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Abstract

The Flinders sensitive line (FSL) genetic animal model of depression exhibits marked immobility 

during forced swimming, an accepted index of depressivelike behavior in rodent depression 

models. The present experiment tested the hypothesis that swim test behavior in the FSL rats is 

influenced in part by early experience, specifically maternal environment. Male FSL and control 

Flinders resistant line (FRL) pups were cross fostered onto dams of the same or complementary 

strain. Nest quality and dam behavior during pup retrieval were measured on PN5 and PN8, 

and swim test behavior assessed in the adult males on PN60. FSL rats reared by foster FRL 

dams were significantly less immobile than FSL rats raised by FSL dams, but still significantly 

more immobile that the two FRL groups, which did not differ from each other. FSL dams took 

significantly longer to retrieve their pups and dropped them more often than the FRL control dams. 

Moreover, strain differences in maternal retrieval behavior significantly predicted later swim test 

immobility in the FSL animals. These findings suggest that swim test immobility in the FSL rats 

is modified by maternal environment. In contrast, the FRL control rats were relatively insensitive 

to the influence of maternal environment. The FSL model offers promise for understanding the 

interactions of genetic vulnerabilities and environmental influences in the etiology of clinical 

depression.
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INTRODUCTION

Clinical depression is thought to result from the interaction of genetic vulnerability and 

psychological perturbation, particularly early in life (Heim, Plotsky, & Nemeroff, 2004). 

Animal models of depression produced from selective breeding may thus be particularly 
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useful in illuminating gene-environment interactions that contribute to depression. One 

prominent animal model of depression, the Flinders sensitive line (FSL), was selectively 

breeding for cholinergic hypersensitivity, and has been shown to meet face, construct, and 

predictive validity criteria for a depression model (Overstreet, 1993, 2002). In studies of 

depressivelike behavior, for example, FSL animals reliably exhibit significantly greater 

immobility than Flinders resistant line (FRL) or outbred Sprague–Dawley (SD) control 

animals during forced swimming (Overstreet, 1993, 2002), a measure commonly used in the 

evaluation of depression like behavior in animal modes (Cryan, Markou, & Lucki, 2002). 

Importantly, and consistent with clinical literature on the latency of antidepressant effects in 

depressed patients, chronic but not acute administration of either the tricyclic antidepressant 

desipramine (Zangen, Overstreet, & Yadid, 1999) or the selective serotonin reuptake 

inhibitor paroxetine (Zangen, Overstreet, & Yadid, 1997) significantly reduces swim test 

immobility in the FSL rats to levels observed in both FRL and SD controls (see review 

by Overstreet, 2002). While the behavioral characteristics of FSL rats are hypothesized 

to result from selective breeding, the extent to which early experience contributes to 

these characteristics is unknown. The present study tested the hypothesis that swim test 

immobility in the FSL rats is the product of both genetic and early environmental influences 

rather than genes alone.

To test this hypothesis, FSL and control FRL pups were cross fostered to dams of the 

same or opposite strain. Cross fostering has been used in previous research to examine the 

contribution of early experience to adult phenotypes in other genetic models. Spontaneously 

hypertensive (SHR) rat pups cross-fostered onto normotensive Wistar–Kyoto or Sprague-

Dawley dams, for example, show significant reductions in mean arterial blood pressure as 

adults compared to SHR rats raised by their biological dams or by nonbiological dams of the 

same strain (Cierpial & McCarty, 1987; McCarty & Lee, 1996), an effect that is thought to 

involve differences in early nutrition (Cierpial, Shasby, & McCarty, 1987; McCarty, Cierpial, 

Murphy, Lee, & Fields-Okotcha, 1992). Our primary research hypothesis was that adult 

swim test behavior in cross fostered animals would be modified by early environment in 

both rat strains. Specifically, FSL pups raised by FRL dams would become less immobile 

than FSL raised by FSL dams, while FRL pups raised by FSL dams would become more 

immobile than those raised by FRL dams. An alternative hypothesis was that changes in 

adult behavior would be limited to the FSL rats. This result would suggest that the FSL 

genotype alone confers a vulnerability to some aspects of the maternal environment that 

can influence adult swim test behavior. Previous studies examining the effects of chronic 

mild stress in FSL and FRL control rats, for example, suggest the FSL rats may be more 

sensitive to environmental challenges (Ayensu et al., 1995; Pucilowski, Overstreet, Rezvani, 

& Janowsky, 1993).

We used two established measures of maternal behavior—pup retrieval and nest quality—

to examine potential correlates of adult swim test behavior. During pup retrieval pups 

are removed from the nest and placed on the opposite side of the cage, and dams are 

observed and timed as they return the pups to the nest (Stern, 1996). Dam behavior during 

pup retrieval is sensitive to a variety of influences, including genetic ones: female rats 

that were selectively bred for low avoidance in a passive avoidance task showed greater 

latencies to retrieve their pups and failed to retrieve more pups during the test session 
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than dams bred for high avoidance (Ohta, Shirota, Tohei, & Taya, 2002). Nest quality is 

determined after the existing nest is disrupted and the dams given a fixed amount of time 

during which to rebuild it. Previous work has shown, for example, that lactating female rats 

treated with lipopolysaccharide, a model of depression like sickness behavior (Dantzer et 

al., 1998), build nests of lower quality than control females (Aubert, Goodall, Dantzer, & 

Gheusi, 1997). Both of these measures involved disruptions of the maternal environment, 

and therefore constituted mild stressors for the dams. Earlier work showing that saccharin 

intake is significantly lower in FSL rats undergoing chronic mild stress than in FRL controls 

suggests that FSL animals may be more sensitive to stressors than FRL rats (Pucilowski et 

al., 1993), and we hypothesized that pup retrieval efficiency and nest quality would both be 

reduced in the FSL dams compared to FRL controls. Moreover, we hypothesized that these 

differences in maternal behavior would be significantly related to the swim test behavior of 

the pups once they reached adulthood.

Finally, we assessed the emotional status of the pups by recording ultrasonic vocalizations 

(USVs) during brief social isolation. USVs with frequencies in the range of 30–90 kHz are 

emitted by neonatal rat pups between the ages of 5 and 20 days of age and typically elicit 

caregiving behaviors from the dam (Hofer, 1996). The rate of vocalization is affected by 

myriad physical and social factors, and increased calling is associated with higher levels of 

anxiety in the pup (Branchi, Santucci, & Alleva, 2001; Hofer, 1996). We considered pup 

emotional status relevant both as an index of the emotional impact of maternal environment 

(and therefore as a possible predictor of adult swim test behavior) as well as a potential 

influence on strain differences in maternal behavior. Again because of their increased 

sensitivity to stress (Ayensu et al., 1995; Pucilowski et al., 1993), we hypothesized that brief 

social isolation would elicit more intense calling by FSL pups compared to FRL controls.

MATERIALS AND METHODS

Animals

The subjects for this study were 54 male FSL (n = 26) and FRL (n = 28) rats and 14 FSL 

(n = 7) and FRL (n = 7) dems bred and in the Williams College Animal Facility. Pups were 

weaned on PN28 and placed into pairs or triplets in pathogen-free conditions. The colony 

room was maintained at 22°C with a 12:12 light:dark cycle with lights on at 0600 and off 

at 1800. Food and water were available ad libitum. All adult rats were handled for 3–4 min 

daily for at least 1 week before swim testing to reduce stress associated with human contact. 

During handling, experimenters removed the rats from their cages individually, placed them 

on an arm or lap, and allowed them to explore freely. The experimenters remained blind to 

adult animal strain and rearing condition until all testing was complete.

Cross-Fostering Procedure

In order to insure that any observed strain differences in maternal behavior were not 

influenced by the novelty of a first pregnancy, all dams in this study were multiparous. 

Fourteen male-female pairs—seven FSL pairs and seven FRL pairs—were placed into 

novel cages on the same day and housed together for 2 weeks, at which time all breeding 

males were removed from the cages. No later than 3 days after birth (all dams gave birth 
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within 3 days of one another), rat litters were randomly assigned to one of two rearing 

conditions: with a dam of the same strain or with a dam of the opposite strain. Analyses 

indicated that the postnatal day on which pups were cross fostered did not influence dam 

or pup behavior in any test setting. This procedure generated a total of 14 litters with the 

following distribution (male pups only): FSL pups reared by FSL dams (n = 10), FSL pups 

reared by FRL dams (n = 16), FRL pups raised by FSL dams (n = 16), and FRL pups 

reared by FRL dams (n = 12). To control for any psychological or physiological effects of 

the cross-fostering procedure, all pups were cross-fostered—no pups were reared by their 

biological dams. In addition, all litters were culled to four males and two females at the 

time of cross-fostering to insure consistent litter size and composition. In two instances 

(both FSL pups with an FSL dam), original litters contained only three males, and the final 

cross-fostered litters contained three males and three females. Potential differences between 

these and other litters were controlled in the statistical analyses.

Nest Construction and Pup Retrieval

Ratings of nest quality and pup retrieval tests took place on PN5 and PN8. The timing of the 

test days was intended to reduce the potential confounding influences of both cross fostering 

and prior behavioral testing while permitting measurement of maternal behavior while the 

pups were still in early infancy. Before parturition dams were provided with finely sliced 

strips of newspaper and given the opportunity to construct nests. On the day of testing nest 

quality was rated on a 4-point scale (Quinones-Jenab, Batel, Schlussman, Ho, & Kreek, 

1997): (1) no nest; (2) saucer-shaped nest; (3) nest with raised sides; (4) fully enclosed 

nest. After the nest was rated, the dam was removed from the home cage and placed in a 

holding cage. Pups were weighed and then lined up along the side of the home cage opposite 

the nest. The dam was then returned to the home cage and the following behaviors were 

recorded: latency to retrieve first pup, number of times pups were dropped, and total time to 

return all pups to the nest. Test sessions lasted 15 min, and dams that had not returned all 

pups to the nest after 15 min were given a score of 600 s for total retrieval time. After the 

retrieval evaluation on PN5, nests were disturbed and reevaluated on PN8. Other than nest 

disruption, cages were left undisturbed through PN8.

USV Recordings

To examine strain differences in vocal distress responses to brief social isolation, a subset 

of FSL and FRL pups (n = 31) were removed from their home cages on PN15 and placed 

on a heating pad (maintained at 32°C) for a period of 20 min. Then pups were placed 

individually into glass containers and a bat detector (Ultra Sound Advice, London, UK) was 

secured 12 cm above each container to register USVs. The bat detector was set between 

55 and 60 kHz. Previous work has shown that this frequency range is appropriate for 

pups of this age (Brudzynski, Kehoe, & Callahan, 1999). The number of USVs emitted 

in a 2-minute isolation session was then tabulated by computer. Testing was conducted on 

PN15 to avoid potential bi-directional influences between USV recordings and evaluation of 

maternal behaviors.
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Forced Swim Test

All rats were tested in a modified version of Porsolt’s forced swim test (Porsolt, Anton, 

Blavet, & Jalfre, 1978) at approximately PN60. Initially rats were placed individually into 

an opaque plastic cylinder filled approximately 30 cm high with 25°C water for 15 min. 

Rats were removed from the cylinder, dried, and placed in a warming cage for no less than 

5 min before being returned to their home cages. Forty-eight hours after the initial test, 

rats were placed individually in an identical cylinder for 5 min. This session was recorded 

to videotape by way of a closed-circuit camera mounted on the ceiling directly above the 

swim cylinder, and videotapes were later scored for the following behaviors: swimming 

(horizontal movement in the water), climbing (any upward movement of the forepaws on the 

walls of the cylinder), and immobility (no movements beyond those needed to keep the head 

above water). Data are expressed as percent of the total 5 min spent swimming, climbing, 

or immobile. The number of feces excreted into the water was also counted as an indirect 

measure of anxiety.

Statistical Analyses

Data were analyzed by analysis of variance (ANOVA), and main and interaction effects 

were considered significant at p < .05. Differences between and among specific group 

means were examined with one-way ANOVA or Tukey HSD post hoc tests as appropriate. 

Relationships between maternal and swim test behaviors were examined using a multivariate 

linear regression analysis. Litter effects are a concern in any study of this kind (Zorrilla, 

1997), and because of the limited sample size, we controlled for litter effects by including 

litter as a covariate in ANOVAs and the regression analysis. We also used robust standard 

errors in the analyses. Robust standard errors are used for more conservative inferences 

about the significance of variables in light of potential model misspecification (Huber, 1967; 

White, 1982). The Huber/White procedure in no way eliminates the problem of unobserved 

heterogeneity, such as litter effects, but it does lead to more conservative errors in light of 

model misspecification (of which failing to account for unobserved heterogeneity is one 

example).

RESULTS

Forced Swim Test

A two-way ANOVA revealed significant main effects for both pup strain [F(1, 50) = 90.54, 

p < .01] and dam strain [F(1, 50) = 5.55, p < .05] on immobility scores, but there was 

also a significant interaction effect [F(1, 50) = 5.04, p < .05]. Consequently, one-way 

ANOVAs were carried out. FSL rats that were cross fostered onto FRL dams by PN3 were 

significantly less immobile than FSL pups raised by FSL dams, F(1, 24) = 10.12, p < 

.01, but significantly more immobile than all of the FRL rats, F(1, 42) = 39.97, p < .01. 

In contrast, there was no impact of maternal strain on swim test immobility among FRL 

rats, F(1, 26) = 0.007, p > .05 (Fig. 1). As expected, the percentage of time spent actively 

swimming showed the opposite pattern of results (Fig. 1), and although FRL rats spent 

more time climbing than FSL rats, this difference was not statistically significant, F(1, 50) 

= 1.72, p > .05 (Fig. 1). Finally, FRL rats on average produced more feces during the 5 

min swim test than FSL rats, F(1, 49) = 6.63, p < .05, and animals reared by FRL dams 
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produced significantly more feces than those reared by FSL dams, F(1, 49) = 6.12, p < 

.05. Means comparisons showed that both effects were largely mediated by statistically 

significant differences between FRL rats reared by FRL dams and FSL rats raised by FSL 

dams (data not shown).

Maternal Behavior

The swim test data suggested that strain differences in immobility were susceptible to 

modulation by maternal environment. To examine potential associations with specific 

aspects of maternal behavior we assessed quality of nest construction and various aspects of 

dam behavior during pup retrieval. Nest quality was typically high—rated 3–4 on the scale

—and there were no statistically significant differences among any of the rearing groups. 

During pup retrieval, however, FSL dams generally performed less efficiently than FRL 

dams, although strain differences were more pronounced on PN5 than PN8. There were no 

statistically significant strain differences in the latency to begin retrieving pups, although 

on PN5 FSL dams took longer to begin retrieval, a marginally significant effect, F(1, 10) 

= 3.14, p = 0.10. Total retrieval time was significantly greater for FSL dams than for FRL 

dams on PN5, F(1, 10) = 14.11, p < .01 and marginally greater on PN8, F(1, 10) = 3.15, p 
= 0.10, and dams were marginally more likely to take longer retrieving FSL pups than FRL 

pups, F(1, 10) = 3.66, p < .10. Finally, FSL dams dropped their pups significantly more often 

on PN5 than FRL dams, F(1, 10) = 8.42, p < .05; there were no statistically significant group 

differences on PN8. Pup retrieval data are shown in Figure 2.

Regression Analysis

The foregoing analyses revealed similar patterns of maternal behavior on PN5 and 

PN8, although strain differences in behavior were only statistically significant on PN5. 

Multivariate linear regression analyses were then used to determine the extent to which 

maternal behavior during pup retrieval predicted swim test immobility in the pups once they 

reached PN60. The regression analyses were designed to test the two competing hypotheses 

outlined earlier. First, to test the hypothesis that maternal behavior would affect all pups 

equally, total retrieval time, latency to first pup retrieval, and number of pups dropped on 

both PN5 and PN8 were entered into a regression model. Due to significant collinearity 

among predictor variables, data for PN5 and PN8 were analyzed separately. Only total 

retrieval time on PN5 significantly predicted swim test immobility, β = .41, t(51) = 3.26, 

p < .01. To test the alternative hypothesis that the FSL rats would be particularly sensitive 

to cross fostering, pup strain was dummy coded, and a variable for the interaction between 

pup strain and PN5 total retrieval time created by multiplying the two variables together 

(Aiken & West, 1996). These variables were then entered into the model at the second step. 

This analysis showed that the interaction between pup strain and PN5 total retrieval time 

significantly predicted swim test immobility, β = .97, t(51) = 8.2, p < .001. To determine the 

nature of this interaction we examined the association between maternal behavior and swim 

test immobility in each pup strain independently. The results showed that PN5 total retrieval 

time significantly predicted swim test immobility in the FSL rats (β = .59, t(25) = 3.6, p = 

.001), but not in the FSL controls (β = −.04, t(27) = −.20, P >.05; Fig. 3).
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USV Recordings

USVs emitted during acute social isolation were measured on PN15 in a subset of the 

pups. During the 2 min testing period, pups that were cross fostered onto FSL dams called 

significantly more than pups being reared by FRL dams, F(1, 27) = 8.07, p < .01. Contrary 

to our expectations, FSL (M = 20.89) and FRL (M = 20.5) pups emitted almost identical 

numbers of calls, and there was no dam strain x pup strain interaction, F(1, 27) = 0.18, p > 

.05 (Fig. 4). Interestingly, the inclusion of female pups into the statistical analyses generated 

a significant gender effect, with the females calling significantly more than males, F(1, 38) 

= 9.89, p < .01, and a marginally significant strain difference, with FSL pups emitting more 

calls than FRL pups, F(1, 38) = 3.41, p < .07 (data not shown). Regression analyses showed 

that USVs emitted on PN15 did not predict later swim test behavior in any of the rearing 

conditions and was unrelated to strain differences in immobility.

DISCUSSION

This study tested the hypothesis that swim test immobility in the FSL rat model of 

depression would be modulated by early experience, and the results supported this 

hypothesis. Consistent with our predictions, FSL rats cross fostered as pups onto control 

FRL dams were significantly less immobile during forced swimming as adults than FSL 

rats raised by FSL dams. In contrast, FRL rats raised by FSL dams did not differ from 

FRL rats raised by FRL dams in swim test behavior. Collectively, these results suggest that 

adult behavior in the FSL rats is affected by maternal influences, but FRL rats are relatively 

insensitive to these influences. These results are also the first to show that a hallmark 

behavior of the FSL rats has a developmental component.

To examine potential maternal behavioral correlates of swim test behavior in the adult cross 

fostered rats, we assessed nest quality and pup retrieval on PN5 and PN8. Although there 

were no strain differences in nest quality, FSL dams took longer to complete pup retrieval 

and dropped more of the pups than FRL dams. This was true on both test days, but the 

strain differences were only statistically significant on PN5. Anecdotally, the FSL dams did 

not appear lethargic or uninterested in the pups during this task; rather, their behavior was 

disorganized and somewhat frenetic. Regression analyses showed that PN5 total retrieval 

time significantly predicted later swim test immobility in the FSL pups as adults. FRL swim 

test behavior was unrelated to maternal behaviors.

We did not measure other aspects of maternal behavior, such as grooming or nursing, that 

have been implicated in the normal development of pup behavior and brain function (Caldji 

et al., 1998; Liu et al., 1997; Meaney, Brake, & Gratton, 2002). The relationships between 

these behaviors and pup retrieval behavior measured in this study are not clear, although 

there is reason to believe that they may be related. Mostly, it is unlikely that two exposures 

to the pup retrieval task would have had a lasting impact on pup behavior. Nevertheless, dam 

behavior during pup retrieval significantly predicted swim test immobility in the FSL pups, 

and the most parsimonious explanation for these results is that pup retrieval behavior was 

associated with other maternal behaviors that more directly influenced swim test immobility. 

This possibility is supported by a recent study in which FSL dams showed decreased licking 

and nonnutritive contact with their biological pups as well as greater stress-induced latencies 
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in retrieving their pups during a pup retrieval task compared to control dams (Lavi-Avnon, 

Yadid, Overstreet, & Weller, 2005). Interestingly, and consistent with the results of the 

present study, FSL dams did not differ from SD dams in their nest building behavior either 

under resting conditions or after a swim stress (Lavi-Avnon et al., 2005). Coupled with 

results of the present study, these observations converge on the hypothesis that abnormal 

maternal behavior in the FSL dams, indexed by reduced licking, contact, and efficiency of 

pup retrieval, contributes to the high levels of immobility typically seen in adult FSL rats. 

Future studies in which a broad range of maternal behaviors are examined in the context of 

cross fostering will be required to fully test this hypothesis.

Another potential influence on dam behavior, other than dam strain, was the behavior of the 

strain of the pups they were raising. The reciprocal influences of dam and pup behavior have 

been well documented (Fleming, O’Day, & Kraemer, 1999; Magnusson & Fleming, 1995), 

and previous studies of cross-fostered SHR and normotensive rats, for example, showed 

that dam behavior shifted to resemble the strain of the pups they were rearing (Cierpial, 

Murphy, & McCarty, 1990). The results of the present study, however, do not support a 

prominent influence of pup behavior on dam behavior. With the exception of a marginally 

significant difference in pup retrieval time on PN5, behavior during pup retrieval was more 

consistent between dams of the same strain than between dams rearing the same strain of 

pups. In addition, USV data showed that pups being raised by FSL dams called more than 

pups being raised by FRL dams while pup strain had no significant effect on calling. As 

we noted above, these are incomplete measures of potential reciprocal influences of pup and 

dam behavior, and it is possible that other measures of home cage maternal behavior may 

reveal a greater influence of pup behavior. Nevertheless, these results suggest that the dam 

behaviors we measured were influenced more by dam strain than pup strain.

In contrast to the FSL strain, swim test behavior in the FRL rats appeared to be governed 

more by their genetic background than by their early environment. Swim test behaviors in 

the FRL rats raised by FSL dams were virtually indistinguishable from those in FRL pups 

raised by FRL dams. In addition, the association between PN5 maternal retrieval behavior 

and swim test immobility was only significant for FSL rats; there was no relationship for 

FRL animals. Some aspects of FRL pup behavior were influenced by dam strain; FRL pups 

being raised by FSL dams called more on PN15 than those being raised by FRL dams. 

However, this influence did not appear to last into adulthood. These data suggest that while 

the FSL strain is a valuable model for the etiology of clinical depression, the FRL strain may 

be a valuable model of resilience.

The results of this study echo the findings of a parallel line of research focused on 

neurochemical abnormalities in the FSL rats. Recent work on gene-environment interactions 

in clinical depression showed that a heritable form of the serotonin transporter gene 

conferred increased risk of depression in response to life stress (Caspi et al., 2003). 

Previous studies involving the FSL animals have shown that levels of serotonin (Zangen 

et al., 1997) and dopamine (Friedman et al., 2005; Zangen, Nakash, Overstreet, & Yadid, 

2001) in limbic areas of the brain, particularly the nucleus accumbens, are abnormal in the 

FSL rats compared to SD controls, and that neurochemical abnormalities underlie strain 

differences in swim test immobility (Zangen et al., 1997, 2001). These previous studies are 
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interesting in light of the present results, given the well-established role of the mesolimbic 

dopamine system and the nucleus accumbens in maintaining a range of maternal behaviors, 

including pup retrieval (Champagne et al., 2004; Keer & Stern, 1999; Numan et al., 2005; 

Wilkins, Logan, & Kehoe, 1997). Studies focused on pre- and postnatal influences on 

the developmental relationships between specific neurochemical systems and depressivelike 

behavior in the FSL rats thus have the potential to contribute to our understanding of the 

etiology of clinical depression.

In sum, full expression of strain-typical swim test immobility in the FSL genetic animal 

model of depression requires both genetic and early environmental influences, and certain 

aspects of dam behavior predict FSL swim test behavior. Future work examining maternal 

behavior under resting conditions are needed in order to determine whether specific aspects 

of routine maternal behavior, such as suckling or grooming, are linked to adult pup behavior. 

These preliminary results support the value of the FSL model for examining the relative 

contributions of genotype and environmental experience, as well as their interactions, to 

physiological and behavioral abnormalities that may be pertinent to our understanding of 

human depression.
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FIGURE 1. 
Swim test behaviors of adult male FSL (n = 26) and FRL control rats (n = 28). All rats 

were cross-fostered onto FSL or FRL dams within 3 days of birth. (A) Mean ± SEM percent 

time immobile for FSL and FRL rats in a modified version of the Porsolt swim test. (B) 

Mean ± SEM percent time spent swimming for FSL and FRL control rats. (C) Mean ± 

SEM time spent climbing for FSL and FRL control rats. (a) significantly different from FRL 

rats (p < .001); (b) significantly different from FSL rats raised by FSL dams (p < .05); (c) 

significantly different from FRL rats (p < .01).
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FIGURE 2. 
Maternal behaviors of FSL (n = 7) and FRL (n = 7) dams during pup retrieval task. All 

pups were cross-fostered to same-strain or opposite-strain dams. (A–C) PN5: Mean ± SEM 

latency to begin pup retrieval, total retrieval time, and total number of pup drops. FSL dams 

took significantly longer to retrieve their pups (p < .01) and dropped them more frequently 

(p < .05) than FRL dams. (D–F) PN8: Mean ± SEM latency to begin pup retrieval, total 

retrieval time, and total number of pup drops. *p < .05; **p < .01.
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FIGURE 3. 
Correlation between PN5 total retrieval time and adult swim test immobility. A multivariate 

linear regression analysis indicated a significant interaction between pup strain and PN5 

retrieval time (p < .05), and independent regressions on FSL and FRL rats showed that this 

index significantly predicted adult swim test immobility in adult male FSL rats (top; p < 

.001) but not FRL rats (bottom).
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FIGURE 4. 
Mean ± SEM number of USVs emitted by FSL (n = 15) and FRL (n = 16) pups during brief 

(2 min) social isolation. Pups reared by FSL dams called significantly more than pups reared 

by FRL dams (p < .01).
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