
Austral Ecology. 2022;00:1–10.     | 1wileyonlinelibrary.com/journal/aec

INTRODUCTION

Worldwide, animals are facing rapid human- induced en-
vironmental changes, including habitat loss, urbaniza-
tion, and the threat of invasive species (Sih et al., 2016). 
However, many species have the potential to cope with 
these threats by innovatively solving problems (Griffin 
et al., 2013). Problem solving is an animal's ability to 
overcome a barrier and access a reward, such as a 
food resource or shelter (Rowell et al., 2021). Species 
that can problem solve are more likely to move into new 
environments (Sol & Lefebvre, 2000), cope with harsh 
environments (Kozlovsky et al., 2015), and live in urban 
environments (Papp et al., 2015). While this ability has 
been documented in all major taxa, there are differ-
ences in problem solving abilities between species, 

populations, and individuals (Rowell et al.,  2021). 
Recent studies have investigated the mechanisms un-
derpinning these differences (e.g. personality, cogni-
tive ability, motor diversity; Griffin & Guez, 2014). While 
these studies can sometimes be conducted in the field 
(e.g. Shaw, 2017), the long- term monitoring and testing 
of many wild individuals is not always possible (Rowell 
et al., 2021) and, as a result, problem solving studies 
are often conducted on animals held in captivity.

Studying problem solving in captive animals is ben-
eficial for controlling different variables (e.g. differ-
ences in previous experience in Chimango caracara 
Phalcoboenus chimango; Biondi et al.,  2010), easily 
accessing multiple species of animals (e.g. various 
species of carnivores; Borrego & Gaines,  2016), or 
tracking how individuals change in performance over 
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Abstract
While many species of animals can solve food- baited problems, most studies 
are conducted in captivity, which may not reflect the natural behavioural and 
cognitive abilities of wild animals. As few studies have explored problem solving 
of Australian animals generally, we investigated the problem solving abilities of 
native Australian species in natural rainforest in the Wet Tropics of Queensland. 
We baited multiple types of puzzles (matchbox task, cylinder task, and tile and 
lever tasks on a Trixie Dog Activity Board) with different food types (seeds, fruit, 
sardines) and placed the puzzles in front of trail cameras. We noted the species 
captured on camera, whether or not individuals interacted with the puzzles, the 
number of interactions with puzzles, and whether or not different animals solved 
them. We found that seven species from multiple taxa (mammals, birds, reptiles) 
could solve food- baited problems in the wild, providing the first evidence of prob-
lem solving in these native species. As problem solving may help animals cope 
with anthropogenic threats, these results provide some insights into which Wet 
Tropics species may potentially be more vulnerable and which ones might be 
better at coping with changing conditions.
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time (e.g. grey squirrels Sciurus carolinensis; Chow et al., 2017). However, 
the results of captive studies may not always reflect the abilities of the spe-
cies under natural conditions. For example, Benson- Amram et al.  (2013) 
found that captive spotted hyenas Crocuta crocuta were more exploratory, 
and therefore more likely to solve a novel problem, than their wild- living 
counterparts. Similarly, the effects of study setting (wild vs. captive con-
ditions) influenced the relationship between individual variables, such as 
body condition, and problem solving ability across multiple species (Amici 
et al.,  2019). However, differences in problem solving between wild and 
captive conditions are not always observed. For example, Webster and 
Lefebvre (2001) found that multiple species of Barbados passerine birds 
performed similarly in a problem solving task when the same individuals 
were tested in the wild and in captivity. As such, the ecological relevance of 
captive problem solving results cannot always be assumed, making it diffi-
cult to use these results for species conservation or to interpret the ultimate 
(sensu stricto Tinbergen 1963) perspectives of problem solving.

For native Australian species, while some bird species have been studied 
in free- ranging conditions (Ashton et al., 2018; Diquelou et al., 2016; Isden 
et al., 2013), most of the previous work on other groups has focused on the 
problem solving abilities of captive individuals (e.g. Manrod et al., 2008; Rowell 
& Rymer, 2021a, 2021b). Therefore, we investigated whether wild animals liv-
ing in the Wet Tropics of Queensland could innovatively problem solve using a 
series of puzzles (matchbox, cylinder, tile and lever tasks) baited with a variety 
of food types (peanut butter, sunflower seeds, fruit, sardines). These tasks 
have been solved by fawn- footed mosaic- tailed rats Melomys cervinipes kept 
in a captive colony without prior training (Rowell & Rymer, 2020). We hypoth-
esized that wild- living animals (e.g. mosaic- tailed rats) would be capable of 
solving the puzzles. However, as the problem solving abilities of most native 
species has not been studied, we made no a priori predictions about how well 
particular species would perform, or how they would compare to each other.

METHODS

General testing procedure

Trail cameras (Bushnell Trophy Cam HD Aggressor) were set up in the 
forests on the James Cook University Nguma- bada campus, and adjoin-
ing Smithfield Conservation Park (16°49′1.938″, 145°41′12.1884″) between 
November 2021 and May 2022. Cameras were secured to tree trunks close 
to the ground (sensor approx. 10 cm above leaf litter), angled towards the 
ground, and set to record 60 s videos after being triggered. A single puzzle 
or puzzle board was placed approximately 50 cm in front of each camera 
and baited with food (see below).

Puzzles

We used four puzzles to test problem solving (Rowell & Rymer, 2020): the 
matchbox task (a cardboard matchbox where animals could push or pull the 
box out of the sleeve, or chew through the sleeve; Figure 1a), the cylinder 
task (a plastic cylinder with an open end covered in tinfoil that could be 
pushed or pulled off; Figure 1b), the tile task (plastic tiles to slide), and the 
lever task (a plastic lever to pull to lift a plastic flap), both presented concur-
rently as part of a Trixie Dog Activity Board (Level 2; Figure 1c). Food (two 
sunflower seeds or 1 g fruit to attract small- bodied mammals (e.g. Melomys 
sp. and Uromys sp.), 1 g of peanut butter to attract larger- bodied mammals 
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(e.g. Isoodon macrourus), or 1 g of tinned sardines to attract carnivores 
(e.g. Hydromys chrysogaster)) was placed in each puzzle in the morning. 
Food options were chosen based on what is commonly used as bait for field 
work in the Wet Tropics region (Diete et al., 2016; Speldewinde et al., 2013). 
Puzzles were not set in wet or extreme weather to avoid them being dam-
aged. All puzzles were secured to the ground by either tying the puzzle to a 
lawn peg (matchbox and cylinder task) or by using cement to weigh down 
the puzzle board (tile and lever task on the Trixie Dog Activity Board). This 
did not interfere with the movable pieces of the puzzle (e.g. the tiles could 
still slide easily) and did not limit the ways puzzles could be manipulated on 

F I G U R E  1  Puzzles set in the field in the Wet Tropics of Queensland including (a) the matchbox task, (b) the cylinder task and (c) the 
Trixie dog activity board (level 2) with the tile and lever tasks
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that spot (i.e. the cylinder task could be moved up and down or side to side 
while animals handled it, but it could not be moved away from the location).

We could not always differentiate between individuals of the same spe-
cies. Therefore, observations were considered to be one interaction if they 
occurred within a 5- min timeframe. We recorded whether observed ani-
mals of each species interacted with each puzzle type, the number of in-
teractions made for each species for the different puzzles and whether 
each puzzle type was solved (i.e. whether the food reward was obtained). 
The solving success rate for each species was calculated by dividing the 
number of times the puzzle type was solved by the number of interactions.

Species identification

Animals were identified to genus or species level (where possible) using 
field guides (reptiles: Swanson, 2012, mammals: Hall & Parish, 2016; birds: 
Pizzey & Knight, 2012).

Statistical analysis

Statistical analyses were performed using R version 4.0.2 (R Core Team, 2020). 
We used a generalized linear mixed effects model (glmmTMB package, Brooks 
et al., 2022) with a binomial distribution and logit link function to investigate 
whether puzzles were solved or not (solved = 1, not solved = 0; dependent 
variable). We included the camera site number as a random effect, and puzzle 
type and taxon * number of interactions made with the puzzle as fixed factors. 
We calculated the effect size (Cohen's d) for each fixed factor using the effsize 
package (Torchiano & Torchiano, 2020). Camera site effects on problem solv-
ing success were calculated using a likelihood ratio test, where we compared 
a model including the random effect to a model excluding it.

Ethical note

This research was conducted in accordance with James Cook University Animal 
Ethics Screening (clearance number A2539) and the Queensland Department 
of Environment and Science (permit number WA0014502). The research meth-
odologies also followed the ABS/ASAB guidelines for the ethical treatment of 
animals (ASAB Ethical Committee & ABS Animal Care Committee, 2022) and 
the Australian Code for the Care and Use of Animals for Scientific Purposes 
(National Health and Medical Research Council (NHMRC), 2013).

RESULTS

Twenty- three species were identified from camera trap footage, with 18 
species interacting with the puzzles (Table  1). Seven of these species 
(39%) were recorded solving at least one type of puzzle (Table 1).

Melomys spp. and the giant white- tailed rat solved all puzzle types (Table 2). 
One species (brush turkey) solved three puzzle types, two species (orange- 
footed scrub fowl and northern brown bandicoot) solved two puzzle types, 
two species (black butcherbird and lace monitor) solved one puzzle type, and 
nine species solved no puzzles (Table 2). The number of interactions with the 
puzzle (χ2

1 = 12.71, p < 0.001, d = −0.04) and the interaction between number 
of interactions and taxon group (χ2

3 = 7.91, p = 0.047) significantly influenced 
whether animals were able to solve a puzzle, with puzzles being solved more 
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often when more interactions were recorded (Figure 2). Taxon had a near 
significant effect on solving success (χ2

3 = 7.71 p = 0.052, d = 0.33), with 
birds (0.4 ± 0.06) and placental mammals (0.32 ± 0.05) being more likely to 
solve puzzles than marsupials (0.06 ± 0.04) and reptiles (0.04 ± 0.04). There 
were no significant effects of puzzle type on solving success (χ2

3 = 5.48, 
p = 0.140, d = −0.06). The inclusion of camera site as a random factor had 
no significant effect on the model (χ2

1 = 0.00, p = 0.999).

DISCUSSION

We found that native Australian species from multiple taxa (mammals, rep-
tiles, and birds) could solve food- baited problems in the wild. This study is the 

TA B L E  1  The species observed on the camera traps and whether they interacted with or solved the different puzzle types

Species
Investigated 
puzzles? Puzzles solved Bait type First solving

Aves

Black butcherbird (Cracticus quoyi) Yes Cylinder Sardines, fruit X

Brush turkey (Alectura lathami) Yes Tile, lever, cylinder Seeds, peanut butter, fruit X

Bush- stone curlew (Burhinidae 
grallarius)

No No - - 

Noisy pitta (Pitta versicolor) Yes No Seeds - 

Orange- footed scrubfowl 
(Megapodius reinwardt)

Yes Tile, lever Seeds, peanut butter X

Pacific emerald dove (Chalcophaps 
indica)

No No - - 

Red- necked crake (Rallina tricolour) No No - - 

Mammalia

Agile wallaby (Macropus agilis) Yes No Seeds - 

Echidna (Tachyglossus aculeatus) Yes No Seeds - 

Giant white- tailed rat (Uromys 
caudimaculatus)

Yes Tile, lever, cylinder, 
matchbox

Seeds, peanut butter, 
sardines, fruit

X

Mosaic- tailed rat Melomys spp. Yes Tile, lever, cylinder, 
matchbox

Seeds, peanut butter, fruit (Rowell & 
Rymer, 2020)

Northern brown bandicoot (Isoodon 
macrourus)

Yes Tile, lever Peanut butter X

Pig (Sus scrofa) No No - - 

Prehensile- tailed rat (Pogonomys 
mollipilosus)

Yes No Seeds - 

Rattus spp. Yes No Seeds, peanut butter - 

Red- legged pademelon (Thylogale 
stigmatica)

Yes No Seeds - 

Reptilia and Anura

Cane toad (Rhinella marina) No No - - 

Common tree snake (Dendrelaphis 
punctulate)

No No - - 

Lace monitor (Varanus varius) Yes Tile Sardines X

Major skink (Egernia frere) Yes No Peanut butter - 

Pink- tongued skink (Cyclodomorphus 
gerrardii)

Yes No Fruit - 

Skink (Carlia spp.) Yes No Seeds - 

Note: Bait type of solved puzzles and whether this is the first record of problem solving for the species is noted (references are provided if not the first 
instance).

 14429993, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aec.13270 by N

H
M

R
C

 N
ational C

ochrane A
ustralia, W

iley O
nline L

ibrary on [07/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 |   RESEARCH ARTICLE

first record of problem solving behaviour in seven native Australian species. 
These results support previous work observing problem solving in the wild 
in other species from other countries, including North Island robins Petroica 
longipes (Shaw, 2017), spotted hyenas (Benson- Amram & Holekamp, 2012), 
and brown anoles (Anolis sagrei; Storks & Leal, 2020). Problem solving is 
flexible (Rowell et al., 2021) and is suggested to be important for responding 
to dynamic and changing environmental conditions (Griffin et al., 2013).

We found a weak yet significant relationship between the number of in-
teractions and solving success across taxonomic groups, which is similar 
to what has been found in previous studies (Benson- Amram et al., 2013). 
For all species, interacting with the puzzle allows individuals to learn to 
solve via trial- and error learning (Thornton & Samson, 2012), and if they 
remember the solution, this increases the chances of solving the puzzle in 
the future (Rowell & Rymer, 2021b). However, not all species that interacted 
with the puzzles solved them. For example, at least one individual water rat 
was observed interacting with tasks baited with a suitable food (e.g. sar-
dines; Speldewinde et al., 2013) but did not solve it. Similarly, mosaic- tailed 
rats and giant white- tailed rats solved all of the puzzles, whereas another 
arboreal rodent species, the prehensile- tailed rat, did not. It is not clear 
whether the species that interacted with but did not solve a problem was a 

TA B L E  2  Solving success (1 = solved, 0 = not solved) of the species that interacted 
with at least one puzzle type

Species Tiles Levers Cylinder Matchbox

Aves

Brush turkey (Alectura lathami) 1 1 1 0

Black butcherbird (Cracticus quoyi) 0 0 1 N/A

Noisy pitta (Pitta versicolor) 0 0 N/A N/A

Orange- footed scrubfowl 
(Megapodius reinwardt)

1 1 0 N/A

Mammalia

Agile wallaby (Macropus agilis) 0 0 0 N/A

Echidna (Tachyglossus aculeatus) 0 0 N/A N/A

Giant white- tailed rat (Uromys 
caudimaculatus)

1 1 1 1

Long- nosed bandicoot (Perameles 
nasuta)

0 0 0 N/A

Melomys spp.a 1 1 1 1

Northern brown bandicoot (Isoodon 
macrourus)

1 1 0 N/A

Prehensile- tailed rat (Pogonomys 
mollipilosus)

0 0 N/A N/A

Rattus spp. 0 0 N/A N/A

Red- legged pademelon (Thylogale 
stigmatica)

N/A N/A 0 N/A

Water rat (Hydromys chrysogaster) 0 0 N/A 0

Reptilia

Lace monitor (Varanus varius) 1 0 0 0

Major skink (egernia frere) 0 0 N/A N/A

Pink- tongued skink (Cyclodomorphus 
gerrardii)

N/A N/A 0 N/A

Skink (Carlia spp.) 0 0 N/A N/A

Note: Columns are marked N/A if no interactions were recorded for that puzzle type.
aOne of two species: fawn- footed mosaic- tailed rat Melomys cervinipes or grassland mosaic- tailed rat 
M. burtoni.
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consequence of a morphological (Rowell et al., 2021), cognitive (Rowell & 
Rymer, 2021b), physiological (Bókony et al., 2014) or behavioural (Rowell 
& Rymer, 2021a) factor. For example, an animal might not have been mo-
tivated to solve a puzzle because it could not smell it (e.g. passerine birds 
like the noisy pitta have a poor sense of smell, Padodara & Ninan, 2014), 
or an animal might not have had the mechanical ability to perform the task 
(e.g. echidnas do not have teeth Stannard et al., 2017) so could not grasp 
the lever handle in the jaws). More work, therefore, is needed over a longer 
sampling period to determine the underlying causes of a lack of solving.

We found that the problem solving abilities of Wet Tropics animals var-
ied, with near significant differences in solving abilities being found between 
taxonomic groups across all camera sites and puzzle types. Placental mam-
mals and birds tended to be more successful solvers than reptiles and mar-
supials. It is common to observe differences between groups of animals 
(Amici et al., 2019). The ability to solve these particular tasks might be re-
lated to the mechanical abilities of the individual species. Rodents, for ex-
ample, have highly dextrous forelimbs due to their natural feeding behaviour 
(Carrizo et al., 2014), whereas reptiles like monitor lizards may be less dex-
trous because their forelimbs are adapted for digging and scraping (D'Amore 
et al., 2018). However, due to the lack of research on problem solving in rep-
tiles (Szabo et al., 2021) and marsupials (McElligott et al., 2020) in general, 
more research is required before we can discern the underlying causes for 
these differences. When considering solving at the species level, some spe-
cies were capable of solving tasks of varying complexities. Giant white- tailed 
rats, brush turkeys and mosaic- tailed rats were the most successful solvers, 
with all being capable of solving three or more puzzles. Due to the difficulty of 
actively observing animals in the wild, task complexity is often not considered 
in problem solving research using wild species, with only one puzzle typi-
cally being presented to animals (e.g. Storks & Leal, 2020). While we found 
no significant difference in the solving success of species in relation to task 
complexity or taxonomic group, this could be a function of low sample size 
of incidents of solving. Our method of using trail cameras to monitor puzzles 
allowed many species to be observed with relatively low human interference, 
and we suggest that future work could use similar methods to present wild 
animals with multiple puzzles of varying complexity, and a longer duration of 
time in the field may lead to interesting findings relating to species differences 
in solving puzzles of different complexities.

F I G U R E  2  The number of interactions made with puzzles when puzzles were solved or not solved by different taxa in the Wet Tropics 
of Queensland.
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While fawn- footed mosaic- tailed rats have been found to solve problems 
(Rowell & Rymer, 2020, 2022), these previous studies were conducted in cap-
tivity. This is, therefore, the first study demonstrating problem solving ability in 
wild- living individuals of this genus. Numerous studies have suggested that 
behaviours measured under laboratory conditions might not be representa-
tive of conditions experienced in the wild (Hodgins- Davis & Townsend, 2009; 
Niemelä & Dingemanse, 2014). The findings from the present study support 
our previous work (e.g. Rowell et al.,  2022; Rowell & Rymer,  2021b), and 
suggest that, at least for some species, problem solving ability in captivity 
is likely also reflective of problem solving ability in the wild, similar to those 
studies shown for personality traits in blue tits Cyanistes caeruleus (Herborn 
et al., 2010) and African striped mice Rhabdomys pumilio (Yuen et al., 2016).

Overall, these results show that some native Australian species of various 
taxa can solve food- baited problems in the wild. This study builds on our un-
derstanding of the behavioural and cognitive abilities of native Australian spe-
cies. As problem solving may be important for coping with urbanization and 
other anthropogenic threats, these results provide some insights into which 
Wet Tropics species may potentially be more vulnerable to these threats, and 
which ones might be better at coping with changing conditions.
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