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ABSTRACT: California ground squirrels continue to present a significant problem for many facets of California agriculture. The
use of diphacinone- and c}ﬂorophacinone—u'eated baits remains the most frequent control method for ground squirrels in agricultural
seftings. Research suggests no difference in efficacy between the two bait types or between broadcast and spot baiting strategies or
bait stations. However, these studies were limited in scope and were conducted exclusively on rangeland sites where there i
limited availability of alternate food sources. Sudies also suggest that a reduced baiting stratcgy may be as effective as current label
recommendations, but this has received only Jimited attention in field research. We utilized a new approach in conducting field
evaluations of anticoagulant baiting efficacy in different agricultural settings and locations throughout the state. We solicited
agriculural producers as cooperators 10 participate in a field-based evaluation to determine if the reduced baiting strategies aw
effective under specific agricultural operating conditions. Cooperators Were trained in a simple research design and monitored t0¢
ensure consistent data collection. The training program included a comprehensive manual on squirrel biology, behavior, and
control, as well as information on toxicants and legal measures regarding endangered species. An informal survey was gent 10
cooperators at the end of the project to evaluate their opinions on the efficacy of control methods. We found no difference i

efficacy between baiting methods or strategics. Differences in efficacy were found between chlorophacinone and diphacinone af d

efficacy was lower in nut orchards than in other settings. Despite 1o difference in efficacy between baiting methods, mon

cooperators indicated they would use bait stations than other methods in future ground squirrel control operations.

Ky WORDS: activity index, anticoagulant, bait station, broadcast baiting, California ground squirrel, chlorophacinone,
cooperative regearch, diphacinone, Spermophilus beecheyi, spot baiting
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INTRODUCTION seed spreader, distributed by hand using a bait SPOOLE
The California ground squirrel (Spermophilus placed in bait stations. Research suggests there
beecheyi) has posed a problem for California’s agriculture difference in efficacy between bait strength, bait
industry for many years (Gilson and Salmon 1990, Marsh application method (Baroch 1996, Salmon €t aé s
1998). Ground squirrels damage food crops by However, these studies were limited to rapgela“ ‘
consuming them in the field or caching resources for later  central California that did not provide squirrels W
use (Salmon et al. 2006). Their burrow systems present attractive food resources. L peqie
infrastructure problems and may weaken levees and dams Previous comparisons of bait apphcatlfigd [
(Grinnell and Dixon 1918, Storer 1938, Marsh 1985), suggest that two bait applications, separate® -
contribute to erosion (Longhurst 1957), and create days, is as offective as the label iI}StI'UCUOI‘S'
hazards to livestock (Marsh 1998). In addition, the applications, WO days apart (Whisson
California ground squirrel is a known vector of various 2002a,b). Our objective wWas to expand nPff:
human diseases including bubonic plague (Salmon et al. trials and make the same cornpansomhere
2006). agricultural settings and_enyironments ¥
The most common method for California ground food sources may be available. In?!dd}tlon’
squirrel control in agricultural settings is the application the efficacy of the label application r
of the grain-based anticoagulant baits diphacinone and treatments, tWO days apart, with the ﬂl‘?maﬂi
chlorophacinone (Whisson et al. 2000). These baits are WO treatments, four days apart. Reducin “y
umtlable in two concentrations (0.01% and 0.005% baiting days could decrease pot-‘slma]l seGS‘: of ba
= ns (00170 AW, 0. = in non-target species as well as reduce the &




Sample size needed 1O aLLULLLL UL SAG= e
fie JaTEC ° the overall logistics to complete these
Levious approaches, like those employed by

2002), impractical and cost prohibitive.
the help of agricultural ~producers,
other interested parties (hereafter
me ) to participate in a field-based evaluation
eralOF, fermine if the proposed alternate baiting
et 10 e effective under specific commercial
> With cooperator participation, we
133 to increase sample sizes over previous studies
jude study sites from 10 counties throughout
O addition, we were able to compare efficacy
'ﬁ.om'four different commodities and settings: nuts,
CIOpSs (row crops other than grasses or

| commodities), and non-agricultural areas (i.e.,
golf courses, etc.). For informational purposes, we
ed an informal follow-up survey to evaluate
wer preferences for baiting strategies and contrasted

3

conditions.

those preferences with efficacy data.
MATERIALS AND METHODS
Study Area

" gtudies were conducted on private agricultural land in

Orange, Sacramento, San Benito, San 1aego, »al
Joaquin, Tulare, Yolo, and Ventura Counties (Figure 1).
Field work, conducted by 24 cooperators and 11
Extension farm advisors, took place from late May until
early November 2005.

Training Materials

We compiled information from the current ground
squirrel Best Management Practices project (Salmon et
al. 2003), and previous anticoagulant studies (Salmon ef
al. 2002) to create project manuals and multimedia
presentations for use in training cooperators. The project
manual distributed to cooperators included a summary of
ground squirrel ecology and control methods. Coopera-
tors were trained in rodenticide safety, endangered
species concerns, selecting research sites, mapping
research plots, conducting bait acceptance tests, surveying
squirrel populations, treating sites with anticoagulant
baits, carcass searching and disposal, and collecting and
compiling data. The project workbooks were collected

upon completion of the study.

Flgure 1, California counties containing research plots.
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Figure 2. Mean efficacy grouped by crop type (error bars
';goprasenﬁ standard error).

Table 3. percent efficacy by balt type (active Ingredient).
Bat’ [ Mean%(SE) [ n
Chlorophacinone 94.2 (3.1) 46
Diphaclnone 63.0 (6.0)" 41
*slalistically significant

Table 4. Average amount of balt used (kg) per ha.

Strategy | kgBait(SsE) | n
Broadcast 1,3 9.8 (2.1) 6
Broadcast 1,5 8.1 (2.0) 8
Spot 1.3.5 8.6(3.1) 5
Spot 1.5 6.6 (1.6) 6
Bait Stations 16.1(7.1) 7

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

Of 24 surveys mailed to cooperators, 18 were
completed and returned.  Several cooperators used
multiple baiting strategies, resulting in overlapping totals
in the number of responses. For cooperators using
broadcast baiting (n = 15), 33% felt the method was very
effective, 60% reported the method was somewhat
effective, and 7% said it was not effective. For spot
baiting (n = 12), 50% reported it to be “very effective”,
42% “somewhat effective”, and 8% “not effective”. For
those using bait stations (n = 14), 50% chose “very
effective”, 42% reported the method as “somewhat
effective”, and 7% chose “not effective”. For those who
used broadcast baiting, 38% said they would use the
method in the future, 46% said “maybe”, and 15% said
they would not use this method again. For spot baiting,
66% said “yes” to future use, 11% said “maybe”, and
22% said “no”, For those who used bait stations, 82%
$aid they would use them in the future, and 9% each said

maybe” and “no” to future use of this method.

DIScussioN

. Our ability to involve cooperators in the implementa-
tion of this research allowed us to more fully evaluate the
efficacy of anticoagulant baiting strategies in a variety of
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these differences was significant. Thus, our results were
similar to results from previous studies. The higher
efficacy of bait stations could also be the result of a larger
amount of bait being used for this method. The notice-
able, but statistically insignificant difference between 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, grain crops, and nuts. This result is not surprising,
since in agricultural settings there are multiple food
sources available that may result in less bait consumption.
This was particularly evident in nut orchards, which had
the lowest overall efficacy in this study, thus supporting
anecdotal reports that it is more difficult to control ground
squirrels in nut orchards than in any other agricultural
sefting. It appears that conducting California ground
squirrel control using seed-based baits becomes less
effective when the squirrel’s alternate food source
contains seeds, the naturally preferred food resource for
ground squirrels (Clark 1994, Dochtermann 2005).
Finally, the results for the comparison in baiting strategies
support previous research, which suggests that two
treatments separated by three days (alternate strategy) is
as effective as the current recommendation of three
treatments at two-day intervals (Whisson and Salmon
2002a,b). An increase 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 between 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
toxicants. Previous lab (Whisson et al. 2000) and field
(Salmon et al. 2002) studies have not detected any differ-
ence in efficacy between these two active ingredients.
Due to logistical constraints, we could not achieve a
balanced distribution of the two baits throughout our
geographic range. This resulted in diphacinone being
used primarily in the northern (Colusa, Sacramento, San
Joaquin, and Yolo) and central (Mariposa, San Benito,
and Tulare) counties, with the bulk of the chlorophaci-
none used in the southem counties (San Diego, Orange,
and Ventura). Because there were more cooperators with
nut orchards in the northern and central counties (22) than
southem 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, cooperators indicated that they found spot
baiting and bait stations to be more effective than broad-
cast baiting and were more likely to use the former
methods (primarily bait stations) in future control efforts.
This 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 despite
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the fact that the data showed no difference in efficacy
between baiting ‘methods, cooperators Were more likely to
use bait stations in the future. Given that bait stations are
a common control method, it is possible that cooperator
perceptions of efficacy may be related to previous
experiences (Marsh 1985).

MANAGEMENT IMPLICATIONS

The results of the baiting method comparison suggest
that when attempting to control ground squirrels, one
should choose an appropriate application method based
on local conditions, time constraints, and economic

concerns. Broadcast baiting seems to be best suited for

while bait stations are more adaptable to cluttered or busy
areas or in situations where time is a limiting factor. The
convenience and economical feasibility of spot baiting is
likely dependant upon the level of ground squirrel
infestation and the size of the treatment area. Ground
squirrel control using anticoagulant baits may not be
economically feasible in sparsely infested areas or low-
value crops, where the cost of control might exceed the
damage incurred.

The findings involving spot baiting warrant future
research to determine if the drop in efficacy can be
attributed to palatable alternative food resources (nuts) or
a smaller amount of bait available to squirrels (two
applications instead of three). The crop-type findings
also necessitate further investigation 10 clarify the role of
favorable alternate food sources in ground squirrel
control. Based on this study, we conclude that the
reduced baiting strategy for spot and broadcast baiting is
a viable alternative to current label recommendations in
most situations. However, in nut orchards our results
suggest the availability of a more palatable food source
ikely resulted in reduced bait consumption, and thus
lower efficacy. Further research is required in this arena
to make definitive conclusions.

Overall, we found the use of cooperators 10 assist in
conducting research to be a valuable resource. This
technique allowed us 10 conduct research in multiple
agricultural settings throughout the state of California and
provide valuable information on the efficacy of using
anticoagulant-treated baits in ground squirrel control.
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