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Abstract 

 

Amphibians are of great interest to scientific research, but many populations are 

highly threatened and declining worldwide. Although varieties of aquatic survey 

methods exist, traditional methods for terrestrial surveys are very time-consuming but 

often not very effective. A novel method to detect terrestrial amphibians is the use of 

wildlife detection dogs. While their use for and factors affecting detection rates of 

mammals and reptiles are well documented, scientific literature on amphibian 

detection dogs is just emerging. The purpose of this study was to investigate the 

effects of environmental (habitat, weather) and training factors on detection 

probabilities for a newt detection dog. An experienced wildlife detection dog was 

trained and tested on smooth (Lissotriton vulgaris) and great crested newts (Triturus 

cristatus). Environmental and training parameters were recorded for 101 test trials and 

                  



 3 

used as explanatory parameters in a binomial GLM. I found that detection probability 

strongly depended on temperature, whereby optimal temperatures varied by habitat. 

Detection probabilities were lowest in short grass, but there was no strong difference 

among forest habitats. They were higher for males than females and for great crested 

than smooth newts. For this dog, detection probabilities were also higher if the dog 

was working off the leash than on it, and when the dog was cooperative than fatigued. 

Dog performance increased over time with a strong increase at the beginning and a 

plateau at 92% detection probability. However, detection rates of this specific dog 

slightly decreased when the dog was working more than two hours. The findings of 

this study provide a valuable basis for future deployments of this and other amphibian 

detection dogs. Dogs can certainly work in a variety of different habitats, although 

directed off-leash searching with enough time in complex habitats and specific 

training for small species with low detection distances may enhance their 

performance. The study design might also consider the temperature and humidity at 

which the dog will be deployed. A regular assessment of the detection dog using blind 

tests will give an indication on its reliability. Assessments similar to this study may 

further be used to estimate detection probability for a particular dog under given field 

conditions. Regular blind tests will show when the detection rates reached a plateau, 

which may then give an indication on its reliability. Altogether, results suggest that 

newt detection dogs may provide a highly promising survey method, which can 

certainly be transferred for detecting other amphibians in terrestrial habitats. 
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Introduction 

 

Due to their fascinating biology and the global threat they face, amphibians are of 

great interest to scientific research. Many different factors are responsible for the 

rapid population declines of this animal class, including habitat destruction and 

fragmentation, pollution, global climate change, the spread of diseases, illegal trade, 

and the introduction of non-native species that either directly threaten them or 

represent a new food competition (Hayes et al., 2010; Falaschi et al., 2019). The effect 

of these factors may be multiplied, as many amphibian species require freshwater to 

breed and therefore migrate to breeding ponds in spring and back to terrestrial habitats 

in summer or autumn (Temple and Cox, 2009). In addition to scientific research, 

amphibians are frequent target groups in management and landscape planning, on the 

one hand to detect the presence of rare species, and on the other hand to catch and 

transfer individual animals during construction measures and along roads (Hachtel et 

al., 2017). 

 

 

A variety of different methods are available for catching and monitoring amphibians 

(Heyer et al., 1994; Henle and Veith, 1997; Hachtel et al., 2009). Most of them refer 

to aquatic surveys during their reproduction period, where calling records and specific 

water traps can provide very good catch numbers (e.g., Gunzburger, 2007; Drechsler 
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et al. 2010). However, the search on land is much more complicated. Terrestrial traps 

are usually only effective with an elaborately designed fence and only provide 

meaningful capture numbers during migrations between water and land habitats (Hill 

et al., 2005). Outside the migration period, visual encounter or transect surveys are 

often conducted. They depend on the activity time of the respective species and are 

very time-consuming but not very effective (English Nature, 2001; Hill et al., 2005; 

Ali et al. 2018), except for highly mobiles species that are active in open forests and 

salamanders that can be found when being active after the rain (Heyes et al., 1994). 

More elusive amphibian species are not sufficiently detectable by this method (Hill et 

al., 2005). Even in areas with high population densities, only certain species can be 

detected with most terrestrial monitoring methods, especially in denser habitats such 

as forests (Vences et al., 2008). 

 

 

A novel method to detect hidden, burrowing or inactive amphibians is the use of 

wildlife detection dogs (Powers, 2018; Grimm-Seyfarth and Harms, 2019). Wildlife 

detection dogs provide a method to monitor species of all kingdoms that could 

otherwise not or hardly be studied (Dahlgren et al., 2012; Bennett et al., 2019). While 

their use for birds and mammals dates back to 1890s and 1940s, respectively, and 

their use for reptile detection has been known since the 1950s (Grimm-Seyfarth and 

Harms, 2021), the first study on amphibian detection is much more recent (Sokolov et 

al., 1990). Although amphibian detection dogs have been regularly used to find 

invasive species such as cane toads (Chaunus marinus) in Australia and New Zealand 

(Peacock, 2007), scientific literature on their performance is rare (Powers, 2018; 

Grimm-Seyfarth et al., 2021). In contrast to reptile (Cablk and Heaton, 2006; Savidge 
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et al., 2011) and scat detection dogs (Long et al., 2007; MacKay et al., 2008; Reed et 

al., 2011), I am not aware of any published study that determined the effects of 

environmental factors on detection rates of amphibian detection dogs. 

 

 

The purpose of this study was to examine detection probabilities of a newt detection 

dog as an example of amphibian detection in the terrestrial realm in blind test settings. 

I aimed at investigating the effects of (i) different habitats and sites, (ii) different 

weather conditions, (iii) different target species, and (iv) different training conditions 

on detection rates. Knowledge of these factors will enable the estimation of detection 

probabilities during fieldwork. 

 

 

Materials and methods 

Study area and amphibian species 

 

The study took place in the Flora-Fauna-Habitat area “Leipziger Auensystem” 

(Floodplain system of Leipzig, 51°22'01.9"N, 12°15'32.0"E). Training and testing of 

the newt detection dog were conducted in the “Papitzer Lehmlachen” (51°22'49.7"N 

12°14'33.4"E), a part of the nature reserve “Luppeaue”, in 2018, and in the nature 

reserve “Burgaue” (51°22'05.6"N 12°16'53.3"E) in 2019 and 2020. In those areas, an 

annual aquatic amphibian monitoring by means of minnow traps took place, which 

aimed at catching smooth newts (Lissotriton vulgaris) and great crested newts 

(Triturus cristatus) during their reproductive period between April and June for 

population viability analyses. Each newt was measured, weighed and photographed 
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for individual identification and then released at the point of capture (Mazoschek, 

2018). I used some of the captured newts for dog training and testing (see 2.2). I made 

sure that each individual was only used for a short time and kept moist regardless of 

the environmental conditions. 

 

 

I have been granted the nature conservation exception from the prohibitions of § 44 

para. 1 no. 1, 2 BNatSchG (Federal Nature Conservation Act) and § 4 para. 1 no. 1 

BArtSchV (Federal Species Protection Ordinance) by the respective responsible 

Lower nature conservation authorities. These allowed me (and my colleagues) to 

catch and handle native amphibian species. 

 

 

Detection dog training and testing 

 

The dog used in this study was a private-owned pure-bred male Border Collie called 

“Zammy”, housed and handled by the author of this study. The dog was born in 2016 

and trained as a wildlife detection dog from puppy on (Grimm-Seyfarth et al., 2019). 

He has been, and still is, intensively working as a scat detection dog for Eurasian otter 

(Lutra lutra) and in a pilot study for the Eastern green lizard (Lacerta viridis). In a 

pre-study in 2018, the dog was additionally trained on swab samples from ten male 

and eleven female smooth newts as well as five male and eight female great crested 

newts (Grimm-Seyfarth and Harms, 2019). In the same year, I stopped using swabs 

due to the uncertainty of which odour is actually attached to them. Instead, the dog 

was familiarized with living newt individuals caught in aquatic surveys (see 2.1). Due 
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to the dependence on live newts, dog training was restricted to April until June each 

year. During the first trials in the field in 2018, newts were secured inside small 

plastic cages (7.5 cm x 18 cm x 3 cm, mesh size 0.8 cm). However, the dog has been 

trained a passive sit-and-stare alert as a response to finding a newt and did not interact 

with any individual. In order to minimize visual clues, I therefore eliminated the cages 

in the following years and instead started training on a five-meter towing leash to 

warrant the safety of the newts. Moreover, as we initially observed that detection 

distances for such small targets can be as low as 20 cm, a towing leash can optimize 

search strategy and coverage (Woollett (Smith) et al., 2014). With advances in 

training, the dog learned to walk slower and focus on small targets by himself. The 

leash was preferably used in open habitat to prevent the dog from walking too fast and 

potentially overlooking a newt, but less in dense habitat where he was guided by dog 

whistle when searching around large woodpiles or shrubs. However, on-leash and off-

leash searches have been conducted in all habitat types for comparisons. 

 

 

In spring 2019, the dog learned to find newts at various search areas and in various 

habitats. From that year on, most training sessions were accompanied by at least one 

blind test setting where the dog had to find an individual of unknown species and sex 

in various search areas of approx. 20 x 50 meters. To ensue blindness, tests were 

conducted with the help of an assistant who randomly placed the newt in the search 

area while both the handler and the dog were not present. The assistant made sure that 

the newt could not dry out or overheat by putting water and / or a shelter of wood or 

leaves on it and observing that the hiding place would not suddenly be exposed to 

direct sunlight. This should have also prevented the newts from roaming around a lot. 
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He/she also always touched other parts of the search area and walked through it 

several times to exclude that the dog would only detect human scent instead of the 

newt itself. Furthermore, seven different assistants alternated to place the newt and 

occasionally, more than one assistant moved through the search area to spread human 

scent to prevent the dog from trailing a specific person. After placing the individual, 

the assistant stood still either in the search area or at the border of it. He/she was 

instructed to not interact with the dog during the search, nor to look directly towards 

both the dog and the hiding place of the newt to avoid non-verbal cues to the dog. 

Every search started with the handler placing the dog at the border of the search area 

and sending him to search on command. The dog was allowed to search freely 

wherever possible and called to turn when he left the search area. 

 

 

In one third of all test settings, the assistant randomly placed between one and four 

additional decoys in the search area. I define those decoys as anything that could hold 

newt scent, such as the water or glass in which the newt was kept before, or any tool 

that had touched it. This was because in later field searches, the dog should only find 

living individuals or occupied burrows and not every shelter a newt had used on its 

way through the habitat. Thus, the dog was trained to only detect live newts rather 

than residual newt odour. The handler never knew whether or how many decoys had 

been placed. The test stopped either when the dog alerted or when the handler decided 

that the dog has searched the area and did not find the target. After each alert, the 

handler approached the dog and looked for the newt. If the dog had alerted at a decoy, 

the assistant told the handler and picked up the hidden newt. Tests and trainings 

usually alternated within a session. Each session comprised an average of seven tests 
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(between one and 15 tests) and lasted an average of 1.4 hours (between 0.5 and 2.5 

hours), with longer sessions comprising more tests or training trials. I always finished 

a session with the dog finding a newt and alerting at it. I used positive reinforcement 

without coercion. For each correct alert, the dog gets a playtime with its ball, followed 

by a food reward to complete his chain of action for hunting. If the dog alerted at 

anything other than the living newts during training, including the decoys holding 

newt scent, I ignored that alert and sent him on searching. After each test and training 

session, I recorded the species and sex of the hidden newt, the number of decoys, 

whether the dog alerted at the newt (1/0) or a decoy (1/0), whether the dog was 

leashed, the condition of the dog, and the duration of the whole session (Table 1). A 

total of 101 blind tests have been conducted, 44 in 2019 and 57 in 2020. 

 

 

Environmental parameters 

 

Throughout testing and training in the field settings, the dog was confronted with a 

range of environmental conditions, all of which could influence detection probabilities 

(MacKay et al., 2008). I recorded the temperature and relative humidity (TFA 

Dostmann handheld devices), the general weather and wind condition, and the flying 

insect activity. I further recorded the predominant terrain and its elevation of the 

search area. Last, I noted the specific site where the newt was hidden and whether it 

was placed visible or not (Table 1). 

 

 

Statistical analyses 
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I defined the naïve detection rate as the proportion of detected individuals. Applied to 

the detection dog method, this meant the number of true-positive alerts divided by the 

number of targets hidden. This is also often referred to as sensitivity of a detection 

dog. I also calculated the dog’s precision as the number of true-positive alerts divided 

by the total number of alerts, i.e. including all false-positive alerts. False-positive 

alerts would be alerts at anything other than the living individual, including alerts at 

the decoys holding newt scent. 

 

 

The 101 blind tests were used to estimate detection probabilities by means of a 

generalized linear model (GLM) (Nelder and Wedderburn, 1972) with binomial error 

distribution, whereby “1” implies a correct and “0” no alert at the hidden newt per 

test. Training (i.e., parameters that can be manipulated during training) and 

environmental parameters (i.e., parameters that depend on given environmental 

conditions) were used as explanatory parameters, together with the test number (i.e., 

the chronological numbering of tests). In order to avoid collinearity, I performed 

correlation tests among all mentioned parameters beforehand. (Dormann et al., 2013). 

Since many parameters showed slight correlations among each other, I chose a 

conservative correlation threshold of R ≥ 0.4. Following this, I removed the 

parameters relative humidity, wind, elevation, hidden, and insects (Appendix S1). I 

also removed the weather since most tests had been conducted on partly cloudy days 

(77.2%), in comparison to 5.9% sunny, 8.9% cloudy and 7.9% drizzling days. I then 

built a model with the remaining parameters without interactions and calculated the 

variance inflation factor using the R package “car” (Fox and Weisberg, 2019). All 
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GVIF^1/2df (Fox and Monette, 1992) were below 5 and thus did not indicate further 

serious collinearity problems. 

 

 

The final global GLM included the training parameters Test number, on/off Leash, 

Session duration, Species, Sex, Number of decoys and Condition of the dog, and the 

environmental parameters Site, Temperature, Terrain, and the interaction between the 

latter. As the temperature could show an optimum curve for the detection probability, 

I compared the model to one with a quadratic relation for temperature using Akaike’s 

Information Criterion corrected for small samples (AICc). Likewise, I considered that 

the dog’s performance could show a saturation curve over time and compared the 

model to one with a logarithmic relation to test number. After selecting the global 

model, I fitted all possible model combinations within the given set of test predictors 

(Stephens et al., 2006) using the R package “MuMIn” (Barton, 2019) and compared 

them using AICc (Burnham and Anderson, 2002). 

 

 

I obtained parameter significances by means of a likelihood ratio test (LRT) of the full 

model against the model without the parameter in question and overall model 

significance using an LRT of the full model against a model including the intercept 

only. I obtained parameter estimates and standard errors from the full model (Cade, 

2015) and their relative importance by summing up their AICc weights (ωAICc) 

across all models. The model did not show any visual sign of autocorrelation. All 

analyses were performed in R (R Core Team, 2020). 
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Results 

Summary of raw data 

 

Of the 101 blind tests conducted, 45 (16 females, 29 males) refer to the smooth newt 

and 56 (28 females, 28 males) to the great crested newt. In 2019, great crested newts 

were dominant (31 T. cristatus vs. 13 L. vulgaris) and the overall sex ratio was equal 

(22:22), while in 2020, smooth newts were dominant (25 T. cristatus vs. 32 L. 

vulgaris) and the sex ratio was slightly male-biased (35:22). Around two third (67) of 

the tests have been conducted without decoys, 23 with one decoy, six with two, four 

with three and one with four decoys. More tests have been conducted on leash (62) 

than off (39). The dog was mostly cooperative (83), rarely fatigued (18), and never 

distracted or frustrated. Total test and training sessions lasted from 30 to 150 minutes 

with an average of 102 and a median of 120 minutes. 

 

 

Tests have been conducted at temperatures from 9.9°C to 27.7°C with an average of 

19.64°C, and relative humidity from 41.8% to 80.8% with an average of 57.61%. 

Higher temperatures were strongly correlated with lower humidity (R = -0.59, p << 

0.001) and a higher amount of flying insects (R = 0.69, p << 0.001). Despite the 

weather was partly cloudy most of the test days, it also correlated with temperature (R 

= 0.31, p << 0.001). Higher temperature also increased the occurrence of fatigued 

condition in the detection dog (R = 0.39, p << 0.001) (Fig. 2, Appendix S1). Test 

terrains were almost equally distributed with 21 tests in short grass, 18 in tall grass, 30 
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in open understory and 32 in dense understory. Most newts were placed in grass / 

litter (60), followed by on / under logs (37), on tree trunks (3) and under rocks (1). 

 

 

All newts were found again. They usually stayed in place and only rarely moved up to 

one meter. The total naïve detection rate (i.e., the percentage of newts detected by 

dogs in relation to the total number of placed newts) of newts was 77.23%. Separated 

by year, the naïve detection rates in 2019 and 2020 were 65.91% and 85.96%, 

respectively. Of the 34 tests where decoys had been placed, the total naïve detection 

rate of newts was 82.35% and false-positive alerts at decoys amounted to 11.74% of 

the tests, but only 7.84% (four decoys) of all decoys placed. Separated by year, the 

naïve detection rates in 2019 and 2020 with decoys present were 50% and 92.31%. 

False-positive alerts at decoys amounted to 37.5% of the tests and 25% (three decoys) 

of all decoys placed in 2019, as well as 3.85% of all tests and 2.56% (one decoy) of 

all decoys placed in 2020. The overall precision was 95.12% throughout all tests, 

90.63% in 2019, and 98% in 2020. No false positive alert occurred on other objects 

than the decoys holding newt scent. 

 

 

Statistical analyses 

 

I rejected the quadratic relation to temperature as this weakened the model 

(AICcquadratic.temperature = 122.4, AICclinear = 112.1) but kept the logarithmic relation to 

test number as this slightly improved it (AICclog.test.number = 110.7). The global model 

was significantly different from the null model (LRT, p = 0.0007). 
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The best model explaining the influence on detection probability included the training 

parameter Sex and the environmental parameters Temperature, Terrain, and their 

interaction (Table 2). While no further environmental parameter influenced detection 

probability, all other training parameters were included individually or in 

combinations of two or three in the best models within ΔAICc < 2 (Table 2). Thus the 

most important parameters were, in ascending order: Terrain, Sex, Temperature, 

Temperature:Terrain, Condition of the Dog, on/off Leash, Number of Decoys, Session 

duration, Test number, and Species (Table 3). 

 

 

With increasing temperature, detection probability decreased in short grass and open 

understory, but increased in tall grass and dense understory. It was higher for males 

than females and for the great crested newt than the smooth newt (Fig. 3). Detection 

probability was also higher if the dog was working off the leash than on it, and when 

the dog was cooperative than fatigued (Fig. 4). Notably, when adding the parameters 

Condition and on/off Leash to the model, detection probability decreased with 

increasing temperature in dense understory (Fig. 4). Detection probability was slightly 

decreasing with increasing session duration, but increasing with a higher number of 

decoys and advancing test number (Fig. 5). The average detection rate for test 

numbers 90-120 was estimated at 0.92. It did not differ substantially among terrains, 

but was usually highest for tall and lowest for short grass (Fig. 5). 
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Discussion 

 

Already naïve detection rates for a newt individual on 0.1 ha indicated that the 

detection dog performed better in 2020 than in 2019. Statistical analyses confirmed 

the increasing sensitivity, showing a logarithmic increase in estimated detection rates 

levelling off at 92%. While the overall naïve detection rate was comparable to that of 

placed California tiger salamander (Ambystoma californiense) hybrids on 0.1 ha 

(79%) (Powers, 2018), final detection rates were similar to overall detection rates for 

placed individuals of Desert Tortoise (Gopherus agassizii) on 0.5 and 2 ha (91%) 

(Cablk and Heaton, 2006). However, it is possible that the dog would not reach that 

plateau when searching for wild newts on larger areas, as also detection rates of the 

Desert Tortoise detection dogs decreased to 70% when searching for wild tortoise on 

6.25 ha subplots (Nussear et al., 2008). Nevertheless, the increased accuracy over time 

was attributed to the learning curve in Desert Tortoise detection dogs (Cablk and 

Heaton, 2006). Likewise, Taranto (2019) described a very steep linear learning curve 

at the beginning, while Gompper et al. (2006) assumed that “final” detection dogs 

show a constant detection rate. Together, this is pictured in a logarithmic learning 

curve by the newt detection dog in this study with a steep increase in 2019 and a 

plateau in 2020, indicating that the dog has finished training and may be operational 

capable. Therefore, regular validation tests until detection rates level off may be one 

appropriate means to determine operational capability of wildlife detection dogs. 

Thus, it seems useful to monitor the performance of any wildlife detection dog during 

training to be able to detect each dog’s specific plateau for the task and target under 

specific conditions. 
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Short after the number of true-positive indications increases at the beginning of 

training a  detection dog, the number of false-positive indications also increases, but 

soon declines again (Taranto, 2019). In line with that, in this study the number of 

false-positive alerts in 2019 was ten times higher than in 2020. Importantly, the dog 

only made false-positive alerts at the decoys holding newt scent, i.e., material that has 

touched the newt. It may have not been obvious for the dog to ignore these decoys at 

the beginning, as he was alerting at scent traces of the correct species, also known as 

residual odour. It has been shown that detection dogs can recognise the odour of the 

targeted amphibian species in concentrations as low as 1:100,000 (Matthew et al., 

2021). At the beginning, the dog may have additionally been confused as he was pre-

trained on newt swabs in 2018 and it remains unclear which scents exactly stick to the 

swabs and what the dog learned from it. In 2019, he thus had to learn to ignore 

anything other than the living individuals, including residual odour. This is 

particularly important for retreat searches where many parts of the habitat may hold 

newt scent, but only occupied retreats are of interest. The fact that the detection rate of 

the dog increased with the number of decoys placed indicates that this training was 

successful. Furthermore, his very high precision in 2020 of 98% indicates that 

detection dogs can be a highly reliable detection method for living individuals while 

ignoring residual odour such as previously occupied hiding places still holding newt 

scent. Other studies found that amphibian detection dogs can exhibit near-perfect 

specificity when tested against placed non-target species (98.6%, (Matthew et al., 

2021) and 100% (Powers, 2018)). 
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While it seems logical that the detection rate for the larger species (great crested newt) 

was higher than for the smaller one (smooth newt), as larger species may produce 

more scents that are easier to detect from a greater distance, the difference was much 

stronger for the sex than for the species, with higher detection rates for males. As we 

almost exclusively used newts in their reproductive period for blind tests, these 

individuals should have also produced courtship pheromones. In male European 

newts, these pheromones are particularly strong and produced by a specialized 

abdominal gland (Malacarne and Giacoma, 1986). They also have a scent marking 

function and are thus likely to be present during the terrestrial phase as well, even 

though less expressed (Malacarne and Giacoma, 1986). If male newts indeed produce 

substantially more scent than females, it is likely that the detection dog could smell 

males from a much greater distance, and larger detection distances may increase 

detection probabilities, particularly in dense habitats. In addition, sample size in 2020 

was slightly biased towards male smooth newts, which may contribute to the higher 

detection rates for males. 

 

 

The newt detection dog was trained under a range of field conditions in natural newt 

habitats. Detection rates strongly depended on temperature and terrain, usually 

decreasing with advancing temperature, but increasing in tall grass. However, sample 

size in tall grass was lowest (N = 18) and all tests but those at 10°C yielded an 100% 

detection rate. Together with the fact that most tests were conducted at above 15°C, 

this may indicate that detection rates increase up to ca. 12°C, reach a plateau, and 

decrease above ca. 25°C, whereby exact temperatures may depend on the habitat and 

on the individual dog. While previous studies did not detect effects of temperature on 
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detection rates for tortoise detection (Cablk and Heaton, 2006; Nussear et al., 2008), 

effects on bird detection were comparable to those found in this study (Gutzwiller, 

1990), and effects on scat detection were dog-dependent (Reed et al., 2011). 

Importantly, higher temperatures were correlated to more direct sunlight, which can 

impede scent production and thus, decrease detection probability (MacKay et al., 

2008). Higher temperatures were also correlated to lower relative humidity. In turn, 

increasing relative humidity also increased detection probability, which was also 

found for snake (Savidge et al., 2011) and scat detection (Reed et al., 2011), as 

humidity likely enhances scents (Osterkamp, 2020). Higher temperatures also 

favoured flying insects, and a higher amount of biting insects could detain the dog 

from staying focussed (MacKay et al., 2008), but they can also form plumes which 

can move scent molecules and decrease detection probability (Osterkamp, 2020). 

Lastly, higher temperatures increased fatigue in the dog, which is due to higher 

panting rates, which in turn reduce olfactory performance (Osterkamp, 2020). 

 

 

Apart from temperature and humidity, wind is assumed to have a substantial effect on 

scent detection (MacKay et al., 2008; Reed et al., 2011; Osterkamp, 2020). 

Regrettably, in this study, wind strength was strongly correlated with test number and 

was much stronger during tests in 2019. Results are thus confounded with the dog’s 

learning curve. However, I observed that detection probabilities in 2019 on short grass 

were higher when the dog was working with the wind. It is likely that the wind pushes 

the scent of the very small target individuals towards the grass leaves behind it, which 

then reflects the scent particles back towards the dog. When the dog works with the 

wind, it would get these scent particles and can work out the target, while when the 
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dog works against the wind, scent particles would be distributed away from the dog 

making it harder to detect the target (Osterkamp, 2020). The effects of environmental 

and training factors on detection probabilities were stronger in short grass than in 

forest, and no substantial differences occurred between dense and open understory. It 

is possible that scents of targets as small as newts becomes less diffused in forests 

than in short grass. Moreover, as the microclimate in forests is much more stable than 

in open habitats, scents may get less dispersed (Osterkamp, 2020). Other studies also 

found low differences among habitat types, but search duration may increase in 

complex habitat (Leigh and Dominick, 2015). 

 

 

Although effects were small, detection probabilities were lower when the dog was 

fatigued than when he was cooperative, and when he searched on-leash than when he 

searched off-leash. They were particularly low when the dog was both leashed and 

fatigued and maybe less willing to persuade the handler to follow him. Generally, it is 

believed that working off-leash maximises searching ability (MacKay et al., 2008), 

may enable greater coverage of the area (Woollett (Smith) et al., 2014), and may 

allow dogs to compensate wind conditions (Reed et al., 2011). For example, in a koala 

(Phascolarctos cinereus) scat detection dog, false negatives only occurred when the 

dog was leashed (Cristescu et al., 2015). In this study, the effect was particularly 

strong on short grass, where scents dispersed stronger and wind was probably more 

important. This is particularly interesting as we started the training of the dog on-

leash, as it is recommended for small targets with low detection distances (Woollett 

(Smith) et al., 2014). However, a dog that is to be deployed in dense habitats, like the 

newt detection dog in this study, can hardly be kept on a leash (MacKay et al., 2008, 
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Woollett (Smith) et al., 2014). Therefore, a training prerequisite when searching small 

targets in dense habitats is that the dog has to learn to search for small targets 

independently while being directed by the handler from a distance. Results of this 

study suggest that a dog trained in this way may end up being better able to find the 

target when searching off-leash. Nevertheless, a final decision will be both project- 

and dog-dependent (MacKay et al., 2008). Lastly, detection probability decreased 

with session duration, but the effect was lower than that of the other factors. 

Nevertheless, it indicates that fieldwork might need longer breaks every two hours to 

maximise success, but further research is needed based on true field deployments. 

 

 

The use of only one dog is an important point for the interpretation of the results of 

this study. Regrettably, most such studies have only one or two dogs available (e.g., 

Reed et al., 2011; Savidge et al., 2011; Leigh and Dominick, 2015). However, the dog 

used is an experienced wildlife detection dog that has undergone rigorous training and 

evaluation for its new target species. With the high test number under a variety of 

training and environmental conditions, a final and stable detection rate of 0.92, and 

general findings being supported by other published studies, I believe that these 

results give a sound indication of the effects of training and environmental factors on 

detection probabilities for other amphibian detection dogs. Although further studies 

on this subject with more dogs, amphibian species and conditions are highly 

recommended, I would believe that they would create more variation among results, 

but would not change the general findings and significance of this study. Other studies 

with two dogs found only slight differences among final trained wildlife detection 

dogs for tortoise and mammal scats (Cablk and Heaton, 2006; Reed et al., 2011), and 
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high detection rates are rather depending on a strong dog-handler-foundation 

(DeMatteo et al., 2019). 

 

 

The findings in this study showed that the use of an amphibian detection dog is 

possible in a range of environments and temperatures and detection rates above 90% 

can be expected in controlled trials. With the exceptions of hot temperatures (ca. 

30°C) in short grass and a fatigued leashed dog, detection probability for this dog was 

always estimated to be at least 40%. That means that the optimum number of surveys 

to conduct at each 20 x 50 meters site would vary between three and seven times, 

depending on the occupancy probability of the site (MacKenzie and Royle, 2005). In 

comparison, the English Nature states that 60 trapping nights and refuge searches are 

needed to provide reliable information on the presence and absence of great crested 

newts (English Nature, 2001). This clearly stresses the suitability of amphibian 

detection dogs in terrestrial surveys, as other traditional methods have difficulties in 

detecting those cryptic animals. 

 

 

Conclusion 

 

Amphibian detection dogs can work in a variety of different habitats. However, 

special training for detecting small species with low detection distances in complex 

habitat through directed searches is required. Then, directed searching off-leash may 

maximise detection probability. The study design might also consider the temperature 

and humidity at which the dog will be deployed. In short grass, wind conditions affect 
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detection probability most, but avoiding strong wind and searching with the wind will 

likely circumvent these difficulties. A regular assessment of the detection dog using 

blind tests will show when the detection rates reached a plateau, which may be one 

method to give an indication on its reliability. Assessments similar to this study can 

further be used to estimate detection probability for a particular wildlife detection dog 

under given field conditions. Together, amphibian detection dogs provide a promising 

survey method for detecting amphibians in terrestrial habitats. 
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Table 1. Recorded training and environmental parameters, their class and description. 

Group Parameter Class Definition 

Training Condition of 

the dog 

categorical cooperative: dog obviously showed 

targeted searching with an upright 

posture and without panting during the 

search; fatigued: dog showed targeted 

searching but without an upright 

posture and / or with panting during 

the search as well as a slower 

movement; distracted: dog did not 

clearly show targeted searching and 

also showed other behaviour (this 

could include listening to noises, 

observing people / dogs or obviously 

sniffing other traces such as those of 

other dogs or game); frustrated: dog 

would stop searching at all 

Number of 

Decoys 

integer 

between 0 

and 4 

anything that could hold newt scent, 

such as the water or glass in which the 

newt was kept before, or any tool that 

had touched it  

Duration numeric 

between 

0.5 and 2.5 

hrs 

the duration of the whole session with 

each session comprising between 1 

and 15 single tests 

Leash categorical on: dog was on a 5-m towing leash; 

off: search without leash 

Sex categorical male or female individual hidden 

Species categorical L. vulgaris or T. cristatus individual 

hidden 

Test number integer 

between 0 

and 101 

the consecutive numbering of the blind 

test conducted; up to 15 tests could 

happen during a session; further 

training happened between tests 
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Environmental Site categorical substrate the individual was placed on; 

grass / litter, dead wood, rock, or trunk 

Temperature numeric temperature in °C 

Humidity numeric relative humidity in % 

Weather categorical sunny: no clouds visible; partly 

cloudy: clouds visible but cover less 

than ¾ of the sky; cloudy: clouds 

cover at least ¾ of the sky; humid: sky 

is covered with clouds and it is foggy 

or soil is humid; drizzle: drizzling rain; 

raining: more than drizzling rain 

Wind  categorical wind condition checked by scattering 

some baby powder and observing trees 

following Isyumov and Davenport, 

1975; none, slight, intermittent, 

moderate, or severe, referring to 

Beaufort scale 0-1, 2, 3, 4, 5 or more, 

respectively 

Insects categorical activity of flying insects; none, few, or 

many, referring to no, single, or clouds 

of individuals, respectively 

Terrain categorical predominant terrain of the search area; 

short grass: meadow with grass less 

than ca. 10 cm height; tall grass: 

meadow with grass of ca. 10 cm or 

higher; open understory: forest with up 

to ¼ of the search area covered with 

shrubs; dense understory: forest with 

more than ¼ of the search area covered 

with shrub 

Hidden categorical no: individual was placed visible; yes: 

individual was placed invisible 

Elevation categorical level: no elevation; slight: elevation 

throughout the search area; mix: only 

some parts of the search area with 

elevation 
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Table 2. Model comparisons for all model combinations within ΔAICc < 2. The next 

model showed a ΔAICc of 2.08. df – degrees of freedom; logLik – log Likelihood; 

ωAICc – AICc weights; # Decoys – number of decoys. 

Training predictor Environmental 

predictor 

df logLik AICc ΔAICc ωAICc 

Sex Temperature * Terrain 9 -37.34 94.65 0.00 0.11 

Sex + Duration + 

log(Test number) 

Temperature * Terrain 11 -34.86 94.69 0.04 0.11 

Sex + Leash  Temperature * Terrain 10 -36.41 95.27 0.62 0.08 

Sex + # Decoys Temperature * Terrain 10 -36.43 95.31 0.66 0.08 

Sex + Leash + 

Condition 

Temperature * Terrain 11 -35.22 95.41 0.76 0.08 

Sex  + Duration Temperature * Terrain 10 -36.62 95.68 1.03 0.07 

Sex + # Decoys + 

Condition 

Temperature * Terrain 11 -35.39 95.75 1.09 0.06 

Sex + log(Test number) Temperature * Terrain 10 -36.69 95.82 1.17 0.06 

Sex + Condition Temperature * Terrain 10 -36.74 95.93 1.28 0.06 

Sex + # Decoys + 

Duration 

Temperature * Terrain 11 -35.51 95.99 1.34 0.06 

Sex + Species Temperature * Terrain 10 -36.85 96.15 1.50 0.05 

Sex + # Decoys + 

Duration + log(Test 

number) 

Temperature * Terrain 12 -34.37 96.29 1.64 0.05 
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Sex + Duration + 

log(Test number) + 

Species 

Temperature * Terrain 12 -34.46 96.47 1.82 0.04 

Sex + Condition + 

Duration + log(Test 

number) 

Temperature * Terrain 12 -34.47 96.48 1.83 0.04 

 

 

 

 

Table 3. Parameter estimates and their standard errors (SE) obtained from the full 

model, importance values based on whole-model comparisons, and p-values obtained 

from LRTs of the full model against the model without the parameter in question. 

Estimates and standard errors of two-factorial predictors refer to the factor in brackets, 

those of multi-factorial predictors are shown as range. # Decoys – number of decoys; 

“:” symbolises interaction. 

Group Predictor Estimate SE Importance p-value 

 (Intercept) -4.19 7.60 1 0.58 

Training Condition 

(fatigued) 

-1.27 1.08 0.47 0.23 

# Decoys 0.51 0.55 0.42 0.32 

Duration -1.24 1.03 0.44 0.17 

Leash (on) -0.47 1.08 0.43 0.66 

Sex (male) 2.04 0.84 0.84 0.008 

Species (T. 0.55 0.77 0.27 0.48 
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cristatus) 

log(Test number) 1.01 0.84 0.41 0.17 

Environmenta

l 

Site [-20.83; 0.00] [0.90; 

1.79] 

0.03 0.99 

Temperature 0.16 0.28 0.80 * 

Terrain [-37.37; 2.56] [6.59; 

9.09] 

0.89 * 

Temperature : 

Terrain 

[-0.12; 3.67] [0.33; 

0.40] 

0.70 0.04 

*p-value not indicated because it is conditional on another predictor and thus does not 

have a meaningful interpretation (Aiken and West, 1991). 

 

 

 

 

 

 

Figure 1: Newt detection dog Zammy at the start of a blind test (left; Photo: Daniel 

Peters) and alerting at a great crested newt (right; Photo: Wiebke Harms). 
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Figure 2: Parameters correlated with temperature. Correlation coefficients (R) and p-

values are given in each plot. The red line symbolises the linear relation by means of a 

linear model. 
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Figure 3: Estimated detection probability in relation to the terrain and temperature, 

separated (colour-coded) by species and sex. Solid lines represent estimates, dashed 

lines and light shaded areas their 95% confidence intervals. Dots represent average 

observed values under a given condition. Sample sizes of observed values per terrain 

are given above plots, those per species and sex in the legend. 
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Figure 4: Estimated detection probability in relation to the terrain and temperature, 

separated (colour-coded) by dog condition and on/off leash. Solid lines represent 

estimates, dashed lines and light shaded areas their 95% confidence intervals. Dots 

represent average observed values under a given condition. Sample sizes of observed 

values per terrain are given above plots, those per condition and on/off-leash in the 

legend. 
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Figure 5: Estimated detection probability in relation to the session duration (upper 

left), test number (upper right), and number of decoys (lower left), separated (colour-

coded) by terrain, for an average temperature of 20°C. Solid lines represent estimates, 

dashed lines and light shaded areas their 95% confidence intervals. Dots represent 

average observed values under a given condition but ignoring the temperature. 

Sample sizes of observed values per terrain are given in the legend. The vertical black 

dashed line in the upper right plot symbolises the different years, with 2019 left and 

2020 right of the line. 

                  


