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Abstract

A major controversy in the study of memory concerns whether there are distinct medial temporal 

lobe (MTL) substrates of recollection and familiarity. Studies using Received Operating 

Characteristics (ROC) analyses of recognition memory indicate that the hippocampus is essential 

to recollection but not familiarity. We report the converse pattern wherein amygdala damage 

impairs familiarity while sparing recollection. Combined with previous findings, these results 

dissociate recollection and familiarity by selective MTL damage.

A prevalent view is that the hippocampus supports the recollection of events within the 

context in which they were experienced whereas the perirhinal cortex supports a sense of 

familiarity with previously experienced stimuli1. However, others have suggested that the 

apparent qualitative distinctions between structures supporting recollection and familiarity 

can be attributed to quantitative differences where strong and weak memories are 

represented in these areas2. Decisive evidence between these views could be provided by a 

double dissociation between areas essential to recollection and familiarity, which is not 

predicted by the memory strength view. Several studies have shown that the hippocampus is 

critical to recollection, and not familiarity1, and one study reported that unilateral damage to 

the perirhinal cortex impaired familiarity, but not recollection, in a human3. However, the 

latter finding is not entirely consistent with the prevalent MTL model in which perirhinal 

cortex is a key structure of information about events that is essential to the recollection 

function of the hippocampus.

Here we pursued a novel approach, using ROC analysis of recognition memory in rats. We 

reasoned that a selective familiarity deficit might be induced by removing modulatory 

influences that contribute differentially to familiarity processing, while at the same time 

sparing the flow of item information from perirhinal cortex to the hippocampus. The 

amygdala modulates memory processing4, 5 and is connected to both the perirhinal cortex 

and hippocampus6. Also, the amygdala interacts with the hippocampus to support memory 

in humans and animals7,8. However, the connection to perirhinal cortex is exceptionally 
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robust, and while the amygdala contributes to item memory9 and the `gist' of event 

memories10, the connection to the hippocampus may contribute most to a subjective 

`feeling' of remembering but not retrieval of source information that is defining of 

recollection11. These findings suggest that the amygdala might contribute differentially to 

perirhinal familiarity representations by supporting an increased attractiveness of the studied 

stimuli associated with recent `mere exposure'12 and rewards provided during study. Thus, 

we predicted that bilateral lesions of the amygdala that remove its influence on perirhinal 

cortex would selectively impair familiarity; notably this prediction stands in contrast to the 

observation that unilateral amygdala damage does not affect either recollection or familiarity 

in item recognition in humans3,13.

To assess the role of the amygdala in recollection and familiarity, we initially trained rats on 

an odor recognition task (Fig 1), then divided them into two matched groups based on 

performance that indicated both a recollection component, reflected in the above-zero Y-

intercept of the ROC curve, and a familiarity component, reflected in the `bowing' of the 

ROC function (Fig 2a, for details, see supplementary information). Post-operatively, 

controls continued to employ recollection (R = 0.19) and familiarity (d' = 1.11; Fig. 2b). 

However, amygdala lesioned animals were severely impaired in familiarity while showing 

intact recollection (group × memory-component interaction F1, 11 = 8.05, P = 0.016) driven 

by a decrease in the familiarity (d') estimate in lesioned animals (d' = 0.43) compared with 

controls (t11 = 4.28, P = 0.001). When converted to z-space, the ROC function of lesioned 

animals was U-shaped (z-ROC quadratic coefficient significantly different from 0; t6 = 4.35, 

P = 0.005), indicating the absence of a significant contribution of familiarity. In contrast, the 

ROC curve continued to reflect recollection in lesioned animals (R = 0.38), which appeared 

quantitatively greater than, but did not significantly differ from that of controls (t11 = − 1.72, 

P = 0.11). Consistent with these findings, parameter estimates of recollection (R) and 

familiarity (F, see supplementary information) contributed equally to recognition in controls 

(t5 = − 0.68, P = 0.53; Fig. 2b), whereas lesioned animals relied largely on recollection and 

less on familiarity (t6 = 3.54, P = 0.01). There was no significant difference in overall 

percent correct recognition in rats with amygdala lesions (64%) compared to controls (69%; 

t11 = 1.58, P = 0.14), and separate ANOVAs did not reveal significant group differences in 

either the hit rates (F1, 11 = 0.004, P = 0.948; interaction group × bias level: F4, 44 = 1.76, P 

= 0.154) or the false alarm rates (F1, 11 = 3.08, P = 0.107; interaction of group x bias level: 

F4, 44 = 1.12, P = 0.359), and there was no shift in the overall bias to respond to target items 

(see supplementary information).

Our findings indicate that bilateral amygdala damage results in impaired familiarity, sparing 

recollection, whereas our previous study showed that hippocampal damage impaired 

recollection, sparing familiarity, in rats performing the identical behavioral test14. This 

double dissociation accounts for a previous report of recognition deficits following 

combined but not separate amygdala-hippocampal damage, consistent with the notion that 

these two areas make independent contributions to recognition15. Furthermore, these 

findings support a model of recognition memory in which the amygdala contributes to 

aspects of familiarity processed by the perirhinal cortex as distinct from the information 

about stimuli it passes on to the hippocampus in support of recollection.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Recognition memory task. Each day rats studied ten stimuli composed as scented sand in 

cups with buried rewards, and then recognition is tested on the studied (“old”) odors plus 

another ten “new” odors. Hits are correctly identified old odors, and false alarms are new 

odors incorrectly identified as old. Response bias was manipulated by varying the height of 

the cup and the amount of reward received for correctly digging in new test cups or correctly 

withholding the response to old test stimuli and receiving reward elsewhere.
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Figure 2. 
ROC function in recognition performance. A. Pre-surgery ROC for controls and animals 

later given amygdala lesions. B. Post-operative ROC functions in control animals and 

amygdala lesioned animals. Flattened ROC curve in amygdala lesioned animals indicates 

loss of familiarity. Response criteria: 5 = conservative to 1 = liberal. Insets: Parameter 

estimates (+SEM) of recollection (R) and familiarity (F) for controls and lesioned animals. 

C. Reconstruction of amygdala lesions at − 3.0 mm (68% damage) and − 2.00 mm (44% 

damage) posterior to bregma. Grey, average lesion across animals; dotted line, largest 

lesion.
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