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Abstract: Roof rats (Rattus rattus) are common pests of tree fruit and nut orchards in California.
Tracking tunnels are an effective and practical tool for monitoring changes in roof rat numbers
in orchard systems, but they rely on the use of attractive baits to draw in rats to the tracking
surface. The identification of baits that are both attractive and readily available would be of great
assistance for monitoring changes in roof rat numbers within agricultural fields. Therefore, we tested
the attractiveness of a soft bait (Liphatech Rat and Mouse AttractantTM), a wax block (Liphatech
NoToxTM), peanut butter, and a control (i.e., no bait applied) to roof rats when applied within tracking
tunnels. We did not observe a difference in visitation to any of the tested attractants, although all
attractants yielded greater visitation rates than control tunnels. However, tracking tunnels without
any attractant were still visited at a relatively high rate, indicating the tracking tunnel is attractive to
roof rats. As such, monitoring tools that provide shelter may increase detectability, although this
would need to be verified. Regardless, all three food-based lures we tested increased the attractiveness
of tracking tunnels and could be used to increase visitation to these monitoring devices.
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1. Introduction

Exotic, invasive mammals and birds result in approximately US$46 billion in damage
and associated control costs annually in the U.S., with rat damage and control constituting
more than half of this amount (US$27 billion annually) [1]. Roof rats (Rattus rattus) are a par-
ticularly destructive rat species. Their presence can substantially affect native ecosystems
and agriculture due to their adaptability and high reproductive outputs, and they carry
many diseases and parasites that are of substantial concern to native wildlife, humans, and
domestic animals [2–5]. Roof rats can be particularly damaging in tree fruit and nut crops
through the direct consumption of fruits and nuts, through girdling of branches leading to
branch mortality, by chewing on irrigation lines and microsprinklers, and through food
safety concerns associated with fecal contamination [5–8]. Efficacious and cost-effective
strategies are needed to reduce damage from this invasive species.

Current tools for managing roof rats include toxicants, fumigants, traps, exclusion,
repellents, fertility control, and habitat management, among others [9]. Understanding
when to implement these management tools relies largely on the ability to track changes in
roof rat activity over time. Furthermore, our ability to determine the efficacy of a given
management strategy requires the use of a monitoring tool to assess roof rat activity before
and after treatment. Common monitoring strategies for roof rats include chewing indices
(e.g., chew cards and wax blocks), snap and live trapping, remote-triggered cameras, and
tracking tunnels [10–13]. Although tracking tunnels are not used to assess densities of
rodents, they are still quite useful as a monitoring tool given their ease of operation and
the fact that they require the user to only determine presence or absence within a given
tunnel. These are both important attributes if farmers and pest control professionals are
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going to implement such a monitoring approach. However, the effectiveness of tracking
tunnels will depend at least in part on the use of bait that is highly attractive to roof rats to
ensure high visitation rates, yet is easily obtainable by the applicator.

One common approach is to use non-toxic commercial attractants to determine
changes in rodent activity. For example, non-toxic wax blocks have been used to monitor
changes in rodent numbers either through their use as a chewing index [10,14] or as an
attractant to other monitoring tools (e.g., remote-triggered cameras) [12]. Non-toxic sachets
of soft bait are increasingly used to monitor rat abundance in commensal settings [15],
and they may be an effective attractant in agricultural fields as well. Alternatively, peanut
butter is a common bait used to attract many rodent species, including roof rats [13,16],
in part due to its high fat content [17]. All three of these potential attractants are readily
available and easy to implement for farmers, pest control professionals, and researchers,
thereby making them convenient candidates for monitoring roof rats in orchards. Therefore,
we established a replicated trial using a commercial non-toxic wax monitoring block, a
commercial non-toxic soft bait, and peanut butter to determine which of these baits proved
most attractive for roof rats in citrus orchards when used within tracking tunnels.

2. Materials and Methods

We conducted this study across six different sites (three in lemons, two in oranges, and
one in a mixture of lemons and oranges) in Tulare and Kern counties, California, USA, from
January through April 2021. Fruit and leaves are on the trees year-round, so we anticipate
our results will reflect roof rat responses to the tested attractants throughout the year. At
each site, we established a 385-m × 385-m plot. Within each plot, we placed corrugated
plastic tracking tunnels (60 cm × 15 cm × 13 cm, Pest Control Research LP, Christchurch,
NZ) following a 10 × 10 grid structure (n = 100 total tracking tunnels) with each tunnel
location separated by approximately 35 m (Figure 1), although for one site, we were only
able to place six tracking tunnels in the last line due to that line intersecting a parking area
for field personnel (n = 96 tracking tunnels). We placed the first tracking tunnel for each
line approximately 35 m from the outside perimeter of each plot to reduce any edge effect.
One of three attractants (NoToxTM wax blocks (Liphatech, Inc., Milwaukee, WI, USA), Rat
and Mouse AttractantTM soft baits (Liphatech, Inc., Milwaukee, WI, USA), and Jif® creamy
peanut butter (The JM Smucker Company, Orrville, OH, USA); hereafter referred to as
wax blocks, soft baits, and peanut butter, respectively) or a control (i.e., no attractant) were
assigned to each tracking tunnel location following a stratified random sampling approach
where each attractant or control option was cycled through (see Figure 1 for an example
of the plot layout). This resulted in 25 of each attractant type being used per field site,
except for the one site where we had a truncated final line. For this site, we replicated
each attractant across 24 tracking tunnels. We randomly selected a different order for the
attractants at each site to reduce the likelihood that the location within the orchards had an
impact on visitation by roof rats.

For each tracking tunnel, we applied ink at the center of a tracking card designed to
stain the roof rat’s paws when it walked through the tunnel. For the first field site, we
placed attractants in the center of the inkpad, and then placed the cards into the tunnel.
However, when checking the tracking tunnels at the end of the trial period, we occasionally
found that the wax blocks and soft baits would be missing without any footprints left on
the tracking card. We were unsure if this was because the attractant slid out of the tunnel
or if it was due to a roof rat removing the bait without leaving footprints. To reduce the
likelihood of attractants disappearing in future trial periods, we impaled the bottom of
the tracking tunnels and tracking cards with Grip Rite #12 × 3.18 cm metal, square-cap,
roofing nails (Prime Source Building Products, Inc., Irving, TX, USA). We then impaled the
wax blocks or soft baits on these nails. This modification was effective at keeping these
attractants from disappearing at the final 5 trial sites. We did not use the nails in the peanut
butter or control tracking tunnels. Because we were uncertain if missing attractants from
the first plot were due to animal removal or due to bait sliding out of the tracking tunnels,
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we removed all tracking tunnels from analysis when the attractants were missing, and no
footprints were left behind (a total 15 tunnels).
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Figure 1. Example of plot layout (385 m × 385 m) illustrating how tracking tunnels containing one of
three attractants or a control were distributed throughout each study plot in citrus orchards in the
southern San Joaquin Valley, California during winter through early spring 2020–2021. Attractants
were distributed following a stratified sampling approach, thereby ensuring that no adjacent tunnels
contained the same attractant; the order of attractants was determined randomly for each study plot.
Outer lines of tracking tunnels were placed approximately 35 m from the edge of each plot, and the
distance between each adjacent tracking tunnel was approximately 35 m.

Once tracking tunnels were baited, we secured them to a 0.9-m length of 5.1 × 10.2-cm
wooden board using plastic cable ties, and we placed them in trees, generally 1–2 m
aboveground depending on where branches provided a natural brace for the boards. Each
tracking tunnel at a particular site was baited on the same day and operated for three days.
At the completion of the three-day period, we checked the cards for the presence or absence
of roof rat tracks. All tracking activities for this project were approved by the University of
California, Davis’ Institutional Animal Care and Use Committee (protocol no. 22108).

We used the Cochran-Mantel-Haenszel test [18,19] to determine differences in visita-
tion rates based on the different attractants while accounting for potential site variability.
Because we tested four different attractants instead of only two, we could not use the
Breslow–Day test to assess homogeneity across study sites [20]. Instead, we tested for
homogeneity across our study sites using PROC CATMOD, which allowed us to fit a log-
linear model to test for three-way interactions across sites, attractant types, and visitations
using a likelihood ratio test [20]. If we observed homogeneity across sites but found a
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significant difference in visitation rates to the tested attractants, we combined data for each
attractant for all sites. We then used Fisher’s exact test to determine which attractants
resulted in a higher rate of visitation [21]. We conducted analyses using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

3. Results

We observed substantial visitation across all attractant categories, with mean propor-
tions of tunnels visited in a range of 44–57% (Figure 2). We observed a difference in the
proportion of tunnels visited across attractant groups (χ2

3 = 7.0; p = 0.072), but results did
not vary across our study sites (χ2

15 = 18.6; p = 0.234). Roof rats visited tunnels baited with
wax blocks (Fisher’s exact test p = 0.027) and peanut butter (Fisher’s exact test p = 0.036)
more than control plots. Roof rats also visited tracking tunnels baited with soft baits
at a marginally higher rate than control tunnels (Fisher’s exact test p = 0.0998). We did
not observe a difference in visitation between any of the attractants (Fisher’s exact test
p ≥ 0.721), suggesting that all attractants were equally effective.
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Figure 2. The mean proportion of tracking tunnels that were visited by roof rats that were baited with peanut butter, Rat
and Mouse AttractantTM soft bait, NoToxTM wax blocks, or that served as a control (i.e., no bait applied) within six citrus
orchards in the southern San Joaquin Valley, California, during winter through early spring 2020–2021. Standard error bars
are also provided.

4. Discussion

Efficient and efficacious monitoring strategies are essential for the effective manage-
ment of rodents in agricultural fields, with most monitoring strategies reliant upon a bait or
lure to attract rodents to the monitoring device. Identifying effective attractants for rats has
been researched on several occasions. Successful attractants have included rat feces, foods
high in fats, and various odor attractants [3,17,22,23]. However, the effectiveness of these
attractants has not been addressed for orchard systems, and these studies have generally
not identified attractants that were readily available for use by agricultural producers. In
our study, wax blocks, soft baits, and peanut butter were equally effective at attracting roof
rats. Wax blocks have often proven effective at attracting various rat species in different
settings [12,24,25]. The use of soft baits has increased in recent years, although most re-
search into their use has occurred in commensal settings [15,23,25]. Both are commercially
available, providing easy access for agricultural producers and pest control specialists.
In addition, their uniform size allows for a comparison of the amount of the attractant
that has been removed as an alternative measure of rodent activity [10,14], although this
approach has not always proven effective for roof rats in orchard systems [12]. Regardless,
the potential to use these attractants to monitor rodent activity in multiple ways may make
them a preferred tool for researchers. Peanut butter is also a commonly used and effective
attractant [26], and it is cheaper and more easily obtained than commercial baits, likely
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increasing its utility as a roof rat attractant for agricultural producers. Given that all three
were equally attractive to roof rats in citrus orchards, practicality and cost effectiveness
will likely be the overriding factors to consider when deciding which attractant to use. It
bears noting that citrus trees are evergreen and generally have fruit on them year-round.
As such, we anticipate that these attractants would work equally well throughout the year.

Although all three products were attractive, other studies have shown attractants
that incorporate semiochemicals to be superior to commonly used attractants [17,23,27].
For example, Takács et al. [23] developed an attractant using multiple volatile chemicals
that was superior to other commercially available options for rats and mice, while Jackson
et al. [27] identified single semiochemicals that outperformed the attractiveness of peanut
butter. Such attractants may have substantial utility in orchards, but until they become
readily available, the options we tested are more practical.

In contrast to Paull et al. [26], we determined that non-baited tracking tunnels were
also attractive to roof rats. Likewise, Baldwin and Meinerz [28] noted greater visitation to
tracking tunnels than to remote-triggered camera sites, and Witmer et al. [22] determined
that den boxes were far more attractive to roof rats than any other attractant they investi-
gated. Likely, the presence of a tracking tunnel in a given area is by itself highly attractive
given that it provides a secure location. Collectively, this suggests that the use of tracking
tunnels may yield greater detection capabilities than when using an attractant alone (e.g.,
with remote-triggered cameras), although this would need to be specifically tested to verify.
Regardless, all three food-based lures we tested increased the attractiveness of tracking
tunnels, and any could be used to increase visitation to these monitoring devices.

At our study sites, roof rats were the primary species detected with elevated tracking
tunnels. Deer mice (Peromyscus spp.) were also found in citrus orchards, although very
few were detected in trees. That said, deer mice are commonly arboreal in other orchard
systems in the western U.S. [12], so it would be interesting to explore how these attractants
compare for this pest species. Likewise, roof rats and other rat species cause extensive
damage in tree crops throughout the world [7,8,29]. It is likely that the food-based lures
we tested in this study would be attractive to those species and in those cropping systems
as well, although this would need to be verified, as rodents often respond differently to
monitoring tools in different crops, regions, and across species [30]. Our study should
provide a useful template for other such investigations.
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