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Assessing the effectiveness of attractants to increase camera trap
detections of North American mammals

Michael Buyaskas' - Bryn E. Evans' - Alessio Mortelliti’

Abstract

Camera traps are a cost-effective tool for large-scale and long-term population monitoring of mammals. Either bait or lure is
often used to attract animals in front of a camera; however, the relative efficiency of these two attractants, or their combina-
tion, is not well understood. Our objective was to determine the optimal attractant setup for maximizing detection prob-
abilities of mammals in the northeast USA. We conducted a camera trapping project in northern Maine, USA, from August
to November 2018, and tested three distinct attractant treatments against a control. Sampling stations were a minimum of
5 km apart, and consisted of four camera units spaced 100 m apart, and paired with one of the four setups: (1) bait plus lure
(treatment), (2) bait (treatment), (3) lure (treatment), and (4) camera only (control). Detection data on 11 species of mammals
were collected from 41 stations and analyzed through multi-method occupancy models. We totaled 4280 photo-trap-nights
and captured 37,781 images. Results showed that the combination of bait plus lure was the most effective for increasing
detection probability of carnivores. Specifically, bait plus lure proved to be particularly effective for mustelid species, while
lure was particularly effective for American black bear (Ursus americanus). While attractant usage was shown to be ineffec-
tive for increasing detection probability of non-carnivores, it also did not decrease effectiveness. Based on our results, we
recommend the simultaneous use of both bait and lure as attractants when conducting camera trapping work on mammals.
The combination of bait and lure appears to maximize detection of carnivore species, while simultaneously having minimal
effects on the detection of other taxa.
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Introduction

Cost-effective and reliable monitoring protocols are of the
utmost importance in the field of wildlife research and con-
servation. Recent advancements in field monitoring technol-
ogy have shifted away from invasive live-capture studies,
towards less-invasive methods (Burton et al. 2015; Mortelliti
and Boitani 2008a). Camera trapping, a tool that has long
been used to monitor mammals, has been at the forefront
of this paradigm shift (O’Connell et al. 2011; Rovero et al.
2013; Rowcliffe and Carbone 2008). Camera traps are now
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recognized as a cost-effective tool for large-scale and long-
term population monitoring (Steenweg et al. 2017), particu-
larly for cryptic or low-density species such as carnivores
(Foresman and Pearson 1998; Long et al. 2008; Stokeld et al.
2015). Several studies have evaluated the effectiveness of
this method, through comparison with other detection tech-
niques such as track plates (Williams et al. 2009) and snow
tracking (Clare et al. 2017), as well as research focused on
optimizing sample size (Evans et al. 2019; Shannon et al.
2014; Stokeld et al. 2015) and camera placement and ori-
entation (Jacobs and Ausband 2018; Meek et al. 2016a, b;
Nichols et al. 2017; Swann et al. 2004).

Despite the increasing wealth of published knowledge on
the best use of camera traps, there are still several knowl-
edge gaps regarding their optimal use, such as the effective-
ness and consequences of different attractant types (Burton
et al. 2015; Steenweg et al. 2017). An attractant is defined
as a substance that attracts a species of interest and helps to
increase its detection, thus optimizing survey effort (Long
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et al. 2008), and facilitating species identification (Monter-
roso et al. 2011). When employed, typical attractants used in
carnivore studies are baits and lures (Schlexer 2008): baits
attract an animal via smell or taste, typically in the form of a
food item (Zielinski and Kucera 1995); lures attract animals
through vision, smell or hearing (Harrison 1997). The work
of Austin et al. (2017) shows that when used effectively,
these attractants can reduce sampling effort and survey cost,
especially in surveys of elusive and cryptic mammals like
carnivores (Long et al. 2008; Thorn et al. 2009). We note
that unintended consequences can arise from use of attract-
ants, such as increased inter- and intraspecific contact and
risk of disease transmission (Mills et al. 2019), among other
concerns. Much work has been done investigating attract-
ant usage for single species such as brown hyena (Hyaena
brunnea) in Botswana (Thorn et al. 2009), felids in Australia
and South Africa (Du Preez et al. 2014, Stokeld et al. 2015),
northern quoll (Dasyurus hallucatus) in Australia (Austin
et al. 2017), and red fox (Vulpes vulpes) in Europe (Hegglin
et al. 2005), among others. Only a few studies, however, have
investigated the effectiveness of attractants for improving the
detection of multiple species within a community. Examples
of multi-species studies include Paull et al. (2011), studying
non-carnivore small mammals in Australia, and studies of
carnivores in the Iberian Peninsula, southern Europe and
southern Africa (Ferreira-Rodriguez and Pombal 2019; Fer-
reras et al. 2017, 2018; Satterfield et al. 2017).

There is a need for greater understanding of optimal game
camera usage in surveys of cryptic and elusive species (Paull
et al. 2011), specifically for the use of attractants for maximiz-
ing detection probability, as there is a lack of protocol stand-
ardization at multi-species and community levels (Carreras-
Duro et al. 2016; Ferreras et al. 2017; Gommper et al. 2006). In
particular, there have been few assessments of optimal attract-
ants for an entire mammalian guild including both carnivores
and non-carnivores (see Fonju 2011 for an example). Addi-
tionally, the combination of bait and lure at the same site as an
attractant has received limited attention (but see Jordan and
Lobb-Rabe 2015); therefore, the relative efficiency of these
two attractants used in combination is not well understood.

Our objective was to contribute in filling this knowl-
edge gap and determine the attractant combination that
maximizes detections of mammals in Maine, using Ameri-
can beaver (Castor canadensis) as bait and striped skunk
(Mephitis mephitis) essence as lure. Specifically, we aimed
to simultaneously compare all of the following methods
to each other: (1) bait plus lure, (2) bait, (3) lure and (4)
no bait and no lure (control). There have been past assess-
ments of optimal attractants for urban carnivores (Andelt
and Woolley 1996; Jordan and Lobb-Rabe 2015), and one
study on attractants for a guild of local species in New Mex-
ico (Fonju 2011). We believe that our study adds valuable
information because of our methodology, scale of study, and

investigation of efficacy for one attractant used to survey
both carnivore and non-carnivore taxa. Our results may be
useful to managers throughout much of North America and
Europe, where species similar to those studied in our project
are found (Monterroso et al. 2016; Mortelliti and Boitani
2008b; Torretta et al. 2017).

Materials and methods
Study area

Our study area in northern Maine, USA, is located in the
Acadian Forest zone, a transitional forest type between
northern boreal and temperate deciduous forests (Huff
and McWilliams 2016; Seymour and Hunter 1992). Sur-
veys were conducted in three study areas: the area imme-
diately west of Chesuncook Lake (CL 46°01'48.03"N,
69°33'33.09"W), the area immediately east and northeast
of the Clayton Lakes (Round Pond [RP] 46°40'19.01"N,
69°13'37.53"W), and finally the Scientific Forestry Man-
agement Area (SFMA 46°10'05.53"N, 69°02'45.48"W) of
Baxter State Park and its surroundings (Fig. 1). The entire
study area is forested and commercially harvested for timber
products, typically via shelterwood cuts, with the exception
of the SFMA, which is overseen by Baxter State Park as an
area of less-intensive experimental harvest practices. These
regions all have similar climate conditions, and the average
temperature of the region for our fall study season is 12.8 °C,
with a mean annual precipitation of 112 cm (NOAA 2010).
The dominant tree species are conifers, mainly consisting
of spruces (Picea spp.), eastern white pine (Pinus strobus)
and balsam fir (Abies balsamea); while, the hardwood stands
are an assortment of green, white and black ash (Fraxinus
pennsylvanica, fraxinus americana, fraxinus negro), birches
(Betula spp.), American beech (Fagus grandifolia), and sil-
ver and red maple (Acer saccarinum and acer rubrum).

Medium- to large-sized mammals that occur in our study
area include: American marten (Martes americana), fisher
(Pekania pennati), Canada lynx (Lynx canadensis), bobcat
(Lynx rufus), long- and short-tailed weasel (Mustela fre-
nata and M. erminea), American black bear, eastern coyote
(Canis latrans), red fox, white-tailed deer (Odocoileus vir-
ginianus), snowshoe hare (Lepus americanus), American red
squirrel (Tamiasciurus hudsonicus), northern flying squirrel
(Glaucomys sabrinus), moose (Alces alces), raccoon (Pro-
cyon lotor), North American porcupine (Erethizon dorsa-
tum) and striped skunk.

Field methods

Camera trap surveys were conducted by deploying sta-
tions (sensu Nichols et al. 2008), a minimum of 5 km apart,



Fig. 1 Three study areas
assessed using squares of four
cameras in north and central
Maine, USA. 16 squares were
deployed in the Chesuncook
Lake (CL) area during August—
September 2018, 15 squares
were deployed in the Scientific
Forestry Management Area
(SFMA) of Baxter State Park/
Scraggly Lake state lands in
September—October 2018, and
10 squares were deployed in the
Round Pound (RP) region in
October—November 2018
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each comprised of four sampling devices placed in a square
configuration, 100 m on each side. Each sampling device
included one Bushnell Trophy Cam Essential 2 passive infra-
red (PIR) trail camera (Overland Park, Kansas, USA), and
one of the four attractant treatment types: (1) bait plus lure
(treatment), (2) bait only (treatment), (3) lure only (treat-
ment) and (4) camera only (control). Bait was American
beaver carcasses, cut to standard size (¥=0.22 kg) and wired
to a tree approximately 2 m in front of the camera at an aver-
age height of 30 cm above the ground (Evans et al. 2019).
The lure was a Vaseline-based scent lure designed to attract
furbearers (skunk essence and Vaseline based, Kenduskeag,
Maine, USA) applied to a tree in front of the camera at head
height, and again at bait level. The stations were deployed
using randomized target locations, and the sampling devices
were set by selecting trees with minimal vegetation between
them. Placement of four treatments within the square was
systematically randomized in relation to each other and the
road access point, to ensure there was no bias.

Cameras were placed low to the ground, with an average
height from lens to ground of 34 cm, in an effort to maxi-
mize detections of smaller species (Swann et al. 2004) and
avoid false triggers associated with the movement of trees
and background foliage, both of which increase with greater
height of camera placement (Meek et al. 2016a, b). The cam-
era unit nearest the road access point was always placed at
a distance of 50 m from the road for consistency of road
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condition effect, which was a categorical covariate assessed
in analyses. Cameras were programed to take a single image
for every PIR trigger event, and to record time-lapse images
at 03:00 and 15:00 to capture weather events impacting per-
formance, in accordance with Evans et al. (2019). Camera
sensor sensitivity was set to medium. On average, cameras
were deployed for 24.9 days (range 20-28), exceeding the
recommended deployment time for carnivore surveys of 2
(Moruzzi et al. 2002) or 3 weeks (Jones and Raphael 1993).

Analytical methods

We created detection histories for each sampling unit by
tagging images with Recoynx MapView Professional™
software (Holmen, WI, USA). Species detection histories
were created in the form of 0 (not detected) and 1 (species
detected) for all images within a 24-h period at a given
camera unit. This was done in accordance with previous
camera trap studies of similar size (Mills et al. 2019; Shan-
non et al. 2014), which also used 24-h detection periods.
A 24-h time period also helps to avoid bias of any noctur-
nal or diurnal animals in detection results. A minimum of
10 stations with detections was required for a species to
be included in our analysis. Detection history data were
exported into program PRESENCE (Version 12.25), in
which we fitted single season multi-method occupancy
models (Nichols et al. 2008) for the eleven target species



meeting our detection criteria (observed at more than 10
sites). The key parameters estimated by the multi-method
occupancy models (Nichols et al. 2008) are psi (occupancy
probability of the whole station, that is the probability that
a member of the target species occupies a home range and
uses the landscape surrounding the survey station), theta
(probability of presence at the immediate sampling device
conditional on occupancy of the array) and p (probability
of detection given that both the overall area is occupied
and the species is in the immediate area of the survey
devices). We emphasize that this model allows for depend-
ence between the different methods (i.e., between the four
cameras, or sampling devices, spaced 100 m apart) (Nich-
ols et al. 2008). Models were ranked based on the Akaike
Information Criteria score, corrected for small sample size
(AICc).

The first step in our modeling process was to compare
the relative fit of models, which allowed detection to vary
between treatments with models holding all treatments con-
stant. Step two in our modeling process accounted for the
effects of additional individual covariates affecting detec-
tion probability (Table 1). Covariates included were: (1)
Time since deployment (TSD), as the count of days since
first deployed to account for trap shyness (Foresman and
Pearson 1998; Gommper et al. 2006). (2) Road condition
(RC) to gauge the effect of development and proximity to
human infrastructure on detection probability (Kowalski
et al. 2015; Rich et al. 2016; Sirén et al. 2017) and that was
defined on a scale of 0-5 (Table 1) based upon maintenance
and use level. “0” represented well-maintained roads used
for recreation and logging activity, with posted speed limits
of 40 mph or greater, and “5” represented roads that were
completely abandoned or undriveable by 4 X4 vehicle. (3)

We also included a variable for study area (Area) to account
for any underlying variation between our study areas (e.g.,
deployment period).

In the third step of our modeling process, covariates
included in models within 2 AAIC of the top ranking model
were included in additive models (Burnham and Anderson
2002). Inference was conducted through model averaging
including all models within 2 AAIC (Table 1).

Results

We deployed 41 stations of four cameras each from 29
August to 4 November, 2018. We totaled a survey effort of
4280 total trap-nights and captured 37,781 images. Of all
species, American red squirrel was detected on at least one
camera in the greatest number of stations (41), followed by
ruffed grouse (40), northern flying squirrel (38), snowshoe
hare (37), short-tailed weasel (37), American marten (28),
fisher (26), eastern coyote (24), American black bear (22),
moose (22), and white-tailed deer (20). The two resident
felid species, Canada lynx and bobcat, had insufficient detec-
tions for inclusion in our analysis, at 6 stations for the former
and O for the latter.

For all carnivore species, models including method were
top ranked; whereas, the null model was top ranked for four
of the six non-carnivore species (Table 1). For non-carni-
vores, only ruffed grouse and American red squirrel showed
an effect of method in the top model set (Table 1).

For all carnivores, camera sites with one of the attract-
ant methods had higher detection probability estimates than
control sites (Fig. 2a). Detection probability increase was
greatest for mustelid species; as an example, the probability

Table 1 Top-ranked occupancy
models for eleven species

surveyed with trail cameras in
Maine, USA

Species Model AAICc Wgt
Martes americana Y(.), 6(.), p(Method + TSD) 0 0.78
Mustela erminea Y(.), 6(.), p(Method + Area+TSD) 0 1
Pekania pennati Y(.), 6(.), p(Method + Area) 0 0.59
Canis latrans Y(.), 6(.), p(Method + Area) 0 0.62
Ursus americanus Y(.), 6(.), p(Method + RC + Area+TSD) 0 0.55
Odocoileus virginianus Y(), 6(.), p() 0 0.46
Y(.), 6(.), p(Method+ RC+TSD) 0.82 0.31
Alces alces Y(.), 6(.), p(.+ Area) 0 0.92
Lepus americanus Y(.), ©(.), p(.+ Area+TSD) 0 1
Glaucomys sabrinus Y(.), 6(.), p(.+TSD) 0 0.98
Tamiasciurus hudsonicus Y(.), 6(.), p(Method + Area+TSD) 0 0.80
Bonasa umbellus Y(.), 6(.), p(Method + Area) 0 0.72
Y(.), 6(.), p(Method + Area+TSD) 1.84 0.29

Only top ranking models within 2 AAICc (Akaike’s information criterion corrected for small sample size)

are shown

Wgt—Akaike model weight, TSD—time since deployment, RC—road condition
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Fig.2 Model-averaged predicted detection probabilities and stand-
ard errors for five carnivore (a) and six non-carnivore (b) spe-
cies native to Maine, USA. When derived from models including
the study area parameter, results are shown for Chesuncook Lake
(CL). When detection probability was a function of road condition,

results are displayed for condition level “2” defined as a road that is
of average maintenance, and when the variable “Time since deploy-
ment’ was included in top ranking models results for day 1 are dis-
played



of detection of American marten was very low without bait
and lure (P, =0.082 +0.028) but it increased to a much
higher value with bait and lure (Py;,1.=0.482+0.070).
For carnivores, bait only and lure only were consistently
more effective than the control (except for American black
bear), but not as effective as bait plus lure, which we found to
be the most effective overall carnivore community attractant.

For non-carnivore species, the difference in detection
probability for camera sites with attractant methods versus
control sites was minimal (within a three percent change),
with the exception of the American red squirrel, which expe-
rienced a 16% decline in detection probability at bait plus
lure sites, and ruffed grouse, which experienced a 18% and
9% decline for bait plus lure and lure only (Fig. 2b). No con-
sistent influence from attractant usage, positive or negative,
was observed for non-carnivores.

Of our four tested covariates, study area was included in
the top model set for eight out of eleven species; whereas,
time since deployment (TSD) was included in the top model
set for seven out of eleven species (Table 2). All species
with TSD in top models experienced a decreasing detec-
tion probability with each passing trap night. Road condition
(RC) was found to influence the detection of the American
black bear and the white-tailed deer (Table 2). Both species
showed an increase in detection probability with a decrease
in level of road usage; road condition—0, p =0.156 to road

condition—35, p=0.404 for the American black bear, and
road condition—0, p=0.138 to road condition—35, p=0.238
for the white-tailed deer.

Discussion

Our findings indicate that the use of attractants in camera
trapping surveys maximized the detection of carnivores;
whereas, it was not effective for other taxa. A combination
of bait and lure at the same site was identified as the most
effective attractant for surveying northeastern carnivore
communities. Use of bait only and lure only were the second
and third most effective attractants in our carnivore commu-
nity. Lure was notably more effective than bait for American
black bear and bait was notably more effective than lure for
mustelids, which also had a much greater chance of being
detected with attractant use than other carnivores. While
attractant usage was shown to be ineffective for increas-
ing detection probability of non-carnivores, it also did not
decrease effectiveness (i.e., control sites were equally effec-
tive as attractant sites for detection of non-carnivore taxa).
It should also be noted that we were unable to record a suf-
ficient number of station observations to draw any reportable

Table 2 Influence of camera
array features on detection

probabilities for eleven mammal RC
and avian species native to
northern Maine, USA, surveyed
in fall of 2018

Variable Species Impact SE
Odocoileus virginianus 0.29 0.11
Ursus americanus 1.45 0.12

TSD Glaucomys sabrinus —-0.05 0.01
Lepus americanus -0.03 0.02
Martes americana —0.06 0.02
Mustela erminea -0.07 0.01
Odocoileus virginianus —0.06 0.02
Tamiasciurus hudsonicus —-0.02 0.01
Ursus americanus —-0.05 0.03

Area Alces alces SEMA(0.057) > CL(0.016) > RP(0.012) 0.01>0.00>0.00
Bonasa umbellus CL(0.209) > SEMA(0.102) > RP(0.086) 0.02>0.01>0.01
Canis latrans SFMA(0.134) > CL(0.089) > RP(0.059) 0.05>0.04>0.02
Lepus americanus RP(0.290) > SFMA(0.186) > CL(0.159) 0.03>0.02>0.02
Mustela erminea RP(0.552) > SFMA(0.339) > CL(0.243) 0.05>0.04>0.03
Pekania pennati SFMA(0.274) > CL(0.263) > RP(0.087) 0.07>0.08>0.04
Tamiasciurus hudsonicus SFMA(0.412) > CL(0.394) >RP(0.332) 0.03>0.02>0.02
Ursus americanus SFMA(0.202) >RP(0.184) > CL(0.164) 0.08>0.07>0.07

Road condition (RC) was defined on a scale of 0-5 based upon maintenance and use level; with “0” repre-
senting well-maintained roads used for recreation and logging activity, with posted speed limits of 40 mph
or greater, and “5” representing roads that were completely abandoned or undriveable by 4 x4 vehicle. The
three study areas were the Scientific Forestry Management Area of Baxter State Park (SFMA), Chesun-
cook Lake (CL), and Round Pond (RP). Impact numbers represent the slope of the beta estimate for road
condition and time since deployment, and the probability of detection for bait plus lure attractant for each

study area



conclusions for the two felid species known to inhabit our
study area, Canada lynx and bobcat.

The combination of bait and lure as an attractant was
particularly effective for all mustelid species, especially
American marten and fisher, and slightly less effec-
tive than bait for short-tailed weasel (within confidence
intervals, Fig. 2a). Compared to mustelids, the use of our
attractants for eastern coyote and American black bear
was less successful in maximizing detection probability,
despite increases in detection probability for both species.
For the eastern coyote, detection probability was the same
for both bait plus lure and bait only (p =0.1 for both).
American black bear had sizeable increases in detection
probability with the use of lure only and bait plus lure,
while bait only was less effective than control. In com-
parison, use of bait plus lure was not more effective than
control for non-carnivore taxa, but we note that it did not
cause any decreases in detection probability, and thus was
not detrimental either.

The use of meat baits as effective attractants for muste-
lids is consistent with previous findings on similar Euro-
pean species such as the stone marten (Martes foina) (Fer-
reras et al. 2018). The use of meat baits alone, however,
was ineffective for American black bear, resulting in a
similar detection probability to control sites (Fig. 2a). It
should be noted that our field sampling was conducted at
the height of Maine’s bear hunting season, when bears
are hunted over bait stations, with large piles consisting
of a wide variety of bait that is a much stronger attractant
than the small pieces of meat we used, so this may have
influenced our results.

We found low probabilities of detection for the east-
ern coyote, which are in line with the work of Gommper
et al. (2006), suggesting that the eastern coyote is wary of
human scent at bait stations. Consideration of human pres-
ence at the monitoring site should be taken into account in
study design. If the study design protocol requires frequent
site visits for rebaiting, care must be taken to assure that
the species of study is known to be resilient to effects of
human presence; otherwise, such a protocol may not be
suitable. In our research, suet cages were used to con-
tain the beaver meat attractant, which greatly impeded the
ability of animals to take the bait away from the camera
site. This in effect turned the beaver meat into a scent-lure
non-reward bait, as opposed to a first visitation bait (Brac-
zkowski et al. 2016; Gerber et al. 2012). Similar solutions
to the above should be employed to reduce the need for
rebaiting visitations to the site and, thus, reduce human
presence at sites.

We recommend that future studies on optimal attract-
ant usage consider seasonality in their study design, and its
possible effects on detection probability. Indeed, any factor

affecting food availability and habitat use should be con-
sidered as it may affect the results (Mortelliti and Boitani
2008b; Prigioni et al. 2008).

Additional factors affecting detections

We observed different responses among species for two of
our additional explanatory covariates (road condition and
study area) included in our models. Road condition had an
effect on American black bear and white-tailed deer, with
both species experiencing increased detection probabilities
as level of road use decreased. Our results do not entirely
corroborate past research that has shown negative effects
of road proximity on carnivore presence (Mata et al. 2017,
Moriarty et al. 2011). Both the stone marten (Martes foina)
(a congeneric species to the American marten), and the wea-
sel (Mustela nivalis) use roads as territory boundaries in
Europe (Mata et al. 2017). Many canids regularly mark and
travel the boundaries of their territory (Gese and Ruff 1997),
which would lead us to expect increased eastern coyote pres-
ence along major roads; however, this was not observed.

Previous research of Mills et al. (2019) indicated poten-
tial for baited surveys to result in inter-specific competitive
exclusion. While we did not see any evidence of preda-
tor—prey competitive exclusion in our research, we did
observe clear differences in carnivore attractant preference.
As previously mentioned, American black bear exhibited a
much greater preference for lure than bait, and the opposite
is true for mustelids. Incorporating the use of attractants that
are effective to increase detection on a species-specific level
while reducing likelihood of interspecific interactions, can
potentially aid in preventing negative inter-specific interac-
tions like aggression or parasite transmission. It should be
noted that while we did not find evidence of competitive
exclusion in our research, we were not able to analyze the
effect of the two largest carnivores of this landscape and
our forest and mammalian system of study is vastly differ-
ent from that of Mills et al. (2019) research. Thus, future
researchers should take great care to account for potential
negative effects of inter-specific interaction in their specific
area of study, as results may change accordingly.

Time since deployment had an effect on seven species.
For all species, we found a very small decrease in detection
probability (<0.03) with each passing trap night, which is
likely resultant to the decreasing appeal of bait as it decays
(bait) and weakens (lure). Eventually, the continued deploy-
ment of these attractants will reach a point of diminishing
return, where the increased length of deployment will be
nullified by the decreased attractant effectiveness. Research-
ers and managers will need to account for a suite of factors
when determining if the use of attractants is beneficial for
their specific survey. Areas of greater heat and humidity may



experience increased bait decay rates and, thus, decreased
efficiency, similar to the results seen by Mills et al. (2019)
where our protocols may be unsuitable.

Through our analyses, we found a potential effect of study
area for eight species (Table 1). Among the eight species,
the highest detection probability occurred most frequently
in the SFMA area (5 species), while the lowest detection
probability was most frequent in the RP area (5 species)
(Table 1) and the CL area had the greatest average detec-
tion probability across all eleven species. Several factors
may have determined these results, such as prey availability
and forest stand structure. A further consideration is that
seasonality may impact the detection of species, and, thus,
the order of deployment (CL, then SFMA, then RP) may
have contributed to differences between areas. More detailed
investigation was beyond the scope of this study, but these
results warrant further research to improve our mechanistic
understanding of factors affecting detection probability.

Conclusions

Based on our results, we recommend the use of both bait and
lure as attractants when conducting research or monitoring
with camera traps. The combination of bait and lure would
maximize detection of carnivore species, while simultane-
ously having minimal effects on the detection of other taxa.

The type of attractant most effective for maximizing
detection probability is likely to vary between regions and
species. As such, a pilot study to determine the most cost-
effective attractants should be conducted prior to the start
of the project, unless prior empirically supported research
on attractants for species of interest in the region is avail-
able. We observed that the use of attractants resulted in near
negligible effects on detection probabilities for all six non-
carnivore species in our analysis. In other study designs and
study areas, which may contain different non-carnivore spe-
cies communities, attractant usage may be effective, warrant-
ing further research.

Acknowledgements This study was made possible with volunteered
field work by Griffin Archambault. This work was supported by the
Charlie Slavin Research Fund at the University of Maine Honors Col-
lege, the Academic Year Fellowship from the Center for Undergraduate
Research at the University of Maine, the Maine Department of Inland
Fisheries and Wildlife (Pittsmann—Robertson Funds), the Cooperative
Forestry Research Unit and the USDA National Institute of Food and
Agriculture (Mclntire-Stennis Project Number ME0-41913) through
the Maine Agricultural & Forest Experiment Station. All funding agen-
cies did not play any role in the planning, execution, or analysis of the
research. Thanks to Dr. Daniel Harrison, Dr. Walter Jakubas and two
anonymous reviewers for constructive comments on earlier versions
of this manuscript.

References

Andelt WF, Woolley TP (1996) Responses of urban mammals to odor
attractants and a bait-dispensing device. Wildl Soc Bull 24:111-
118. https://doi.org/10.2307/3782842

Austin C, Tuft K, Ramp D, Cremona T, Webb JK (2017) Bait prefer-
ence for remote camera trap studies of the endangered northern
quoll (Dasyurus hallucatus). Aust Mammal 39:72-77. https://
doi.org/10.1071/AM15053

Braczkowski AR, Balme GA, Dickman A, Fattebert J, Johnson P,
Dickerson T, Macdonald DW, Hunter L (2016) Scent lure effect
on camera-trap based leopard density estimates. PLoS ONE
11:e0151033. https://doi.org/10.1371/journal.pone.0151033

Burnham KP, Anderson DR (2002) Model selection and multimodel
inference: a practical information-theoretic approach, 2nd edn.
Springer, Berlin

Burton AC, Neilson E, Moreira D, Ladle A, Steenweg R, Fisher
JT, Bayne E, Boutin S (2015) REVIEW: wildlife camera trap-
ping: a review and recommendations for linking surveys to
ecological processes. J Appl Ecol 52:675-685. https://doi.
org/10.1111/1365-2664.12432

Carreras-Duro J, Mole6n M, Barea-Azc6n JM, Ballesteros-Duperén
E, Virgés E (2016) Optimization of sampling effort in carnivore
surveys based on signs: a regional-scale study in a Mediterra-
nean area. Mamm Biol 81:205-213. https://doi.org/10.1016/j.
mambio.2015.12.003

Clare J, McKinney ST, DePue JE, Loftin CS (2017) Pairing field
methods to improve inference in wildlife surveys while accom-
modating detection covariance. Ecol Appl 27:2031-2047. https
://doi.org/10.1002/eap.1587

Du Preez BD, Loveridge AJ, Macdonald DW (2014) To bait or not to
bait: a comparison of camera-trapping methods for estimating
leopard Panthera pardus density. Biol Conserv 176:153-161.
https://doi.org/10.1016/j.biocon.2014.05.021

Evans BE, Mosby CE, Mortelliti A (2019) Assessing arrays of mul-
tiple trail cameras to detect North American mammals. PLoS
ONE 14:e0217543. https://doi.org/10.1371/journal.pone.02175
43

Ferreira-Rodriguez N, Pombal MA (2019) Bait effectiveness in camera
trap studies in the Iberian Peninsula. Mammal Res 64:155-164.
https://doi.org/10.1007/s13364-018-00414-1

Ferreras P, Diaz-Ruiz F, Alves PC, Monterroso P (2017) Optimizing
camera-trapping protocols for characterizing mesocarnivore com-
munities in south-western Europe. J Zool 301:23-31. https://doi.
org/10.1111/jz0.12386

Ferreras P, Diaz-Ruiz F, Monterroso P (2018) Improving mesocarni-
vore detectability with lures in camera-trapping studies. Wildl Res
45:505-517. https://doi.org/10.1071/WR 18037

Fonju BF (2011) Camera trapping of the coyote (Canis latrans) and
other mammal species on the wind river ranch, New Mexico. New
Mexico Highlands University—thesis

Foresman KR, Pearson DE (1998) Comparison of proposed survey
procedures for detection of forest carnivores. J Wildl Manag
62:1217-1226. https://doi.org/10.2307/3801985

Gerber BD, Karpanty SM, Kelly MJ (2012) Evaluating the potential
biases in carnivore capture-recapture studies associated with
the use of lure and varying density estimation techniques using
photographic-sampling data of the Malagasy civet. Popul Ecol
54:43-54. https://doi.org/10.1007/s10144-011-0276-3

Gese EM, Ruff RL (1997) Scent-marking by coyotes, Canis latrans: the
influence of social and ecological factors. Anim Behav 54:1155—
1166. https://doi.org/10.1006/anbe.1997.0561

Gommper ME, Kays RW, Ray JC, Lapoint S, Bogan DA, Cryan
JA (2006) A comparison of non-invasive techniques to sur-
vey carnivore communities in northeastern North America.


https://doi.org/10.2307/3782842
https://doi.org/10.1071/AM15053
https://doi.org/10.1071/AM15053
https://doi.org/10.1371/journal.pone.0151033
https://doi.org/10.1111/1365-2664.12432
https://doi.org/10.1111/1365-2664.12432
https://doi.org/10.1016/j.mambio.2015.12.003
https://doi.org/10.1016/j.mambio.2015.12.003
https://doi.org/10.1002/eap.1587
https://doi.org/10.1002/eap.1587
https://doi.org/10.1016/j.biocon.2014.05.021
https://doi.org/10.1371/journal.pone.0217543
https://doi.org/10.1371/journal.pone.0217543
https://doi.org/10.1007/s13364-018-00414-1
https://doi.org/10.1111/jzo.12386
https://doi.org/10.1111/jzo.12386
https://doi.org/10.1071/WR18037
https://doi.org/10.2307/3801985
https://doi.org/10.1007/s10144-011-0276-3
https://doi.org/10.1006/anbe.1997.0561

Wildl Soc Bull 34:1142-1151. https://doi.org/10.2193/0091-
7648(2006)34%5b1142:acontt%5d2.0.co;2

Harrison RL (1997) Chemical attractants for central american felids.
Wildl Soc Bull 25:93-97

Hegglin D, Bontadina F, Gloor S, Romer J, Muller U, Breitenmoser
U, Deplazes P (2005) Baiting red foxes in an urban area: a
camera trap study. J] Wildl Manag 68:1010-1017. https://doi.
org/10.2193/0022-541x(2004)068%5b1010:brfiau%5d2.0.co;2

Huff ES, McWilliams WH (2016) Forests of Maine, 2015. Resource
Update FS-86. Newtown Square, PA. U.S. Department of Agri-
culture, Forest Service, Northern Research Station

Jacobs CE, Ausband DE (2018) An evaluation of camera trap per-
formance—what are we missing and does deployment height
matter? Remote Sens Ecol Conserv 4:352-360. https://doi.
org/10.1002/rse2.81

Jones LLC, Raphael MG (1993) Inexpensive camera systems for
detecting martens, fishers, and other animals: guidelines for use
and standardization. Gen Tech Rep—US Dep Agric For Serv,
vol 22, pp 306-334

Jordan MJ, Lobb-Rabe M (2015) An evaluation of methods to attract
urban mesocarnivores to track plates and camera traps. North-
west Sci 89:383-392. https://doi.org/10.3955/046.089.0406

Kowalski B, Watson F, Garza C, Delgado B (2015) Effects of land-
scape covariates on the distribution and detection probabilities
of mammalian carnivores. J] Mammal 96:511-521. https://doi.
org/10.1093/jmammal/gyv056

Long RA, MacKay P, Ray J, Zielinski W (eds) (2008) Noninvasive
survey methods for carnivores. Island Press, Washington DC

Mata C, Ruiz-Capillas P, Malo JE (2017) Small-scale alterations in
carnivore activity patterns close to motorways. Eur J Wildl Res
63:64. https://doi.org/10.1007/s10344-017-1118-1

Meek P, Ballard G, Fleming P, Falzon G (2016a) Are we getting the
full picture? Animal responses to camera traps and implica-
tions for predator studies. Ecol Evol 6:3216-3225. https://doi.
org/10.1002/ece3.2111

Meek PD, Ballard GA, Falzon G (2016b) The higher you go the less
you will know: placing camera traps high to avoid theft will
affect detection. Remote Sens Ecol Conserv 2:204-211. https
://doi.org/10.1002/rse2.28

Mills D, Fattebert J, Hunter L, Slotow R (2019) Maximising camera
trap data: using attractants to improve detection of elusive spe-
cies in multi-species surveys. PLoS ONE 14:e0216447. https://
doi.org/10.1371/journal.pone.0216447

Monterroso P, Alves PC, Ferreras P (2011) Evaluation of attract-
ants for non-invasive studies of Iberian carnivore communities.
Wildl Res 38:446—454. https://doi.org/10.1071/WR11060

Monterroso P, Rebelo P, Alves PC, Ferreras P (2016) Niche parti-
tioning at the edge of the range: a multidimensional analysis
with sympatric martens. ] Mammal 97:928-939. https://doi.
org/10.1093/jmammal/gyw016

Moriarty KM, Zielinski WJ, Forsman ED (2011) Decline in
American marten occupancy rates at Sagehen experimental
forest, California. J] Wildl Manag 75:1774-1787. https://doi.
org/10.1002/jwmg.228

Mortelliti A, Boitani L (2008a) Evaluation of scent-station surveys
to monitor the distribution of three European carnivore spe-
cies (Martes foina, Meles meles, Vulpes vulpes) in a fragmented
landscape. Mamm Biol 73:287-292

Mortelliti A, Boitani L (2008b) Interaction of food resources and
landscape structure in determining the probability of patch
use by carnivores in fragmented landscapes. Landsc Ecol
23:285-298

Moruzzi T, Fuller T, DeGraaf RM, Rooks RT, Li W (2002) Assess-
ing remotely triggered cameras for surveying carnivore distribu-
tion. Wildl Soc Bull 30:380-386

Nichols JD, Bailey L, O’Connell AF, Talancy NW, Grant EHC, Gil-
bert AT, Annand EM, Husband TP, Hines JE (2008) Multi-scale
occupancy estimation and modelling using multiple detection
methods. J Appl Ecol 45:1321-1329. https://doi.org/10.111
1/j.1365-2664.2007.0

Nichols M, Glen A, Garvey P, Ross J (2017) A comparison of hori-
zontal versus vertical camera placement to detect feral cats and
mustelids. N Z J Ecol 41:145-150. https://doi.org/10.20417/
nzjecol.41.11

NOAA (2010) U.S. Climate Normals. https://www.ncdc.noaa.gov/
data-access/land-based-station-data/land-based-datasets/clima
te-normals/1981-2010-normals-data. Accessed 29 Sept 2019

O’Connell AF, Nichols JD, Karanth KU (2011) Camera traps in ani-
mal ecology: methods and analyses. Springer, New York

Paull DJ, Claridge AW, Barry SC (2011) There’s no accounting for
taste: bait attractants and infrared digital cameras for detect-
ing small to medium ground-dwelling mammals. Wildl Res
38:188-195. https://doi.org/10.1071/WR10203

Prigioni C, Balestrieri A, Remonti L, Cavada L (2008) Dif-
ferential use of food and habitat by sympatric carnivores in
the eastern Italian Alps. Ital J Zool 75:173-184. https://doi.
org/10.1080/11250000701885521

Rich LN, Miller DAW, Robinson HS, McNutt JW, Kelly MJ (2016)
Using camera trapping and hierarchical occupancy mod-
elling to evaluate the spatial ecology of an African mam-
mal community. J Appl Ecol 53:1225-1235. https://doi.
org/10.1111/1365-2664.12650

Rovero F, Zimmermann F, Berzi D, Meek P (2013) “Which camera
trap type and how many do I need?” A review of camera features
and study designs for a range of wildlife research applications.
Hystrix 24:148-156. https://doi.org/10.4404/hystrix-24.2-6316

Rowcliffe JM, Carbone C (2008) Surveys using camera traps: are we
looking to a brighter future? Anim Conserv 11:185-186. https
://doi.org/10.1111/j.1469-1795.2008.00180.x

Satterfield LC, Thompson JJ, Snyman A, Candelario L, Rode
B, Carroll JP (2017) Estimating occurrence and detect-
ability of a carnivore community in eastern Botswana using
baited camera traps. Afr J Wildl Res 47:32—46. https://doi.
org/10.3957/056.047.0032

Schlexer FV (2008) Attracting Animals to Detection Devices. In:
Long RA, MacKay P, Ray J, Zielinski W (eds) Noninvasive
survey methods for carnivores. Island Press, Washington DC,
pp 263-292

Seymour RS, Hunter MLJ (1992) New forestry in eastern spruce-fir
forests: principles and applications to Maine. Misc Publ 716:36

Shannon G, Lewis JS, Gerber BD (2014) Recommended survey
designs for occupancy modelling using motion-activated cam-
eras: insights from empirical wildlife data. PeerJ 2:¢532. https
://doi.org/10.7717/peerj.532

Sirén APK, Pekins PJ, Kilborn JR, Kanter JJ, Sutherland CS (2017)
Potential influence of high-elevation wind farms on carnivore
mobility. ] Wildl Manag 81:1505-1512. https://doi.org/10.1002/
jwmg.21317

Steenweg R, Hebblewhite M, Kays R, Ahumada J, Fisher JT, Bur-
ton C, Townsend SE, Carbone C, Rowcliffe JM, Whittington J,
Brodie J, Royle JA, Switalski A, Clevenger AP, Heim N, Rich
LN (2017) Scaling-up camera traps: monitoring the planet’s bio-
diversity with networks of remote sensors. Front Ecol Environ
15:26-34. https://doi.org/10.1002/fee.1448

Stokeld D, Frank ASK, Hill B, Choy JL, Mahney T, Stevens A,
Young S, Rangers D, Rangers W, Gillespie GR (2015) Mul-
tiple cameras required to reliably detect feral cats in northern
Australian tropical savanna: an evaluation of sampling design
when using camera traps. Wildl Res 42:642-649. https://doi.
org/10.1071/WR15083


https://doi.org/10.2193/0091-7648(2006)34%5b1142:acontt%5d2.0.co;2
https://doi.org/10.2193/0091-7648(2006)34%5b1142:acontt%5d2.0.co;2
https://doi.org/10.2193/0022-541x(2004)068%5b1010:brfiau%5d2.0.co;2
https://doi.org/10.2193/0022-541x(2004)068%5b1010:brfiau%5d2.0.co;2
https://doi.org/10.1002/rse2.81
https://doi.org/10.1002/rse2.81
https://doi.org/10.3955/046.089.0406
https://doi.org/10.1093/jmammal/gyv056
https://doi.org/10.1093/jmammal/gyv056
https://doi.org/10.1007/s10344-017-1118-1
https://doi.org/10.1002/ece3.2111
https://doi.org/10.1002/ece3.2111
https://doi.org/10.1002/rse2.28
https://doi.org/10.1002/rse2.28
https://doi.org/10.1371/journal.pone.0216447
https://doi.org/10.1371/journal.pone.0216447
https://doi.org/10.1071/WR11060
https://doi.org/10.1093/jmammal/gyw016
https://doi.org/10.1093/jmammal/gyw016
https://doi.org/10.1002/jwmg.228
https://doi.org/10.1002/jwmg.228
https://doi.org/10.1111/j.1365-2664.2007.0
https://doi.org/10.1111/j.1365-2664.2007.0
https://doi.org/10.20417/nzjecol.41.11
https://doi.org/10.20417/nzjecol.41.11
https://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-datasets/climate-normals/1981-2010-normals-data
https://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-datasets/climate-normals/1981-2010-normals-data
https://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-datasets/climate-normals/1981-2010-normals-data
https://doi.org/10.1071/WR10203
https://doi.org/10.1080/11250000701885521
https://doi.org/10.1080/11250000701885521
https://doi.org/10.1111/1365-2664.12650
https://doi.org/10.1111/1365-2664.12650
https://doi.org/10.4404/hystrix-24.2-6316
https://doi.org/10.1111/j.1469-1795.2008.00180.x
https://doi.org/10.1111/j.1469-1795.2008.00180.x
https://doi.org/10.3957/056.047.0032
https://doi.org/10.3957/056.047.0032
https://doi.org/10.7717/peerj.532
https://doi.org/10.7717/peerj.532
https://doi.org/10.1002/jwmg.21317
https://doi.org/10.1002/jwmg.21317
https://doi.org/10.1002/fee.1448
https://doi.org/10.1071/WR15083
https://doi.org/10.1071/WR15083

Swann DE, Hass CC, Dalton DC, Wolf SA (2004) Infrared-trig-
gered cameras for detecting wildlife: an evaluation and review.
Wildl Soc Bull 32:357-365. https://doi.org/10.2193/0091-
7648(2004)32%5b357:icfdwa%5d2.0.co;2

Thorn M, Scott DM, Green M, Bateman PW, Cameron EZ
(2009) Estimating brown hyaena occupancy using baited
camera traps. S Afr J Wildl Res 39:1-10. https://doi.
org/10.3957/056.039.0101

Torretta E, Mosini A, Piana M, Tirozzi P, Serafini M, Puopolo F,
Saino N, Balestrieri A (2017) Time partitioning in mesocarni-
vore communities from different habitats of NW Italy: insights
into martens’ competitive abilities. Behaviour 154:241-266.
https://doi.org/10.1163/1568539X-00003420

10

Williams BW, Etter DR, Linden DW, Millenbah KF, Winterstein SR,
Scribner KT (2009) Noninvasive hair sampling and genetic tag-
ging of co-distributed fishers and American martens. J Wildl
Manag 73:26-34. https://doi.org/10.2193/2007-429

Zielinski WJ, Kucera TE (1995) American marten, fisher, lynx, and
wolverine: survey methods for their detection. General Technical
Report PSW-GTR-157. https://doi.org/10.2737/PSW-GTR-157


https://doi.org/10.2193/0091-7648(2004)32%5b357:icfdwa%5d2.0.co;2
https://doi.org/10.2193/0091-7648(2004)32%5b357:icfdwa%5d2.0.co;2
https://doi.org/10.3957/056.039.0101
https://doi.org/10.3957/056.039.0101
https://doi.org/10.1163/1568539X-00003420
https://doi.org/10.2193/2007-429
https://doi.org/10.2737/PSW-GTR-157

	Assessing the effectiveness of attractants to increase camera trap detections of North American mammals
	Abstract
	Introduction
	Materials and methods
	Study area
	Field methods
	Analytical methods

	Results
	Discussion
	Additional factors affecting detections

	Conclusions
	Acknowledgements 
	References




