup 0 
setup 0 
<;tJ!llP 0 

15-Aug 

0 
0 
0 

17-Aug 

4,5 
Q, 

2.3 

19-Aug 22-Aug 1f otel 
-·- --4.5 4.5 13.6 

0 ! 2.7 2.7 
4.5 4,5 H.3- -

Table 2. Total consumption of 0.005% chlorophaclnonQ•treated oats from standard-T bait, modlfled-T b21Jt, and 
unde,ground bait stations when Callfomla yround squirrels were offored a choice 

1 Total 0.005% chJoroohaclnane-treated oats consumed (kg) 

OS-Oct 7-0d 8-0ct' 1G-Oct 11-0d 14-0c:t Totall N -·- -· setup 0.4 0.9 3.4 0 0 4.7;;i!aridaro-T Lm11 Sta1k,n i 4 -seh1p 0.3 0.9 0 0 0 1.2 
t1nos,·91·0•.•1d ball Sta\1011 l 4 
MO<llfied-T ball Sliltk.1r, I 4 

2,6 setup 0.9 3.9--OA 0 0 

standard-T bJil station <.;Otnparcd 10 the rnodified-T. yel ACKNOWLEDGEMENTS 
only 201% less from the underground than lhl' sumd<\rd-T funding uwllCual by C'&llfomia Dcpar!mi:nt of Agncultlft 
in the choice lest. When !here was no tandard-T bait Vert1:hmte P~~l R~ilcl'.lrCh /\dvisrny Committe(' (CDFA. C'omnict 04,. 
station offere-0, such as in the vidr...·o-lapmg study and the 04U2) This !lff~e<.·1 111a~ oondw.:10:I w1u«:r Ul • Dav•~ J\nim11I C;in: and 
observations of bai1 stations were made ov~r a longer Ua: Cornm1Uce protocol #11757, approved Junu 2, 20U5. Spa 
period of time, there was 110 difference in nverall bait thankl to the Sl.llldcrland fomily of Valley Center, C':iilforma for 
consumption hctween the nwdificd-1 hail aud lhl' allowing us to usr lht,ir farm ae II r~ locabon. 
underground bail station li1e w1dcrgrmmd bait station 
~ave satis.factqry perform,111<.;P- in thi:,; lest. LfrERA'fiJRE CITED 

Selection of bait station type is based on several 0lZNANOV, ., ANON. D Oo!lKOKM TOVA . 2006. , penmen-
fnctorii including (.;Ost. e.a:.c of c.:mt_~t11.1ction, non-target ial i11foc1ior1 of ground ~,1uurcli,; ((,itellw· pvgm 1c11s Pnllat) 
species ri ·ks, and p m:n!ial of lmnpcnng by people or with hrsiriia p11st&, dunng. hibernation. J. lnfet:lll)ll. 54; 
domestic .iml wild nnimals. Both tlie ml)(/ified and the 198-203. 
wldergrow1d bail station.<. were difficult 10 servu:e c1fier LoNGMURST, W. M. J957. A history of squirrel burrow idJ 
r.ain events. Wate1 ooHc'l:teJ m the anns of the rnodified­ fonnation in relation to grazing. J. Range Mnnagc. J0:10 
T and wnter drained mto 1h1.: underground bait station.<,, 184. 
leading to bait spoilage. Thi:,;i.: stations could be difficult MARSII, R.E. 1978. Grnund !lqUim!::1, a p~l t almond 
tf) m.iinfain u1 in igatcri areas because of this issue. g.rowera. U1Livera1ty of California Educatioruil U.a.11do~ 
Pocket gophe1. a<etr 1ty wm, uh~cr <-'.d awunc\ the Pomology Shor! Course. 1i pp. 
widergrmwd bai'l ~tations, and black widow :,pjdcrs were MAR.SH, R n. 1982. Ground ~quirreh,. rrnine dop °" 
frC(1uently ohscrvc<l on the rn1Jers1dc of lhc:: irrig:.uio11- m1mnots Elli pests 011 cangeland. Pp. 1()5. J()S in: po 
vulvc ho:t coveJ. Thcs1.: fadon: sbould be umsidere<l Otgilllt7.ation on.J P1m.:(1C(· of Vortt:b~tc r..:'lt control. 

when selecting the type of stalion used. Ln ~dchti,10, 12 or l'l,1111 Prot~cuo11 Orv1si()n, 1-imup hire, ·nglaod. ·-
more dayi. may be ll<--Ce:.~ary befon: hail stations arc w,c<l. MA 11, R. E. 1_99,4: ( 'un:enl { J{}lJIJ) ground ; 1wn-el, '\.a. 

W1uk thi, stuJy d~1-;cribes :.ome dilJetences in batt p, c.1rc1:: m Cahfonua. Pro~. Vcrtcbr. I c111 C 11!. 16,~ 
!>lc1tion w;ie by grotmd :;quirrels, thl! expt.:rimcnlal de.sign M/\RSIJ, R. &. 199S. lnstrUGhOUS (or muk~1g m~ luKUl;...& 
makl~s delaik.d uo111pu11son diflkuh. It does not address r :>dent bail station. University of ahf. rnta cdu 
the degree of hail :,;lahot1 use hy a p1)pulnt1011 of squirrels. har.idoul. '.l pp. rtfll 
Our prevwus work suggests sornc squirrels may never MAR.sH, R. E. I<,l!,)8, llhl rical revmw d grm111d -~,,~~ ~­
usl! bail stations. Ilow~ver, we bdievc tha1 tlus study d11magt· iu 'aliJomia, J'i t. Bkidt·ll'r. B1odegr;1tl 4,...9 

docs support thei e condus1011s: SAi MON, T. P. 19RI. 01111 llin , grou,id i;quuTC~ 

l) Squirrels will take some time before they enlcr stmcmrcs, gardens an I :;mall fom1s, !dui.:auo~ll.ct# 
and use bail stations. "Jnis could truce 12 or more 21179. Div, of Agnc11_luiral Sci1mce~ LIIII\ 1r.,_ 
dav,. l ,1l1f mm • 1wrn11ve 1cnf:i n, er c/cJ ' , /1. 

2) Sq.uirreb wiB becume a1.:custum to bait stations TASHfvA, M. lW 'i,. Antfoo.agu lani ro<lc11ri~}d~;~ • 
and use the111 nKirt rnpidly if the station has bet.'11 mental Hi,;alth 'nten , 17 . World f-JeuJui 
Ull-Sll-e. Je1icva.. . .Sw it2crl:md. I t}9 pp. . . 'Jl}C: 

?.) Placin~ 1.:ban grain i11 a slntino 11ay !cud to faster W"Rt, G. W. 2000. Rodentkidt::1>'. ,h 7 111 ' Cf\, 
acccpt,Ulcc or the stn1to11 by '-tJUl!Tds. Oook, 5,i, ·d. ·1 H'im -on l'ubll mi<m-.:, ·r_·:mO: (or 

4) Making 1he slau >ll harder to get into (su1.:b as the W111qsoN, A , I Qt)l) Mr><l1fi~d hail ~,umin~ j1II 
modifb.1-1'} may lead to in<.;n;ased tinn: gr tmd sqmrrul oontr l in ~mfangen·d k(ui, 
ne.c,:,;s2uy kll' uotial use and possibly !es:­ ildl. ~l>i:. Bull. 27: 172-17 7 
··~..~.'"""'ti/,,, nvi-r.ill. 
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