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Abstract 
We conducted research to develop a safe and effective toxic bait to control the 
small Indian mongoose (Urva auropunctata), an invasive vertebrate predator impacting 
the survival of native species in Hawai‘i and in other parts of the world. A preserved 
fish-based bait product was found to be highly palatable to mongooses in cage trials 
and subsequent formulations with diphacinone (0.005%) showed promise as an 
efficacious toxic bait for mongooses. This product is intended for future use to control 
mongooses in conservation and urban areas, and as a biosecurity tool at ports of 
entry to address accidental introductions into mongoose-free areas. Anticipated delivery 
of this toxic bait is in tamper-proof bait stations. We designed three prototype bait 
stations constructed with polyvinyl chloride (PVC) drainage pipes and evaluated their 
performance in enclosure trials with wild-caught mongooses and in field trials with 
free-ranging mongooses. A commercially available tamper-resistant rodenticide bait 
station was also used for comparison to the prototypes in our trials. The goal was to 
develop a bait station that is readily used by mongooses, allows for bait consumption 
in place, prevents removal of bait, and restricts access to nontarget animals. We used 
a non-toxic formulation of the fish-based bait product and monitored bait station 
use, visitation rates, bait uptake, and spillage. All four bait station types were used by 
mongooses in the laboratory, and one PVC bait station design and the commercial 
bait station exhibited multiple mongoose visitations with minimal bait spillage in 
the field. We did not record any significant nontarget species interactions with the 
bait during the field trials. The PVC bait station design and commercial bait station 
are approved methods of bait delivery in the subsequent field efficacy trials under 
an Experimental Use Permit for the upcoming registration of “Fish-based Bait for 
Mongooses” with the Environmental Protection Agency. 

Key words: bait delivery, invasive species, pest control, Urva auropunctata, Hawai'i, 
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Introduction 

Invasive species are considered one of the greatest threats to biodiversity in 
island ecosystems, primarily facilitated by intentional introductions by 
humans for biocontrol or economic resources (Nellis and Everard 1983; 
Bailey 1993; Alterio et al. 1997; Abernethy et al. 2016). Native wildlife in 
the Hawaiian Islands evolved in the absence of mammalian predators, and 
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their subsequent introductions have led to many extinctions and declines 
of native species (Nellis and Everard 1983; Yamada and Sugimura 2004; 
Hays and Conant 2007). The small Indian mongoose (Urva auropunctata 
[syn. Herpestes auropunctatus], mongoose) was widely introduced to Hawai‘i 
and other areas globally including Japan (Amami Oshima and Okinawa) 
for biocontrol of rodent pests and poisonous snakes, which failed. They have 
since become well established on the islands to which they were introduced 
(Berentsen et al. 2018). Mongooses are a primary predator of native wildlife, 
especially threatened and endangered waterbirds (Underwood et al. 2013) 
and seabirds in Hawai‘i, and threaten the continued survival of the federally 
listed Hawaiian Stilt (a‘eo, Himantopus mexicanus knudseni), Hawaiian 
Gallinule (‘alae‘ula, Gallinula galeata sandvicensis), Hawaiian Coot (‘alae 
ke‘oke‘o, Fulica alai), Hawaiian Goose (nēnē, Branta sandvicensis), Hawaiian 
Duck (koloa maoli, Anas wyviliana), Hawaiian Petrel (ʻuʻau, Pterodroma 
sandwichensis), Band-rumped Storm Petrel (ʻakēʻakē, Oceanodroma castro) 
and Newell’s Shearwater (ʻaʻo, Puffinus auricularis newelli). 

The threat of accidental introductions to other mongoose-free islands in 
the Hawaiian islands (e.g., Kaua‘i, Lāna‘i) highlights the need for a 
comprehensive array of control techniques to quickly respond to reported 
sightings or incipient mongoose populations (Pitt et al. 2015; Phillips and 
Lucey 2016; Berentsen et al. 2018). Multiple incidents of mongoose captures 
on Kaua‘i near port of entry locations have been recorded in the past decade 
(Antaky et al. 2023). Mongooses also present a health risk to humans as 
hosts of leptospirosis in Hawai‘i (Wong et al. 2012) and the Caribbean 
(Everard et al. 1976), and as a rabies reservoir on several islands in the 
Caribbean (Seetahal et al. 2018). 

Various strategies have been used to reduce or remove mongoose 
populations in Hawai‘i and elsewhere, including trapping and toxic baits. 
Trapping has been useful in reducing mongoose populations and predation 
in and around targeted sensitive native areas, for example in wetlands with 
ground-nesting waterfowl (Roerk et al. 2022). Trapping, however, is labor-
intensive, expensive, and only removes mongooses from limited areas (Barun 
et al. 2011; Sugihara et al. 2018; Berentsen et al. 2018). Toxic baits can provide a 
more effective, widespread and longer-lasting approach to eradicate vertebrate 
pests (Howald et al. 2007; Young et al. 2012; Antaky et al. 2023). Currently, 
there are no mongoose-only targeted toxic baits for use in the United States. 
In Hawai‘i, a 0.005% diphacinone wax bait block product (SLN No. HI-
980005) is co-labelled for use on rodents and mongooses. However, the 
bait block, which was originally designed to control rodents, showed relatively 
poor efficacy with wild-caught mongooses in a laboratory study (Sugihara et 
al. 2018). There was a previously registered fresh ground beef diphacinone 
bait (0.00025% diphacinone, SLN Reg. No. HI-910004; Keith et al. 1989) 
targeted for mongooses which proved to be efficacious but required pre-
mixing and frequent bait replacement in the field due to rapid spoilage. This 
SLN registration was eventually cancelled in 1996 (Sugihara et al. 2018).  
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The U.S. Department of Agriculture, Animal and Plant Health Inspection 
Service, Wildlife Services, National Wildlife Research Center (hereafter, 
NWRC) has recently developed a highly efficacious mongoose control 
product that will soon be field tested under an Experimental Use Permit 
(EUP) approved by the U.S. Environmental Protection Agency (EPA) (Antaky 
et al. 2023). This product (hereafter, called Fish-based Bait for Mongooses) 
contains 0.005% of the active ingredient diphacinone within a fish-based 
bait matrix (Animal Control Technologies Australia (ACTA), Establishment 
No.: 091731-AUS-001) encased in a sausage-type biodegradable skin. This 
bait matrix was highly palatable in non-toxic laboratory trials of wild-
caught mongoose (Siers et al. 2020). A feasibility assessment comparing the 
registration potential of a new toxic bait for mongooses identified diphacinone 
as the most promising toxicant of choice due to its relatively low cost to register 
and low nontarget risk (Ruell et al. 2019). The initial EPA registration for 
this mongoose toxic bait will be limited to use only in bait stations in 
terrestrial non-crop areas, which will help prevent nontarget take of the 
toxic bait. This type of registration, diphacinone bait product for vertebrate 
pests, is often delivered in tamper-resistant bait stations when used outdoors 
and above ground in areas accessible to the public, pets, livestock, and other 
nontarget species. Bait take by nontarget species can jeopardize the health 
of native species, and rapid consumption of bait by rats and other consumers 
would make the bait unavailable for mongooses that forage over large 
areas, especially within low density populations. To our knowledge, there 
are no existing commercially available bait station designs optimized for 
mongooses, although Keith et al. (1989) developed an inverted “T”-shaped 
polyvinyl chloride (PVC) bait station used to evaluate fresh hamburger 
diphacinone baits in field trials. 

The objective of our study was to design an inexpensive, easy to deploy, 
effective bait station that targets mongooses, reduces consumption by rats 
(the primary bait co-consumer), and excludes other nontarget vertebrate 
species, including native birds. Candidate bait station prototypes designed 
for mongooses and a commercially available, tamper resistant, rat-sized 
bait station were evaluated in laboratory enclosure and field studies using a 
nontoxic formulation of the fish-based bait. The most practical bait station 
design(s) that performs well in these trials by demonstrating high mongoose 
accessibility, low bait spillage, and low nontarget bait interaction and 
consumption, will be selected for the upcoming EUP field trials progressing 
towards the goal of a registered toxic bait and delivery system for the 
control of mongooses. 

Materials and methods 

Bait station designs 

The novel bait station prototypes designed for mongooses that were tested 
in this study included a raised PVC tube design (prototype A), an inverted 
“T”-shaped PVC design with two entries (prototype B), and an “L”-shaped 

https://doi.org/10.3391/mbi.2023.14.4.12
https://www.invasivesnet.org


Evaluation of mongoose toxicant bait stations 

 Antaky et al. (2023), Management of Biological Invasions 14(4): 775–791, https://doi.org/10.3391/mbi.2023.14.4.12 778 

 
Figure 1. Mongoose bait station types evaluated in the laboratory study: a raised PVC tube design (prototype A), an inverted “T” 
PVC tube design with two entry points (prototype B), an “L” PVC tube design with a single single-entry point (prototype C), and a 
raised Protecta® LP commercial rodenticide bait station (type D). Photographs by NWRC Hawaii Field Station. 

PVC tube design with a single-entry point (prototype C) (Figure 1). The 
Protecta® LP (Bell Laboratories, Madison, WI), which is a commercially 
available, tamper-resistant, low profile, rat-sized, rodenticide bait station 
(type D), was also evaluated. 

Test bait 

The non-toxic fish-based bait matrix was manufactured by ACTA in Somerton, 
Victoria, Australia based on the bait matrix for ACTA’s Foxshield® bait, 
which contains sodium fluoroacetate (commonly known as 1080) and is 
registered to control foxes in Australia. The fish-based bait matrix is compressed 
into cylindrical sections (~ 35 grams) and encased using a biodegradable 
cellulose skin (Supplementary material Figure S1). This bait matrix was 
previously shown to be very palatable for mongooses in controlled non-
toxic, two-choice laboratory palatability trials (Siers et al. 2020).  

Laboratory enclosure trials 

Wild mongooses were captured from a forested habitat in Hilo, Hawai‘i, 
island of Hawai‘i using Tomahawk cage traps (Tomahawk Live Trap, 
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Hazelhurst, WI) following approved procedures (NWRC SOP AC 005.01 – 
Capture, handling and care of mongooses at the Hawai‘i Field Station). 
Upon arrival at the NWRC Hawai‘i Field Station in Hilo, mongooses were 
dusted for ectoparasites with permethrin dust. Each mongoose was then 
assigned an individual ID number, sexed, and weighed. During the pre-test 
period, animals were individually housed in 42 cm (tall) × 61 cm (wide) × 
64 cm (deep) grated-bottom, stainless steel, modified rabbit-type cages 
(3,904 cm2 floor area) mounted on metal cage racks. 

Mongooses were acclimated to laboratory conditions for a minimum of 
three consecutive days pre-test with ad libitum access to bottled water in a 
glass bottle fitted with a stainless-steel ball-type sipper tube. Animals were 
offered the maintenance diet of dry cat food (approximately 70 grams per 
day), supplemented by 50 grams of previously frozen raw chicken parts once 
every 3–4 days. During the last day of the pre-test period, the pre-test diet 
was removed to allow mongooses to undergo a 24-hour fast. Fasting allowed 
the mongooses to seek out the bait quicker, which increased the likelihood 
of bait station visitations within the first 12 hours of the test period. Each 
animal was checked for visible symptoms of health or lethargy at least 
twice daily (morning and afternoon) during the acclimation period. 

After ≥ 3 days of pre-test acclimation, mongooses were transferred to one 
of four artificial test enclosures created in a separate animal room (Figure S2). 
Enclosure walls were constructed of 5/8–3/4 in (1.6–1.9 cm) thick untreated 
plywood sheathing coated with a moisture sealer (4 ft × 8 ft or 120 cm × 
240 cm) secured together with metal wood screws and hinges for easy 
disassembly and transport. An entry/exit door was constructed on one end 
of the enclosure to facilitate transfer of mongooses and ease of daily 
maintenance of the enclosure. Each enclosure included a floor space of 32 ft2 
(~ 3 m2) with a 3 ft (~ 1 m) high wall. The floor of each enclosure was 
constructed with plywood and lined with dried grasses. Metal mesh (chicken 
wire) was secured to the top of the enclosure to prevent escapes. A standard 
PVC drainage pipe 12 in (~ 30.5 cm) length and with a 6 in opening (~ 15 cm 
inside diameter) was provided in each enclosure to provide refuge. A water 
bottle was attached to the wall of each enclosure and water was available ad 
libitum. Each enclosure was assigned a unique number.  

Each laboratory enclosure was randomly assigned either prototype A, B, 
C, or type D (Figure 1). All four types of bait stations were tested in each 
round. At the start of the test, the bait station in each enclosure was filled 
with two pieces (70 grams) of the non-toxic Fish-based Bait for Mongooses. 
Bait pieces were secured in the bait station’s internal chamber on metal rods.  
Each bait station type was tested on four different mongooses (two males, 
two females, one mongoose per enclosure at a time) for a 24- or 48-hour 
exposure period. Four separate enclosures, each with a unique bait station 
type, allowed for four mongooses (one per enclosure) to be tested at a 
given time. Thus, there were four rounds of four mongooses during each 
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test (two males, two females per round). A total of 16 mongooses (8 males, 
8 females) were randomly assigned to the four bait station types, stratified by 
sex, while ensuring that there was no size bias among bait station test groups.  
After each 24-hour period within the 24- to 48-hour total exposure period, 
the amount of test bait consumed, remaining, and spilled (found outside of 
the bait station) was collected in each enclosure and weighed. Only bait 
found outside of a bait station was considering spilled. Bait removed from 
the rod but remaining in the bait station’s internal chamber was considered 
remaining bait (not spilled). Bait cached or stored by the mongoose within 
the enclosure was considered the same as spilled bait.  

Due to daily fluctuating humidity levels in the animal testing room, baits 
were expected to gain or lose small amounts of moisture from the air each 
day in the period between when the bait was first offered and when the 
amount remaining the following day was weighed. Therefore, two separate 
samples of baits were weighed (approximately 70 grams) in identical plastic 
cups and placed in the same room as the test animals over the same time 
period each day. They were weighed the following day at the same time as 
the bait remaining in each enclosure was weighed. The amounts of bait 
offered each day were then corrected by multiplying a correction factor 
calculated as the final weight of the bait divided by the initial weight. The 
corrected amount offered/refilled the previous day was used to calculate the 
amount consumed by each mongoose from each bait station (i.e., amount 
eaten = corrected amount offered the previous day minus the amount 
remaining in bait station and spilled from the previous day). If bait within 
the bait station was accessed by mongooses and more than 50% was eaten 
before the end of first 24-hour period, the trial ended. If less than 50% was 
eaten, the trial continued for another 24-hour period (day 2). The uneaten 
and spilled/ cached bait was recovered, weighed, and then placed back on the 
metal rod in the bait station if the trial continued. Capturing mongooses 
inside the habitat was done by placing baited cage traps inside the enclosure. 
At the end of the test period, mongooses were humanely euthanized. 

While on test, mongooses were observed via remote cameras with a live 
feed to another room to avoid animal disturbance for twice daily health 
checks (morning check 8:00 am–10:00 am, afternoon check 2:00 pm–4:00 pm). 
A motion-activated HyperfireTM field camera (Reconyx®, Holmen, WI) 
was placed in each enclosure facing the bait station. Bait station 
discovery, feeding, and bait caching during the 12-hour active diurnal 
period were recorded. 

Animal physical health was checked in person at least two times daily 
and recorded in the animal observation form. Water was checked and 
replenished daily. Each enclosure was completely cleaned between test groups 
and study subjects. Grasses, water bottles, refugia tubes, etc., were replaced 
for each test. 
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Figure 2. Map of field sites and bait station locations. 

Field trials- free-ranging mongooses  

All field experiment activities occurred on two separate sites in Hawai‘i 
that reflect typical areas managed for rodents and mongooses. These two 
areas were chosen to represent: 1) a forested “conservation area”, and 2) a “port 
of entry” along transportation routes near the airport. Both sites were within 
the Keaukaha Military Reservation, with the first site being in a forested 
area with dense vegetation and the second near the Hilo International 
Airport along roads and transport staging areas (Figure 2). 

For the field trials, we tested the Protecta LP (type D) and a prototype 
design most similar to prototype C based on the laboratory trial results 
(Figure 3). Prototype C was selected due to its performance in the laboratory 
trials and its single-entry design, which may be less attractive to nontarget 
rodents in the field, as rodents are more likely to enter something with a 
second entrance/alternate escape route (Timm 1994). Modifications made 
after the laboratory trial included adding washers on the metal rod to secure 
the bait in place and adding an internal lip within the bottom PVC tube to 
minimize spillage outside of the bait station. Non-toxic Fish-based Bait for 
Mongooses test baits were secured on wire rods and placed in the prototype 
and commercial bait stations. The prototype design had vertical threaded 
rod placement with washers to secure the bait within the top of the PVC 
tube (Figure 3), while the Protecta LP had lateral rod placement without 
washers on the floor of the bait station (Figure S3 and S4). At each of the two 
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Figure 3. Schematic of the mongoose-targeted bait station prototype design tested for the 
delivery of Fish-based Bait for Mongooses made out of polyvinyl chloride (PVC) materials including 
a raised threaded bait rod secured with wing nut fasteners and washers and a plastic barrier to 
prevent spillage. 

sites, five of each of the two bait station types were placed in an alternating 
fashion spaced at approximately 50 m, for a total of 10 of each type (Figure 2). 
Each bait station was provisioned with two bait pieces of ~ 35 g each. All bait 
stations were staked down or secured with rocks to reduce the likelihood of 
heavy rain or wind affecting or damaging stations before the study completion 
(Figures S3 and S4). 

All bait stations per site were monitored by a Reconyx HyperfireTM 
weather-proof, motion-sensor infra-red field camera (no-glow covert 
infrared) with 0.2 s trigger speed, to record bait interactions by mongoose 
and potential nontarget species (e.g., ground-foraging birds, rodents, and 
feral pigs). Cameras were deployed in the early morning and set to record 
motion-activated images in bursts of three images at 5-second intervals per 
event continuously throughout the study. During daylight, diurnal mongooses 
were typically recorded in color images, while nocturnal activity of mice 
and rats was typically recorded in grayscale images with infrared illumination. 
A visitation was recorded if the animal was recorded in the frame of the 
image. We recorded indices of all species that visited bait stations from 
these images.  

Bait stations were also physically examined daily by field technicians in 
the mornings between 8:00 am and 12:30 pm. The bait remaining in bait 
stations and spilled outside of the bait stations were observed and recorded. 
Bait was also monitored for weathering, spoilage, and consumption by 
insects, mollusks, and other detritivores. Bait condition was evaluated and 

https://doi.org/10.3391/mbi.2023.14.4.12
https://www.invasivesnet.org


Evaluation of mongoose toxicant bait stations 

 Antaky et al. (2023), Management of Biological Invasions 14(4): 775–791, https://doi.org/10.3391/mbi.2023.14.4.12 783 

camera data downloaded daily for the first five days, followed by an 
evaluation and download every three days thereafter until the bait was 
completely consumed at each site. 

Statistical analyses 

For the laboratory enclosure trials, descriptive statistics (mean, standard 
deviation, and range) were calculated for total amount of bait consumption 
and total amount of bait spillage over the 1- or 2-day exposure period. The 
amount of bait eaten and spilled daily from each bait station was calculated 
as the weight offered (corrected for moisture loss/gain) minus the weight 
remaining and spilled. Differences in bait consumption and spillage by sex 
and bait station prototype were calculated with an analysis of variance 
(ANOVA).  

For field trials, descriptive statistics were calculated for bait remaining in 
the bait station, bait spillage, and number of images of mongooses and 
other nontarget animals captured on the field cameras. Significant differences 
in bait consumption, spillage, and images by bait station type and site were 
calculated using t-tests. All procedures were performed in Microsoft Excel 
(Version 2302). 

Results 

Laboratory enclosure trials  

Prior to the start of the trial, all 8 male and 8 female mongooses appeared 
normal. Mongoose body weights ranged from 368 g to 911 g upon arrival 
at the NWRC Hawai‘i Field Station (Table S1).  

Over the 1–2 day exposure periods, the total amount of bait eaten did 
not differ by bait station type, and ranged from 19.22 g to 64.05 g 
[ANOVA, F15 = 0.65, p = 0.604]. Male mongooses consumed more bait 
than females [ANOVA, F15 = 5.30, p = 0.050]. There was spillage of the 
bait, within and outside of the bait station, across individuals and all bait 
station types. Over the exposure periods, the total amount of bait spilled by 
bait station type is reported in Table 1 and plotted in Figure 4. Although, 
on average there was more spillage in prototypes A and D than with 
prototypes B and C, it was not statistically significant [ANOVA, F15 = 3.15, 
p = 0.086] (Table 1). Bait spillage did not significantly differ between sexes 
[ANOVA, F15 = 1.05, p = 0.336] (Table 1). Bait consumption and spillage 
results are plotted in Figure 4.  

Field study 

Bait station visitations by mongooses 

Camera images of mongooses were captured at all bait stations, for a total 
of 5,330 images (Table S2). Mongooses were confirmed to have accessed and 
consumed the bait at both bait station types tested. The earliest time recorded  
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Table 1. Non-toxic Fish-based Bait for Mongooses bait consumption and spillage (total 
corrected) descriptive statistics and analysis of variance by bait station type and sex (ANOVA 
results) in laboratory study. 
  Bait station type  Sex 
Consumption  A B C D  Males Females 
mean (g)  47.14 47.64 36.55 41.30  50.66 35.65 
SD  20.52 10.86 11.11 14.90  14.07 9.87 
min (g)  19.22 34.01 22.14 21.35  37.81 19.22 
max (g)  64.05 57.12 48.45 55.46  64.05 57.12 
variance  421.41 118.03 117.52 222.10  97.45 198.02 
df  15     15  
f  0.65     5.30  
p-value  0.604     0.050  
Spillage         
mean (g)  35.82 1.18 0.16 25.09  10.44 20.68 
SD  29.67 1.32 0.32 22.36  16.57 28.25 
min (g)  3.75 0.00 0.00 12.10  0.00 0.00 
max (g)  70.15 3.04 0.64 58.53  49.38 70.15 
variance  880.39 1.74 0.10 499.89  274.42 798.20 
df  15     15  
f  3.15     1.05  
p-value  0.086     0.336  

 
Figure 4. Average amount of non-toxic Fish-based Bait for Mongooses consumed (g) and spilled 
(total corrected) per individual from each bait station type (A, B, C, and D) by mongooses in 
the laboratory study. 

on mongooses accessing the bait stations was 4:29 am and the latest image 
recorded was at 8:16 pm (Figure S5). The mean time until mongooses were 
first detected at a bait station was 18:07 (hh:mm) after placement (SD = 19.05, 
range 00:14–68:52; Table S2]. This was not different between bait station 
types [t-test, T18 = 0.09, p = 0.46] but differed between the “Conservation 
Area” site and “Port of Entry” site [t-test, T18 = −2.17, p = 0.022; Table S3]. 
There were more mongoose images captured at the prototype bait stations 
than at the Protecta LP bait stations [t-test, T18 = 2.54, p = 0.010]. Number 
of mongooses images did not vary significantly  between sites [t-test, T18 = 
0.01, p = 0.495; Table S3].  
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Figure 5. Mean amount of non-toxic Fish-based Bait for Mongooses remaining per day (%) 
from each bait station by bait station type (modified prototype C and standard Protecta® LP bait 
station) in the field study. 

Bait consumption 

All bait consumption in the field was attributed to mongooses, based on 
camera images. The amount of bait remaining by day over the test periods 
is plotted in Figure 5. Across all bait stations, the mean number of days until 
bait was completely consumed was 2.7 days (SD = 1.81, range 1–7). All bait 
was completely consumed after three days in the “Conservation Area” site 
and after 7 days in the “Port of Entry” site. On average, the bait remained 
in the “Port of Entry” site bait stations for longer (M = 3.7 days, SD = 2.0, 
range 1–7) than those in the “Conservation Area” site (M = 1.7 days, SD = 0.8, 
range 1–3) [t-test, T18 = 2.92, p = 0.005; Table S4]. On average, the bait remained 
in the prototype bait stations longer (M = 3.2 days, SD = 1.61, range 1–7) 
than in the Protecta LP bait stations (M = 2.2 days, SD = 1.93, range 1–7), 
but this difference was not significant [t-test, T18 = 1.25, p = 0.113; Table S4]. 

Bait spillage 

All bait spillage in the field study was attributed to mongooses. Average 
spillage was less than 1% for both bait station types (Table S5). Bait spillage 
included crumbs of bait inside the bait station and outside the bait station. 
However, the majority of spillage found outside of the bait station were the 
discarded biodegradable bait skins/wrappers that encase the fish-based 
sausage bait, which do not contain diphacinone in the toxic bait version, 
and were considered to be < 1% spillage (Figure S6). The bait spillage was 
not different between prototype and Protecta LP bait stations [t-test, T88 = −1.12, 
p = 0.133] or between sites [t-test, T88 = −0.58, p = 0.281; Table S5]. 

https://doi.org/10.3391/mbi.2023.14.4.12
https://www.invasivesnet.org


Evaluation of mongoose toxicant bait stations 

 Antaky et al. (2023), Management of Biological Invasions 14(4): 775–791, https://doi.org/10.3391/mbi.2023.14.4.12 786 

Table 2. Nontarget species recorded on game cameras and their interactions at bait stations 
during the field study. 

Species Bait station 
images 

Accessed bait 
station 

Sniffed or 
ignored 

Polynesian rat (Rattus exulans) 38 1 37 
Feral goat (Capra hircus) 17 0 17 
Feral swine (Sus scrofa) 11 0 11 
Common myna (Acridotheres tristis) 4 0 4 
Feral chicken (Gallus gallus) 3 0 3 
Feral domestic cat (Felis catus) 1 0 1 

Nontarget activity at bait stations 

Images of nontarget species were captured at 50% of the prototype bait 
stations (37 images) and 70% of the standard commercials bait stations 
(37 images) (Table S2). Of those nontarget images, all were species that are 
non-native or introduced to Hawai‘i: 38 were Polynesian rats (Rattus exulans), 
17 were feral goats (Capra hircus), 11 were feral swine (Sus scrofa), 4 were 
Common mynas (Acridotheres tristis), 3 were feral chickens (Gallus gallus), 
and 1 was a feral domestic cat (Felis catus) (Table 2). These images showed 
none of these animals accessing the bait stations, only passing by, sniffing 
the outside, etc., with the exception of one rat recorded entering a Protecta 
LP bait station. Upon visual inspection the next morning, the bait appeared to 
be intact, and showed no evidence of consumption by the rodent (Figure S7). 
The number of images of nontarget species (M = 3.70, SD = 4.61, range 0–17) 
was significantly less than the number of images of mongooses (M = 263.30, 
SD = 218.44, range 19–648) [t-test, T19 = 6.09, p < 0.0001; Table S3]. The 
number of nontarget images did not differ by bait station type [t-test, T18 = 0, 
p = 0.500] or site [t-test, T18 = −0.09, p = 0.463; Table S3]. 

During visual bait observations, slugs were present in 30% of the prototype 
bait stations and 70% of the commercial bait stations. Ants were present in 
10% of the prototype bait stations and 30% of the commercial bait stations. 
However, the slugs and ants were never observed on the actual bait and the 
condition of the bait remained intact in the presence of invertebrates, 
without signs of degradation (Figure S8). 

Discussion 

Mongooses freely utilized bait stations and consumed non-toxic Fish-
based Bait for Mongooses from all three prototypes and the commercial 
Protecta LP rodenticide bait stations. In the laboratory trials, mongooses 
spilled less bait from Prototypes B and C. We hypothesize that the PVC 
tube designs created a suitable environment for mongooses to eat the bait 
in place, and if it spilled, the bait remained within the bait station due to 
the design, reducing the amount of spillage outside of the bait station. We 
selected a modified version of Prototype C (Figure 3) for the field trial 
because we reasoned that the single-entry design may be less attractive to 
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nontarget rodents in the field. Most commercially available rodenticide 
bait stations have two entry holes because rodents are more likely to enter a 
confined area with an alternate escape route (Timm 1994).  

The material cost to construct the prototype bait station was approximately 
$21.59 each, while the cost of the Protecta LP bait station at $14.48 each at 
the time of purchase. Due to the simple design of the prototype, a technician 
can easily fabricate ten bait stations in an hour. If you divide by the hourly 
cost of a technician ($15/hour), each bait station’s labor cost adds only $1.50 
to the total cost. 

The field trials validated the performance of this prototype PVC bait 
station design as similar to the commercial tamper-resistant Protecta LP 
rat bait station, a bait station that is readily available to land managers and 
currently used with registered rodenticides. Free-ranging mongooses easily 
accessed both Protecta LP and prototype bait stations in the field and 
quickly found and consumed the non-toxic fish-based bait. Bait was consumed 
within 1 to 7 days at the study sites, even with an abundance of diverse 
alternate food resources in the habitat (Pitt et al. 2015). Bait persisted in the 
field longer in the prototype PVC bait stations (mean of 3.2 days), compared 
to the standard commercial bait stations (mean of 2.2 days), before being 
consumed completely. This is potentially due to the design of the prototype 
bait stations to secure the bait to the wire rod with washers, in an attempt 
to avoid mongooses removing and caching the entire sausage-like bait piece. 
Caching bait decreases availability in the bait station to other conspecifics 
and increases the probability of consumption by a nontarget outside of the 
bait station (Thomson and Kok 2002; Brakes and Smith 2005). To ensure 
that each mongoose consumes a lethal dose of diphacinone, prolonged bait 
availability is advantageous. Bait consumption rates suggest that bait may 
need to be replenished at least every week to maintain continuous feedings 
in areas of high mongoose density. 

Based on the number of images, there was significantly more mongoose 
activity at prototype bait stations than at Protecta LP bait stations. This is 
likely due to repeat visitation at prototype bait stations by mongooses for 
multiple feedings. There was minimal spillage at both types of bait stations, 
which mostly consisted of discarded nontoxic biodegradable bait skins/ 
wrappers. While we were not able to determine bait removal and transport 
outside of bait stations, it is presumed that the majority of bait was 
consumed inside the bait station, as the bait was secured with a metal rod 
and washers in prototype bait stations. Although, there were some images 
of mongooses holding bait/wrappers in their mouth outside of bait stations, 
potentially for caching at their dens or consuming later.  

Most of the camera images recorded mongoose foraging at bait stations 
during daylight hours, but some were crepuscular. Our mongoose foraging 
times were earlier and later than previous findings (Pitt et al. 2015). It was 
not uncommon to see multiple mongooses in a camera image (Figure S9) 
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or mongooses sitting outside of bait stations for an extended duration, 
potentially protecting the bait station food source from cohorts.  

There was no evidence of nontarget species accessing bait inside or spilled 
bait outside of the prototype bait stations. The only observation of rodent 
access was by one individual rat entering a Protecta LP bait station. There 
was no evidence of bait consumption by nontarget animals at either bait 
station type. Overall, the prototype bait station and commercial tamper-
resistant design were equally effective at targeting mongooses and allowing 
them to consume the non-toxic Fish-based Bait for Mongooses.  

Bait condition throughout the trial appeared to be unaltered with no 
evidence of mold, degradation, or consumption by arthropods. There were 
some slugs and ants present at bait stations, but they did not appear to 
consume or degrade the bait. The prototype bait stations appeared to be less 
accessible than the commercial rat bait stations to slugs and ants. 

This work is part of a larger project to develop and register a novel vertebrate 
toxicant and delivery system to control the invasive small Indian mongoose 
in the U.S. (Antaky et al. 2023). An application for an EUP has been approved 
by the EPA for a larger field efficacy and product performance study (EUP 
No.: 56228-EUP-45) which will support a subsequent national registration 
application. Based on this research, the prototype PVC bait station will be 
selected for use in the product performance (field) trials under an 
Experimental Use Permit for the registration of the Fish-based Bait for 
Mongooses. The tamper-resistant commercial Protecta LP bait station also 
performed well and may still be used in specific locations when required by 
EPA to reduce risks to children and pets. Deployment modifications may 
be needed, and the use of bait stations may be curtailed in habitats with 
high feral swine density or other large mammals that might destroy or 
interfere with the bait stations. The forthcoming EPA registration of Fish-
based Bait for Mongooses for use in bait stations will allow delivery in novel 
bait stations or in commercially available rodenticide bait stations that meet 
the construction requirements. Building on the promising results from 
past research (Antaky et al. 2023), these studies continue the momentum 
toward field deployment of a new effective toxic bait for mongoose 
management and control in agriculture, biosecurity, conservation, and 
human health applications. 

Conclusion 

This research facilitated the development and testing of a novel bait station 
design for future delivery of toxic baits to invasive mongooses, with the 
aims of minimize nontarget take while remaining cost-effective and easy to 
use. The laboratory study examined a suite of four bait station designs in 
captive enclosures to evaluate bait accessibility by mongooses and to 
minimize bait spillage. The field study examined one of the best performing 
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prototype bait stations, as identified in the laboratory, and compared a 
commercially available rat bait station by measuring bait uptake by 
mongooses and potential nontarget interactions in the field. We found that 
both the “L” PVC tube design with a single single-entry point and Protecta 
LP commercial rodenticide bait station worked well in the laboratory and 
field to minimize spillage by mongooses and nontarget risk. 

Our testing suggests that the PVC prototype bait station can provide an 
effective alternative to commercial rodent bait stations to control the 
invasive small Indian mongoose in Hawai‘i and globally. Further research 
is needed to test the prototype bait station over longer periods of time and 
across different environments, optimize baiting strategies, and identify bait 
deployment schedules to meet management objectives for a given area. 
Managers experiencing higher nontarget interference rates than we observed 
at our study sites may wish to evaluate the utility of our novel prototype 
alternatives for their particular challenges. 
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