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Abstract 

Approach-avoidance foraging (AAF) has received increasing interest as a novel test of 

rodent anxiety in recent years, yet this paradigm remains unvalidated pharmacologically 

and rodent behaviour and behavioural adaption during the task has not been described 

in any detail. This study characterised how behaviour within AAF was altered following 

experience, or as a result of modulating anxiety pharmacologically. In an indirect-threat 

variation of AAF, animals were required to retrieve food rewards in a brightly lit foraging 

arena to a maximum distance of 150cm from a home area. After reaching criterion, 

animals foraged after receiving the anxiogenic FG7142 (7.5mg/kg, n = 9), the anxiolytic 

Diazepam (1mg/kg, n = 9) or Vehicle (n = 7). When foraging with greater experience 

animals displayed a significant reduction in latency to enter the arena (p = 0.0001), 

duration of scanning behaviour (p = <0.0001), frequency of stretch-and-attend postures 

(SAPs) (p = <0.0001) and number of failed retrieval attempts (p = 0.0387).  Treatment with 

FG7142 significantly reduced rodents’ rate of successful reward retrieval (p = 0.0198). 

Animals receiving FG7142 displayed significantly decreased peak speed attained on 

approach to the reward (p = 0.0284), increased the frequency of SAPs (p = 0.0113) and 

displayed a trend to extend the duration of scanning behaviour (p = 0.0511). No significant 

effect was detected on any recorded parameter following treatment with the anxiolytic 

Diazepam (1 mg/kg-1).  These results demonstrate that anxiety-like behaviour is reduced 

within AAF as a result of experience and confirm that performance within AAF is 

dependent upon anxiety levels. This work also defines an anxious behavioural phenotype 

to aid future users of AAF in detecting subtle anxiogenic effects.  
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Introduction  
 

 

1.1 Introduction to fear and anxiety  

Fear and anxiety are evolutionarily conserved emotional states triggered by threat, that motivate 

appropriate changes in behaviour to confer the greatest chance of survival. They can be distinguished 

into related yet separate entities according to the proximity of threatening stimuli, their overlapping 

but distinct underlying neural circuits, and the pattern of behavioural output (Perusini & Fanselow, 

2015). Fear is evoked in response to proximal or actual threat, executing active defensive responses 

to escape the current situation (Fanselow 1994). Conversely anxiety is evoked by distal or potential 

threat, producing a state of heightened vigilance and alterations in behaviour that promote avoidance 

of possible danger (Fanselow et al ,1988; Davis et al, 2010). The appropriate functioning of these 

processes is key to survival, and maladaptation of fear and anxiety can impair reproductive success, 

with the excessive expression of cautionary or fearful behaviours inhibiting other goal-oriented needs 

such as courtship, feeding and the defence of territory. 

 
In many species, the circuits governing threat motivated behaviours protect against the danger of 

predators. In humans these systems have been adapted to deal with social threats (LeDoux and Daw 

2018), and a range of pathologies are thought to arise from aberrant processing within them. 

Disorders related to anxiety have an estimated lifetime prevalence of greater than 28% (Kessler et al 

2005), impact on quality of life, and represent a significant economic cost to both the individual and 

society (Bereza et al, 2009). The slow development of novel therapeutics for these disorders has 

resulted in great unmet clinical need (Lecrubier et al, 2007). For this reason, furthering our 

understanding of the mechanisms underlying anxiety constitute an area of increasing research 

interest.  

 

1.2 Conventions and criticisms of animal tests of anxiety  

Experimental evidence indicates that the circuits contributing to fear and anxiety are well conserved 

across mammalian species (Adhikari, 2014). As such, animal models are of great use in probing the 

underlying cellular and molecular mechanisms contributing to the normal and pathological function 

of these systems in humans, and in doing so aid the development of novel therapeutic agents. More 

complex clinical presentations of anxiety disorders cannot be modelled in animals (Cryan & Holmes, 
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2005), but it has been suggested that simple emotional states are expressed in rodents as 

characteristic behaviours (Anderson & Adolphs, 2014). This enables the study of these behaviours to 

give insight into these states and the circuitry supporting them. 

 
In order for animal research to be effective it is critical to be able to accurately assess the expression 

of rodent anxiety (i.e. behaviour motivated by potential threat). The field of animal anxiety research 

has been dominated by a particular group of tests in rodents, ‘approach avoidance assays’. These 

paradigms rely on imposing a behavioural conflict between the innate opposing tendencies of rodents 

to explore novel contexts and to avoid bright exposed spaces that may contain potential danger. The 

two most popular variants of these tests include the open field (OF), a circular arena, and the elevated 

plus maze (EPM), a raised platform consisting of two arms enclosed by walls and two exposed arms 

(Ramos, 2008). In these protocols, anxious animals tend toward avoidance, spending less time in the 

exposed centre of the OF or the open arms of the EPM (Pellow et al, 1985, Hall & Blachley 1932). 

However, the inability of these tests to detect the efficacy of novel anxiolytics effective in patients 

(Borsini et al, 2002) has called their utility into question.  

Anxiety has been differentiated into state anxiety, the reactionary response to the present situation, 

and trait anxiety, an enduring feature of the individual which shows limited change (Lister, 1990).  The 

EPM is thought to measure ‘spikes’ in state anxiety provoked by exposure to a novel environment, 

that may not give any bearing on underlying trait anxiety of the animal (Wall & Messier, 2001). As high 

levels of trait anxiety in humans is predictive of the development of anxiety disorders (Mundy et al, 

2015), tests that provide a measure of trait anxiety in animal models have the potential to be more 

beneficial in the development of novel treatments.    

 

1.3 Development of novel assays to measure rodent anxiety  

When developing novel assays of emotional behaviour in rodents many agree that a focus on ethology 

when designing these tests is beneficial (Merali et al, 2003). Experiments exposing animals to 

situations with greater similarity to those they would naturally encounter are thought to provide 

results more pertinent to the normal function of these circuits (Pellman & Kim, 2016). Thus, 

ethologically designed experiments may give more accurate insight into how these systems operate, 

and given the degree of conservation between rodents and humans, may reflect with greater accuracy 

upon their operation in humans.  
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One area of development has focused on experiments involving foraging under threat. Foraging is a 

natural behaviour observed in rodents as they retrieve food. A large body of research has 

demonstrated that animals display implicit decision making when foraging from a patch of resources 

(Stephens, 2008). Remaining at the same patch results in diminishing returns over time. Animals are 

thought to reach decisions as when to leave in search of new patches by integrating the rate of 

resource harvest with factors such as metabolic cost of foraging, travel time between resource patches 

and risk of predation (Brown, 1988).  Animals alter their foraging behaviour under predatory threat, 

leaving patches at a higher density of remaining resources as the threat of predation increases, both 

from direct predator presence and potential indirect threat, such as bright illumination (Brown et al, 

1988).  

 
Recently, researchers have taken the key components of wild foraging to the laboratory in the 

development of a semi-naturalistic paradigm for the assessment of anxiety (Choi & Kim, 2010). 

Termed approach-avoidance foraging (AAF), variants of this paradigm involve rodents having the 

option to venture out from a safe home area into a brightly lit arena to retrieve food rewards (Fig. 1). 

Here key components of wild foraging have been preserved, animals must integrate information about 

reward value and contextual threat to arrive at decisions that shape behavioural action.  

 
Thus far different varieties of AAF have been employed in a number of different studies. All variations 

of the paradigm start with a period of ‘baseline foraging’, where rodents retrieve rewards located at 

progressively greater distances into the anxiogenic foraging arena. Reward locations are then either 

maintained at the furthest distance into the arena, or randomly varied across all possible locations. In 

some studies, animals forage in the presence of direct threat elicited from a robotic predator (Amir et 

al, 2015; Choi & Kim, 2010) while in others foraging occurs only under the indirect threat of the bright, 

exposed arena (Kim et al, 2013). These alternative modes of AAF could be thought of as assessing fear-

related and anxiety-related behaviour respectively.  AAF has been employed thus far to investigate 

amygdala-periaqueductal grey contributions to foraging behaviour (Kim et al, 2013; Amir et al, 2015), 

and how place cell activity is altered when foraging in the presence of a predatory robot (Kim et al, 

2015). However, AAF remains unvalidated pharmacologically.  In addition, despite the series of 

complex inactivation and electrophysiological experiments, no study has thus far examined how basic 

behaviours related to anxiety change over the course of foraging.  

A thorough characterisation of how behaviour within AAF relates to anxiety would validate AAF’s 

position as a behavioural assay and offer an important novel tool to anxiety researchers. Definition of 



 

17 
 

an anxiety related phenotype would enable future users of the paradigm to assess the impact of 

experimental manipulations on threat processing and behaviour, within the semi-naturalistic context. 

 
Using an indirect threat-based version of AAF, this project had two aims 

 
1. Define how behaviour related to anxiety changes within AAF as a function of time and 

experience by measuring behaviour at early and late timepoints 

2. Use anxiogenic and anxiolytic drugs to define how behaviour changes within AAF as a 

function of anxiety levels 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 1. Schematic depicting foraging box divided into a safe home area and anxiogenic foraging 

arena. Reward locations are marked at 30cm intervals into the arena.  
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Methods 
 

 

1.1 Animals  

A total of 32 adult male Wistar rats underwent experiments to validate approach-avoidance foraging 

(AAF) as a paradigm relevant for the assessment of anxious behaviour. All Procedures were performed 

in laboratories at the University of Bristol in accordance with the UK Animals (Scientific Procedures) 

Act of 1986 plus associated guidelines and with the approval of the University of Bristol Ethical Review 

Groups. Animals were pair housed at 21oC on a 12-hour reverse light cycle (lights off at 8am). All 

behavioural experiments were conducted in the dark phase. Food intake was restricted to ~20g per 

day from three days before habituation to ensure motivation during behavioural testing and a stable 

body weight of no less than 90% of pre-restriction. Access to water was ad libitum. Animals were 

handled in 10-minute sessions for 2 weeks before undergoing the foraging paradigm to habituate 

them to the experimenter. Animals received food rewards in the home cage in the week before 

starting experiments. 

 

 

1.2 Approach-avoidance foraging apparatus 

AAF experiments took place in a 210cm by 57cm by 60cm foraging box, further divided into a home 

area (30cm by 57cm) and a foraging arena (180cm by 57cm) separated by a removable door. The home 

area was shaded with black card wall coverings and lined with sawdust. Within the foraging arena five 

reward locations were marked centrally at distances of 30cm, 60cm, 90cm, 120cm and 150cm away 

from the home area with white electrical tape. All experiments were conducted in brightly lit 

conditions. Video was simultaneously recorded from two cameras, the first orientated into the home 

area (Logitech c525) and the second above the arena (Microsoft LifeCam HD-3000). Video files were 

captured using Bonsai software. 

 

 

1.3 Elevated plus maze 

Animals underwent testing in the elevated plus maze (EPM) the day before starting habituation in 

AAF. The EPM consisted of a platform elevated 100 cm above the floor and was split into four arms 14 

cm wide and 40cm long. Two arms were enclosed by 30cm walls. The EPM was constructed from wood 

painted dark grey. Experiments in the EPM took place in brightly lit conditions.  Animals were placed 

in the centre of the EPM facing the open arm and allowed to explore freely for 5 minutes. The maze 
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apparatus was cleaned with 70% ethanol in between each animal and allowed to dry for 5 minutes. 

Videos were captured using a Microsoft LifeCam HD-3000 and Bonsai software (Open Ephys, Gonçalo 

Lopes). Videos were analysed offline by manual scoring. The animal was considered to be in the open 

arm if all four paws were in contact with the floor of the open arm. 

 

 

 

1.4 Foraging protocol.  

The paradigm was adapted from previous work utilising AAF (Kim et al., 2010). Animals were 

habituated to the home area in the presence of food rewards for three days prior to commencing 

foraging. On the first day animals were habituated for 30 minutes in their housed pairs to aid 

acclimatization. On the second and third days’ animals were habituated singly for 30 minutes. Animals 

were marked on their upper back with Raidex animal marking crayon from habituation onwards to aid 

with motion tracking. 

On the first text day rewards were placed at the 30 cm mark and the door lifted. Animals had 10 

minutes to retrieve the reward after which the door was closed. There was an intertrial interval of 2 

minutes.  If the reward was retrieved, then reward position was advanced 30cm further into the arena. 

If retrieval on the previous trial was unsuccessful the reward remained at the same location. This 

process was repeated until the animal had undergone 10 trials. The next day the reward was placed 

at the last distance a reward was successfully retrieved on the previous day, and the animal underwent 

10 trials. This procedure continued until animals reached criterion, successfully retrieving three 

consecutive rewards from 150cm into the arena over two successive days. 5 animals were excluded 

from experiments for failing to reach criterion after 8 days of foraging. 

 

 

1.5 Drugs 

Drug and doses were as follows. 1mg/kg of the anxiolytic Diazepam (Hameln) dissolved in 0.9% sterile 

saline. 7.5 mg/kg, of the anxiogenic FG7142 (Tocris Bioscience) dissolved in 40% hydroxy-beta-

cyclodextrin (HBC) (Sigma-Aldrich) in 0.9% sterile saline to aid solubility.  Vehicle consisted of 40% HBC 

in saline. The above doses of FG7142 and Diazepam reliably induce anxiogenic and anxiolytic effects 

respectively. (File and Pellow, 1985, Ravenelle et al., 2014).   
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1.6 Pharmacological validation experiments  

Animals were pseudo randomly assigned to the following treatment groups before commencing 

foraging; Diazepam (n=9), FG7142 (n=9), Vehicle (n=7). Pairs of animals housed together were 

prevented from being assigned to the same treatment group. The day after reaching criterion animals 

received drug or vehicle and underwent 10 trials of AAF following a 30-minute wait period. All drugs 

were delivered intraperitoneally using a non-restraint method, involving holding the animal lightly but 

firmly with one hand and delivering the injection with the other hand. This method has been shown 

to reduce plasma corticosterone levels and stress related behaviours such as struggling and 

vocalisation when compared to traditional restraint-based methods of injection (Stuart and Robinson, 

2015). One animal was excluded from analysis due to injury on the day of testing. The experimenter 

was blind to group identity during experimentation and analysis 

 

1.7 Test of habit formation  

12 animals underwent a test of habit formation the day after receiving drug or vehicle. In an initial 

probe trial, the reward was placed at the familiar location 150cm into the foraging arena. For the 

following 9 trials the reward was moved to a novel location (Fig 10.A). The number of animals moving 

directly to the novel location on each trial was recorded.   

 

1.8 Timepoints  

Parameters related to anxiety were assessed at three timepoints. Firstly, the day of foraging in which 

animals made their first successful retrieval from the furthest possible distance (first day), foraging to 

the end of arena with little experience of the environment. Secondly, the last day of naive foraging 

(late foraging) - where animals had reached criterion and were foraging with relatively greater 

experience. Comparisons were made between these two timepoints to assess changes due to 

experience within AAF. To evaluate the effect of pharmacologically modulating anxiety levels on 

behaviour within AAF, the last day of naive foraging (late foraging) was compared to the following day, 

where animals foraged after receiving drug or vehicle (foraging with drug). 

 

 

1.9 Behavioural analysis  

Behavioural parameters included the latency to enter the arena, duration of scanning 

behaviour, number of failed forays and frequency of stretch and attend postures (SAPs).  
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Videos were scored manually from the three timepoints: the first day each animal successfully 

retrieved from 150cm (early foraging), the last day of naive foraging (late foraging) and the day of 

foraging under the influence of drug or vehicle (foraging with drug).                               

 

Latency to enter the light compartment is used as an indication of anxiety in the light/dark test in 

rodents (Arrant, 2013). Latency to enter the foraging arena was recorded as a similar indication of 

anxiety levels. The latency to enter the arena was timed manually from the start of the trial (door 

lifted above 10cm) until the first time the animal’s hind paws both crossed into the arena.  

Scanning behaviour in rodents has been associated with increased vigilance and is bidirectionally 

modulated by anxiotropic drugs (Choy et al, 2012). Scanning was defined as sustained periods when 

the animal’s body was located inside the home area, with their head orientated towards the arena. 

The total scanning duration across the trial was recorded.  

 
Failed forays were defined as entries into the foraging arena that resulted in a return to the home area 

without successful retrieval of the reward, and have been monitored in previous AAF studies (Kim et 

al 2015). Stretch and attend postures (SAP’s) are behaviours classically associated with anxiety and 

risk assessment in rodents (Pinel et al, 1994; Roy & Chapillon, 2004). SAPs were defined as elongated 

body postures sustained for more than 0.5s (Holly et al, 2016). Both failed forays and SAPs were scored 

manually. Trials where the animal failed to leave the home area were excluded from analysis. 

 

1.10  Success rate  

To assess the effect of FG7142 and Diazepam on performance within AAF the success rate, or number 

of successful retrievals out of a possible ten, was recorded on the day of treatment with drug and 

previous day of naive foraging (late foraging). The delta success rate was calculated as the change in 

success rate following treatment with drug, expressed as a percentage of previous days’ success rate. 

 
 

1.11 Movement analysis 

Comparisons were made between movement related parameters recorded on the day of treatment 

with drug and the previous day of naive foraging (late foraging) to give an indication as to how retrieval 

strategies may change with anxiety levels. Velocity has been measured in previous AAF studies (Amir 

et al 2015, Kim et al 2018), so peak speed attained on approach to the reward and the peak speed 

attained on return to home area were recorded. 



 

22 
 

 
Latency of retrieval, total distance travelled and deviation in Y velocity were recorded as measures of 

the directness of retrieval movements. Latency to complete each retrieval was calculated from entry 

into the arena until return to the home area. The speed of each retrieval was dissociated into velocity 

along the X axis (towards the reward location and back to the home area), and velocity along the Y 

axis (from one side wall of the arena to the other). A measure of deviation in Y velocity only was 

obtained from the trapezoid integration of the area under the curve from each Y velocity plot. 

Therefore, deviation in Y velocity gave a measure of the total change in speed along the Y axis only for 

each trial. 

 
Workflows within Bonsai data processing software were constructed and employed to track the 

animal’s position during retrieval movements using the green marking on animal’s backs left by the 

Raidex animal marking crayon. These Bonsai workflows generated X and Y coordinates with matched 

timestamps for the animal location in each trial. Only the successful retrieval movements for each trial 

were analysed, failed foray movements were excluded. MATLAB scripts were written that used the 

positional and time data produced by Bonsai workflows to calculate movement-related parameters. 

 
To capture the change in each parameter across each day’s successful trials, the trapezoid integration 

was calculated to give area under the curve (AUC) values.  These were then normalised to the number 

of successful trials. For each of the movement-related parameters, the change in the parameter 

between the day of treatment with drug and the previous day of foraging was calculated and 

expressed as a percentage of the previous day’s value for that parameter.  

 

 
Alternate Bonsai workflows were constructed to calculate the amount of time each animal spent in 

the inner 35% of the foraging arena during each successful retrieval movement. The central 35% of an 

of an open area is conventionally classified as inside in OF (Seibenhener & Wooten, 2015). From this 

data the percentage of total retrieval time spent within the inner 35% of the arena was calculated. 

The change in mean percentage of time spent in the centre of the arena when foraging after receiving 

drug or vehicle was expressed as percentage of the mean time spent in the centre of the arena on the 

previous day of naïve foraging.  
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1.12   Statistics  

Normality was assessed using IBM SPSS. As no parameters met the assumptions of parametric tests 

(Gaussian distribution and equal variance), Wilcoxon Signed Ranked tests and Kruskall-Walllis tests 

were employed in statistical analysis, as stated in figure legends. All graphs were plotted, and all 

statistics calculated using GraphPad prism. Significance was assessed at p < 0.05 

 

 

 

Results  
 

 
 

1.1  The number of trials taken for individual animals to 
successfully retrieve rewards from each distance is not 
uniform  

13 individuals took between 5 and 15 trials to reach 150cm (day 1 to day 2 of foraging) (Fig. 2A). 8 

individuals successfully retrieve from this distance between 20 and 40 trials (day 3 to 4) and 4 animals 

require between 40 and 60 trials (day 5 to 6). 

 
 

1.2  Time spent in open arms of the EPM is not correlated 
with the number of trials taken to retrieve from 150cm 
in AAF. 

The median percentage of time spent in the open arms of the EPM was 14% (IQR 8.25-19.415). No 

significant correlation was found between the percentage of time spent in the open arms of the EPM 

and the number of trials taken to reach 150 cm in AAF (Fig. 2B).  
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Figure 2. Task progression rates are variable within the population and not correlated with behaviour 

in EPM.  A, The number of trials taken until each animal successfully retrieved a reward from each of 

the five reward locations is plotted against distance in centimetres of that location (n=25). B, No 

significant correlation is detected between the % of time spent on the open arms in the EPM and 

number of trials taken to successfully retrieve a reward from 150cm in AAF. Each point represents a 

single animal (n =25,  rs = -0.3118, p = 0.1293, Spearman's rank correlation). 

,  
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1.3 Behaviourally relevant waiting times and expression of 
anxiety related behaviours decrease as a function of 
experience 

Latency to enter the arena significantly decreased from between early and late foraging (early foraging 

vs late foraging = 60.05 + 12.01 vs 50.02 + 10s, p = 0.0001; Fig. 3A). Scanning duration was also found 

to significantly decrease between early and late foraging (early foraging vs late foraging = 13.1 + 1.42 

vs 3.67 + 0.73s, p = <0.0001; Fig. 3B) 

 

 

The average number of failed forays per trial was found to significantly decrease between early and 

late foraging (early foraging vs late foraging = 1.22 + 0.2 vs 0.16 + 0.03, p = <0.0001; Fig. 4A). The mean 

trial frequency of SAPs was shown to significantly decrease in between early and late foraging (early 

foraging vs late foraging = 0.64 + 0.08 vs 0.44 + 0.1, p = 0.0387; Fig. 4B) 

 

1.4   FG7142 impairs the rate of successful retrievals  

Animals treated with the anxiogenic FG7142 showed a significant decrease in delta success rate when 

compared to Vehicle (FG7142 vs Vehicle = -17.78 + 7.78 vs 3.17 + 2.05%, p = 0.0198; Fig. 5). No 

significant difference was detected between animals receiving the anxiolytic Diazepam and those 

receiving Vehicle (Diazepam vs Vehicle = -0.98 + 2.67 vs 3.17 + 2.05%; Fig. 5).  
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Figure 3.  Behaviourally relevant waiting times decrease with experience. A, The average latency to enter the 

foraging arena is significantly decreased between the first day a reward was retrieved from 150cm and the 

last day of naive foraging. Each joined pair of points displays mean trial arena entrance latency for a single 

animal at both time points (T(25) = 31 p = 0.0001, Wilcoxon signed rank test). B, The average duration of arena 

scanning while positioned in the home area is significantly decreased between the first day a reward was 

retrieved from 150cm and the last day of naive foraging. Each joined pair of points displays mean trial scanning 

duration for a single animal at both time points (T(25) = 14.5, p = <0.0001, Wilcoxon signed rank test, ***p < 

0.001, ****p < 0.0001 ). 
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Figure 4. Expression of anxiety related behaviours decreases with experience. A, The average frequency of failed 

foray movements significantly decreases between the first day a reward was retrieved from 150cm and the last 

day of naive foraging. Each joined pair of points displays mean trial foray frequency for a single animal at both 

timepoints (T(25) = 4.5, p = <0.0001, Wilcoxon signed rank test,).  B, The average frequency of SAP’s significantly 

decreases between the first day a reward was retrieved from 150cm and the last day of naive foraging. Each 

joined pair of points displays mean trial frequency of SAPs for a single animal at both timepoints (T(25) = 78, p = 

0.0387, Wilcoxon signed rank test, *p < 0.05, ****p < 0.0001). 

 

A 
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Figure 5. FG7142 impairs the ability to successfully retrieve rewards. Animals receiving FG7142 made 

less successful retrievals on the day of testing with drug relative to the previous day of naïve foraging, 

when compared with vehicle.  Each point represents the change in success rate on the day of testing 

expressed as a percentage of the previous day, for a single animal. Bars display mean + SEM. (Kruskall-

Wallis test H(2) = 7.078, p = 0.0198, with Dunnet’s post-hoc test. FG7142 n = 9, Vehicle n = 7, Diazepam 

n = 9, *p < 0.05). 
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1.5   FG1742 reduces peak speed attained on approach to 
the reward,  

Animals treated with FG7142 decreased their average peak speed on approach to the reward when 

compared with the previous day of foraging, while those treated with Diazepam or Vehicle increased 

their peak approach speed on average. The difference in delta peak approach speed between FG7142 

and Vehicle was found to be significant (FG7142 vs Vehicle = -9.18 + 7.39 vs 16.057 + 4.91%, p = 0.0284; 

Fig. 6A). No significant difference in peak speed attained when returning to the home area was 

detected between animal receiving FG7142, Diazepam or Vehicle. However, FG7142 evoked an 

average negative delta return speed ( -9.799 + 7.61%; Fig. 6B) while very little change in return speed 

was observed in animals treated with Diazepam or Vehicle (0.61 + 5.38%, 1.68 + 5.55% respectively; 

Fig. 6B). 

 

 

No significant differences were observed between animals receiving FG7142, Vehicle and Diazepam 

in total distance travelled (0.065 + 45.67, -5.94 + 12.45, -15.24 + 9.03% respectively), latency to 

complete retrieval (4.21+ 5.6, -1.61 + 1.53, -2.79 + 0.95% respectively) or deviation in Y velocity (-

260.66 + 440.3, -134.87 + 305.62, -344.89 + 120.9% respectively).  

 

 

1.6   Diazepam may increase percentage of retrieval 
movement spend in the centre of the foraging arena 

Though no significant difference were detected, diazepam produced an average increase in the delta 

time spent in the centre of the arena (11.83 + 5.42%, Fig. 7). In comparison the time spent in the centre 

of the arena remained relatively stable when compared to the previous day in animals receiving 

FG7142 or Vehicle (-2.59 + 6.67% and -0.49 + 6.3% respectively; Fig. 7).  
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Figure 6. Effect of anxiogenic and anxiolytic drugs upon retrieval movements during foraging.  Each point 

represents the change in mean trial AUC on the day of testing expressed as a percentage of the previous 

day of naïve foraging, for a single animal. Bars display mean + SEM.  A, FG7142 effects a significant 

decrease in peak velocity reached when approaching the reward relative to the previous day of foraging, 

when compared to vehicle. Peak approach velocity measured in centimetres/second (Kruskall-Wallis test 

H(2) = 8.35 p = 0.0284, with Dunnet’s post-hoc test). B, Animals receiving either FG7142 or Diazepam did 

not differ significantly from vehicle in the peak velocity reached when returning to the home area. Peak 

return velocity measured in cm/s. C, Animals receiving either FG7142 or Diazepam did not differ 

significantly from vehicle in the total distance travelled during retrieval. Total distance travelled measured 

in cm. D, Animals receiving either FG7142 or Diazepam did not differ significantly from vehicle in the 

latency to complete each. Latency measured in s. E, Animals receiving either FG7142 or Diazepam did not 

differ significantly from vehicle in deviation in Y Velocity (FG7142 n = 9, Vehicle n = 7, Diazepam n = , *p 

< 0.05.). 

E 



 

33 
 

Figure 7. No significant difference in time spent in the inner area of the arena was detected for animals treated 

with either FG7142 or Diazepam. Animals receiving Diazepam displayed a trend to increase time spent in the 

inner area of the arena on the day of testing with drug compared to the previous day of naïve foraging. Animals 

receiving FG7142 did not differ from Vehicle. Each point represents the change in mean trial % of time spent in 

the inner 35% of the foraging arena, for a single animal. Bars display mean + SEM (FG7142 n = 9, Vehicle n = 7, 

Diazepam n = 9.). 
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1.7 FG7142 increases expression of some anxiety related 
behaviours 

No significant difference was detected in either delta latency to enter the arena or delta scanning 

duration between animals receiving FG7142, Diazepam or Vehicle (FG7142 vs Vehicle vs Diazepam = 

164.34 + 108.24 vs -54.47 + 15.54 vs -25.42 + 25.85%; Fig. 8A and FG7142 vs Vehicle vs Diazepam = 

77.9 + 41.49 vs -25.71 + 10.28 vs -21.05 + 15.65%; Fig. 8B). However, on average FG7142 evoked a 

non-significant increase in delta scanning duration, a contrasting effect to either Vehicle or Diazepam, 

which decreased delta scanning duration on average. 

 

No significant difference in the delta foray frequency was detected in animals treated with either 

FG7142, Vehicle or Diazepam (FG7142 vs Vehicle vs Diazepam = -0.055 + 0.087 vs -0089 + 0.065 vs -

0.053 + 0.024; Fig. 9A). FG7142 evoked a significant increase in delta mean SAP frequency when 

compared to Vehicle (FG7142 vs Vehicle = 0.318 + 0.15 vs -0.122 + 0.058, p = 0.0113; Fig. 9B). No 

significant difference was detected between the mean trial difference in SAP frequency of animals 

treated with either Vehicle or Diazepam (Vehicle vs Diazepam = -0.122 + 0.058 vs -0.064 + 0.13; Fig. 

9B) 

1.8   Animals are able to flexibly alter behaviour when 
presented with new reward information 

To verify that behaviour was still flexible to changes in reward information at the point of testing with 

drug or vehicles animals underwent a habit formation protocol the day after completing foraging. 

41.18% of animals (5/12) moved directly to the novel reward location on the first trial that the location 

was changed (Fig. 10B). By the third trial 94.12% of animals (11/12) were moving directly to the novel 

location.  
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Figure 8. FG7142 treated animals display trends to increase behaviourally relevant waiting times relative 

to the previous day of foraging, when compared to Vehicle. A, Animals receiving FG7142 displayed a 

trend to increase latency to enter the arena. Each point represents the change in mean latency to enter 

the arena for the first time in s on the day of testing expressed as a percentage of the previous day, for 

a single animal. Bars display mean + SEM. B, Animals receiving FG7142 displayed a trend to increase 

time spent scanning the arena. Each point represents the change in mean duration of arena scanning in 

s on the day of testing expressed as a percentage of the previous day, for a single animal. Bars display 

mean + SEM (Kruskall-Wallis test H(2) =8.439  p = 0.0511. FG7142 n = 9, Vehicle n = 7, Diazepam n = 9.). 

A 
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Figure 9. FG7142 increases the expression of some anxiety related behaviours. A, Animals 

receiving either anxiogenic or anxiolytic drugs did not differ significantly from vehicle in the mean 

frequency of failed forays on the day of testing compared to the previous day of naïve foraging.  

Each point represents the difference between the mean trial frequency of failed forays. B, 

Animals receiving FG7142 displayed significantly more SAPs on the day of testing with drug 

compared to the previous day of naïve foraging, when compared to Vehicle. Each point 

represents the difference in mean trial frequency of SAPs for a single animal. Bars display mean 

+ SEM (Kruskall-Wallis test H(2) = 8.439, p = 0.0113 with Dunnet’s post-hoc test. FG7142 n = 9, 

Vehicle n = 7, Diazepam n = 9, *p < 0.05). 
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Figure 10. Animals are able to flexibly alter their behaviour with a change in reward location.   A, 

Schematic of foraging box with novel reward location marked by a star. B  Each point displays the 

percentage of animals moving directly to the novel reward location for the following 9 trials. 

Testing took place the day after animals had received either drug or vehicle (n =12).  
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Discussion  
 

The results of this study satisfy the projects initial aims. Firstly, established anxiety-like behaviours are 

reduced with time and experience. Secondly, increased anxiety affects task performance and 

reinstates some anxiety-like behaviour, reducing peak speed attained on approach to the reward, 

effecting a re-expression of SAP’s and possibly re-extending scanning duration. For the first tie I have 

provided a pharmacological validation and characterisation of this approach avoidance assay. 

1.1 Experience-dependent changes in behaviour within AAF  

 

Three behavioural systems are thought to govern motivated behaviour (Gray and McNaughton, 2000). 

A behavioural approach system promotes advancement towards rewarding stimuli. A fight, flight and 

freeze system is evoked by threat or aversiveness and promotes avoidance. Lastly a behavioural 

inhibition system (BIS) is elicited during situations of approach-avoidance conflict, where actions are 

associated with both threat and reward. The latter is thought to be a key construct related to anxiety, 

where ongoing behaviours are inhibited in favour of risk assessment and caution (McNaughton and 

Corr, 2004). Approach avoidance conflict is a central component of AAF, as animals venturing out to 

retrieve food rewards must also place themselves at risk of potential danger in the innately anxiogenic 

arena (Thompson & LeDoux, 1974). The level of conflict and associated behavioural output would be 

expected to change with experience in the foraging arena, as the magnitude of the drives to approach 

and avoid are not likely to remain equal. The value of the appetitive stimulus, the food reward, should 

remain relatively constant at early and late timepoints. However, the magnitude of the perceived 

threat in the environment is likely to be high upon first exposure and reduced with experience in the 

arena in the absence of a threatening event. Decisions in situations of approach-avoidance conflict, 

and therefore behavioural output, are thought to occur as the result of subtractive cost-benefit 

analyses based on the weighting of the opposing drives (McNaughton and Corr, 2004; Ito & Lee, 2016). 

It can be expected for the anxiety-like and risk assessment behaviours promoted by the BIS to reduce 

at the late foraging timepoint, as the weighting of approach and avoidance stimuli will be unequal, 

enabling more efficient acquisition of food rewards. 

To assess anxiety-like behaviour within AAF, we recorded a number of parameters that have been 

strongly linked in previous studies to rodent anxiety. Between early and late foraging timepoints, we 

find that both the latency to enter the arena and the duration of time spent scanning are significantly 
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decreased. Both of these measures have been shown in previous work to be increased and decreased 

following treatment with anxiogenic and anxiolytic drugs respectively (Arrant et al, 2013; Choi et al, 

2013). The reduction in these waiting times relevant to rodent anxiety indicate that animals are less 

hesitant and vigilant following repeated exposure to the foraging context. Also the number of failed 

forays and the frequency of SAPs were reduced with experience. The reduction of failed foray 

frequency has been observed in previous AAF studies (Kim et al, 2013), and demonstrates here that 

animals are more successful in their foraging with experience, being able to more frequently retrieve 

rewards in a single attempt. SAP are archetypal rodent risk assessment behaviour and have been 

shown to be reduced with anxiolytic drugs (Cole & Rodgers, 1995s) indicating they are sensitive to 

anxiety levels. I found SAPs to be significantly reduced as a function of environmental exposure 

suggesting that perceived contextual risk is lower – requiring less frequent assessment.  

 

These alterations in anxiety-like behaviours support the hypothesis that the level of perceived 

contextual threat is reduced. This indicates a reduction in the drive of the BIS as the aversive 

environmental stimuli is lessened relative to the motivation to seek food, resulting in a situation of 

minimal conflict.  Animals enter the arena more swiftly and spend less time scanning, resulting in 

faster initiation of retrieval movements. These retrieval movements are successful more often and 

less time and effort are expended by animals in assessing risk. The combination of the changes results 

in more efficient reward retrieval. Blanchard et al have demonstrated that after exposure to a live 

predator or predator odour, rodents show increased risk assessment behaviours including scanning 

and SAPs (Blanchard & Blanchard, 1989; Blanchard et al 1990). After a period of time engaging in these 

behaviours, risk assessment is reduced and alternate behaviours such as feeding are resumed. The 

reduction of SAPs observed in this study likely reflect a similar mechanism, with BIS promoted risk 

assessment being downregulated as perceived threat is lowered, enabling promotion of goal-oriented 

behaviours. 

 

In situations of approach avoidance conflict, such as AAF, animals must integrate information about 

reward and risk to make decisions that shape behavioural output. Scanning behaviour is thought to 

represent periods of information gathering (Blanchard & Blanchard, 1989). During scanning animals 

have access to sensory information such as olfactory signals from the arena required to risk assess, 

while remaining in the safety of the home area. It therefore likely that the implicit decision-making 

and risk-reward assessment processes governing whether animals act or abstain are occurring during 

this period. It has been demonstrated that humans in a heightened state of anxiety are slower to make 
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decisions relating to reward and risk (Paul et al, 2010). Therefore the shorter scanning duration 

observed in this study at the late foraging timepoint could indicate a reduced level of anxiety relative 

to early foraging.  Human participants are slower to respond in a gambling task when gains and losses 

are closer in value, compared to when there is a large disparity between the two (Tom et al, 2007). If 

implicit decision-making processes are occurring during scanning, the shorter scanning duration 

following experience in AAF could be the result of greater inequality between the stable value of the 

reward and the reduced risk of exposure to the arena, allowing decisions to be resolved faster 

1.2 Anxiety-dependent changes in behaviour within AAF  

 

Drugs that reliably alter anxiety levels were utilised to test the second aim of this study. Diazepam was 

selected as the anxiolytic compound as it is clinically efficacious in humans, elicits anxiolytic effects 

with acute dosage (Starcevic, 2012) and has been classically used in the validation of novel tests of 

anxiety (Pellow et al, 1985; Onaivi & Martin,1989; Merali et al 2003). FG7142, an inverse agonist at 

the benzodiazepine site on the GABAa receptor (Evans & Lowry, 2007) was selected as the anxiogenic 

compound. The use of FG7142 ensures that both compounds are working at the same site, interacting 

with the same receptors within the same systems but with opposing effects. This enables the 

reduction of any confounds that may be introduced when using anxiotrophic drugs working on 

separate systems, that may elicit a range of off target effects.  

 

This study found that the anxiogenic drug FG7142 decreased the number of successful retrievals 

completed, which confirms that performance within AAF is anxiety dependent. If receiving FG7142 

inflates the animal’s perception of threat within the environment this could bias risk-reward 

assessments - with animals implicit decision-making processes tending to avoidance more frequently 

and selecting to remain in the safety of the home area.  

 

Assessment of movement related parameters also gave insight into subtler changes in spatiotemporal 

strategies that were altered as a function of anxiety. On the trials that animals receiving FG7142 did 

successfully retrieve, they did so at a slower peak approach speed. This contrasts with animals 

receiving vehicle, who under no manipulation of anxiety displayed an increase in peak approach 

speed. Though not significant, FG7142 also evoked an average reduction in peak return speed 

compared to animals receiving vehicle or diazepam, who displayed little change in return speed. The 

fact that FG7142 has been shown to increase, not decrease, locomotion in an open field assay 
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(Bruhwyler et al, 1991) means that reduction in locomotive behaviour not confounded by motor side 

effects. Similar changes in food retrieval behaviour have been observed in other animal species. Bees 

foraging for nectar under predatory risk slow their flight time, enabling more accurate detection of 

predatory spiders concealed in flowers, at the cost of reducing resource retrieval rate (Ings & Chittka, 

2008). The reduced peak approach speed of animals treated with FG7142 within AAF likely has a 

similar purpose, as enhanced vigilance inhibits optimum reward retrieval, but allows more frequent 

assessment of contextual risk.  

Open exposed spaces are innately anxiogenic to rodents, and thigmotaxis, or staying close to walls of 

the arena, has been observed to increase in OF with increases in anxiety (Prut & Belzung, 2003). The 

foraging arena is similar in structure to an OF. In order to reach the centrally placed reward, the most 

efficient, yet most anxiogenic, route for animals to take is directly through the centre. Alternatively, 

animals could approach the reward location while maintaining a position close to the walls of the 

arena, reminiscent of thigmotaxis in the OF. We found that FG7142 had no significant effect on 

parameters related to directness of movement including; latency, total distance travelled, deviation 

in Y velocity or time spent in the centre of the foraging arena. One explanation for the lack of effect 

of FG7142 upon directness of movement could be the formation of habitual behaviours, which are 

disassociated from changes in reward or risk (LeDoux & Daw, 2018). If strong habits had formed at the 

point of testing, alterations in perceived contextual risk induced by FG7142 may have little impact on 

retrieval strategy, as animals are ‘locked into’ familiar routes. However, animals were shown to be 

capable of flexibly altering their pathing when reward location information was changed (Fig. 10B). 

This occurred the day after animals foraged under the influence of FG7142, suggesting behaviour was 

not habitual at this time. On the other hand, Wingard & Packard (2008) have shown anxiety to bias 

rodents towards habitual behaviour. As such, any increased preference for sheltered areas of the 

arena may have been overcome by stronger habit preference in animals treated with FG7142, 

resulting in no great difference in movement directness.  

 

Increasing anxiety pharmacologically may increase animals’ levels of perceived contextual threat, 

returning to a situation of stronger approach avoidance conflict as the weighting between threat and 

reward is more equal. Therefore, reengagement of the BIS may be expected, resulting in reexpression 

of anxiety-like behaviours when animals are treated with FG7142 (McNaughton and Corr, 2004). In 

this study, we observed non-significant trend to increase latency to enter the arena, and a near 

significant increase in scanning duration, in response to FG7142 treatment. A larger sample size may 

in turn reveal these effects to be significant. Regardless, the extension of scanning duration could 
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indicate increased vigilance and extended implicit decision-making times, as risk-reward assessments 

are harder to resolve. We found no significant difference in failed foray frequency.  However alternate 

AAF studies have observed an increase in the number of failed forays following the introduction of a 

predatory threat (Amir et al, 2015). This may suggest that the rate of foray failure to is only sensitive 

to actual threat exposure, and not the amplification of potential threat by anxiogenic drugs. We also 

observed a significant increase in SAPs. This supports the notion of increased environmental threat 

perception, as SAP have been recorded to increase in frequency in response to indirect threat such as 

predator odour (Yang et al, 2004). These results indicate that increasing anxiety at a late foraging 

timepoint evokes the return of some, but not all, anxiety-related behaviours.  

Across many parameters, such as peak approach speed and scanning duration, FG7142 appears to 

evoke effects of unequal intensity. In some cases, animals appear to be separated into two groups, 

which could distinguish between responders and non-responders However, the intensity of FG7142s 

effects is not consistent for individual animals across parameters. For example, some individuals 

display a marked reduction in approach speed but little change in SAP frequency. This indicates that 

the cohort of animals cannot be separated into groups dependent on FG7142s effect on all measured 

variables. Rather it appears that in some cases FG7142 exerts a varying phenotype, with different 

animals showing changes in some, but not all, of the anxiety sensitive parameters.  

 

Diazepam was not observed to affect a significant change in any of the recorded parameters. A likely 

explanation is the presence of a ‘ceiling effect’. The reduced expression of anxious behaviour recorded 

at late foraging timepoints supports the idea that animal’s anxiety levels are already significantly 

reduced at the point of anxiolytic treatment, and that attempting to further reduce anxiety levels 

provides no clear effect on behaviour. Alternatively, anxiety disorders are thought to represent a 

number of heterogeneous pathologies with different underlying causes (Nandi et al 2009). EPM 

displays a clear effect on time spent in the open arms with benzodiazepine treatment but is insensitive 

to novel anxiolytics such as SSRI’s (Borsini et al, 2002). This could indicate that the two classes of drugs 

operate on different mechanisms relating to anxious behaviour, and the EPM is only capable of 

detecting benzodiazepine-sensitive processes. It may then be that AAF provides a measure of 

processes contributing to anxiety that are influenced by novel anxiolytics but not benzodiazepines, 

which could be confirmed by repeating experiments using one of these pharmacological agents.  
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1.3  Future directions  

Previous studies utilising AAF have found reductions in success rate with the introduction of a robotic 

predator and disinhibition of the amygdala (Amir et al, 2015; Choi & Kim 2010). The impairment of 

retrieval success observed in this study supports these results and reinforces the finding that 

performance within AAF is dependent on perceived levels of threat, and the resulting anxious or 

fearful behaviour.  

This study, has defined an anxious phenotype within AAF, consisting of a reduction in peak approach 

speed, increase in SAP expression and a trend to increase scanning duration. These behaviours have 

received little attention in prior work. The phenotypic classification provided here enables anxiety to 

be assessed with greater sensitivity, detecting subtle changes in anxiety-like behaviour that may not 

result in the gross impairment of success rate. Monitoring these behaviours in future AAF studies 

manipulating anxiety will allow a greater range of effects to be recorded. 

 

The enduring nature of AAF marks it as unique amongst rodent anxiety tests. My results indicate that 

AAF provides a dynamic threat environment, as anxiety-like behaviour is initially high but reduced with 

time and experience. Therefore, AAF offers the opportunity in future experiments to study how 

internal representations of contextual threat are updated, and associated behavioural output is 

altered accordingly. Further work could investigate the underlying neural circuits that track these 

changing representations of threat. The medial prefrontal cortex has been shown to differentiate 

between safe and threating contexts (Adhikari et al, 2011). Herry et al have also demonstrated that 

the mPFC is responsible for the expression of learned fear responses in appropriate context (Rozeske 

et al, 2018). Therefore, the mPFC may provide a promising putative structure to investigate how 

representations of threat in innately anxiogenic contexts are altered, and behaviour appropriate to 

survival is expressed.  Human anxiety patients have been shown to express heighted aversive 

responses to safety signals when compared to controls (Craske, et al 2008). Comparing animals that 

are faster or slower to recognise the foraging context as safe could determine the differences in circuit 

level mechanisms that support the appropriate downregulation of anxiety in rodents. This is turn could 

have implications for the treatment of human anxiety pathologies. The addition of an anxiogenic 

extension at the late foraging timepoint, such as the presentation of an indirect threat such as 

predator odour, would enable simultaneous investigation into how anxiety-like behaviour is 

upregulated. This anxiogenic extension may also enable the effect of an anxiolytic drug to be detected, 

which was not possible at the timepoint studied in this project.  
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In the EPM the percentage of time spent in the opens arms is taken as an indicate of rodent anxiety. 

As with other conventional approach-avoidance assays, this measure is considered to represent the 

state anxiety evoked by exposure to a novel situation (Wall & Messier 2001). As such, the EPM and 

other related tests are thought to give little insight into the animals underlying trait anxiety, and high 

levels of trait anxiety are predictive of anxiety disorder development in humans (Mundy et al, 2015). 

No significant correlation was observed in this study between EPM open time and the number of trials 

taken for animals to overcome the anxiogenic effect of the foraging arena and retrieve a reward from 

150cm. One interpretation of this would be that EPM open time and progression through AAF are 

measuring state and trait anxiety respectively. Initial exposure to AAF would also be expected to 

trigger a spike’ in state anxiety similar to the EPM. However, heightened state anxiety could be 

considered to only affect the early trials within AAF, after which it would be expected that animals 

with higher enduring trait anxiety would be impaired to a greater degree and slower to progress than 

those with low trait anxiety. If trait anxiety determines the rate at which animals progress through 

foraging, then animals tested in this study show varying levels of trait anxiety. Indeed, animals appear 

to be separated into three distinguishable groups by the number of trials they take to reach 150 cm, 

which could indicate low trait anxiety, medium trait anxiety and high trait anxiety animals. Further 

experiments could test this hypothesis by comparing the performance of rodent strains with high and 

low trait anxiety. Such strains have been bred, for example the HAB/LAB rats, but individuals are 

selected for their low or high anxiety phenotype in the elevated plus maze (Landgraf, 2003). Given the 

efficacy of serotonergic modulation in the treatment of anxiety disorders, rat lines based on genetic 

manipulation of serotonin receptors displaying increased or decreased anxiety (Bordukalo-Niksic et 

al, 2010) may offer a model organism less biased to conventional anxiety tests.   Classical tests of 

anxious behaviour in rodents have been criticised for their inability to predict the anxiolytic action of 

novel compounds that are clinically efficacious (Orsini et al, 2002). It has been suggested that the 

popularity of tests such as the EPM and OF are due to their high throughput (Rodgers et al ,1997). 

Despite AAF being more labour intensive than conventional paradigms, this limitation may be offset 

if further testing can demonstrate that AAF provides a reliable measure of trait anxiety.  

The ethological design of AAF requires animals to risk assess and make decisions as they would in the 

wild. Human anxiety patients often present with impaired decision making, showing heightened risk 

aversion that can impede the achievement of goals (Hartley & Phelps, 2012). Similar effects of risk 

aversion on rodent’s implicit decision making can be detected within AAF by recording success rate, 

offering a method by which a key symptom of anxiety disorder can be tracked. This means that AAF 

has the potential to lead to more effective, targeted treatments for these disorders (Pellman & Kim, 

2016). 
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 Conclusion 

Though still in its infancy, AAF offers many possible advantages over classical tests of anxiety. The 

structure of the paradigm could enable investigation into how enduring trait, decision making, and 

dynamic contextual threat both are impacted by and can impact upon anxiety. Though further 

validation is needed for the potential of the assay to be realised, this study is an important first step. 

The definition of an anxious phenotype and confirmation of the changing level of threat presented by 

AAF will be useful in designing and interpreting future AAF studies. The development of increasingly 

translational paradigms such as AAF aids the advancement of our knowledge of fear and anxiety 

circuits, and hastens the development of efficacious treatments for the many patients suffering from 

anxiety disorders 
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