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ABS'lllACT: California grnuud squiJTcl!l 1,;0ntiuuc w pt'CStc:nl a significant problem for many facets of Ctlifomia .agfH.;uhur~ The 
use ,1f diplrnci.nonc- mid d1\oroph,tciuoue-treated b3its rnmaim: tbc most frequent c-onlwl method for !,!,n)uncl squirrels in al!;rfruhi:m11 
settings. Resl·arch suggests no ditlercnce in efficacy between th• two bait rypes or bc1wcen brnacloaSI tmd spot baiting Hiratel!ies (.Ir 
bail statior111. Ho~ver, th.ese studies were limitt.-d in scope and were conducted exclusively oo ran~e\and site:-; wbml' then:/~ 
!united availability of ahcruate food source.<;. 'tudies al.so snggcs! th;t! a reduc~d balling strategy.may be a:s ellectivc- m; curn11 label 
recommeadotiorus, but tlus ha.,; received. only limited attention io field research. We utHizoo a new approach in co11..duc1ing. ,field 
evaluations of antkoagulru11 baiting efficacy in diftere1.1t agriculhlral settings and kicalions throughout the :>late. We solidled 
agricultural producen; as cooperalot~ ro parli~ipate in a field-based evaluation to detem1ille if the- reduced bait-mg stralugfes m 
effective. under specific ag.nonlturnl operating couditions. Cooperator:; were trained in a ~imple rcs12.rch design nml monitored w 
eni;ure uonsrntcnl data collct:lion, ll1e training pmgnun tnduded " comprchensiVt: manual on 5quirrcl biology. hehaviur, 1111d 
control, a.i; weli as infommtion on toxim1nl~ and legal rnea...ures rngarding cmiangered speci~. An infonnal survey W3S ~eJil IP 
cooperators at the end of the project to ev.tluate their opimons on the efficacy of control methods. We found no difference· 
efficacy bet\vecn baiting methods or !.trateg1cs. Differences in eflicacy were ft)un.d between chlowpho.clnone aod d-iphad11one llll 
efficacy wa.-. lower in nut orchards than in. other settings. Despite no difference in effiC11Cy between baiting methods, mo 
cooperators indicaled they would use bait stations than other mcllmd,; in future ground t;quirrel control opCCl:l.tions. 

KEY WORDS: itetivity index, anticoagulant. bait stalion, broadcast baiting, California ground squirrel, ch.lorophiu.:inone, 
coopeI11tivc research. dipbncinone, Spermophil1Js beedeyi, 9p0t baiting 

lNTRO0UCTION 
The California ground ~quirrc! (Spennophilus 

/Jeechey i) has pm;ed <1 problem for Califomia.~s agriculture 
industry for many years (Gilson and Salmon 1990, Marsh 
1998). • Grotmd squicrels laniage food crops by 
consuming them .in the field ru cachi.ng resources for later 
use (Salmon f!t al. 2006). Their bun w systems present 
infrdstructun: prohleiru~ and may weaken levees and dams 
(Gri11ncU ,md Dixon 1918, Stnr~.r 1938, Marsh f985), 
contribute to erosjon (Longhurst 1957}, amJ create 
ha11u·d.s to livcslock (Marsh 199'8.). In ·addition, the 
Callfomi,1 ground squirrel is a known vector of various 
humim diseases including bubonic plague (S,tlmon et al. 
2006). 

l11e must cununon method for Caliiomfa ground 
squirrel contml in agricultnraJ settings is the application 
of' U1e grain~bas(;!{] anticoag1!lunt baits diphacinone and 
ch.lorophaeinone (Whisson "'' al. 2000). These baits arc: 
.:rn:iifrthk: in L'Wo ..:onc~utrations ((H)I% nnd 0.005% 

Proc. 22""' Vertebr. Pest Cunt (RM. l"inun llnd J. -.1 . U Bm11• E4 
Puhli~htld Ill liniv.. of C"ii.lJL, Ortvi~. 200{1. I'(). 14~•! 

seed sprc.;1de:r, <listributcd by hand usju 1 a bait SJ)lX~11• 

placed in b, Jt s1ation.s. Re. enrch suggest tl~cre 15 

diJfcrencc mefficacy between bait strength, btH11 1Yf~ 
applie-atroo method (Barod1 1996, Salmo.n el al. ,.1&.'6 
Howeve , these srudies were li.1;nhed :11 nwgdM~ !ii 

central 0.1JiJornfa that did not prov1d squi rrla with 
Httractive food resomces. . . q 

Previ-0us compm-i~ons o~- b,~it applico.11011 'ry 
uggest that two bait apph~1ttons, sepa~tcd f 

tfoys, is as effective: as th· iabel iJ1.S(J1l10tmnd 0 

applications, tw ._ d.1ys ap~1r1 (Whi,t;scm ~;,-io\JI' 
2002a.h)' . ur ol ~ectivt.: was to expand oH P , . • - ~11,al. and make tbe same c rupansuntt . _ $11 

• ,1 .1 • d . {l's w1ic1c-agnc11Jtura.1 settings an env1romne ~-. ~re c.:o 
fi od smtrcel; may be available. ln ?dd_,fimi. ;(c of 
lhe efficacy of t1 c l:abcl appl 1,cauo11 ~te st 
treatments, two clay itt)a:ii., with the .alt:elll•111c 11 
(wo lreatm nts four days apcu1 . Reducmg ,_,..,. . • l •ocor1wu,,•
haitin1~ days could decrease pote1111a ~ ..,., ,lb 
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'J1lt: _la~g~ s;:1d the overall logi:-f ici- lo complete th~e 
.,,, ,y0118110 ' •vicms appmache , like those employed h 

r1111de P.~0 ('{)OZ). im11ractical and cos, prohibitjvc. 
l!Jrlll,n et.;', •1 tho bdp of agriculLurnJ producer·, 
w,. fl--C~ll t:~11(1 othe~ mtcresled par1ies (he.re.-,l:ler 
~,vt1e7rs") 10 paiik:~pate m a t'ield-base<l evaJu~t10n 
~per.it~ detcrmlnc _i'I th proposed _ajtern.a1 c hml1(1g 
~ - ~< ,lft; effecttv •_ Lmdi:r spec1hc . ~<\l11;'nerc1al 
itnrte~,es t:on<litions. W1U1 co pcrator pa111~1pauon. ~1/e 
~ll~r- lO iuor~se sample .sres over previous s1u<l1es 
\\'-.11cl~dc sirnly _sites trmn LO a >Unties throughout
.i. 111 •.1 In ad<l1LH.:i11, we were able to- compare emcacy 
Ciltffr~1~1;' li.iuJ dilforcmi commodities and settings: nut~. 
dat~ l'rups. ~eem (m·w :crops ot1_1er Iban grnsses. or 
r1'11 .01111nodil l • , and 11on-agnculturaJ ,m~as (1.e.,
relalei.: l: I~ • t' t ' I·k· golf~nurse , etc.). ·o m onna ·1una pUll)o.cs, we 
piu,d:~cied an infon!ml f?Uow-up st!rvey to evaluate 
c;ar :vcr preforcDL:t'$ tor ba1tmg tratcg1cs and tontraste.d 
{~~e prcfort:nc.cs with efficacy data. 

MAl'ERJAL .AND METHODS 
smdy Arca _ . . 

Stn<lic were conducted on pn.vate agncultural land m 

Orange. Saorat11e11to, San B~nlto, ,m Diego. :San 
Joaq1.1.i1.11 Tulare, Yolo, and Ventura ountics (Figure I). 
Picld work. conducted by 24 cooperators and 11 
Extension farm advisors, took. place from In.tr May until 
early November 2005. 

Training Materials 
We cmunilcd infonuatmn from the current ground 
sc1uirrcJ Best Management Practices pr(j)Jecl Salmon et 
al. 2003), and previous anticoagulant stud1i.:s (Salmon et 
al. 2002) lo create pmjc:cl manuals and multi.media 
prcsentat10m; for use i11 training cooperators. The projet.i. 
manual djslributcd to coope;;rntors included a sunnnmy of 
gmund squiJTel ecology and control methods. Coopcrn• 
torn were lrmned in rndeHticidc: safety, cmlangf.-red 
species com:ems, selecting research sites, mappi11g 
research plots. conducting bait acceplancc test:-\, surveying 
squin-el popufat.ions, treating sit·es wi.th anticoagul1mt 
baits, carca~s searching and disposal. ,md collecting and 
comJJiling: data. The project workbooks were collected 
upon completion of the study. 

https://Joaquit.11
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Bniting Matcriith 
We provided cooperator~ with bai1 and baiting 

equipment tnoluding Ev-N-Spre;id 3200 seed spreaders 
( ·mtbway P1oducls lnc_. B1istol. IN) 45.4-g bait spoons 
(½-cup). and invcrte<l "T'" bail slations. Prior tu distribu­
tion, we calihrate.d the seed spreaders as described by 
Clark (.1994), wi1b minor modiljcation.s to accommNlak 
the manual band-crank sprcacle~. to distribute bait at the 
label rate of 1 l .4 kg/Im (a selling of "15'' for these 
spreaders). flor spol baitiJ1g, b<tit was distributed accord­
ing to the label al 45.4 g bait scattered over 3.7-4.6 m1 

near active bum,1ws. For spot and btoadcast baiting, two 
strategies were L'tnploye<.i using the 0.0 I%} a.i. diphaci­
none and chlorophacinonc. lbe first str.1lcgy followed 
the lahel insfmctions by performing applications on Days 
J. 3, and 5 for spot baiting and on Days l and 3 for 
broadcast baiting. The alternate strategy was to apply bait 
on Davs J and 5 for both methods. Dait stations were 
fil}c;d ~iih approximately 23 kg of 0,005% a.i. diphaci• 
none or chlorophacinone chcckeJ Jaily. and re-filled as 
needed. We spot baited three plots with clean, untreated 
steam rolled oal g.roais to demonstrate the ovcrnU eflicacy 
of m1ticoagulants and to check for other factors that may 
influence squirrel populations, such as aestivation or 
djsease. All hails were obtamed from the Fresno and 
King's Couruy Agriculture Commissioners. 

Duhl Collection and An»lvsis 
As with the Salmon era/. (2002) llnd Baroch (l 996) 

studies, we used a vis\J::rl activity index adapted from 
Fagcrstonc (l 98J}. Th.is method rcqui[cs five visual 
scans da.ily fo1 three consecutJve days, with the highest 
count for each day nvcragcd over the three-day census 
period. Bec,wsc we felt it im1ppropriate to ask our 
volunteer coopcratorS'. to spend a significant portion of 
their day conducting censuses, we- developed an ahridge<l 
survey met'hod. By ,u)alyzing raw data from the Salmon 
et al. (2002) study, we detenni1.1cd that two scans rm a 
single day prim to the lir.;t treatment and ,'.111other 28 days 
later provided an index that was within 75% of the 
bighesl c.;ounl obtained usii1g lhe foll thrt:c~day census 
method. The abridged metho<l was tested in limited field 
uiaJr,; (Kowah:ki, unpub1. data), and we were wil!Lng to 
aecept tlus margin o-f error in exchange foT the larger 
sample si,r;e and a more "user fiieudly'1 cunsus method. 

Dw-.ing tilt: spring and early summer, the diet of 
California ground squitrcls changes from green, leafy 
material to sei::ds (Marsh 1994). Grain haits should not be 
useJ tmtil this change i11 diet bas oceutTed. fo detennine 
whether ground squin-cls were eating seeds, bait 
acceptance, t.csts w~rc perfonncd. Five small pilc..i:: of 
clean 1mtrealcd squirrel oal.s were placed near five active 
bun-uws throughou1 cad1 tre.itment area (Mahl and 
Salmon 200J) and m:airked with a colored, plastic flag. 
Daits were placed iu the moming and c.;hecked for 
<.:ous111ni)tion in 1he .afternoou of the same day. Rescareh 
plots were considcrctl n...·ady for treatment if ~ 75% of 01c 
bail had bl!t"n cunsumcd. If cooperators could not achieve 
~75% bait m.:ceptnncc aller one day, they were instructed 

- • ·---~ ~i .... ,. •mil IN nn;11n_ Two ~on0<~tor~ 

orchards in San Joaquin l'ountY-
Visual .index count tlata was entered into Microsoft 

Excel (Microsoft Corp.), Percent efficacy (E) was 
calculak.d usi11g the equation: 

E"" ((Prf'-Posl)/pref J( 100% 
where "pre" and "post'' refer lo pn!·ln:atmenl and post. 
trcatlncnl counts, respectively. 

Data W\';re checked for nom1olity u~ing a Chi-•square 
goodness of lit test. Analysis of variance (AN VA) was 
used to compare the amount of bait used for each 
strategy. All other data were analyzed usjng the Krusk.1.IJ. 
Wallace non•parametric tes! for non-uom1ally distributed 
data. Analysis was pcrfonnecl using :IMP IN' 5.J 
statistical software (Sall et al, 2005). Results were 
considered significan1 at (i =0.05. 

l?ollow~Op Survey 
After collecting the data notebooks, an informal 

survey was sent to participauts, In the survey, tbey were 
asked to categorize their impressions of the efficacy of 
the baiting methods they used as l) very effective, ~) 
somewhat effective, or 3) not effective. Next, they were 
asked to indicate whether- they would use these methods 
to control future ground squirrel problems with l yes, 2} 
ma:yoo. and 3) no. 111ese data were collectod for 
i11foan_ational purposes only and no statistical analyses 
were performed. 

RESULTS 
Twenty-four co0J)Ct"ators co11duct€'A.I baiting tria'ls on 

87 plols in l 0 counties. Efficacy tn,11dcd sJightly higher 
for bait: stations and broadcast bailing than fi)r spot baiting 
(fable 1t however this difference was not statistical!Y 
significant lT' "" 03150). No slguHicant difforence 111 

efficacy wa.s detected between the broadcast l, 3: 
broadca ·t 1, 5; spot I, 3, 5; or spot 1, 5 strntegks (P"' 
0.3687), although the spot I, 5 strategy hall 'lhc Jowt:SI 
efficacy (Table 2). . . 

Overall dticacy of anticoagulants was ~1gnrficandY 
low_er in nut ClOIJ~ tb,Ul in gr.1ins, greens. or m non·: 
settmgs (P = 0.0004, F1gun: 2). OvcralJ e~cnc:)' ~ 
higher for chlorophaci.none than for diphl)crnonc $• 
0.0001 , ! able 3).. Our limit~ co1_1tml plo~s ;h~wOi 
overall mcrcaso m the a(.~11v1ty mdc~ (l ··t 
ANOVA showed no difference iu the amount of b3l 
in each baiting strategy (P •"" 0.4792), a1tbou~h mori 

Table 1. Percent efficacy by baiting method, 

M~hod 

overall Broadcast 

Over~II Spot 

Bait Stahons 

Mean¾ SEL 

Table 2. Percent effiCc11cy by baiting stralem'• 

- ----.- -------Strat Mean o/o SE 

Broadcast 1,3 83..3 '8,3) __ 

-~road~! '1,5 80.1 7.2) 
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Table 4. Average amount of bait used (kg) per ha. 

atrateiw Kg Balt(SE) n 

Broadcast 1 3 9.8 (2.1) 6 
Broadcast 1,5 8.1 (2.0) 8 
Soot 1,3,5 8.6 (3 .1) 5 
Soot 1,5 6.6(1 .6) 6 
Bait Stations 16.1 (7.1 l 7 

24 23 21 

Nuts 
24 

Grain Green Non 

Crop Type 

2 Mean efficacy grouped by crop type (error bars 
flgUl"9 • )repre•nl 1 standard error • 

Table 3. Percent efficacy by bait type (active Ingredient). 
BaltT - MeIm % SE n 

94.2 3.11 46 
63.0 6.0)" 41 

•slllUsfically s[gntt!cant 

was used in bait station plots than in any other method 
(Table 4). 

Of 24 surveys mailed to t:oopenilors, 18 were 
completed and returned. Several cooperators used 
multiple baiting stratebries, resulting in overlapping totals 
in the number of response:.-. For cooperaturs using 
broadcast baiting (11 = 15), 33% felt the method was very 
effective, 60% reported the method was somewhat 
effective, and 7% said it was not effective. For spot 
bailing (n = 12) 50% reported il to be "very effective", 
42% "somewhat effectjve", and 8% "not effective''. For 
those using bail station." (n = 14), 50% chose "very 
effective' ', 42¾ reported the method as "somewhat 
effective", and 7% chose "not effective". For those wbo 
used broadcast baiting, 38% said they would use tJ1e 
method in the ·future, 46% said 'maybe", and 15% said 
they would not use this method again. For spot baiting, 
66% said 'yes" to foun-e use, 11 % said "maybe", and 
22% said "no". For those who used bail. sla1ions, 82% 
said they would use them in the fot:ure, and 9% each said 
"tnaybc" and "no" to future use of Lhis method. 

DISCUSSION 
. Our ability to involve cooperators in the implementa­

tion of this research .iUowed us to more folly evaluate the 
efficacy of amicoagulaut baiting strategies in a variety of 

.L.LJ.Vll "'" ol'-"V\ L I'..,_. L_J u•J I ,.,. '-"'11............ L,L ... I v• Ut''-" ~ ..............................c:,, .&.&'-'&.&- ..._.. -

these differences was significant. Thus, our results were 
similar to results from previous studies. The higher 
efficacy ofbait stations could alsQ be the result of a larger 
amount of bait being used for this method. The notice­
able, but statistically insignificant difference bet\veen the 
spot 1, 3, 5 and spot 1, 5 suggests there might be factors 
affecting the efficacies of these baiting strategies, but 
without further research they cannot be fully evaluated. 

Overall, the highest efficacy for anticoagulant baits 
was seen in non-crop settings. Our data suggest that 
control efficacy decreases from non~crop settings, to row 
crops, grajn crops, and outs. This resull js rn1t surprising, 
since in agrioulturnl settings there are multiple food 
sources avai1able thal may result in less bait consun1ption. 
Titls was particularly evident in nut orchards, which had 
the lowest QVerall efficacy in this study, thus supporting 
anecdotal reports that it is morn di f11 u1t 111 ~ont rol grQu1 Kl 
squi!Tels in nut orchards thm1 in any other agriculL1u11J 
setting. It appears that conducting California ground 
squin·el control using seed-hased baits becomes less 
effective when the squ.irrel 's alternate food source 
contains seeds, the naturnlly prefe1rnd rood resource for 
groulld squi.rrels (Clark 1994. Dochtermann 2005). 
Fin.ally, the results for the comparison i11 baiting. strategies 
support previous research, which sugge!:>ls that two 
treatments separated by lhree days (alternate strategy) is 
as effective as the current recommendation of three 
treatments at two-day intervals (Whisson and Salmon 
2002a,b). An increasl! in the population index on our 
non-treated plots helped confirm that decreases on treated 
plots were the result of treatment with anticoagulant baits 
rather than other factors, such as aestivation or disease. 

The difference in efficacy bet\veen chlorophacinone 
and diphacinone is somewhat surprising. It is probable 
that this difference is a result of a confounded experimen­
tal design, and not true difference in the efficacy of the 
toxic.ants. Previous lab (Whisson et al. 2000) and field 
(Salmon et al. 2002) studies have not detected any differ­
ence in efficacy bet wee 1 these two active ingredients. 
Due lo logistical co11.c:trnrnts, we could not achieve a 
balanced dL,;tribution of the two baits throughout om 
geographic range. ]11is rest1lted in diphacinone being 
used primariJy in the n011her,n (C >lllsn. Sacramen(u, San 
Joaquin. and Yo lo) c1nd centra I ( M a1 ipos<1. ,'an B • nilo, 
,md Tt1lare) counti<:Js, with the hulk of' the chlorophaci­
none used in the sou1hern counties (San ll ie.go, Orange. 
and Ventura). Because there were more cooperators with 
nut orchards in the northern and central counties (22} than 
southern counties (3), more diphacinone was used in nut 
orchards, where there was lower overall efficacy. 

While evaluating the survey data, we found an 
interesting discrepancy: although we found no differences 
in efficacy among the broadcast, spot, and bait station 
methods, coopera1ors 111dirnted that they found spot 
bailing aJ!Cl bait slati(ins to be more effective than broad­
cast baiting and were more likely to use the former 
methods (primarily bait stations) in fuun-e control efforts. 
Titls is interesting in light of the fact that the cooperators 
were directly involved in collecting efficacy data. 
Overall, more bait was used in bait stations, and dl!spite 
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thl· fact that t.he datn showed no difforencc in efficacy 
bctweeu baiting methods, ooopcrn!cll'S were mor(' likely to 
use bait .~tations in the furure. Given !hat bait staltons ..u-e 
a common control method, it is possible that cooperator 
pcrceptiorn 0f elltcaoy may he rclaled ln previous 
expcrienc<::s (Marsh 198)). 

~lAN AGRMl<:NT JMPLICATIONS 
"fllC re~mits of !ht: baiting method uomparison SlJggest 

that when aticmpti11g to control gr uod squim:ls, one 
should choose an appropriate application method based 
on local conditions, time constraints, and e.conomic 
concerns. Bn.iadcas1 baiting seems to be best suited for 
larger. open <1reas and 111ay cost less on a per~lw basis 
wl1ile bait stations are more adaptable to cluttered or busy 
areas or in situations where time is a limiting factor. TI1e 
convenience and economical /€.1.sibilily of spot baiting is 
likely dependant upon the level of grOlmd squirrel 
infestation aml 1J1e :;izc of the treatmen1 area. Uround 
squirrel co;1trol using m1ticoagu.lau! baits may not be 
e.connmicaUy foasihle in sparsely iufcsted areas or low­
value crops, where the c()st of control might exceed I.he 
d:·1.mage incurred. 

The findrngs involving spot baiting warrant future 
resean;h to determine if the drop in efficacy can be 
attribute.ti to palatable alteniative food resources (nuts) or 
a smaller amouu1 of bait available to squirrels (two 
applications instead of three). The crop-type findings 
also ucccssitatc further investigation to darif}· the role of 
favornblc aJternatc fi od sources in E,'found squirrel 
control. Based on this study, we conclude that the 
reduct:d baiting strategy for spot and broadcast baiting is 
a vi,1ble alternative to current labd recommendations in 
most si!11ati()J1S. However, in nut orchards our results 
:;uggest the availability of a 01ore palatable food source 
likely rL->SUlkd in reduced ba.it consump1ion, and thus 
low~r effo.:.al:-y, fu11lwr .res ard1 is required in this arena 
to make defmitive tooulusions. 

O\o•erall we found the use of cooperators to assist in 
cunducting researcb to he a valuable resow·ce. This 
t.echnjque allowed us to conduct re. earch in multiple 
agricltliuml ·ettings throughout the state of California and 
provi<lc valuable inlbrmation. on the efficacy of using 
an1,icoagula11t-trcated bails in ground squiirel con!rol. 
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