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Abstract 
 

 Decades of research studying the behavioral effects of damage to structures in medial 

temporal lobe of rhesus monkeys have documented that such damage, particularly damage to the 

amygdala, causes animals to become hyporesponsive to threat and hyper-social.  This phenotype, 

a subset of the behaviors known as “Klüver-Bucy Syndrome”, is one of the most well-known 

phenomena in behavioral neuroscience. Carrying on the tradition of evaluating hyposensitivity to 

threat in monkeys with temporal lobe lesions, we evaluated the responses of rhesus monkeys with 

bilateral ibotenic acid lesions of the amygdala or hippocampus and procedure-matched control 

animals to the presentation of an unfamiliar human intruder and threatening objects of varying 

complexity. All animals behaved as expected – calibrating their responses to the ostensible threat 

value of the stimuli such that they were most responsive to the most potent stimuli and least 

responsive to the least potent stimuli. Contrary to an earlier report (Mason et al., 2006), lesion 

status did not impact the pattern of responses across multiple dependent measures (overt 

behaviors, position in cage, etc.). The only lesion induced difference consistent with 

hyposensitivity to threat was that monkeys with amygdala lesions retrieved food rewards placed 

near reptile-like objects more rapidly than did control animals. These findings call into question 

the assumption that amygdala damage causes robust, stereotyped changes to affective behavior. 

They also highlight the importance of replication in neuroscientific studies using nonhuman 

primates.  

 

Keywords: amygdala lesion, hippocampus lesion, rhesus monkey, affect, threat 
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 For more than a century, the functions of the temporal lobe and its constituent structures 

have been probed through increasingly selective neurobiological manipulations in a variety of 

animal models, including nonhuman primates. The earliest findings related to affective 

processing following resections of the entire temporal lobe in monkeys dates back to Brown and 

Schafer’s report in the late 1800s (Brown & Shafer, 1888). Some 50 years later, Klüver and Bucy 

(1939) again characterized the behavior of monkeys following temporal lobectomy, including 

dramatically different responses to ostensibly threatening stimuli, excessive manipulation of 

objects, particularly with the mouth, and alterations to social behavior in the presence of each 

humans and conspecifics. So impactful were their findings that the phenotype of behavioral 

changes they observed have since come to be known collectively as “Klüver-Bucy Syndrome.” 

Since the publication of Klüver and Bucy’s seminal work, the impact of temporal lobe structures 

on behavior have been explored in monkeys with more selective lesions of the medial temporal 

lobe (Aggleton & Passingham, 1981; Weiskrantz, 1956), temporal neocortex (Horel et al., 1975), 

hippocampus (Chudasama et al., 2009; Machado et al., 2009; Zola-Morgan et al., 1989, 1991), 

amygdala (Aggleton & Passingham, 1981; Chudasama et al., 2009; Izquierdo & Murray, 2004; 

Kalin et al., 2001; Machado et al., 2009; Machado & Bachevalier, 2008; Meunier et al., 1999; 

Meunier & Bachevalier, 2002; Stefanacci et al., 2003; Zola-Morgan et al., 1991), specific nuclei of 

the amygdaloid complex (Aggleton & Passingham, 1981; Kalin et al., 2004), and regions outside 

of the temporal lobe like the orbitofrontal cortex (e.g., Izquierdo et al., 2005). The results of these 

studies, alongside studies carried out in rodents (e.g., LaBar & LeDoux, 1996), have led 

researchers to conclude that some of the features of Klüver-Bucy Syndrome—namely, blunted 

reactivity and inappropriate social behavior—can be tied to specific functions of the amygdala. In 

accordance with this, the amygdala has been widely implicated in “fear” despite the fact that it is 

active during the perception and experience of many different emotions (for a meta-analysis see: 

Lindquist et al., 2012), as well as demonstrated domain general roles in salience processing (e.g., 

Cunningham & Brosch, 2012) and reward (e.g., Baxter & Murray, 2002).  
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Monkeys with lesions of the amygdala and hippocampus have been tested on a variety of 

tasks to quantify aspects of affective reactivity and social behavior, including dyadic social 

interactions (e.g., Emery et al., 2001), affective learning via classical conditioning (e.g., Antoniadis 

et al., 2007; Pribram et al., 1979), discrimination learning (e.g.,  Izquierdo & Murray, 2007; 

Machado & Bachevalier, 2007; Zola-Morgan et al., 1989), and tests of responsivity to foods (e.g., 

Aggleton & Passingham, 1981), threatening objects (e.g., Chudasama et al., 2009), non-

threatening objects (e.g., Mason et al., 2006), live animals (e.g., Kalin et al., 2001), and humans 

(e.g., Meunier et al., 1999) in order to determine the specific contributions of these structures to 

socioaffective behavior. The hyposensitivity to threat first described by Klüver and Bucy has often 

been investigated by exposing lesioned subjects to such stimuli as animal-like objects (e.g., 

children’s toys and figurines), live animals (e.g., snakes), items that have been conditioned to have 

negative associations over the animal’s lifespan (e.g., catcher’s nets, handling gloves), or direct 

eye contact with an experimenter (as in the Human Intruder Test). Monkeys are presented with 

these stimuli and their behaviors are recorded, including: the frequency of affective behaviors 

(facial and whole body), movements within the cage, manual or oral exploration of the stimulus 

(where possible), and, when the stimuli are presented alongside a food reward, the frequency and 

latency with which they retrieve this reward. 

Despite consistent use of two of the behavioral testing paradigms employed in the 

characterization of the behaviors of amygdalectomized monkeys (Human Intruder Test and 

Object Responsiveness Test) and the general account of the impact of amygdala damage (Amaral, 

2006), there is actually a fair degree of variation in outcomes across experiments. Some groups 

have reported striking changes to affective behavior following lesions of the amygdala such that 

amygdala lesioned monkeys exhibit dramatic reductions in aggressive and defensive behaviors 

alongside dramatically increased tendencies to manipulate stimuli (e.g., Aggleton & Passingham, 

1981). But, other groups have reported subtle, time-restricted effects or effects on only a small set 

of behaviors (e.g., effect of lesions only on defensive and approach behavior but not aggressive or 
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submissive behaviors in the presence of a rubber snake in Meunier et al., 1999; no effect of lesion 

beyond the first three days of the human intruder test in Mason et al., 2006; lesion group 

differences only in tension behaviors and not in gaze direction, position in cage, exploratory 

behaviors, affiliative behaviors, or facial expressions during the human intruder test in Machado 

& Bachevalier, 2008). Still others have reported no lesion-related effects at all in certain testing 

paradigms (e.g., human intruder test in Kalin et al., 2001 and Izquierdo et al., 2005). Studies of 

social behavior in amygdalectomized rhesus monkeys have shown similar inconsistencies in 

effects (see discussion in Emery et al., 2001). One of the challenges to understanding how robust 

and reproducible such effects are is that nonhuman primate studies are rarely replicated both for 

ethical and practical reasons (Bliss-Moreau et al., submitted). In the context of the small samples 

sizes of nonhuman primate studies, this problem is particularly salient due to the fact that these 

studies may be inherently underpowered and null results have traditionally been less likely to be 

published. Justifying carrying out similar experiments has historically required demonstrating 

that they expand on what is already known, rather replicate what has already been done. 

The current study therefore is unique insofar as it is a replication of a published report 

(Mason et al., 2006) that evaluated affective reactivity following focal damage to temporal lobe 

structures.  The present experiment expands on that previous work that only evaluated the impact 

of amygdala damage on reactivity to threat-related stimuli, by including a hippocampus lesioned 

group as well and carrying out testing both prior to and after surgery.  The trial structure and 

stimuli within the behavioral experiments were, however, replicated exactly. We anticipated that 

analysis of these data, in light of the findings reported by Mason et al. (2006) and those of other 

groups who have carried out very similar experiments (e.g., Izquierdo & Murray, 2004; Kalin et 

al., 2001), would allow us to provide stronger evidence related to both the magnitude and 

generalizability of the effects of such lesions. We first tested the hypothesis that amygdala damage 

blunts responding to threat by exposing neurologically intact control subjects, amygdala lesioned 

subjects, and hippocampus lesioned subjects to the Human Intruder Test in order to assess their 
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reactivity to varying potency of threat in the form of a novel human. Second, subjects were tested 

with novel objects resembling animals and their proclivities to manipulate these objects and to 

take a food reward from near them was recorded as an index of their affective reactivity to the 

objects (assuming that quick food retrievals indicate less reactivity than slow food retrievals and 

that the willingness to manipulate objects means they were not threatened by them). Finally, we 

report on the evaluation of the effects of the lesions, years after surgery with repeated exposures 

to animal-like objects in order to investigate whether or not effects observed shortly after surgery 

persisted over time and to explicitly test whether or not animals habituated to stimuli over the 

course of the experiment.  

 
Methods 

All experimental procedures were developed in consultation with the staff at the California 

National Primate Research Center (CNPRC). All protocols were approved by the University of 

California, Davis Institutional Animal Care and Use Committee. 

 
Subjects and Living Arrangements 
 Eighteen adult male, experimentally naïve rhesus monkeys (Macaca mulatta) served as 

subjects. All animals were born at the CNPRC and raised in semi-naturalistic outdoor social 

groups ranging from 70 to 120 monkeys. Animals were 6-9 years of age when assigned to the 

current project. Once assigned, the animals were moved to temperature controlled indoor rooms 

with automatically regulated lighting (12 hour light/dark cycle with lights on at 6:00 am and off 

at 6:00 pm) and housed individually in standard home cages (61 cm width x 66 cm depth x 81 cm 

height). They were fed twice daily (7:00 am and 2:00 pm) on monkey chow (Ralston Purina, St. 

Louis, MO) supplemented with fresh fruit and vegetables and ad libitum water. Approximately 

one year after relocation, animals were randomly assigned to receive bilateral ibotenic acid lesions 

of the amygdala (amygdala group, n = 6), of the hippocampus (hippocampus group, n = 6), or 

underwent a sham surgical procedure (operated control group, n = 6). In addition to the current 

experiments, these animals served as subjects in two previously published studies (Antoniadis et 



MINIMAL IMPACT OF AMYGDALA OR HIPPOCAMPUS DAMAGE 7 

al., 2007; Banta Lavenex et al., 2006). The only other testing experiences that these animals had 

prior to the current experiments were tests of dyadic social interactions (data not published). The 

experiments described by Antoniadis et al., (2007) and Banta Lavenex et al., (2006) occurred 

after the conclusion of the present experiments.  

 
Surgical Procedures 
 Lesion surgeries occurred approximately 14 months after relocation indoors. The surgical 

procedures summarized here are described in greater detail in previous publications (Antoniadis 

et al., 2007; Banta Lavenex et al., 2006). Individualized stereotaxic atlases were generated using 

magnetic resonance imaging. Animals were anesthetized with ketamine hydrochloride (15 mg/kg, 

i.m.) and medetomidine (25-50 µg/kg, i.m.) and images were obtained using a 1.5 T Gyroscan 

magnet (GE Healthcare, Little Chalfont, Buckinghamshire, UK). Images were exported to 

Photoshop (version 5; Adobe Systems, San Jose, CA) and then Canvas (version 5; Deneba System, 

Miami, FL), to superimpose a calibrated grid that was used to calculate the coordinates of 

injections. At the time of surgery, anesthesia was induced with ketamine hydrochloride (10 

mg/kg, i.m.) and maintained with isoflurane (1.2-2%) prior to placement in the stereotaxic 

apparatus (Crist Instruments Co., Inc., Damascus, MD). Anesthesia was maintained throughout 

surgery with isoflurane and fentanyl (7-10 µg/kg/min, i.v.). Under sterile conditions, the skull was 

exposed by way of a midline incision on the scalp and craniotomies were made over the amygdala 

or hippocampus. Electrophysiological activity was used to verify the locations of these structures 

by lowering a tungsten microelectrode connected to an amplifier and speaker to the MRI 

determined spatial target and listening to neuronal activity as it descended to confirm the location 

of neurons versus white matter. Adjustments to the coordinates were made as needed. Ibotenic 

acid (10 mg/ml in 0.1M PBS; Biosearch Technologies, Novato, CA) was simultaneously infused 

bilaterally into the amygdala or hippocampus using 10 µl Hamilton syringes. Following ibotenic 

acid injections, the dura was sutured, the craniotomies were filled with GelFoam (Amersham 

Biosciences, Peapack, NJ), and the fascia and skin were sutured in three layers. Operated controls 
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were exposed to the same pre-surgical preparation, midline incision, and skull exposure. They 

were anesthetized for the average duration of the lesion surgeries. All animals were monitored by 

veterinary staff following surgery; post-op antibiotics (50 mg/kg Clarofan, three times daily for 5 

days) and analgesics (0.15 mg/kg oxymorphone, three times daily for 2 days) were administered.  

 
Lesion Evaluation 
 The extent of damage to the amygdala and hippocampus was evaluated through 

histological methods as previously reported in detail (Antoniadis et al., 2007; Banta Lavenex et 

al., 2006). In brief, animals were deeply anesthetized and perfused intracardially with 1% and 4% 

paraformaldehyde in 0.1M phosphate buffer. The brains were removed, blocked, post-fixed, 

cryoprotected, frozen in isopentane, and stored at -70°C until they were sectioned. Thirty µm 

sections were obtained on a freezing, sliding microtome and a series of one-in-eight sections were 

mounted stained by the Nissl method with thionin (Lavenex et al., 2009). Lesion extent for 

hippocampus and amygdala lesions were evaluated microscopically on an AusJena microfiche 

reader (Zeiss, Oberkochen, Germany). Amygdala volumes were estimated with the Cavalieri 

method (Gundersen and Jensen, 1987). Unlesioned monkey brains were analyzed for comparison. 

 Detailed and individual descriptions of the amygdala (Antoniadis et al., 2007) and 

hippocampus (Banta Lavenex et al., 2006) lesions have been reported previously and thus will 

not be described here. For amygdala lesions, consistent damage (>80%) was achieved bilaterally 

in all cases but two, where damage was still greater than 60%. Minimal extraneous damage to 

adjacent areas occurred. Qualitative descriptions of the extraneous damage are detailed by 

Antoniadis et al., (2007). The lesion extent in the amygdala for the amygdala-lesioned subjects is 

presented in Table 1; Table 1 also includes the percent atrophy of the amygdala for animals in the   

Mason et al. (2006) study for the sake of comparison. Hippocampal lesions were intended to 

selectively damage the dentate gyrus, hippocampus, subiculum, presubiculum, and 

parasubiculum, and spare the entorhinal, perirhinal, and parahippocampal cortices. Quantitative 

evaluation of the damaged areas was not completed for these lesions. Consistent and heavy 
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damage was done to all of the targeted areas and consistent sparing was accomplished in the 

entorhinal cortex, perirhinal cortex, and amygdala (see Banta Lavenex et al., 2006 for detailed 

descriptions of the hippocampal lesions).  

Table 1 
Lesion Extent 

  

 Amygdala 
Subject Left Right 

Present Study   
A 98% 97% 
B 93% 89% 
C 83% 93% 
D 92% 81% 
E 88% 68% 
F 64% 73% 
Mean 86% 84% 

Mason et al., 2006   
A 83% 85% 
B 76% 88% 
C 61% 90% 
D 72% 80% 
E 96% 70% 
F 74% 59% 
Mean 77% 79% 

 

 
Behavioral Experiments 

Three behavioral experiments – Human Intruder and two runs of Object Responsiveness 

– were carried out to evaluate the effects of damage to the amygdala and hippocampus on affective 

reactivity. Animals completed two of the experiments, Human Intruder Test and Object 

Responsiveness Test I, both before and after surgery in order to evaluate changes in reactivity as 

a result of the lesions. Object Responsiveness II was completed only after surgery in order to test 

the effects of damage to the amygdala and hippocampus on habituation to aversive stimuli across 

repeated presentations. Testing was done with all animals in the same sequence at comparable 

 
Figure 1. Sequence of relative timing of experiments. Human Intruder Test (HIT) highlighted in blue, Object Responsiveness Test I (ORT I) 
highlighted in green, and Object Responsiveness Test II (ORT II) highlighted in yellow. 
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intervals relative to the time of surgery. All testing was completed when animals were not involved 

in any other experimental procedures. Animal testing order was counterbalanced for lesion 

condition across each test. Figure 1 shows the sequence of experiments and testing dates relative 

to relocation, surgery, and sacrifice.  

 
Human Intruder Test 
 Testing took place across two 5-day periods (one prior to and one following surgery). 

Preoperative testing occurred at approximately 13 months following relocation indoors and 1-3 

months prior to surgery. Postoperative testing occurred at approximately 10 months after surgery. 

Animals were moved out of their home rooms and tested individually in a standard primate cage 

(60 cm wide x 75 cm x 75 cm).  Similar procedures were used to those previously published by our 

group and others (e.g., Bliss-Moreau & Baxter, 2018; Bliss-Moreau & Moadab, 2016; Gottlieb et 

al., 2013; Kalin & Shelton, 1989, 1998). Animals were exposed to unfamiliar male experimenter 

in four different conditions following one minute of acclimation. The four conditions each lasted 

30 seconds and were presented in the following order: 1) profile far: presentation of left profile 

(facing 90 degrees away from the cage) at 1 m distance; 2) profile near: presentation of left profile 

at 0.3 m; 3) stare far: direct stare at the animal at 1 m; 4) stare near: direct stare at the animal at 

0.3 m. After all animals were tested, a 30-second food test was performed for each animal. The 

experimenter presented one raisin to the animal every 2 seconds by holding it in front of the cage 

without making any eye contact. Animals were tested between 12:00 and 2:00 pm.  

Behavioral data were collected by trained observers using a 1/0 sampling method and 5 

second bins (as in Bliss-Moreau & Baxter, 2018; Capitanio, 1999). Position in cage (based on the 

location of the animal’s head, either in the front or back half of the cage) and affect-related 

behaviors were scored. These behaviors included: lipsmack face, grimace, threat, lunge, cage 

shake, yawn, and tooth grind. Behaviors that occurred within a 5 second bin were given a score of 

1 and those not occurring within a bin were given a score of 0. Affect-related scores were summed 
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within and across bins to generate an index of affective reactivity. Observers were trained to the 

lab standard which is greater than 85% interrater reliability and were blind to lesion condition. 

 
Object Responsiveness Test 

In the first run of object responsiveness, testing took place across two 6-day periods (one 

prior to and one following surgery). Preoperative testing occurred approximately 8 months after 

relocation indoors and 6-8 months prior to surgery. Postoperative testing occurred approximately 

2-4 months following surgery. Animals were tested in an adapted lab care cage (80.01 cm wide x 

83.32 cm x 101.6 cm) with a plexiglass front, i.e., “the object responsiveness cage”. The plexiglass 

front contained two vertical openings (25 cm height x 5 cm width) separated by 5.08 cm and 

centered 32.25 cm from the left and right sides of the cage. An opaque guillotine door could be 

raised and lowered by a rope-and-pulley system in front of the plexiglass. Contiguous with the 

front of the cage was a platform containing a central food well (2.54 cm length x 2.54 cm width) 

situated 5.18 cm from the front of the cage and a frame directly behind the food well (22.86 cm 

length x 15.24 cm width) for securing the bases attached to the test objects. The back and right 

side of the cage were opaque and left side of the cage, which also included a door for relocating 

the animal, consisted of stainless-steel bars. Animals were tested between 9:00am and 1:00pm.

One week prior to testing, animals underwent acclimation training to ensure that they 

would readily retrieve a food reward (half of a grape, marshmallow, raisin, or M&M, depending 

on food preference) from the object platform. Animals received 25 trials in which the guillotine 

door was raised, and the animal had 30 seconds to retrieve the food reward. In order to pass the 

pre-testing phase animals were required to retrieve the food within 30 seconds on 20 out of 25 

trials during two consecutive acclimation sessions. All animals met the criterion to retrieve a 

single food reward over two consecutive days. Following acclimation, animals advanced to the 

object testing sessions.  Objects were presented one at a time on the platform concurrently with a 

food reward. Twelve stimulus object sets were used in this task and no object was seen more than 

once. Each object set was designed to represent increasing levels of complexity and consisted of a 
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simple, intermediate, and complex form similar to those described previously (Mason et al., 

2006). The most complex stimuli were children’s toys resembling animals or animal-like figures 

(see Figure 2). The intermediate stimuli were similar to the complex stimuli excepting the removal 

of distinctive features, largely from the face. The simple stimuli were wooden blocks of similar 

size, shape, and color to the other stimuli in the set. Complexity of stimuli was varied in an effort 

to vary the affective value of the stimuli (simple ostensibly least threatening and complex 

ostensibly most threatening). One object set was presented on each test day. Each session 

consisted of five 30-second trials presented in the following fixed order: food only trial, simple 

object + food, intermediate object + food, complex object + food, and a final food only trial. No 

animals other than the test subject were present in the test room. Two observers sat diagonally to 

the right of the test cage (approximately 2 m away). This allowed the animal to view the observers 

while the opaque guillotine door was raised. A camera was positioned directly in front of the test 

cage next to the observer on the right.  

 
Figure 2. Photographs of exemplar object series (a, dog; b, 
coyote; c, snake), including simple (wood block or coiled hose), 
intermediate (backwards-facing to obscure facial features), and 
complex (front-facing to show facial features) objects. 
 



MINIMAL IMPACT OF AMYGDALA OR HIPPOCAMPUS DAMAGE 13 

In the second test of object responsiveness, testing took place across three 6-day phases. 

The same testing conditions were used as in the first test. One week intervened the first and 

second phases and four weeks intervened the second and third phases. Six novel stimulus series 

of the same structure as those previously described were presented to the animals across the five 

testing days in each phase. Four series contained objects resembling mammalian animals and two 

series contained objects resembling reptilian animals. The same presentation order was used in 

each of the three phases: day 1: bear series; day 2: pig series; day 3: lion series; day 4: alligator 

series; day 5: snake series; day 6: doll series. The trial number and structure was the same each 

day: food only trial, simple object + food, intermediate object + food, complex object + food, and 

a final food only trial. 

Behavioral data were collected with The Observer software (Noldus, Sterling, VA, USA) by 

two observers who were blind to lesion status (lab standard ≥ 85% inter-rater reliability). The 

following behavioral measures were collected live per trial: 1) latency to retrieve the food reward 

and first explore the object (full trial length was used on trials where the subject did not engage in 

these behaviors); 2) frequency of species-typical behaviors, spatial location in the cage, food 

retrieval, and manual exploration of the object, and 3) duration of spatial location in the cage and 

manual exploration of the object. The behavioral ethogram used is found in Table 2. As in the 

Human Intruder Test, an index of affect reactivity was generated by summing the frequencies of 

affect-related behaviors: lipsmack face, grimace, threat, lunge, cage shake, yawn, and tooth grind. 

Previous experiments have shown differences in the responses of amygdala lesioned animals to 

objects intended to resemble reptiles versus animals intended to resemble mammals (Bliss-

Moreau et al., 2011). As such, for this experiment we analyzed the responses obtained during 

mammalian object (bear, pig, lion, and doll) and reptilian object (snake and alligator) trials 

separately. As the same object series were presented in the same sequence across all three phases 

of this experiment, phase was used as a repeated measure to observe the effect of habituation on 

reactivity to these two different classes of stimuli. 
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Table 2 
Behavioral Ethogram 

 

Behavior Description 
Affective behaviors  

Lipsmack Rapid lip movement usually with pursed lips and accompanied by a 
smacking sound 

Grimace Exaggerated grin with teeth showing 
Threat At least two of the following: open mouth stare, head-bob, ear slaps, 

bark vocalizations, or lunges 
Lunge Rapid body movement toward the front of the cage 
Cage shake Grasping of cage parts and shaking 
Yawn Open mouth, exposing teeth 
Tooth grind Repetitive, audible rubbing of upper and lower teeth 
Tactile explore Contact is made with the presented object with the hands, fingers, or 

feet 
Take food Animal retrieves the food from the food well 
Coo Clear, soft, sound, moderate in pitch and intensity 
Bark Low-pitched, loud, guttural sound often accompanied by some threat 
Grunt Deep, muffled, low intensity vocalization; sometimes given with 

lipsmacks 
Positions  

Front vs. Back Scored by location of the animal’s head in the front half or the back 
half of the cage 

 
Statistical Analysis 

Statistical analyses were carried out in R version 4.0.4 (R Core Team, 2020) using the 

following packages (lme4, (Bates et al., 2015); lmerTest, (Kuznetsova et al., 2017); lsmeans, 

(Lenth, 2016), rstatix, (Kassambara, 2020), sjstats, (Ludecke, 2020)).  Data were checked for 

normality using the Shapiro-Wilk normality test and visual inspection of QQ plots. Equal 

variances were verified using Mauchly’s test of sphericity. Repeated-measures analysis of variance 

(ANOVA) were used to analyze the data. Tukey posthoc tests were used to evaluate pair-wise 

comparisons of lesions following ANOVAs. For the sake of completeness, because lesion 

experiments are unlikely to be repeated, follow-up ANOVAs with fewer factors were carried out 

in cases where the omnibus ANOVA or marginal means with 95% confidence intervals suggested 

that there might be an effect. For data that were not normally distributed, the Kruskal-Wallis test 

was used. In these cases, pairwise comparisons were made with the Wilcoxon test using the 

Benjamini & Hochberg correction. In some cases, frequencies of behavior were extremely low and 

so statistical tests were not carried out. 
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Results 

Human Intruder Test 
Affective reactivity. A repeated measures ANOVA with lesion group as a between subjects 

factor and condition, testing day (1-5), and phase (pre- vs. post-lesion) as within subjects factors 

revealed no main effect of lesion group (F(2, 15) = 0.37, p = 0.70, η2 = 0.001) nor any significant 

interactions between lesion group and other factors (group x condition: F(6, 45) = 0.40, p = 0.88, 

η2 = 0.003; group x day: F(8, 60) = 0.43, p = 0.90, η2 = 0.004; group x phase: F(2, 15) = 0.26, p 

= 0.77, η2 = 0.001). As expected, there were significant main effects of condition (F(3, 45) = 33.65, 

p < 0.001, η2 = 0.124) and day (F(4, 60) = 8.42, p < 0.001, η2 = 0.041), such that subjects were 

least reactive in the profile near (M = 0.49, SE = 0.09) and profile far (M = 0.49, SE = 0.09) 

conditions and most reactive in the stare near (M = 4.26, SE = 0.28) condition. Reactivity 

decreased across test days (day 1: M = 2.61, SE = 0.27; day 3: M = 1.94, SE = 0.26; day 5: M = 1.51, 

SE = 0.22). There was a significant three-way interaction between group, condition, and phase 

(F(24, 570) = 2.31, p = 0.03, η2 = 0.027). To investigate this interaction, we ran follow-up ANOVAs 

on each group with measures collapsed across days. The condition by phase interaction was 

significant for the control group (F(3, 15) = 12.04, p < 0.001, η2 = 0.306), but was not significant 

for the amygdala lesioned (F(3, 15) = 1.44, p = 0.27, η2 = 0.065) or hippocampus lesioned (F(3, 

15) = 3.03, p = 0.06, η2 = 0.165) groups. See Figure 3.  

 
Figure 3. Mean reactivity scores for across all Human Intruder Test conditions for each of the three groups. Lighter grey shapes indicate the 
pre-operative scores and darker grey shapes indicate the post-operative scores. Circles show reactivity in the profile-near condition, squares 
show profile-far, triangles show stare-near, and diamonds show stare-far. Error bars indicate SEM.  
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Retrieval of food reward. There were no significant differences across lesion groups in the 

number of raisins retrieved from the intruder (F(2, 30) = 0.97, p = 0.39, η2 = 0.011). There was a 

significant effect of day (F(4, 120) = 9.56, p < 0.001, η2 = 0.216) such that all subjects retrieved 

increasing numbers of raisins across testing days during both pre- and post-operative testing 

(controls: day 1 – M = 10.67, SE = 0.43, day 5 – M = 11.91, SE = 0.31; amygdala lesioned: day 1 – 

M = 10.17, SE = 0.51, day 5 – M = 12.25, SE = 0.22; hippocampus lesioned: day 1 – M = 9.75, SE 

= 0.88, day 5 – M = 10.83, SE = 0.95). There was no significant effect of phase (F(1, 30) = 0.17, p 

= 0.69, η2 = 0.001).  

Position in cage. There was not a significant main effect of lesion group (F(2, 15) = 0.37, p 

= 0.70, η2 = 0.001), or day (F(4, 60) = 0.338, p = 0.851, η2 = 0.002) on the animals’ positions in 

the cage. There was a main effect of condition (F(3, 45) = 33.65, p < 0.001, η2 = 0.046) and phase 

(F(1, 15) = 9.79, p = 0.007, η2 = 0.015). There was a significant three-way interaction between 

group, day, and phase (F(8, 465) = 2.04, p = 0.04, η2 = 0.025). Follow up ANOVAs were 

conducted for each group individually to determine the source of the interaction. The day x phase 

interaction failed to reach conventional levels of significance for control group (F(4, 200) = 2.26, 

p = 0.06, η2 = 0.041), but was significant for the hippocampus lesioned group (F(4, 200) = 2.88, 

p = 0.02, η2 = 0.051). In the pre-lesion testing phase controls and hippocampus lesioned animals 

showed a reduction in time spent at the front of the cage during later testing days as compared to 

the first day (controls: day 1 – M = 5.17, SE = 0.30, days 5-6 – M = 4.17, SE = 0.25; hippocampus 

lesioned: day 1 – M = 4.50, SE = 0.50, days 5-6 – M = 3.99, SE = 0.27). In the post-lesion testing 

phase the mean duration at the front of the cage was similar across all days of testing for controls 

and showed some increase for hippocampus lesioned subjects (day 1 – M = 4.67, SE = 0.39, days 

5-6 – M = 5.53, SE = 0.13). The interaction was not significant for the amygdala lesioned group 

(F(4, 200) = 0.95, p = 0.43, η2 = 0.017), who exhibited similar mean durations across days during 

both pre- and post-lesion testing.  
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Object Responsiveness Test I  

Exploration of the object. Manual contact with the object was not necessary to retrieve the 

food reward but did occur in all groups. The frequency and duration of manual object 

manipulation was analyzed across groups with phase (pre- vs. post-lesion) and object complexity 

(simple, intermediate, or complex) as repeated measures in an ANOVA. There was not a 

significant lesion group difference in either frequency (F(2, 15) = 0.59,  p = 0.57, η2 = 0.014) or 

duration (F(2, 15) = 1.27, p = 0.31, η2 = 0.025) of this exploration. There was a significant main 

effect of phase for both frequency (F(1,15) = 7.96, p = 0.013, η2 = 0.094) and duration (F(1,15) = 

6.69, p = 0.02, η2 = 0.065). All groups explored objects less frequently and for shorter durations 

when tested post-surgery as compared to their pre-surgery testing. While there was no significant 

effect of object complexity on the frequency of manual exploration (F(2, 30) = 0.93, p = 0.41, η2 

= 0.022), there was a significant effect of complexity on the duration of exploration (F(2, 60) = 

6.04, p = 0.004, η2 = 0.118). Across all three groups of subjects and both phases of testing, subjects 

spent more time manipulating the complex (M = 1.22 s, SE = 0.29 s) and intermediate (M = 1.27 

s, SE = 0.32 s) objects than the simple objects (M = 0.65 s, SE = 0.16 s). There was not a significant 

effect of lesion group on the latency to manually explore the objects (F(2, 15) = 0.23, p = 0.79, η2 

= 0.006, Figure 4C). As in the frequency and duration data, there was a significant effect of phase 

on the latency to explore (F(1, 15) = 9.67, p = 0.007, η2 = 0.122). All groups were slower to 

manually explore the objects across all complexity levels after surgery as compared to their pre-

surgery baselines. See Figure 4. 
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Retrieval of food reward. There was not a significant lesion group difference in food 

retrieval frequency (F(2, 15) = 0.77, p = 0.48, η2 = 0.018) or latency (F(2, 15) = 0.90, p = 0.43, η2 

= 0.017). There was a significant effect of complexity on the frequency of food retrieval (F(2, 30) 

= 5.51, p = 0.009, η2 = 0.129). Foods were retrieved more frequently on simple object trials (M = 

93%, SE  = 2%) than intermediate (M = 85%, SE = 2%) or complex (M = 84%, SE = 3%) object 

 
Figure 4. Mean frequency (A), duration (B), and latency (C) of object exploration by animals in the control (left), amygdala lesioned (middle), 
and hippocampus lesioned (right) groups. Lighter grey shapes indicate pre-operative baseline and darker grey shapes indicate post-operative 
values. Behavior in the presence of simple (circle), intermediate (triangle), and complex (square) objects are shown for each group. Error bars 
show SEM.  
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trials. A very similar effect of complexity on latency to retrieve the food reward was also observed 

(F(2, 30) = 13.46, p < 0.001, η2 = 0.258) – foods were retrieved fastest on simple object trials and 

slowest on complex object trials. There was not a significant effect of phase on food retrieval 

measures (frequency: F(1, 15) = 1.45, p = 0.25, η2 = 0.017; latency: F(1, 15) = 0.23, p = 0.64, η2 = 

0.002) in contrast with the effects seen in the propensity of subjects to explore the objects.  

Position in cage. While the effect of group on position in cage during Object 

Responsiveness Test I did not reach conventional levels of significance, it is the only analysis that 

suggested that there might be  lesion group differences relative to objects (F(2, 15) = 3.40, p = 

0.06, η2 = 0.084). Post hoc tests indicated a potential group difference between the operated 

control and hippocampus subjects (p = 0.06), but no difference between the control and amygdala 

lesioned subjects (p = 0.81) or amygdala and hippocampus lesioned subjects (p = 0.18) groups. 

Consistent with the data on object exploration, there was a significant main effect of phase on 

time spent at the front of the cage (F(1, 15) = 13.63, p = 0.002, η2 = 0.168). The duration of time 

spent at the front of the cage during the postoperative testing phase was significantly lower than 

the duration of time spent at the front of cage during the preoperative testing phase. There was 

an interaction between complexity and phase, but it did not reach conventional levels of 

significance (F(2, 30) = 2.94, p = 0.07, η2 = 0.073). Follow up ANOVAs revealed a significant 

effect of phase on the time spent at front of cage in the presence of simple objects (F(1, 34) = 7.72, 

p = 0.008, η2 = 0.185) and an effect for intermediate objects that did not reach conventional levels 

of significance (F(1, 34) = 3.38, p = 0.07, η2 = 0.090) with groups combined. The effect of phase 

on complex objects was not significant (F(1,34) = 2.74, p = 0.11, η2 = 0.074).  See Figure 5.  
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Affective reactivity. Affect-related behaviors were too infrequent to perform formal 

statistical analyses on the reactivity indices generated from the frequencies of these behaviors. All 

animals were essentially at floor when the mean number of reactivity behaviors across test 

conditions was evaluated. During preoperative testing, reactivity indices were generally higher 

during complex object trials (controls: M = 0.42, SE = 0.22; amygdala lesioned: M = 0.08, SE = 

0.05; hippocampus lesioned: M = 0.50; SE = 0.18) as compared to intermediate (controls: M = 

0.17, SE = 0.12; amygdala lesioned: M = 0.00, SE = 0.00; hippocampus lesioned: M = 0.31; SE = 

0.12) or simple (controls: M = 0.00, SE = 0.00; amygdala lesioned: M = 0.00, SE = 0.00; 

hippocampus lesioned: M = 0.19; SE = 0.11) object trials. Postoperative scores indicate an overall 

reduction in reactivity from pre- to post- surgery, with only small differences between complex 

(controls: M = 0.06, SE = 0.04; amygdala lesioned: M = 0.08, SE = 0.05; hippocampus lesioned: 

M = 0.11; SE = 0.07), intermediate (controls: M = 0.00, SE = 0.00; amygdala lesioned: M = 0.06, 

SE = 0.06; hippocampus lesioned: M = 0.08; SE = 0.06), and simple (controls: M = 0.00, SE = 

0.00; amygdala lesioned: M = 0.14, SE = 0.08; hippocampus lesioned: M = 0.00; SE = 0.00) 

object trials. Given the very low rates of behavior, we elected not to carry out formalized statistical 

analyses because observed differences would not be psychologically or behaviorally meaningful. 

 

 
Figure 5. Mean duration of time spent at the front of the cage for control (left), amygdala lesioned (middle), and hippocampus lesioned (right) 
animals. Lighter grey shapes indicate pre-operative baseline and darker grey shapes indicate post-operative values. Behavior in the presence 
of simple (circle), intermediate (triangle), and complex (square) objects are shown for each group. Error bars show SEM.  
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Object Responsiveness Test II 
Exploration of the object. As in Object Responsiveness I, contact or exploration of the 

object was not necessary to retrieve the food reward. Subjects very rarely manipulated the objects 

in this experiment. Contact was made with the objects in only 35 instances across 972 object trials. 

Formal statistical analyses were not completed due to the rarity of engagement in this behavior. 

Of the 35 instances of object manipulation, 30 occurred during mammalian object trials and 5 

occurred during reptilian object trials. Across mammalian object trials, there were 20 instances 

of object manipulation by control subjects, 3 instances by amygdala lesioned animals, and 7 by 

hippocampus lesioned animals. Of the 5 instances of exploration during reptilian object trials, 3 

of these were by control subjects and 1 instance occurred for each the amygdala lesioned and 

hippocampus lesioned groups.  

Retrieval of food reward. There were no group differences in frequency or latency to 

retrieve the food reward during simple (frequency: H(2) = 2.11, p = 0.35, ε2 = 0.040; latency: H(2) 

= 0.87, p = 0.65, ε2 = 0.016) or intermediate (frequency: H(2) = 2.85, p = 0.24, ε2 = 0.054; latency: 

H(2) = 4.19, p = 0.12, ε2 = 0.079) mammalian object trials. There was no significant group 

difference in latency to retrieve the food during complex object trials (H(2) = 4.18, p = 0.12, ε2 = 

0.079), but there was a significant effect of group on frequency of food retrieval during these trials 

(H(2) = 7.20, p = 0.03, ε2 = 0.136). The hippocampus lesioned group differed significantly from 

the control group on this measure (p = 0.04), but did not differ significantly from the amygdala 

lesioned group (p = 0.28). The control and amygdala lesioned groups also did not differ 

significantly (p = 0.16). As expected, animals retrieved the food reward less frequently and with 

longer latency for the more complex stimuli. Frequency and latency of food retrieval for 

mammalian object trials are displayed in Figure 6. 
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Analysis of the same behaviors during reptilian object trials revealed a different pattern of 

effects. There were no group differences in frequency or latency to retrieve the food reward during 

simple reptilian object trials (frequency: H(2) = 3.03, p = 0.22, ε2 = 0.057; latency: H(2) = 1.08, 

p = 0.58, ε2 = 0.020). However, the effect of lesion group was significant for intermediate 

(frequency: H(2) = 10.64, ε2 = 0.201, p = 0.005; latency: H(2) = 8.72, p = 0.01, ε2 = 0.164) and 

complex (frequency: H(2) = 7.78, p = 0.02, ε2 = 0.147; latency: H(2) = 11.85, p = 0.003, ε2 = 0.224) 

reptilian objects. In all cases of significant group effects, pairwise comparisons revealed 

significant differences between the control and amygdala lesioned groups for these measures (all 

p < 0.03). Controls and hippocampus lesioned subjects differed significantly only in frequency of 

retrieval during intermediate reptilian object trials (p = 0.02). The amygdala and hippocampus 

lesioned groups never differed significantly from each other on these measures (all p > 0.05). As 

was true for mammalian object trials, control subjects showed the expected trends in behavior 

 
Figure 6. Food retrieval frequency (A) and latency (B) during mammal-like object trials only. All phases represent post-operative data and 
exposure to the same series of objects. The first iteration of testing (Phase 1) is shown in the lightest grey, the second (Phase 2) is shown in 
the second lightest grey, and the third (Phase 3) is shown in the darkest color. Circular data points show average responses across simple object 
trials, triangles show intermediate, and squares show complex. Error bars show SEM.  
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with less frequent food retrieval and longer latencies as object complexity increased. Frequency 

of retrieval increased across phases and latency to retrieve decreased. Food retrieval behaviors 

during reptilian object trials are shown in Figure 7.  

Position in cage. There was no significant effect of group on the duration of time spent at 

the front of the cage during mammalian object trials (F(2, 14) = 2.29, p = 0.14, η2 = 0.039). The 

effect of phase was also not significant (F(2, 28) = 0.54, p = 0.59, η2 = 0.009). There was a 

significant effect of complexity (F(2, 28) = 7.17, p = 0.003, η2 = 0.121). On average, subjects spent 

less time at the front of the cage as the objects became more complex (simple: M = 8.10, SE = 

0.89; intermediate: M = 6.46, SE = 0.60; complex: M = 5.52, SE = 0.51). During reptilian object 

trials, there were also no main effects of lesion group (F(2, 14) = 0.40, p = 0.68, η2 = 0.006) or 

phase (F(2, 28) = 0.33, p = 0.72, η2 = 0.005). As with mammalian object trials, there was a 

significant effect of complexity (F(2, 28) = 4.45, p = 0.02, η2 = 0.069). There was a significant 

three-way interaction between group, complexity, and phase (F(8, 56) = 2.29, p = 0.03, η2 = 

 
Figure 7. Food retrieval frequency (A) and latency (B) during reptilian-like object trials only. All phases represent post-operative data and 
exposure to the same series of objects. The first iteration of testing (Phase 1) is shown in the lightest grey, the second (Phase 2) is shown in 
the second lightest grey, and the third (Phase 3) is shown in the darkest color. Circular data points show average responses across simple 
object trials, triangles show intermediate, and squares show complex. Error bars show SEM.  
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0.143). Follow up ANOVAs for each group revealed that there was a significant interaction of 

complexity and phase for the control group (F(4, 20) = 3.38, p = 0.03, η2 = 0.306), but not for the 

amygdala lesioned (F(4, 30) = 1.73, p = 0.17, η2 = 0.058) or hippocampus lesioned (F(4, 16) = 

0.95, p = 0.46, η2 = 0.110) groups. The mean durations of time spent at the front of the cage by 

group, object complexity, and phase for reptilian object trials are shown in Figure 8.  

Affectivity reactivity. Affect-related behaviors were too infrequent to perform meaningful 

statistical analyses. The mean reactivity indices were generally higher for complex mammalian 

objects (controls: M = 0.53, SE  = 0.13; amygdala lesioned: M = 0.11, SE  = 0.06; hippocampus 

lesioned: M = 0.18, SE  = 0.07) than intermediate (controls: M = 0.17, SE  = 0.05; amygdala 

lesioned: M = 0.10, SE  = 0.08; hippocampus lesioned: M = 0.04, SE  = 0.02) or simple (controls: 

M = 0.07, SE  = 0.05; amygdala lesioned: M = 0.08, SE  = 0.05; hippocampus lesioned: M = 0.06, 

SE  = 0.03) mammalian objects. Affect-related behaviors were more frequent during reptilian 

object trials but still very infrequent. The mean reactivity indices were again higher for the more 

complex objects (controls: M = 0.94, SE  = 0.29; amygdala lesioned: M = 0.06, SE  = 0.04; 

hippocampus lesioned: M = 0.53, SE  = 0.20) as compared to intermediate (controls: M = 0.94, 

SE  = 0.26; amygdala lesioned: M = 0.03, SE  = 0.03; hippocampus lesioned: M = 0.39, SE  = 

 
Figure 8. Duration of time spent at the front of the cage during reptilian-like object trials only. All phases represent post-operative data and 
exposure to the same series of objects. The first iteration of testing (Phase 1) is shown in the lightest grey, the second (Phase 2) is shown in 
the second lightest grey, and the third (Phase 3) is shown in the darkest color. Circular data points show average responses across simple object 
trials, triangles show intermediate, and squares show complex. Error bars show SEM.  
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0.14) or simple (controls: M = 0.17, SE  = 0.08; amygdala lesioned: M = 0.00, SE  = 0.00; 

hippocampus lesioned: M = 0.00, SE  = 0.00) ones. Here, amygdala lesioned animals showed a 

reduction in affective reactivity as compared to the other two groups. When collapsed across levels 

of complexity group differences are particularly apparent (controls: M = 0.69, SE = 0.13; 

amygdala lesioned: M = 0.03, SE = 0.02; hippocampus lesioned: M = 0.31, SE = 0.08).  

 
Discussion 

The present study builds upon a number of experiments and previous reports which have 

used similar tasks to understand how damage to the amygdala and other temporal lobe structures 

impacts responsivity to threat.  By directly replicating the experiments of one of these studies 

(Mason et al., 2006), the present study speaks to the replicability—or lack thereof—of these 

effects. We characterized the responses to different types of threats (objects with varying 

complexity and an unfamiliar human) in adult male rhesus monkeys before and after either sham 

surgeries or surgeries in which the amygdala or hippocampus were bilaterally removed. Since the 

original phenotype of temporal lobe damage was described by Klüver and Bucy (1939), an 

important, or even critical, role for the amygdala and hippocampus in the generation of affective 

responses to threat has been perpetuated in the literature by many contemporary scholars.  For 

example, “in primates, the amygdala has an important role in mediating initial responses to 

fearful stimuli” (Kalin et al., 2001 p 2073). From other amygdala lesion studies, authors have 

concluded “these findings point to a distinction between reward processing and emotional 

reactions, with the amygdala having a crucial role in the latter and only a conditional role in the 

former” (Murray, 2007 p 494) and amygdala lesions “prevented the normal expression of 

defensive, adaptive responses elicited by fear-provoking stimuli (i.e., fake snake and spider), 

confirming an important role for the amygdala and the hippocampus in the normal expression of 

the fear response” (Chudasama et al. 2009 p 2336). Similarly, the amygdala and hippocampus are 

thought to be “essential for the normal regulation of anxiety in response to different magnitudes 

of danger” (Machado et al., 2008 p 938). And finally, “findings... confirm previous reports that 
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radiofrequency or ibotenic acid lesions of the amygdala produce changes in emotional 

responsivity and fear” (Stefanacci et al., 2003 p 1041). In contrast with this view and the Mason 

et al. (2006) report, we found very few behavioral differences between operated controls and 

subjects with lesions of the amygdala or hippocampus. Amygdala and hippocampus lesioned 

subjects did not differ significantly from controls in their responses to an unfamiliar human in the 

Human Intruder Test. Likewise, group differences were not evident in the presence of novel 

objects in the first run of object responsiveness testing. In the second run of object responsiveness, 

group differences were evident between the control and amygdala lesioned groups only during 

trials where subjects faced objects intended to resemble reptiles. Even in this case, differences 

between the amgydala-lesioned and control animals were minimal. Amygdala lesioned subjects 

did not manipulate these objects any more frequently than controls manipulated objects, as has 

been shown previously with selective damage to the amygdala, nor did they exhibit differing 

frequencies of affect-related behaviors in their presence.  That is, we did not replicate the findings 

of Mason et al. (2006). 

Amygdala or hippocampus damage does not alter reactivity during the Human Intruder Test 

One of the unique strengths of the current experiment is that it partially replicates 

previous work from our group allowing us to speak directly to replicability of effects across 

different samples. When monkeys from our previous study (Mason et al., 2006) were tested on 

the Human Intruder Test, monkeys with amygdala lesions spent significantly more time at the 

front of the cage across conditions (near vs. far, profile vs. stare) than did control monkeys. The 

present study did not replicate this effect—monkeys with amygdala lesions and control animals 

did not differ significantly in the time that they spent at the front of the cage. Mason et al. (2006) 

also found that while control monkeys calibrated their responses appropriately to the different 

conditions (i.e., controls responded significantly differently to near vs. far and profile vs. stare), 

monkeys with amygdala lesions did not show significant differences across the escalating threat 

conditions. We did not replicate these effects either. Monkeys with amygdala lesions in our 
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experiment did appropriately calibrate their responses across conditions, as did control animals. 

One finding that was consistent across our study and the original (Mason et al., 2006) is that there 

were not significant differences in the frequencies of affective behaviors generated by control or 

amygdala lesioned monkeys during the Human Intruder Test. That said, the frequencies of 

affective behaviors across groups were very low. It is important to note that while our findings are 

not consistent with those of Mason et al. (2006) and other reports (e.g., Aggleton & Passingham, 

1981; Zola-Morgan et al., 1991; Meunier & Bachevalier, 2002; Machado & Bachevalier, 2008), 

they are consistent with findings presented by Kalin et al. (2001) and Izquierdo et al. (2005), 

where amygdala lesions failed to impact responses to a human intruder. The present study 

provides evidence that monkeys with amygdala lesions generate the same responses to an 

unfamiliar and threatening human as procedure-matched control monkeys, in contrast with the 

results of our previous study. 

Amygdala, but not hippocampus, damage results in subtle alterations only to responses to 

objects resembling reptiles in the Object Responsiveness Tests 

The test of Object Responsiveness used by Mason et al. (“Response to Animal-Like 

Objects”) is directly comparable to our Object Responsiveness Test I.  In their study, Mason et al. 

showed that monkeys with amygdala lesions did not change their responses across levels of 

complexity, while control monkeys exhibited increasing latencies to retrieve a food reward from 

beside the objects as complexity increased. We did not replicate this effect. In our study, both 

monkeys with amygdala lesions and controls scaled their responses relative to the level of 

complexity of the objects (i.e., they retrieved the food reward with a lower latency in the presence 

of simple objects and greater latency in the presence of complex objects). Additionally, Mason et 

al. found significant group differences in the amount of time monkeys spent manipulating the 

objects such that amygdala lesioned animals touched objects for longer durations than control 

animals. We did not see a difference between groups on this measure. Interestingly, the group 

differences that Mason et al. showed were due to the fact that monkeys with amygdala lesions 
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touched the objects more as complexity increased, while control monkeys touched the more 

complex objects less. The control monkeys in our study did not exhibit this same downward trend 

in duration of contact, which resulted in there being no significant difference between the contact 

durations for the lesioned and control groups. Our Object Responsiveness Test I findings are 

consistent with some of those previously reported, despite inconsistencies with the Mason et al. 

(2006) study. For example, Machado et al. (2009) report that monkeys with amygdala lesions did 

not respond differently to a variety of threatening objects.  

The only effect of amygdala lesions that we saw across these experiments was in the food 

retrieval behaviors in the presence of objects intended to resemble reptiles (a snake or an 

alligator). These results are in agreement with previous reports where amygdala lesions resulted 

in faster food retrieval in the presence of fake snakes (e.g., Kalin et al., 2001; Izquierdo et al., 

2005). While amygdala lesioned subjects did not differ significantly from controls or 

hippocampus lesioned subjects in their food retrieval in the presence of mammalian-like objects, 

they did retrieve food rewards faster and more frequently in the presence of reptile-like objects. 

Such effects are typically interpreted as amygdala lesioned animals being less threatened by the 

objects, and therefore retrieving food faster. It has been hypothesized that snakes have been a 

significant agent in the evolution of the primate brain, with degree of snake co-existence 

predicting the expansion and refinement of particular pathways in the brain (Isbell, 2006). If it is 

the case that the amygdala functions as a protection device, as has been proposed previously 

(Amaral, 2002; Whalen, 1998), it follows that disruption of this circuitry might perturb responses 

to those stimuli which the brain has been evolutionarily hard coded to treat as threatening and 

potentially dangerous.  Whether or not hastened food retrieval, without corresponding changes 

in other dependent variables, represents a true perturbation of the affect system remains up for 

debate.  

The results that we report regarding the time spent at the front of the cage during Object 

Responsiveness Test II appear counterintuitive.  All monkeys spent a decreasing amount of time 
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at the front of the cage across phases. Typically, increased time at the front of the cage is 

interpreted as increased comfort with the testing procedure (usually as a result of habituating to 

the situation over repeated presentations) or interest in the objects. In this case, duration at front 

of cage did not correlate with object manipulation (also used as a proxy for interest in objects) as 

might be expected if time was a proxy for interest in objects but we also had no evidence that the 

animals were becoming increasingly uncomfortable with the test procedure.  Our test cage has a 

very low perch at its rear (only a ~6 cm off of the floor) and our anecdotal experience from other 

studies is that when animals “check out” of the testing because they are bored or not interested, 

they retreat to the perch at the rear of the cage – in this case, the decreasing time at the front of 

the cage would be interpreted as a lack of interest in the objects and testing procedure.  

Experimental considerations  

Most previous studies indexing affective reactivity in monkeys with brain lesions include 

the collection of only post-operative data from subjects. Here, we presented data in the Human 

Intruder Test and Object Responsiveness Test I from both pre-operative and post-operative 

testing phases. Given the great individual variance in responses to both human and object stimuli, 

this is an important measure to take in controlling the results of these studies. If amygdala lesions 

resulted in reduced responsivity to threat, then the behaviors of monkeys with amygdala lesions 

should appear the same as controls in the pre-lesion testing phase and dramatically different from 

controls in the post-lesion testing phase. However, this was not the case in these experiments – 

lesion groups behaved similarly at each measurement moment. And, in some cases (see Figure 

4A-C, for example), the pre-operative behavior of the hippocampus group was quite different from 

the pre-operative of the other two groups simply due to individual differences (but the behavior 

of the controls and amygdala lesioned animals was similar before surgery). If pre-operative data 

were not collected from these animals, the results of the tests done on these data may have 

suggested a significant difference between the groups derived solely from natural differences 

between animals and not differences caused by the experimental brain lesions that they received. 
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The objects used in pre-operative and post-operative testing were all novel, making it unlikely 

that the lack of effects can be explained by habituation of the monkeys to the objects. It is possible 

that pre-operative differences between groups may have obscured lesion effects, although by 

including pre- and post-operative data in our analyses and comparing animals to themselves, it 

should be the case that the analyses control for or take into account variation observed pre-

operatively, particularly if such effects were as robust as those previously published. It is 

important to note that the amygdala-lesioned group and control group displayed very similar 

behaviors pre-operatively and it was the hippocampus-lesioned animals whose behavior differed 

from the other groups. We expected that amygdala lesions, and not hippocampus lesions, would 

have the most dramatic impact on affective responding based on the existing literature which was 

not the case here. 

 Given that the findings in these experiments do not support amygdala damage as a 

behavioral pattern that looks at all like the aspects of Klüver-Bucy Syndrome that have been linked 

to amygdala function, it is critical to note that such null effects are not a failure of the experiments 

to induce affective reactivity per se. All monkeys responded as expected to varying degrees (or 

intensities) of threat. In the Human Intruder Test, subjects were much more reactive in the stare 

condition as compared to the profile condition. Within each of these conditions, subjects were 

more reactive to the near presentation than the far presentation. In other words, monkeys 

appropriately modified their behavior according to the level of threat presented. In the two tests 

of Object Responsiveness, subjects showed varying responses based on the complexity of the 

objects that were presented. Interestingly, there were conceptually contradictory effects of 

stimulus complexity on exploration and food retrieval behavior. While subjects were slower to 

retrieve the food reward from beside more complex objects, suggesting a greater aversion to these 

objects, they also spent more time manipulating more complex objects, suggesting some level of 

interest in or attraction to these objects. This is consistent with the idea that food reward retrieval 

may not be indexing the value of objects as discussed above. Taken together, our findings 
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demonstrate that the tasks were reasonable assays of variation in affective behavior – but neither 

amygdala nor hippocampus damage modified that affective behavior consistently and 

significantly across outcome measures.  

Contextualizing the present results in the established literature 

There are a number of potential explanations for the dissonance between the findings in 

the present study and those reported by Mason et al. (2006). The first of these is a methodological 

failure to completely and accurately lesion the targeted structures. That is unlikely, however, 

because histological verification of the lesions (reported in Antoniadis et al., 2007) detail that the 

lesions were nearly complete in all cases with the average destruction on each side exceeding 80%. 

Additionally, the amygdala lesioned subjects used in the experiments presented here were also 

subjected to an aversive associative learning paradigm (Antoniadis et al., 2007) in which it was 

clear that the putative function (see Gallagher & Holland, 1994 for a discussion of the amygdala’s 

role in associative learning) of the amygdala had been taken offline by the lesions. Similarly, 

histological evaluation of the hippocampus lesioned animals revealed complete damage (Banta 

Lavenex et al., 2006). These hippocampus lesioned monkeys were incapable of spatial relational 

learning, consistent with appropriate destruction of the hippocampal formation (Banta Lavenex 

et al., 2006). The combination of these behavioral and histological findings for each group give us 

confidence that the null effects we report in this study cannot be explained by a failure to 

accomplish the intended lesions of the amygdala or hippocampus or something remarkably 

unique about this sample that rendered them unimpacted by amygdala or hippocampus damage.  

It is also unlikely that either sparing of amygdala tissue in Cases E and F or extraneous 

damage as a consequence of the lesion surgeries explains the failure to replicate the findings by 

Mason et al., (2006). Statistical analyses from the Human Intruder Test and Object 

Responsiveness I were repeated dropping the two cases that had the greatest sparing of amygdala 

tissue.  The results of those analyses were identical, suggesting that those two cases were not 

driving the null effects. Further, minimal extraneous damage occurred in regions outside of the 
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amygdala (including the endopiriform nucleus, ventral claustrum, and rhinal cortex) in the case 

of the present study (see Antoniadis et al., 2007 for detailed descriptions of extraneous damage) 

and in the case of the study done by Mason et al. (2006) (see Emery et al., 2001 for detailed 

descriptions of that extraneous damage). An additional difference between this study and the 

Mason et al. (2006) is the pre- and post-testing in this study, although we do not think that this 

methodological difference is a likely cause of the null effects. A few previous studies of amygdala 

lesions have used similar pre-post designs and still produced the expected effects of amygdala 

lesions (e.g., Kalin et al., 2001; Izquierdo et al., 2005). It is true that amygdala lesions disrupt 

post-operative acquisition of conditioned threat responses while they do not impact pre-

operatively conditioned responses (Antoniadis et al., 2007), but we expected that affective 

responses that do not have to be learned should not be subject to the same effects as learned 

responses. Regardless, we cannot completely rule out the impact of the pre-post design on the 

results given that the only effects of amygdala lesions were seen in the test that was not also 

administered pre-operatively. It is important to note that with the exception of pre-operative 

testing done here, the testing experiences of the monkeys in the present study are identical to 

those of the monkeys tested by Mason et al. (2006).  

 An additional potential methodological explanation for the null effects we present here is 

the timing of the behavioral testing relative to the lesion surgeries. The post-operative phase for 

Object Responsiveness Test I did not occur until 3 months after surgery and Object 

Responsiveness Test II did not occur until over 2 years after lesions had been completed. Post-

operative data collection for the Human Intruder Test did not occur until approximately 10 

months after surgery. The behavioral testing completed by Mason et al. (2006) occurred 

approximately 5 months after surgery, an intermediate timepoint relative to the testing carried 

out here. In several reports on the effects of amygdalectomy, researchers have found diminished 

differences between lesion and control groups with the passage of time. Horel et al. (1975) found 

a significant effect of amygdala and temporal cortex lesions on what they called “emotional” 
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behavior, but when animals were evaluated again prior to sacrifice (2-5 months after the 

operations were completed), this effect was no longer significant. Similarly, Stefanacci et al. 

(2003) tested the tendency of monkeys with amygdala lesions and controls to retrieve a food 

reward from beneath ostensibly threatening and neutral stimuli both 3 months and 23 months 

following surgery. In their study, the lesion and control groups differed significantly in approach 

behaviors on the initial test (at 3 months) but were not significantly different on the retest (23 

months). These time effects point to the possibility that the brain is accommodating damage to 

the focal structures via plasticity mechanisms. For example, experimental and non-experimental 

lesions of the hippocampus of adult and infant monkeys cause plasticity in the amygdala 

(Chareyron et al., 2016). Significant cortical reorganization has been demonstrated in the 

secondary somatosensory cortex of adult-lesioned monkeys following lesions of the primary 

somatosensory cortex (Pons et al., 1988). Significant enlargement of the cingulate cortex, medial 

superior frontal gyrus, and medial parietal cortex has also been demonstrated in monkeys who 

received amygdala lesions as infants (Grayson et al., 2017). More work is needed to determine 

what macro- and microstructural changes may be occurring as a result of lesions of the amygdala 

and other structures in monkeys across the lifespan in order to determine whether this is a 

potential explanation for the variability that has been demonstrated here and elsewhere in the 

effects of such brain lesions.  

 While the neurobiological focus of most threat responding tasks is on the amygdala, the 

Object Responsiveness Test I revealed a potential effect of hippocampal lesions on the time spent 

at the front of the cage. In threat responsivity tasks, effects like this are traditionally interpreted 

as animals exhibiting less aversion to the object stimuli (i.e., they do not feel the need to retreat 

to the back of the cage as the objects are not sufficiently threatening), but an alternative 

explanation exists. Previous reports have indicated that monkeys with hippocampus lesions 

explore their test cage environments (including physically touching or moving through their 

environments) more than both operated controls and monkeys with amygdala lesions (adult 
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lesions: Machado & Bachevalier, 2006;  neonatal lesions: Bliss-Moreau et al., 2013). As such, it is 

possible that the increased time spent at the front of the cage is merely an indirect measure of 

increased total movement about the cage and tendency to explore aspects of the environment like 

the cage bars and other elements of the caging set up.  

Concluding Remarks 

 In conclusion, we repeated the experiments from our group’s previous reports evaluating 

how lesions to temporal lobe structures impact affective reactivity and found minimal effects, and 

thus did not replicate the findings.  Despite the largely null effects presented on reactivity to threat 

by monkeys with lesions of the amygdala or hippocampus, there was evidence that amygdala 

lesioned and control animals differentially respond to reptiles – consistent with evolutionary 

arguments about the threat value of snakes and the amygdala’s role as a threat detector. That said, 

the lack of consistent significant effects that differentiated lesion groups underscores the need for 

reproducibility efforts in nonhuman primate science in order to generate normative theory. 

Finally, our results point to a new research direction as well. The lack of significant effects may be 

due to a factor that has previously been largely ignored in nonhuman primate lesion studies: the 

role of plasticity following brain damage and its ability to help animals overcome deficits resulting 

from lesions. Future research will investigate such plasticity mechanisms. 
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