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ABSTRACT 

Sex differences in place learning on the Morris water 

task were examined in this dissertation. Adult Long Evans 

hooded rats were tested on this task to determine whether 

there are sex differences on this task, whether males and 

females use different strategies to solve the task, whether 

they attend to different aspects of the environment for 

navigation, as has been previously hypothesized, and whether 

they both use the fornix (hippocampal formation) for 

navigation on this task. Exploratory behaviors were also 

examined for both sexes to establish whether there was 

evidence that they engage in different activities while 

forming a cognitive map. Lastly, the role of the female 

estrous cycle on water maze performance was examined. 

Results indicated that males and females are equally 

impaired following fornix lesions, and there is no evidence 

that they use different strategies to solve the task or 

attend to different aspects of the environment. There was 

an overall sex difference in performance on the task, with 

males solving the task faster than females, and searching 

the target area at a much higher rate than females. There 

was some preliminary evidence of sex differences in 

exploration which predicted place learning in the water 

maze. Lastly, the estrous cycle did significantly effect 



the female's performance. Females in the high estrogen 

period were generally less efficient on the task then those 

in the low estrogen phase. This was interpreted to reflect 

a difference in motivation across the days of the cycle, 

rather than a difference in ability to perform the task. 

9 
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INTRODUCTION 

Historically, females have been used in few areas of 

scientific research, primarily because the estrous cycle was 

believed to introduce unwanted, troublesome variation into 

studies. Consequently, females have not been studied to the 

extent that males have, and our understanding of female 

behavior, anatomy, and physiology is not as advanced as our 

understanding of the other sex. When there are no 

differences between the sexes this deficiency is not a 

problem, however, we are discovering that in certain areas 

there are rather interesting disparities between the sexes. 

One area in which sex differences appear to exist is 

that of spatial cognition. In general, investigators claim 

that males are better at spatial tasks than females (Beatty, 

1979). One needs to remember, however, that this is a 

generalization since (1) all spatial tasks do not 

necessarily measure the same underlying construct, (2) all 

spatial tasks do not require the same neural structures for 

processing, and (3) there are many spatial tasks in which no 

sex differences are found. In this dissertation I take 

issue with this generalization, and suggest that while 

performance may seem to vary between the sexes, assuming 

that this reflects a deficit in a particular cognitive 

process should be avoided until alternatives have been ruled 

out. 
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For those spatial tasks in which performance does seem 

to genuinely diverge as a consequence of sex, we have yet to 

discover the mechanisms underlying the difference. Three 

sources of this disparity have been proposed (although they 

are not necessarily mutually exclusive), (1) hormones, (2) a 

difference in the anatomy of the underlying neural 

structures, and (3) a difference in how the sexes approach 

the solution of the task (i.e., strategy). Those 

investigating the role of hormones or anatomy make a general 

assumption that the behavioral difference is most likely the 

consequence of a difference in ability which is shaped by 

the different hormonal experiences or the anatomy (or both) 

of the two sexes (e.g., Roof, 1993). A difference in 

strategy does not necessarily have the same implications. 

If a difference in performance is the result of a variation 

in how the subject approaches the task, it does not 

necessarily reflect a dissimilarity in ability, but a 

difference in the way the ability is used. Disparate 

performance resulting from a difference in strategy, rather 

than ability, may have separate ramifications with respect 

to the investigation of the role of hormones and anatomy. 

While several investigators are now examining the 

impact of hormones and anatomy on the differential 

performance on spatial tasks, few are examining alternative 

factors, such as strategy. In this dissertation, the role 
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of strategy and hormones on the nature of sex differences 

was investigated using a large scale spatial task considered 

to be dependent on the hippocampus. The sex difference in 

behavior was established and a dissociation between various 

strategy types was explored as the source of the sex 

difference in performance. This was examined at the 

behavioral level utilizing both normal animals and those who 

received neural manipulations. Lastly, the contribution of 

the regular cyclic hormonal fluctuation in the female 

(estrous cycle) was examined for its role in the behavior. 
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cognitive Mapping and the Hippocampus 
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There are many different types of spatial cognition 

(e.g., mental rotation and spatial navigation). The various 

forms differ in terms of the cognitive and neural components 

necessary to carry them out (Friedrich, 1990). It remains 

extremely important to point out the fact that all spatial 

cognition is not the same, for in at least one area of 

psychology, sex differences,.many investigators continue to 

treat "spatial cognition" as a unitary construct. As a 

consequence, all spatial tasks are treated as if they were 

measuring the same cognitive process. 

Sex differences are not found on all forms of spatial 

tasks. In fact, with humans, a consistent sex difference is 

evident on only a couple of tasks (mental rotation and the 

Piagetian water line taslc). And even these differences are 

disputed by some on the basis of differential life 

experience and the variations in the females' hormonal 

status at the time of testing (Hampson, 1990). For those 

investigating sex differences in spatial cognition, one of 

the critical questions is, "under what circumstances do we 

find sex differences, and are the differences the reflection 

of a difference in ability or something else?" If we are to 

understand the mechanisms behind these differences we must 

explore the distinction between those tasks on which 



differences are evident and those on which they are not. 

Placing the various forms together is misleading. This 

applies to both human and animal work. 

14 

In this dissertation, one form of spatial cognition is 

emphasized: place learning. Below it is defined and 

dissociated from other forms of spatial cognition. 

Place Learning 

There are numerous ways by which animals navigate 

through the world. For example, they can use a beacon or 

cue strategy, rely upon a route (essentially a series of 

left or right turns) or they can form an internal mental 

representation (cognitive map) of the environment and use 

this to guide them. This "cognitive map" (eM) will allow 

them to use virtually any strategy for navigation, because 

the creature maintains an internal mental representation of 

the allocentric spatial arrangement of all objects in their 

world (ie, a map of their world). Having a map of the world 

means that you may use a cue strategy if that is the one of 

choice, but if that strategy fails because the cue happens 

to be removed from the world, you are not lost. The place 

of interest can still be located because you know its 

location relative to the other things in the world. That 

place is defined by the spatial arrangement of items on this 

map (ie, its spatial relationship to the other things in the 

world). Defining a place in this manner is referred to as a 
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place strategy. O'Keefe and Nadel (1978) suggested that 

this is the most flexible and efficient navigational method. 

This strategy for navigation is quite different from 

other forms of navigation in that it is hippocampal 

dependent. Any disruption to the hippocampal formation 

(e.g., its input/output or the actual hippocampus itself) 

and this system fails to operate normally (O'Keefe and 

Nadel, 1978). Disruption of other neural systems or regions 

does not impair the formation or use of a cognitive map in 

the same manner. There is evidence that animals may 

sUbstitute alternative strategies for solving a hippocampal 

task when they have damage to the hippocampal formation 

(e.g., M'Harzi and Jarrard, 1992), however these 

alternatives are much less efficient and often ineffective. 

In conclusion, it is imperative that we are careful to 

maintain a distinction between the various forms of spatial 

cognition since we have such strong evidence that they 

depend on different underlying neural structures, such as in 

the case of place learning. Treating all forms of spatial 

cognition as if they were the same is analogous to treating 

all forms of memory as if they were one. 

Space and The Fornix 

There is extensive evidence to support O'Keefe and 

Nadel's (1978) theory that the hippocampus is critical for 
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the generation of a cognitive map (CM) (Rasmussen, Barnes 

and McNaughton, 1990). For one, lesions to the hippocampus 

proper produce a profound place learning deficit. Because 

of its size, it is difficult to produce a complete 

hippocampal lesion, so many investigators have sUbstituted 

lesions of its efferent and afferent connections and 

produced virtually the same hippocampal syndrome. 

The hippocampus has two main structures through which 

it connects to other brain structures; the fimbria/fornix 

and the entorhinal cortex. The fimbria and fornix can be 

dissociated by the directionality of the fibers, with the 

fornix primarily providing output from the hippocampus to 

varying structures, and the fimbria being composed primarily 

of input fibers. The fimbria/fornix complex is located at 

the anterodorsal end of the hippocampus proper (cornu 

Ammonis or CAl - CA4). The fimbria is lateral to the fornix 

and projects posteroventrally, following the lateral edges 

of the hippocampus. At the anterodorsal region of the 

hippocampus, where the fimbria and fornix are adjacent, the 

fornix is denoted as the dorsal fornix. As these fibers 

descend in the anteroventral direction they divide and are 

subsequently referred to as the pre- and postcommissural 

fibers of the fornix. These two fiber groups have different 

origins and project to different neural structures. The 

postcommissural fibers originate in the anterior portion of 
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the CAl region. Some of the fibers project to the anterior 

thalamic nucleus, others project ventrally to the medial and 

lateral mammillary bodies, and some fibers terminate in the 

midbrain area just dorsal to the mammillary bodies. The 

precommissural fibers originate in the pyramidal cells of 

the posterior CAl region and have a more disparate 

distribution of projection. These fibers project to the 

medial septal nucleus, the diagonal band, the accumbens 

nucleus, the lateral septal nucleus, and the medial and 

lateral mammillary nuclei. There is a small group of fibers 

from CAl which project through the fimbria, however most of 

the fimbrial fibers arise from the CA2, CA3 and CA4 regions 

(Chronister and White, 1975; Hamilton, 1976; Lynch, Rose and 

Gall, 1978; Powell and Hines, 1975). 

Disruption of the fornix can take place in the main 

body of the fornix, which generally includes the fimbria, or 

in the more anterior section of the fornix. Lesions to the 

fimbria or fornix alone are difficult because they are 

adjacent fiber systems, so generally, lesions are made to 

the fimbria/fornix complex. Such lesions are known to 

impair place but not cue learning (for example, O'Keefe, 

Nadel, Keightley and Kill, 1975). They have also been found 

to disrupt spatial working memory and leave non-spatial 

reference memory intact (M'Harzi and Jarrard, 1992). The 

discovery of the place cell was one of the critical pieces 
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of evidence in support of the role of the hippocampus in 

cognitive mapping. If the fornix disrupts hippocampal 

processing, as the behavioral evidence suggests, it should 

be evident in the unit (place cell) activity, as well. 

Miller and Best (1980) demonstrated that disruption of the 

fornix posterior to the anterior commissure (dorsal 

fornix/fimbria) impairs 17 arm radial maze performance which 

is dependent on the memory of the spatial arrangement of the 

extra-maze cues. It also disrupts place unit activity in 

the CA fields and the dentate gyrus. The units responded to 

the physical properties of the maze rather than the spatial 

arrangement of the extra-maze cues, there was a decrease in 

the percentage of place cells found, and there was a 

decrease in the robustness of the units. 

Because the fornix has such diverse connections, it is 

of interest to determine whether disruption at different 

levels of this structure elicits the same behavioral 

impairment. Olton, Walker and Gage (1978) demonstrated that 

total fimbria/fornix lesions resulted in spatial behavioral 

impairments that were essentially no different from lesions 

of the septum, postcommissural fibers of the fornix, or 

entorhinal cortex. Lesions to the fimbria alone have 

resulted in impairment on place recognition and radial maze 

performance, but not object recognition (M'Harzi, Jarrard, 

Willig, Palacios and Delacour, 1991). So, it appears as 
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though disruption of the fornix at the post-commissural 

level, or the fimbria/fornix complex, or the fimbria alone, 

will result in disruption of the functioning of the 

. hippocampus. 

In summary, there is sufficient evidence to support the 

notion that disruption of one of the inputs or outputs to 

the hippocampus is sufficient to produce a behavioral 

impairment essentially no different from a hippocampal 

lesion. It also disrupts the physiology of the hippocampus 

proper, and the dentate gyrus. In addition, this lesion 

does not impair the animal's ability to use alternative, 

non-hippocampal strategies to solve tasks. 

Sex Differences in CM 

Human Cognition 

One of the most fundamental issues critical to 

understanding sex differences in spatial learning is 

establishing what form of spatial "ability" is being 

addressed. The human literature on spatial cognition often 

ignores the fact that the various tasks are probably 

measuring different forms of spatial processing. Many have 

found it difficult to interpret this literature, often 

incorrectly concluding with the generalization that males 

outperform females on spatial tasks (or even worse, males 

have better spatial skills than females). There is, now, 

compelling evidence that the various tasks do not measure 
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the same overall construct, and that large scale cognitive 

mapping tasks are measuring constructs that are separate 

from all of the small scale spatial tasks (Caplan, 

MacPherson and Tobin, 1985). There is little doubt that the 

ignorance of this has been, at least, part of the source of 

confusion in the interpretation of the literature. Here our 

interest is in large scale spatial navigation, so 

discussions of small scale spatial performance shall not be 

addressed. What ensues is a brief review of sex differences 

in cognitive mapping in humans. 

Matthews (1986) examined the relationship between the 

size of the home range, sex and age of young children. 

Subjects, ages 6 to 11 years, were asked to draw maps of 

the area around their home. Findings indicated that males 

of all ages demonstrated knowledge of places farther away 

from home than females. After the age of 9 the females had 

a greater knowledge of the details of their area, despite 

not knowing about places as far away from the home as males. 

The quality of map drawn also differed as a result of sex 

and age. Males demonstrated the ability to draw more 

allocentric, spatially accurate maps, which maintained the 

gestalt of the environment, at a younger age than females. 

Matthews found these same results in another study as well 

(Matthews, 1986). These results demonstrated that a child's 

environmental experience is correlated with the ability to 
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recall information about the places in the environment; the 

larger the free range (the distance from home that the 

subject was allowed to travel) the greater the amount of 

detail on the map, regardless of sex. By the age of 8, 

however, males had significantly larger ranges than 

females, explaining why females then demonstrated knowledge 

of a smaller area. This trend continued for all ages. He 

also demonstrated that while females appeared to have 

knowledge of a smaller total area, they were better at 

articulating a description of their environment than the 

males. 

Reconstruction tasks requiring the subject to 

reconstruct a 3-dimensional miniature town, have produced 

variable results following minor changes in the methodology. 

Herman (1980) constructed a "town" of cardboard buildings 

and set it up in a gymnasium (note the town was large enough 

to walk through). Following various forms of exposure to 

this town (e.g., the child walked through it or only around 

it), the 6-9 year old male and female children were asked to 

reconstruct the town with the actual objects. Males and 

females were not significantly different in their ability to 

get the buildings in the correct general area (i.e., 

quadrant), however females were significantly less accurate 

at the absolute (or precise) placement of the buildings. 

Cohen, Weatherford and Byrd (1980) reported that males were 
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significantly more accurate at reconstructing a "town" (as 

in the Herman study) than females, as well. Other 

reconstruction tasks have not consistently demonstrated a 

sex difference, however. Herman and Siegel (1978) reported 

that no sex differences existed in the accuracy of 

reconstruction if the room in which it takes place is small 

(like a classroom) and has numerous proximal cues such as 

desks and chairs. If the room is a large gymnasium, 

however, males will be significantly more accurate at 

reconstruction than females. Herman (1980) further 

demonstrated that if you allow the subjects to explore the 

environment on their own or if you provide them with 

multiple exposures and reconstruction attempts, the sex 

difference in reconstruction washes out. Males will spend 

more time exploring the environment, but their 

reconstruction is not significantly better than that of the 

females. These findings suggest that it may not be the 

construct of CM but rather other factors related to the 

learning of the information that really matter. 

Several studies examining CM using measures of distance 

estimates indicate that with the exception of one study, no 

sex differences exist. Regardless of whether the subjects 

viewed photos of an environment (Allen, Kirasic, Siegel and 

Herman, 1979), experienced an actual environment, 

experienced a novel or familiar environment (Cohen, 
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Weatherford, Lomenick and Koeller, 1979; Herman, Cachuela 

and Heins, 1987), and were asked to estimate distances using 

a standardized unit of measure, such as a meter, or were 

asked to draw a line indicating the distance estimate 

(Cohen, et aI, 1979), no sex difference was found. Even 

with a 5 month time delay between experience of the 

environment and estimate of the distance, no sex difference 

was evident (Herman, et aI, 1987). 

contrary to these findings, Antes, McBride and Collins 

(1988) did find a sex difference in distance estimation. 

Subjects were asked to estimate the distance between various 

areas in their town prior to the construction of an overpass 

which was to connect two previously indirectly connected 

points. An overpass was then built and subjects were later, 

after having had time to learn the new road, asked to 

estimate distances again. Results indicated that females 

had a significantly less accurate estimate of the straight 

line distance between places prior to the overpass, however 

after the overpass their distance estimate for the two 

locations now directly connected improved significantly, 

while the estimates for the regions not effected by the 

overpass did not improve. The males' distance estimates did 

not change. These authors concluded that females' distance 

estimates were significantly affected by the route taken 

between two points, however males were not affected. This 
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suggests that males and females may differ in their map 

construction strategies. Although this is the only study in 

which sex differences were found, it should not be 

discounted, for it differed from the rest in a very 

important way: size. The size of the environment in this 

study was a great deal larger than the others. It seems 

possible that the larger the space subjects must "map" the 

greater the chance for error. Possibly, females are more 

susceptible to error as environmental size increases. 

Way-finding seems as though it would be the ultimate 

measure of cognitive mapping, however measurement of one's 

ability to find the way from "here" to "there" is difficult. 

Herman, Heins and Cohen (1987) asked male and female 

children to show them the way to a friend's house and then 

return home by going a different way. No sex differences 

were found. There were no other way-finding studies which 

examined sex differences. 

Herman, Heins and Cohen (1987) found no significant 

effect of age, sex or age by sex interaction on measures of 

bearing (direction pointing) and distance estimation in 6-12 

year olds making the estimates from the front yard of their 

home to nearby familiar places that were not able to be seen 

from the front yard. A second study using three age groups 

(7-9 yrs, 10-12 yrs, and 18-22 yrs) with the same measures, 

yet in a novel location, also found no sex difference in 
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bearing or distance estimation. These subjects were tested 

using an immediate recall and delayed recall paradigm in 

which the delay was 5 months. There was no difference 

between males and females over time. 

According to Horan and Rosser (1984) a sex difference 

will be evident more often when the spatial problem and the 

response required are represented in different dimensions, 

for example asking subjects to draw a map of an environment 

they have just traversed. Sex differences are found less 

often when the dimensionality of the problem and response 

remains constant. Conflicting with this generalization, 

however, Herman (1980) showed that sex differences exist 

even when the dimensionality of the problem and response is 

held constant. 

Several studies have examined the role of experience on 

CM (Herman, Heins and Cohen, 1987; Matthew, 1986a, 1986b; 

Ormrod, Ormrod, Wagner and McCallin, 1988). The findings 

suggest that having experience with spatial activities that 

are directly related to CM will improve performance on CM 

types of tasks. Generally, males have more experience with 

activities that we consider spatial in nature, such as 

exploring a large territory or having courses on map 

construction. The suggestion has been made that this 

accounts for the sex difference on these types of measures. 

Animal Cognition 
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We have seen from the human literature that there is 

not an overwhelming difference in cognitive mapping skills 

between males and females. When a difference is apparent, 

many alternatives are offered as explanation for the source 

of the difference, for example, differential experiences or 

education, the way the stimuli are presented, or the 

strategy the subject uses to complete the task. Things are 

not much different in the animal literature. The trend of 

sex differences is inconsistent and the evidence does not 

clearly indicate where the source of the difference resides, 

when one is found. 

As in the human literature, only those experiments 

addressing the construct of cognitive mapping will be 

considered here. Dawson (1972) reported a sex difference 

(male advantage) on a Sunburst maze. He bravely claimed 

from this experiment that male rats "seemed better able to 

form cognitive maps than females." Given the absence of 

extra-maze cues in the testing room, and the one light 

hanging above and illuminating the goal box, this testing 

situation was not necessarily forcing the animals to utilize 

a place strategy (or cognitive map) to solve this task. 

Consequently, his conclusion that the performance difference 

was the result of a deficiency in the female's ability to 

form a cognitive map was premature. Einon (1980) reported a 

male advantage on a spatial working memory (8 arm radial arm 
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maze) task in young (approximately 50 days old) rats, but 

not in adults (100+ days). Her young rats adopted an 

adjacent arm strategy that was not apparent in the older 

animals, however. This suggests that the younger groups 

were not using a hippocampal strategy, so the sex difference 

is not necessarily comparable to performances which do use 

the hippocampus. If, however, the performance was 

hippocampal dependent, this finding would be contradictory 

to most findings of spatial sex differences, because most 

investigators who report a difference only find it in adults 

(rats or humans) (Maccoby and Jacklin, 19 for example). 

Krasnoff and weston (1976) also reported a male advantage on 

their series of spatial (presumed hippocampal) mazes, 

however they used only adults. Williams, Barnett and Meck 

(1990) reported that on the 17 arm radial arm maze, control 

males (adult castrated) and estrogen supplemented females 

(adult gonadectomized) made fewer reference and working 

memory errors, and more correct arm choices before an error, 

than adult males castrated neonatally and adult control 

(adult gonadectomized) females. These findings do suggest 

that a sex difference is evident on hippocampal (ie, 

cognitive mapping) tasks, however, the question of whether 

the difference is a reflection of an absolute difference in 

ability, or a difference in some intervening variable 

remains. contrary to these findings, Juraska, Henderson and 
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Muller (1984) and van Haaren, wouters and van de Poll (1987) 

failed to find a sex difference on the 17 arm and 8 arm 

mazes. The van Haaren et al (1987) series of experiments 

included time delays between arm choices and still found no 

differences between normal 70 day old (approximately) males 

and females. Interestingly, Juraska, et al (1984) reported, 

as did Einon (1980), that adjacent arm strategies were seen. 

In Juraska's experiment, only those animals who had 

experienced an enriched environment used this strategy, 

whereas in Einon's the younger animals used this strategy. 

It is possible that if the animals were prevented from using 

this strategy a sex difference may be apparent in Juraska's 

study. Juraska points out, however, that Einon eliminated 

slow and fast eating females from her testing which may have 

biased the results in favor of males. Juraska indicated 

that some of her best female performers were slow eaters, so 

by eliminating the fast and slow females, Einon may have 

eliminated the best female performers, artificially lowering 

their mean. 

Often the so called "well established finding" that 

females are more active than males is used to explain away 

the sex differences in spatial performance (for example 

Krasnoff and Weston, 1976; Beatty, 1979). The argument 

claims that because females are more active (such as on the 

running wheel apparatus) and tend to move around more than 
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males, they will make more errors on spatial tasks because 

they will tend to "wander" instead of going straight to the 

goal. Hence, the differences between males and females do 

not represent a discrepancy in actual spatial processing, 

but rather the female tendency to locomote, or possibly 

explore, more than the male. Gaulin, Randall, FitzGerald 

and Wartell (1990) criticized this claim on the basis that 

the activity measures are generally taken on separate tasks 

from the spatial ones, with different "motivational regimes, 

often on entirely different groups of subjects." They 

examined this issue directly by measuring activity and 

spatial behavior simultaneously. They found that activity 

of the male or female does not explain spatial performance. 

The question remains, however, what is the source of this 

difference? 

From an evolutionary view, "spatial learning skills are 

hypothesized to evolve in proportion to navigational 

demands, and it is predicted that sex differences in spatial 

ability will evolve only in species where range expansion 

contributes differentially to the reproductive success of 

males and females." (Gaulin and FitzGerald, 1989). Gaulin 

and FitzGerald (1989) examined the range expansions of two 

vole species with varying reproductive strategies, the 

polygynous meadow vole (Microtus pennsylvanicus) and the 

monogamous prairie vole (Microtus ochrogaster). Results 
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indicated that, during the breeding season, the home range 

territory of the polygynous male was significantly larger 

than the territory of the female in that species. There was 

no difference in the size of the home range territory of the 

male and female prairie vole, regardless of the breeding 

season. These authors postulated that spatial ability 

should be correlated with the amount of spatial information 

that an animal must process (non-migratory animal), such 

that an animal with a larger territory would have greater 

spatial abilities than one with a smaller range. They found 

that the polygynous males significantly outperformed the 

females of the species on a series of seven spatial mazes, 

however there were no differences between the males and 

females of the monogamous species. This supports the 

hypothesis, and is in agreement with their previous report 

of no sex difference in the home range size or spatial maze 

performance (sunburst maze) of the monogamous pine vole 

(Microtus pinetorum). In addition they found the polygynous 

male meadow vole to have a larger home range and better 

spatial performance on a sunburst maze than the pine vole 

(Gaulin and FitzGerald, 1986). These results suggest that 

the sex differences that are found are the reflection of a 

difference in ability which has evolved for optimal 

reproductive success. It is quite reasonable to generalize 

these findings to the laboratory rat (at least the Long 
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in performance, because the Rattus norvegicus is of 

polygynous ancestry. 
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While these findings are compelling, there is 

suggestion that sex differences are the consequence of a 

difference in strategy rather than ability. Cheng and 

Gallistel (1984) and Williams, Barnett and Mec]c (1990) 

claimed that rats learn about a variety of features in the 

environment and preferentially use or attend to certain 

features, over others, for navigation. Additionally, the 

various features may be dissociated in behavioral tasks to 

determine the animal's preferences. Specifically, Williams 

et al (1990) claim that their sex difference results can be 

interpreted to indicate that males rely on the geometry of 

the environment to identify or define a place. Here, they 

indicated that the geometry referred to the shape of the 

room in which the behavioral testing occurred, so the rats 

defined a place by its distance and angle measures taken 

from the walls and corners of the room. If the male is in a 

circular room, however, he is at a severe disadvantage 

because the distance and angle measures must be made using 

the objects or cues that are located in the room, for 

example pictures placed on the walls. They claim that males 

do poorly when forced to do this. Females, on the other 

hand, utilize both the geometry of the environment and the 
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spatial arrangement of the objects in the environment for 

navigation. Because males do not have to "choose" between 

two competing strategies in a navigational or memory 

situation, they can outperform females on tasks where 

geometrical and landmark information is available. On the 

other hand, females do have two competing strategies they 

must sort between so, consequently, take longer to complete 

such a task, or make more errors on the task, because they 

have to determine which strategy is most efficient for the 

current situation. While these conclusions are interesting, 

the methodology of both experiments is not as clean as one 

would want in this situation. Specifically, the cue control 

in the Williams, et al (1990) studies were not as rigid as 

desired. Also, it is difficult to imagine how this 

dissociation between geometry and landmarks is handled by 

the brain. Given what is known about the hippocampus and 

its role in place learning, how would these two aspects of a 

place be dissociated? 

pilot work from this lab has also established a sex 

difference. Warren, Wilson and Nadel (1991) reported a male 

advantage on the place version of the Morris water task, 

however the difference was only under certain conditions. 

If the extra-maze cues were rather far from the edge of the 

6 foot tank, males outperformed females, however, if the 

cues were at the edge of the tank there was no difference in 
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performance (their performance was almost equivalent). 

These findings are consistent with the Gaulin and FitzGerald 

(1986, 1989) reports. We suggest, however, that the 

difference may not be a difference in absolute ability, but 

rather may be a difference in strategy. 

If this difference was the reflection of a difference 

in ability, it would be important to explain why the 

difference is apparent only in the distal condition. One 

possibility is that the difference results from difficulties 

in distance and angle estimation. Anyone place in the 

testing environment, lets take the goal for example, is 

defined by its distance, direction and angle from all of the 

extra-maze cues. For proper localization of this place an 

animal must take these measurements (of distance and 

direction) while traversing the maze and while at the goal. 

The subject must try to find the goal, later, by remembering 

these distance, angle and direction estimates previously 

made. The further the goal is from the cues, the greater 

the possibility of error when making estimates. It is 

possible that the potential for error in the proximal 

condition is not large enough to distinguish between the 

sexes. In the distal condition, however, the potential is 

much greater and it pushes the limits of the female capacity 

to make these estimates. So, essentially increasing the 

difficulty level of the distance and angle estimates allows 
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us to see a sex difference. This is analogous to a 

comparison of a patient in the early stages of Alzheimer's 

and one with no disease. If both are given a short word 

list to learn and recall, it may be concluded that there are 

no differences on this task. However, if the number of words 

on the list was significantly increased a very obvious 

disparity between the two groups would be evident (Grant and 

Adams, 1986). 

The last alternative explanation for the sex difference 

is that it reflects a disparity in visual acuity. It is 

highly unlikely that such a low level system as vision could 

exhibit such a drastic evolutionary divergence in 

development between the sexes. There is no evidence 

indicating that there are any differences in visual acuity, 

so this can be dismissed as a possible explanation for the 

sex differences observed. 

In summary, it appears as though there are sex 

differences on some spatial tasks, however, these 

differences are not necessarily the reflection of a 

difference in ability. The behavior of some of the animals 

on these presumed hippocampal tasks, does not suggest that 

they were utilizing a place strategy, as defined by O'Keefe 

and Nadel (1978), so it is difficult to make generalizations 

or comparisons between those tasks and the ones in which the 

place strategy was used. Finally, there are essentially two 
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explanations for the sex differences which warrant further 

attention: (1) the sex difference is the consequence of 

variations in the strategy employed by the animal, and (2) 

the sex difference is a reflection of an absolute difference 

in the ability of the female to perform a particular 

cognitive function. 

Sex Differences in Hippocampal Anatomy 

There have been several compelling experiments 

dedicated to examining sexual dimorphism in hippocampal 

anatomy. There are many factors that effect whether there 

is a sex difference in the anatomy of this region, such as 

the age, life experiences, or reproductive practices of the 

subject, just to name a few. Because of this, we cannot 

make a blanket statement about the presence or absence of a 

sex difference in hippocampal anatomy; we must append any 

claims with qualifying statements. In spite of this there 

are some interesting and important findings that are 

presented below. 

In a comparison of sex and strain differences Yanai 

(1979) reported that the brains of male wistar and Long 

Evans rats weighed significantly more than the brains of 

their female counterparts and the overall body weight 

followed the same pattern (brain measures were absolute 

weights). Hippocampal measures for both strains indicated 

no sex differences in the hippocampal area measure, dentate 
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gyrus area measure, granular layer area and length measures 

or in the granule cell counts (both number of cells per mm2 

and per section). contrary to these findings, Roof (1993) 

has reported that the medial-lateral extent (width) and the 

dorsal-ventral extent (thickness) of the dentate gyrus 

granule cell layer of the hippocampal formation was larger 

in adult males than females. This size was positively 

correlated with Morris water maze performance. Neonatal 

testosterone treatment appeared to enlarge these regions in 

adult females, suggesting that it plays an important role in 

these dimorphisms. These sex differences, in both normal 

and testosterone treated groups, were evident even at 

postnatal day 28. Note that in normal animals, the sex 

difference was only apparent in the right hemisphere, not 

the left. Control and treated males, and treated females, 

demonstrated a larger right than left width, however normal 

females did not show this pattern. Thickness measures 

demonstrated that the upper right area of the dentate 

granule cell layer was thicker in males than females, 

however testosterone had no effect on this measure. There 

were no sexual dimorphisms or testosterone effects in the 

pyramidal cell layers. These differences were not the 

result of cell size, and are thought to reflect a difference 

in cell number. An earlier report by Pfaff (1966) indicated 

that males had a significantly larger cross sectional area 
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of the hippocampus, no difference in the number of cells, 

yet significantly larger cells as defined by the size of the 

nuclei and nucleoli. Investigations of mice have indicated 

that males have significantly more hippocampal granule cells 

than females and the cells are more densely packed in 

certain strains but not in others (Wimer & Wimer, 1985). 

Jacobs, Gaulin, Sherry and Hoffman (1990) reported that the 

relative size of the hippocampal formation (Ammon's horn 

plus dentate gyrus) in males of polygynous meadow voles was 

significantly larger than the females of the species, 

however this was not the case for the monogamous prairie 

vole species measured. This finding nicely complements the 

previous report of sex differences in spatial cognition in 

the polygynous, but not monogamous, species. 

Examining the question of sex differences from a 

different angle, Diamond, Murphy, Akiyama and Johnson (1982) 

reported that males and females have reversed hippocampal 

asymmetry. The right hippocampus of male rats of various 

ages was significantly thicker than the left hippocampus, 

while the reverse was found for 90 day old females, but not 

all ages of females (both normal and ovariectomized 

females). A separate study by Diamond, Johnson, Young and 

Singh (1983) replicated this finding. They also reported 

that the difference in thickness disappears around the age 

of puberty for the male rats, however the differential 
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thickness is only found around 90 days of age for the 

females. Juraska, Fitch, Henderson and Rivers (1985) 

reported that males and females responded differently to 

environmental manipulations. She measured the amount and 

location of dendritic material in the dorsal and ventral 

blades of the dentate gyrus of male and female rats raised 

in either an enriched or impoverished environment. Her 

results indicated that females showed more evidence of 

plasticity than males: enriched females had significantly 

more dendritic material than the enriched males, while the 

impoverished males had significantly more dendritic material 

than the impoverished females. These data support previous 

work which indicated that there is a sexually dimorphic 

response to environmental manipulations (McConnell, Uylings, 

Swanson,and Verwer, 1981). Loy and Milner (1980) also 

reported differential response to hippocampal manipulations. 

They reported that sympathetic axonal sprouting in CA3 and 

the dentate, following fimbria lesions, was greater in adult 

and juvenile females than in males. Davis and Martin (1982) 

found no sex differences in sprouting following medial 

septal lesions, however (as cited in Juraska, 1984). 

Recent evidence indicates that the size of the intra

and infrapyramidal mossy fiber terminal field (iip-MF) is 

highly correlated with spatial behaviors (Schwegler, Crusio 

and Brust, 1990). Schwegler and colleagues have conducted a 
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series of studies examining the relationship between the 

behaviors and morphology of different mice strains. They 

reported a positive correlation with iip-MF size and Y-maze 

discrimination learning, open-field habituation and 

exploration (crusio, Schwegler, Brust and Van Abeelen, 

1989), spatial working memory on the radial arm maze 

(Crusio, Schwegler and Lipp, 1987), and reversal learning, 

but not acquisition, on the water maze task (Schopke, 

Wolfer, Lipps and Leisinger-Trigona, 1991). A negative 

correlation was found between iip-MF and two-way active

avoidance learning in the shuttle-box (Schwegler, Lipp, Van 

der Loos and Buselmaier (1981). This finding is consistent 

with the findings of improved performance on this task 

following hippocampal lesions (O'Keefe and Nadel, 1978), as 

well as a "reversed" sex difference, with females 

consistently outperforming males on this task (Beatty, 

1979). These authors hypothesized that this hippocampal 

region is involved in the modulation of processes related to 

spatial learning. If this correlation between iip-MF size 

and behavior holds for rats then it could be predicted that 

when a difference in spatial ability is found (e.g., between 

males and females) the morphological difference would be 

found as well. Previous work by Warren, Wilson, and Nadel 

(1990) has demonstrated a sex difference in spatial ability 

on the water task, which suggested that we may find, in Long 
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Evans hooded rats, a sex difference in the size of the iip

MF. Lipps et al (1992), however examined this and found no 

sex difference in this region, in either the Long Evan~ rats 

or the various mice strains (Schopke, Wolfer, Liff and 

Leisinger-Trigona, 1991). 

Lastly, evidence suggests that the morphology of the 

female hippocampal formation fluctuates as a function of the 

estrous cycle. Woolley and McEwen (1992) reported that in 

the CAl region in the adult female, the number of synapses 

decreases 32% from the proestrous to the estrous stages of 

the estrous cycle. The density of these synapses grows 

slowly back up to the high proestrous point across the next 

few days. 

In conclusion, there is evidence that in certain 

strains of rats and mice there are sex differences in 

various regions of the hippocampus. There are 

contradictions as to the source of the difference, e.g., 

whether it is a difference in the number or size of the 

cells. Hormones appear to have both organizational and 

activational effects on this region, however it is unclear 

to what extent these changes effect behavior. 

The Estrous Cycle 

For years scientists have avoided using female subjects 

in both human and animal research, primarily because it was 

believed that the estrous or menstrual cycle introduced 
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unwanted, and uninteresting, variation into experiments. 

Basically, the hormonal cycle was treated as a nuisance to 

be factored out whenever possible; female animals were 

ovariectomized and only postmenopausal women, either natural 

or surgical, were sought for studies. There were a brave 

few who persisted in the use of normal female subjects and 

who actually thought that this potential variation was an 

interesting phenomenon to study. Today, this "variation" in 

behavior and cognition as a result of the hormonal cyclicity 

in the adult female is a rapidly growing interest among 

scientists. What follows is a brief description of the 

estrous and menstrual cycles, and a review of what we know 

about their relationship to spatial cognition. 

Hormonal Cycles 

The rat (Rattus norvegicus) estrous cycle is, on the 

average, between 4 and 5 days long. The female is not a 

seasonal breeder, but rather cycles all year long (Whitten 

and Champlin, 1978). The cycle can be divided into 5 

stages: estrous, diestrous I, diestrous II, proestrous, 

proestrousjestrous. Vaginal estrous is approximately 36 

hours long, diestrous is around 48 hours, and proestrous is 

only around 12 hours. Blood hormone levels change quite 

dramatically across this cycle. Of interest here are the 

estrogens and progestins. Estradiol, a prominent estrogen, 

peaks during pro estrous and returns to baseline levels 
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within 12 hours or so. Progesterone, however, remains at a 

relatively constant level until the end of diestrous II, at 

which time it decreases dramatically for approximately 24 

hours, followed by an increase back to baseline levels. 

Behavioral receptivity, also known as behavioral estrous, 

(females demonstrating lordosis following the male mount) 

begins at proestrous and ends with estrous (Feder, 1981). 

Although plasma estrogens reach their peak at proestrous, 

and taper during estrous, the behavioral effects are thought 

to last through proestrous and estrous (Birke, 1979; Feder, 

1981) . 

The menstrual cycle in the human is, on average, 28 

days in length. Day 1 through 14 is considered the 

follicular phase. In a normal 28 day cycle, with day 1 the 

first day of menstruation, increases in estrogen begin 

around day 10 and peak around day 14, the day of ovulation. 

The period following ovulation is referred to as the luteal 

phase and is characterized by a rapid increase in 

progesterone and a high level, but lower than ovulatory 

levels, of estrogen. These levels remain high until around 

day 28, at which point they drop rapidly, signalling the 

onset of menstruation. 

These hormonal variations, not surprisingly, impact 

reproductive behavior, however they also influence non

reproductive behavior. Exploratory behaviors and activity 
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both seem to be impacted by these cycles (see Exploration 

section). In animals, it is not yet clear what effect these 

changes have on spatial learning. In humans there is very 

intriguing evidence which suggests that there are important 

behavioral effects which coincide with the menstrual cycle. 

Studies of cognitive performance across the menstrual 

cycle have reported findings that are inconsistent. Gordon, 

Corbin and Lee (1986) found no fluctuations in cognitive 

performance on a battery of verbal and small scale spatial 

tasks across the menstrual cycle. Others have reported 

significant correlations between estradiol, progesterone and 

testosterone levels and performance on subtests of the 

Wechsler memory scale (logical memory paragraphs, visual 

reproduction, paired associates learning and digit span; 

Phillips and Sherwin, 1992), found improved performance on 

the Stroop during the follicular phase relative to 

performance during the late luteal phase of the menstrual 

cycle (Keenan, Stern, Janowsky and Pedersen, 1992), and 

reported that performance across the menstrual cycle 

improves and declines depending on the phase of the cycle 

and the type of task being completed (Hampson, 1990). 

Hampson reported that during the late follicular phase (high 

estrogen but low progesterone) female performance was 

enhanced on several tests of artiCUlation and manual 

speed/coordination. During menses, low estrogen and 
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progesterone, spatial performance was better than during the 

follicular phase. As with the animal literature, however, 

there have been no experiments which addressed performance 

in a large scale spatial task across the menstrual cycle. 

If Hampson's claims can be generalized to all spatial tasks, 

then one would anticipate better performance on a cognitive 

mapping task when the estrogen and progesterone levels were 

low, and poorer performance when they are high. 

Exploratory Behavior and eM 

It is believed that in order to form a cognitive map of 

the environment one must first explore the environment. 

When groups are found to perform differently on tasks which 

require the use of a cognitive map, such as with males and 

females, it is unclear whether the difference stems from a 

difference in how they formed the map, or how accurately 

they formed the map, or whether they differ in their use of 

the map. If the difference is because they differ in how 

they formed the map it may be possible to see this 

difference if we examine them while they form a map. 

Assessment of exploratory behavior is just one method used 

to do examine this possibility. A variety of behaviors are 

involved in the exploration of the environment. In the 

field of exploration there is controversy over what types of 

behavior truly represent exploration and which behaviors 

represent emotionality, activity or escape behavior. In 
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addition, there is controversy over how best to test and 

measure these behaviors. Most of the early work on this 

topic used measures and apparatus that are considered 

inappropriate by some today, however. So, conclusions drawn 

based on those findings may be inaccurate according to the 

way we think about exploration today. Because of the 

controversies over the measures in this field it is 

important to discuss what behaviors are meant to reflect 

exploration and why, before addressing issues related to how 

males and females explore the environment. 

It has been suggested that curiosity is the driving 

force behind exploratory behavior (Montgomery, 1955), and 

that animals explore as a means of gathering information 

about their environment (O'Keefe & Nadel, 1978; Renner, 

1990). This knowledge allows them to build cognitive maps 

of their environments which involve "representations that 

are long lasting." (Poucet, Chapuis, Durup & Thinus-Blanc, 

1986). There is no single standardized definition of 

exploration, though. As Renner (1990) points out, "In most 

cases ... the reader can only infer the author's definition 

of exploration from the dependent variable employed." 

Historically, exploration was measured in an open field 

apparatus, and the primary quantification was the amount of 

locomotor activity in a given time frame, usually in the 

first 5 minutes of being placed in the open field. This 
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technique was also used to measure the construct of 

emotionality. The validity of this measure as representative 

for both, or either, of these constructs has been 

controversial for some time (for example see Renner, 1990; 

Walsh & cummins, 1976; Royce, 1977; Walsh & Cummins, 1978). 

There is a strong argument in favor of the idea that 

locomotor activity is actually a very poor measure of 

exploratory behavior and there is evidence that it can be 

dissociated from other measures of exploration which are 

thought to be more valid, such as object interaction 

(Renner, 1990). As Renner (1990) points out, one of the 

reasons that this behavioral technique was so widely used 

was because of the ease of measurement, not because of its 

construct validity; quite a poor reason for choosing a 

behavioral measure. He also indicates that exploration is a 

much more involved behavior than just movement throughout 

the field; at the very least it incorporates investigation 

of objects in the field, as well. To have a valid measure 

of exploratory behavior one must include objects in the open 

field and must, at minimum, measure the interactions with 

these objects. 

In his argument against locomotor activity as a measure 

of exploration, Renner suggests that there is good evidence 

that the locomotor activity seen in the "coerced," as he 
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refers to it, open field reflects escape behavior on the 

part of the animal, rather than exploration. He cites 

Welker (1957) as evidence for this. Welker (1957) gave rats 

two different open field environments, one in which no 

escape from the field was possible, and one in which a 

small, unlit black box was available for escaping the open 

field. The animals were placed in the open-field for 5 

minutes. Subjects were more active in the forced (coerced) 

exploration condition and their activity decreased the 

longer they were in the field. This did not occur in the 

"free-choice" group. There was an overall greater amount of 

activity in the forced choice group, and even after repeated 

exposures to the open-field there was an increase in 

activity at the start of a forced trial that was not 

apparent in the free-choice. Less time was spent in the 

field in the free-choice trials, and when there was an 

object present in the field there was greater contact with 

it on the forced trials. During the first minute a greater 

number of objects were contacted in the "forced" trials than 

the free, however in the last minute there were a greater 

number of contacts in the free trial, and contacts in the 

free trials increased from the first to the last minute, 

however there was no change from the first to last minutes 

in the forced trials. Although this evidence is compelling, 

the fact that the experimenter stood next to the apparatus, 
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so as to view the behavior from above, may confound the 

conclusion that there is a difference between these two 

settings. Suarez and Gallup (1982) suggested that the 

removal of the animal from his/her cage and conspecifics, 

and the placement of that animal in the open field, 

constitutes a discourse between the experimenter and animal 

which may be interpreted by the animal as predatory. They 

claim that the behavior in the open field, when the 

experimenter is in the room, can be construed as an 

interaction between attempts to re-establish social contacts 

and attempts to escape further predation (from the 

experimenter). Removal of the experimenter from the room 

during the open-field task is a simple method which can 

reduce this predatory confound. So, the behaviors observed 

in the Welker study may in fact be a reflection of rat 

behavior in the presence of a predator. Given that the rats 

spent a great deal of time in the box during the free-choice 

trials, one is tempted to wonder about the extent to which 

fear of the experimenter (in conjunction with a preference 

for small dark areas over large well lit areas), rather than 

the open-field, played a role in these locomotor 

differences. Glickman and Hartz (1964) were able to 

replicate a portion of the Welker (1957) finding with albino 

rats and guinea pigs, only. This finding did not generalize 

to other rodents, such as the chinchilla, gerbil, spiny 
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mouse, hamster or albino mouse. They did show that the 

guinea pig and rat demonstrated a decrease in locomotor 

activity from the forced to the free trials, however, in 

contrast to the Welker finding, they demonstrated a similar 

pattern of locomotor habituation (decrease in locomotor 

behavior) in both the free and forced conditions. It is 

important to note that the conditions were not exactly the 

same as the other study. The "escape" box was painted 

white, had no solid roof, and was illuminated to the same 

extent as the open field. They failed to mention the 

location of the experimenter during the trials. The other 

behaviors assessed were not able to distinguish the free 

from the forced conditions. These behaviors included 

rearing, grooming, sniffing objects, biting objects, 

freezing, scratching field, gnawing field, defecation, 

urination,rolling, shaking head, and jumping. 

Another important variable in the forced open field 

setting is time. Examination of the animal's behavior, 

whether locomotor or object investigation, immediately upon 

entering the open field is probably unwise. It could be 

hypothesized that this is the point at which the maximum 

amount of fear or escape behavior is most likely to occur. 

Several studies have reported that the first minute in the 

open field has the highest level of locomotion, possibly a 

reflection of escape behavior or fear (Kieriensky, .. 1977; 
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Thor, Harrison, Schneider & Carr, 1988; Welker, 1957; 

Hughes, 1968). One possible way to avoid the confound of 

initial fear behavior is to allow some time for habituation 

to the environment. The amount of time necessary is 

unclear, however. There have been reports of changes 

between the 1st and 5th minutes in the open field, however 

that length of time seems rather short (Kieriensky, et aI, 

(1977) . Additionally, there is evidence that habituation 

to the environment includes a reduced level of locomotion 

and object interaction (for example, Glickman & Hartz, 1964; 

Poucet, Chapuis, Durup & Thinus-Blanc, 1986), so comparisons 

between short and long durations in the field may be of 

concern. Multiple exposures to the field would be 

suggested, as well, given the finding by Whimbey and 

Denenberg (1967), that the day one measures did not load 

onto the same factors as the following days' behaviors. It 

is plausible that the initial behaviors observed in the 

open-field are more confounded by fear and/or escape 

behavior than the latter behaviors. This has yet to be 

investigated empirically. 

There are several aspects of the apparatus and testing 

procedure that are not controlled across experimental labs, 

and like with all behavioral tasks, these types of 

discrepancies make for difficulties in generalization. Some 

of the variables include the size, shape and appearance 
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(e.g., color) of the open-field, the presence, number, type 

(manipulatable vs. non-manipulatable) and spatial 

arrangement of the objects in the field, the location of the 

experimenter, time during the light cycle when tested, 

lighting of the room, and presence of other environmental 

stimuli, such as objects on the walls of the room. These 

factors are very important to consider in the open-field 

exploration task (Renner, Bennett & White, 1992; Renner & 

Seltzer, 1991; Suarez & Gallup, 1982). The qualities which 

stand out as the most likely to effect behavior are the 

location of the experimenter, as previously discussed, and 

the size and lighting of the apparatus. A large well 

illuminated open field will produce different results than a 

smaller, dimmer open field. Obviously, the brighter of the 

two will invoke greater escape behavior and a longer 

habituation to the environment than the dimmer. As Renner 

(1990) points out, we must make a greater effort to 

standardize these measures if we hope to advance our 

understanding of the nature of exploratory behavior. 

In summary, there is evidence that locomotor activity 

alone is not a good measure of emotionality or exploration 

in the open-field apparatus. Although some would claim that 

locomotor activity, even in conjunction with other measures, 

is never a good behavioral assessment of exploration or 

emotionality, I hesitate to take that view until a much 
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clearer demonstration exists. There are difficulties in 

distinguishing between whether locomotion reflects 

emotionality (or fear), or an indirect measure of 

exploratory activity (Maier, Vandenhoff and Crowne, 1988). 

Obviously it is influenced by the affective state of the 

animal, however if that can be factored out, then it may 

demonstrate some predictive qualities with respect to 

exploration. Unfortunately, a vast number of experiments 

using the open-field technique have failed to take the 

various measurement issues, such as the placement of the 

investigator, into consideration. This strongly suggests 

that previous studies of exploratory behavior which used 

solely locomotion as a measure of exploration and who failed 

to place the investigator in a separate room, must be 

interpreted rather cautiously. 

Behavior in the Open Field 

The following section is a presentation of what is 

known about how animals behave in the open-field, the things 

that influence their behavior, and the current evidence for 

sex differences in this behavior. 

As mentioned previously, O'Keefe and Nadel (1978) refer 

to exploratory behavior as species specific. Glickman and 

Hartz (1964) were able to demonstrate that there are 

differences in open field behavior between various rodent 

species. Barnett (1958) also points out that wild rats and 
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tame rats have different responses to the traditional 

laboratory apparatus and testing situations. Wild rats will 

avoid a novel object placed in a familiar environment, or an 

object that was displaced in the environment, even when the 

consequences are a day or more without food or water. Lab 

rats do not avoid such situations, and in fact, would 

readily investigate the novel object. The feeding behavior 

of laboratory rats is not affected by the presence of a 

novel object, whereas this behavior in the wild rat would be 

significantly affected. wild and tame rats, however, engage 

in the same type of investigatory behavior when placed in a 

novel cage. So, in our attempts to understand exploratory 

behavior, it should be kept in mind that these particular 

behaviors are species specific and possibly even specific 

only to the laboratory rat. Results from non-rodent studies 

shall, therefore, not be included in this presentation. 

As previously stated, one of the proposed "reasons" for 

exploratory behavior is to gather information about the 

environment. As Barnett (1958) pointed out, animals who 

have had previous opportunities to explore an environment 

respond quite differently to the introduction of a predator 

in that environment than those who are experiencing the 

environment for the first time. Those with previous 

experience emit escape behavior and run to a safe place. 

Those with no previous experience jump straight in the air, 
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shriek, and appear to run randomly around the field, not 

taking cover in the various "safe" places provided. This 

anecdotal evidence provides support for the hypothesis that 

animals are in fact forming a cognitive map of the 

environment during exploratory behavior, which is seemingly 

non-goal oriented. O'Keefe and Nadel (1978) proposed that 

this is how a cognitive map is formed. If this is, in fact, 

the case, then introducing novelty into the previously 

experienced open field apparatus should elicit a change in 

behavior consistent with their "mismatch" hypothesis, i.e., 

an increase in "exploration" of this change. Renner and 

Seltzer (1991) examined the behavior male Long Evans hooded 

rats in the uncoerced open field for 7 nights, 10 minutes 

each night. The field had one manipulable and one non

manipulable object in it which remained in their respective 

places on the first four days of testing. On the 5th and 6th 

days, two new objects were placed in the arena. These 

objects were then removed for the 7th day. Measures 

included locomotor activity, interactions with the objects, 

and time spent in the arena vs. the home cage. As with 

other reports (Whimbey and Denenberg, 1967), there was a 

difference between the activities on day 1 and those of 

later days. This is further support for multiple day 

measures. In addition, there was evidence that the animals 

had formed a cognitive map of the arena and the spatial 
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arrangement of the objects. This was evident in the 

increased amount of time spent interacting with the new 

objects on days 5 and 6, and the increased amount of time 

spent in the region where the objects had been located, 

after they were removed (day 7). Although the increase in 

object interaction following the introduction of the two 

items on day 5 and 6 may be interpreted solely on the basis 

of novelty detection (ie, the animals only detected the 

novel objects and this was not a detection of a change in 

the spatial arrangement of the cognitive map), the behavior 

following the removal of the objects cannot be interpreted 

as such. These animals were able to not only detect a 

change in the environment, but also localize the exact 

location of the change (the place from where the objects 

were removed). Recall that the tasks are not goal -

oriented in the sense that there is a particular end goal 

(such as in a radial arm maze task); the animal is free to 

do whatever it chooses for a select number of minutes. This 

evidence suggests that the rat explores the environment and 

generates a cognitive map. This is consistent with the 

findings of Poucet, Chapuis, Durup and Thinus-Blanc (1986) 

and Poucet (1989) which demonstrated that when an object in 

the open field is displaced there is renewed interest in the 

object in its new location, while the interaction with the 

stationery objects does not change. Their experiments were 
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carried out in the "coerced" open field. Note that their 

findings were in agreement with those in the uncoerced open 

field, which suggests that the "coercive" nature of this 

paradigm does not invalidate the results. Lastly, in 

agreement with the other findings, wilz and Bolton (1971) 

found that gerbils also demonstrated an increase in object 

investigation when placed in a familiar environment in which 

the objects had been rearranged. 

As stated before, there is some indication that the 

coerced open field may elicit an escape behavior on the part 

of the rat. If this is the case, then animal behavior in 

the uncoerced open field may appear quite different from 

that in the coerced. It appears, however, as though the 

ability to form a cognitive map is not changed by the 

different approaches (coerced vs choice). 

Although the ability to form a cognitive map may not 

differ between the coerced and uncoerced open fields, the 

pattern of activity, in particular object interaction, does 

seem to be effected. Renner and Seltzer (1991) reported 

that across the first four days in an uncoerced arena, 

subjects increased the amount of time they spent interacting 

with the objects, the amount of time spent sniffing the 

arena, and the number of propping and rearing toward the 

arena wall. They decreased the amount of time spent in the 

home cage and their latency to enter the arena. Across 
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these first four days, there was no change in the duration 

of each visit to the arena, the number of line crossings or 

zone changes, or the amount of grooming. Interestingly, 

there was no change in the amount of time spent with the 

manipulable object, but an increase in the amount of time 

spent with the non-manipulable object. Subjects were also 

significantly more likely to interact with the non

manipulable object than the manipulable one, and there was a 

significant increase in the number of interactions with the 

non-manipulable object and no change in the number of 

interactions with the non-manipulable one. The length of the 

bouts of interactions followed this same pattern. contrary 

to these findings, Rosellini and Widman (1989), as well as 

Poucet (1989) reported that normal male rats decreased the 

amount of time spent with field objects when given multiple 

days of exposure in the coerced open field. Poucet (1989) 

found that this habituation was apparent whether the period 

in the field was only 3 minutes or as high as 15 minutes. 

Renner (1987), using males who had experienced an enriched 

or impoverished environment from postnatal day 90-120, 

reported no change in amount of object interaction or 

locomotion over the course of two days in the coerced open

field for both groups. He did report that those from the 

enriched group (EC) spent more time with the objects and had 

more bouts with the objects than the impoverished group 
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(IC). When interacting with the objects, those in the EC 

group exhibited a greater variety of interactive behaviors 

than the IC group. Both groups "investigated" the non

manipulable objects more than the manipulable. Measures 

such as time spent frozen and number of boluses, which are 

traditionally considered to reflect stress or fear, did not 

distinguish between the groups. Renner had previously 

reported similar results on younger animals (Renner and 

Rosenzwig, 1986). 

Biological Sex and Exploration 

As mentioned above, exploratory behavior has 

historically been measured by quantifying the rats' 

locomotion through the open field. This research was 

primarily carried out on male rats, so, basically, our 

concept of exploration was shaped by studies of male rat 

locomotor behavior. The introduction of additional 

exploratory measures, such as object investigation, have 

expanded our understanding of exploration, as demonstrated 

above. This has also been the case with the addition of 

studies which include females, and which make sex an 

independent variable. Here, I shall present a review of 

those studies which examined sex differences in locomotor 

behavior, as well as those which examined additional 

measures of exploration. I feel it is important to state 

that while some investigators seem to be on a trend to 
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oppose locomotor measures as a reflection of exploration, I 

have not yet ruled out the possible role of it as an 

indirect measure of this construct. 

Female rats are traditionally reported to be more 

active (i.e., they move around more) than males in the open 

field (Williams & Russell, 1972). While this has been 

interpreted, by some, as indicating that females are more 

"emotional," this measure is also believed to be a 

reflection of exploratory behavior. There is more evidence 

to support the notion that locomotion reflects exploratory 

behavior, so here it will be treated as such. 

Williams and Russell (1972) examined locomotor 

behavior, the number of entries to the center of the arena 

(where there was an object) and the number of boluses 

deposited over 10 days of open field behavior (3 minutes per 

day). The males ambulated and defecated significantly less 

than females, and made fewer entries into the center of the 

field. They also found a negative relationship between the 

amount of boluses and the amount of locomotion (increased 

defecation and decreased ambulation). Valle and BoIs (1976) 

examined this difference in locomotion from a developmental 

perspective and found that at 30 days of age there was no 

sex difference in locomotion, but a significant decrease, 

for both sexes, in locomotion over three days of testing. 

There was no difference in number of rears, either. At 120 
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days females had a significantly higher rate of locomotion 

than males, and a higher rate of rearing, regardless of 

whether they had prior open field experience. In addition, 

they examined the presence of thigmotaxic behavior and found 

that at 30 days of age males and females were just as likely 

to leave the edge of the arena, however at 120 days of age 

the females were significantly more likely to leave the edge 

of the arena than males. This was apparent for animals 

regardless of whether or not they had experienced the open 

field before. In contradiction, Kierniesky, sick and 

Kruppenbacher (1977) reported a significantly higher rate of 

locomotion among 21 and 91 day old females, however the 

bolus measure was consistent (with the Valle and BoIs). 

After examining a separate group of rats, ages 48 - 108 days 

of age, he again found that females had a higher ambulation 

rate than males, and reported that the younger animals 

consistently increased the amount of locomotion across the 6 

days of testing. This was the result of a significant rise 

in locomotion during the first minute of testing on each 

session. Kierniesky gave his subjects 9 days of testing 

compared to Valle and BoIs' 3 days, but it is unclear 

whether this played an important role in the discrepant 

findings. Seliger (1977) reported that females exhibited a 

significantly higher rate of locomotion than males, and 

there was a significant interaction with the brightness of 
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the arena: females ambulated more in a white than a black 

arena, whereas males showed no difference between the two 

fields. All subjects showed a decrease in ambulation across 

trials. Examining various age groups, 150 day old males had 

significantly lower ambulation rates than 50 day olds, and 

also significantly lower than all female age groups (50 

days, 100 days, and 150). There was no sex difference in 

ambulation at 50 days of age. There was no sex difference 

in defecation rates, and a significant negative correlation 

(for all but age 50 days) between ambulation and bolus 

excretion. Hughes (1968) reported that females engaged in 

significantly more "exploratory" types of behaviors (e.g., 

sniffing) in the novel half of an open field arena, whereas 

males did not show a difference between the two sides of the 

arena. There was no difference between the time spent in the 

novel and familiar side, for either sex. While in the novel 

side, males engaged in significantly more grooming activity 

and eating and drinking activity than females, whereas 

females engaged in a higher proportion of exploratory to 

non-exploratory behaviors than males. Examination of their 

behavior over the course of the 15 minutes in the arena 

indicated that males and females had a different temporal 

pattern of behavior. Males entered the novel arena 

significantly more often, and engaged in more exploratory 

behavior in the 1st 5 minutes than the second and third, 
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however there was no difference across time for the females. 

Freezing behavior patterns differed, as well. Females 

showed a maximum amount of freezing during the first 5 

minutes and a decline from there on, whereas males had a 

high rate of freezing during the first and third 5 minute 

periods, with a lull during the middle 5 minute period. 

Both sexes increased the amount of grooming and 

eating/drinking behavior as the time periods progressed. 

Renner, Bennett and White (1992) examined behavior in 

the uncoerced open field in males and females, ages 21, 51 

and 81 days. Half of the animals received an enriched 

environment for 7 days and half were housed in same sex 

pairs. All received 10 minutes in the open field, two 

nights in a row. Results indicated that there were no sex 

differences on any latency measures (latency to enter arena) 

or locomotion. Females spent more time propping on the 

arena walls and spent more time with the manipulable objects 

than the males. There were no differences in the number of 

bouts with the objects, the number of bouts initiated with 

the manipulable or non-manipulable, no differences in 

grooming, immobility, sniffing arena, rearing, nose poke 

into open field, entry to arena, time in arena, number of 

visits to the arena, mean visit length, or the number of 

zone changes. There was no difference in the number of 

behaviors exhibited during the interactions with the 
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basically, the only thing that was different between the 

sexes was the interaction with the manipulable objects. 

Poucet, et al (1986) did not find a sex difference in the 

response to a displaced object in a familiar open field, 

indicating no sex difference in their cognitive maps. 
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All of the studies reported so far that have had object 

investigation have included what may be considered neutral 

objects. Thor, Harrison, Schneider and Carr (1988) examined 

male and female responses to the introduction of a social 

stimulus, a 25-30 day old male rat pup. They found that 

males engaged in significantly more self grooming in the 

presence of the pup, and spent more time inspecting the pup 

than the females. Females, however, had a significantly 

higher rate of locomotor activity than the males, in the 

presence of the pup. There were no differences in the 

latency to investigate the pup, or in the number of 

investigation bouts, although, the pups did approach the 

females more frequently than they did the males. A second 

experiment utilizing the same measures, but substituting an 

ashtray for the pup, found that there were no sex 

differences on any of the measures. It is important to note 

that these objects were introduced into the rat's home cage, 

so they are not exactly comparable to the novel open field 

tasks. 
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These studies do not present sufficient evidence to 

make a claim either way about the presence or absence of a 

sex difference in exploratory behavior. There are a few 

possible sources from which the discrepancies have risen, 

(1) the earlier studies not only measured solely locomotor 

activity, but they also used a coerced open field. Some of 

the more recent and discrepant findings used an uncoerced 

open field, (2) the presence of the experimenter was not 

addressed in the earlier works, so it may be that the 

increased locomotor behavior was actually a sex difference 

in how the animals respond to the presence of a predator, 

and (3) the estrous cycle of the females was never measured, 

so it is unclear whether the discrepancy in findings is the 

result of different measures (locomotion vs. object 

investigation), levels of coercion (coerced vs. uncoerced), 

or different phases of the estrous cycle. 

Exploration and the Estrous cycle 

The results from the developmental studies suggest that 

the estrous cycle, or at least puberty, may play an 

important role in female exploratory behavior. In fact, 

there is compelling evidence that the estrous cycle does 

influence female behavior in the open field, as well as on 

other measures. Martin and Battig (1980) examined 

exploratory behavior in a Dashiell maze (not an open field) 

across the estrous cycle and found that total activity 
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(total distance travelled), speed at which the animal moved 

around, and frequency to enter the maze center were 

significantly higher during estrous than the two days prior 

and the two days following. There were no changes in the 

total area explored or the amount of repetition through 

previously traversed areas, across the cycle. There was a 

decrease in female body weight during estrous. Birke and 

Archer (1975) also reported a fluctuation in behavior across 

the estrous cycle, with an increase in ambulation, rearing, 

walking and sniffing and stationary sniffing during estrous. 

There was also a decrease in defecation during estrous. 

Response to a loud noise did not differ across the estrous 

cycle, supporting previous suggestions that the changes seen 

across the estrous cycle are not a reflection of increased 

emotionality during estrous. Wilson, Day and Behrends 

(1985) reported the same increase in activity the day before 

and the day of estrous in two species of kangaroo rat 

(Dipodomys microps and Dipodomys merriami). In an open 

field task, the females made more trips to the center of the 

open field during estrous, however the exact meaning of this 

is unknown because the investigator had placed food in the 

center of the open field. Examination of these species in 

their natural habitat indicates that during estrous there is 

an increase in movement through the territory, and the range 

of territory through which they traverse increases as much 
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as three times during this phase (Behrends, Daly and Wilson, 

1985). It has been reported that females increase the 

amount of territory marking during estrous, which may 

explain this change (Birke, 1978). These studies have 

reported primarily locomotor activity, but Birke (1979) 

reported results of investigatory activity across the 

estrous cycle. In both guinea pigs and rats, the total time 

spent investigating objects was significantly greater during 

estrous than diestrous, and there were more long bouts (vs. 

short bouts) of interaction during this phase. She was able 

to replicate this finding, in rats, by ovariectomizing the 

animals at 150 days of age and then providing them with 

estradiol and progesterone supplements. object 

investigation time following the hormone injection was 

significantly increased, just as seen during estrous. 

During control times (low hormone levels) behavior reflected 

that seen during diestrous. Previous work demonstrated that 

estradiol alone or progesterone alone will not elicit this 

change in behavior which reflects estrous. 

In conclusion, in appears as though there are sex 

differences in certain aspects of exploratory behavior. It 

is unclear, however, why these differences are there. 

Because of the variability between studies, in terms of 

apparatus and procedure, it is difficult to speculate about 

where the difference originates. A couple of things are 
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clear. First, the presence of the experimenter and the 

coercive/uncoercive nature of the task must be controlled to 

determine the impact these have on the sex difference. The 

differences seen in previous experiments may only be a 

reflection of a difference in how males and females respond 

to a fearful environment. It may have little to do with 

what we want to consider exploration. Secondly, the estrous 

cycle plays a critical role in predicting what we have 

considered exploratory behavior. There appear to be rather 

distinct behavioral changes across the cycle. It is 

unclear, however, whether the females are actually exploring 

during this "high exploration period" (i.e., estrous), or 

whether they are marking the area. Because of this dramatic 

behavioral change with the estrous cycle, it is difficult to 

know how to interpret all of the previous reports of sex 

differences which failed to incorporate this measure. So, 

because the studies that have examined sex differences in 

exploration have generally failed to address the role of the 

estrous cycle, I hesitate to draw any conclusions regarding 

sex differences in exploratory behavior: There are just too 

many variables unaccounted for at this point. 

SUMMARY OF EXPERIMENTS AND HYPOTHESES 

As I have shown so far, there is evidence that sex 

plays an important role in predicting performance on some 

exploratory and cognitive mapping tasks. Males and females 
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perform differently on these tasks, however, the source of 

the difference has not been established. The estrous cycle 

has been shown to significantly impact exploratory behavior, 

however, we do not know its role in cognitive mapping. 

Performance on certain language and small scale spatial 

tasks is affected by the human menstrual cycle. As I 

pointed out earlier, performance on small scale tasks does 

not necessarily generalize to cognitive mapping tasks, so we 

cannot assume that the menstrual cycle will have the same 

impact on eM. 

It has been suggested that the sex difference on 

cognitive mapping tasks reflects one of cognition. There is 

evidence, however, that males and females have different 

ways, or strategies, of approaching the same spatial task 

and this may contribute to the sex difference in 

performance. So, the discovery of a sex difference on a 

cognitive task must be interpreted with caution, for it may 

not necessarily be the result of a difference in "ability." 

The conclusion that such a sex difference reflects solely a 

distinction in the underlying cognitive process is remiss 

without also examining alternative influential factors, such 

as strategy. Whenever one treats sex as an independent 

variable it must be remembered that it is not a true 

independent variable, and with variations in sex come 

variations in many, often seemingly unrelated, systems which 
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can and do influence behavior. It is unlike all other 

independent variables in that all things cannot be held 

constant and this one aspect manipulated. Unlike true 

independent variables, sex cannot be manipulated or 

assigned, so it must not be treated as such. In this 

dissertation careful attention was paid to this caution, and 

efforts were made to address both the cognitive and non

cognitive bases of the behavioral differences. 

There were several goals of this dissertation: (1) to 

replicate a previously reported sex difference on a place 

learning task, (2) to compare two competing hypotheses 

regarding the source of this disparity, (3) to determine 

whether males and females use different strategies to solve 

the task, and whether their behavior patterns would reflect 

these different strategies, (4) to examine the impact of the 

estrous cycle on this place learning task, as well as on an 

exploration task, and (5) to examine whether activities, 

such as exploration, could predict performance, for both 

males and females, on a hippocampal task. 

To begin, groups of males and females were tested on a 

place learning task in which the extra-maze cues and room 

geometry were manipulated. As previously mentioned, 

Williams, et al (1990) claim that male/female differences on 

a spatial working memory task reflected a difference in how 

they attempt to solve the task. Males use the shape of the 
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room (the geometry) to guide them, whereas females use the 

geometry in addition to the spatial configuration of the 

extra-maze cues. Previous work in this laboratory suggested 

that the position of the extra-maze cues, relative to the 

navigational environment, were also a critical influence 

(Warren, et aI, 1991). This finding lead us to hypothesize 

that under certain cue conditions (proximal) there are non

place strategies that are effective for solving the task, 

whereas these strategies are not effective under the other 

cue conditions (distal). The first phase of the experiment, 

here, was designed to contrast the Williams, et al (1990) 

finding with those from this laboratory. It was 

hypothesized that the critical feature to distinguish 

between male and female performance is the distance of the 

cues from the navigational arena. Regardless of the shape 

of the room there should be no sex difference if the extra

maze cues are "proximal," however if the cues are distal, 

males will outperform females. This difference should be 

evident in a variety of water maze measures (e.g., latency, 

path length). 

The second phase of the experiment was designed to 

examine several possible contributors to this sex 

difference. The first explanation examined was the 

possibility that males and females had different learning 

curves. It was hypothesized that if males and females 
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learned at different rates then additional experience on the 

task would demonstrate that females eventually perform at 

the same rate as males, and hence the initial performance 

difference does not reflect a difference in overall 

cognitive ability (i.e., females are poor at spatial tasks 

requiring place learning/memory), but rather a difference in 

the rate or speed at which the rats learn the task. 

The above hypothesis was working under the assumption 

that males and females use a place strategy (ie., 

hippocampal) to find the platform in both the proximal and 

distal tasks. As just mentioned, it is possible that males 

and females have different strategies that they use to solve 

these particular tasks. For the next phase of the study, it 

was hypothesized that the performance discrepancy seen on 

the distal version of the water maze task was a reflection 

of a difference in how the animal approached the task, not 

in ability. Females were hypothesized to preferentially use 

a cue strategy to solve the water maze task (both proximal 

and distal conditions), while males were believed to use a 

place strategy. When in the proximal cue condition, the cue 

strategy was efficient enough that there would be no 

performance differences between the sexes. In the distal 

condition, however, this strategy was not as effective as a 

place strategy, so those females using a cue strategy do not 

appear to solve the task as rapidly as the males, and hence 
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would be said to perform more poorly. To examine whether 

the performance was in fact the reflection of different 

strategies, two approaches were taken. First, patterns of 

behavior in the water tank task were constructed which would 

reflect one of three proposed strategies, (1) a place 

strategy, (2) a cue strategy, and (3) an annulus strategy. 

If a subject were to use a place strategy then the pattern 

of behavior would be such that there would be a higher 

percentage of time spent in the immediate platform location 

than would be expected by chance. This strategy reflects 

the rat's ability to define the location of the submerged 

platform by learning the spatial arrangement of the extra

maze cues. The animal defines this place with the help of 

distance and angle measures taken from the arrangement of 

these cues. According to O'Keefe and Nadel (1978) this is 

the most efficient and flexible way to solve this spatial 

navigation task. If the subject were to use a cue strategy 

then the behavior pattern would be such that the animal 

would spend time in the correct general location of the 

platform, but have difficulty localizing its specific 

location. Therefore, a higher than chance percentage of 

time would be spent in the quadrant where the platform is 

located, however no greater amount of time would be spent in 

the immediate platform location. It is hypothesized that an 

animal using this strategy would select one defining feature 
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in the environment (a cue) and make an estimation of the 

platform's distance from that cue. The rat would, however, 

not use angle estimates to also define the platform's place, 

hence it would spend more time searching a greater area for 

the platform. In the proximal cue condition the close 

proximity of the cues to the platform make it easier to 

satisfactorily use this strategy because the amount of tank 

area which fulfills the correct distance criteria is much 

lower than in the distal cue condition. 

If the subject were to use an annulus strategy, then a 

greater than expected amount of time would be spent in the 

middle annulus, where the platform is located. Essentially, 

an animal doing this would appear to swim in a circle, 

remaining a set distance from the edge of the tank (see 

Figure 2). This strategy would reflect the use of distance 

estimation. This estimation would be based on the subject's 

distance from the side of the tank, rather than anyone cue, 

or group of cues. 

The animal's swimming behavior in the water tank was 

examined for these patterns to establish each animal's 

"strategy." The questions addressed were (1) could behavior 

patterns be established, (2) does one pattern result in a 

better outcome than the others, and (3) do males and females 

tend to have different strategies on this task, as defined 

by these behavior patterns? 
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The second approach to deal with the role of strategy, 

was based on the theory that the hippocampal formation is 

necessary for place learning, while not necessary for other 

types of learning. specifically, a rat does not need an 

intact hippocampal formation to use a cue strategy or an 

annulus strategy, only a place strategy. Animals received 

surgical interventions to impair proper hippocampal function 

and were subsequently tested in both the proximal and distal 

conditions. It was hypothesized that if females are using a 

cue strategy then their performance in the proximal and 

distal conditions, following damage to the hippocampal 

formation, should not differ from normal females. Males, on 

the other hand, should demonstrate an impairment on both 

proximal and distal tasks, following such damage, because 

they are believed to be using their hippocampus to solve 

these tasks. It is likely that rats may shift their 

strategy to an annulus strategy, following the lesions. 

It is imperative to recognize that this idea of using 

an alternative strategy does not address the females' 

ability to use a place strategy. It leaves open the 

possibility that females are using an alternative strategy 

because they cannot use a place strategy, yet it is entirely 

possible that if they were placed in a situation in which 

they would normally use a place strategy they would do so, 

and no sex difference would appear. If females are, in 



fact, using this alternative strategy by choice, the 

question remains, "why?" If they are capable of using the 

more efficient place strategy, why would they "choose" to 

use the more inferior strategy? 
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As mentioned previously, the female estrous cycle has 

been the center of confusion and frustration for a long 

time. It is also one of the factors which makes us unable 

to treat sex as a true independent variable. In these 

experiments it was measured on each day of behavior. There 

are anatomical changes in the hippocampus, as well as 

behavioral changes (e.g., exploration and territory 

marking), which accompany variations in the estrous cycle. 

These variations may be sufficient to influence performance 

on the various tasks, be it via learning or motivation. 

If the estrous cycle influenced performance by way of 

motivation, then both water maze tasks (proximal and distal) 

would be influenced equally. By motivation, I am referring 

to the fact that during the estrous phase of the cycle the 

females are interested in marking their territory, so when 

placed in the water maze, they may be more influenced by the 

desire to mark the territory than the female in a non

estrous phase. The estrous female may be more interested in 

swimming around the tank, in attempts to mark everything, 

than finding the platform. The non-estrous female, however 

may be more interested in getting out of the tank. This 
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disparity in performance should be evident under both the 

proximal and distal conditions, so in a model that examines 

the role of the estrous cycle and the proximal/distal 

conditions one should see that the estrous cycle can predict 

performance in both conditions. 

If the estrous cycle were to influence the learning of 

both of these tasks, then we would have to assume that (1) 

both the proximal and distal conditions are measuring the 

same underlying mechanisms (place learning) or (2) that the 

estrous cycle effects both (or all) forms of learning in the 

same way. Assuming for a moment that the two tasks are 

measuring the same cognitive process, I would hypothesize 

that performance would be best during the proestrous and 

estrous phases, given the anatomical changes that are seen 

during this time. If, in fact, the two tasks are not 

examining the same cognitive processes the estrous cycle 

could have an influence in two different ways. First, it 

may influence all learning (or both of these forms) in the 

same way, in which case we would predict that, regardless of 

the task, the best performance would be found during the 

proestrous and estrous phases. Secondly, it may only 

influence hippocampal forms of learning. If this is the 

case, and it is also the case that the proximal condition is 

not a hippocampal task, then performance on the distal 

version of the task should be predicted by the phase of the 
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cycle (proestrous and estrous phases having the better 

performance). Performance on the proximal version would not 

be predicted by the cycle. 

After considering both explanations (learning vs. 

motivation), I have hypothesized that the estrous cycle 

would effect performance on the water maze task via 

motivation. Given that I have hypothesized that females do 

not preferentially use a hippocampal strategy in this task, 

the only way for the cycle to influence behavior on both 

tasks is (1) if it influences all learning the same, or (2) 

if it influences the behavior via the motivation of the 

animal. I have chosen the latter because currently there is 

evidence that the hippocampus is effected by the estrous 

cycle. The hippocampus does not handle all forms of 

learning, so not all would necessarily be effected by the 

anatomical fluctuations of the estrous cycle. consequently, 

if I assume that the behavior on the proximal task is not 

hippocampal dependent, the only way for it to be effected by 

the estrous cycle is motivationally. 

The final question examined in these experiments was 

the role of exploratory behavior. As addressed above, 

exploratory behavior is considered to be an important 

component in the formation of a cognitive map. The ability 

to form and use a cognitive map is necessary for place 

performance on the water maze task. It was postulated that 
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because there have been reports of sex differences in 

exploration, and exploration is believed necessary to form a 

cognitive map, that a sex difference in exploration may 

predict the sex difference in place learning on the Morris 

water maze. 

In summary, the questions addressed in this 

dissertation are presented below~ 

1. Is there a sex difference on the place version of the 

Morris water task? 

2. Is the sex difference on this task mediated by the 

distance of the cues from the arena or the shape of the 

room? 

3. Can the sex difference be explained on the basis of 

differential strategy? If so, can the strategies be 

dissociated by the pattern of behavior seen in the water 

maze? 

4. Is the female strategy hippocampal, and does a lesion to 

the hippocampal formation effect female performance on this 

task in the same manner as it does a male? 

5. Does the estrous cycle of the female explain a 

significant amount of the variance in performance on the 

various water maze tasks? 

6. Does the estrous cycle of the female explain a 

significant amount of the variance in performance on an 

exploration task? 



7. Is there a sex difference on an exploratory task, and 

does the behavior on the task predict performance on the 

water maze task for both males and females? 

The hypotheses that were tested in this dissertation 

are presented below: 
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1. It was postulated that males use place learning to 

solve the Morris water task. This means that they use 

the spatial arrangement of the extramaze cues to define 

the location of the target, and no single cue is used 

to signal the target's location. It was also 

postulated that females use cue learning to solve the 

task, rather than place learning. This means that they 

selectively attend to one single cue as a 

representation of the target location. It was 

hypothesized that males would outperform females in the 

distal condition, regardless of the shape of the 

environment, but there would be no difference between 

the sexes in the proximal condition. 

2. It was hypothesized that females with fornix lesions 

.would perform no different from normal females in both 

the proximal and distal conditions, however males with 

fornix lesions would be significantly impaired on both 

proximal and distal versions of the water maze task. 

3. It was postulated that if males and females are 

using different strategies to solve this task, e.g., 
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cue vs. place strategies, then this will be reflected 

in where they spend their time in the tank. In the 

distal conditions males were hypothesized to spend more 

time in the correct immediate zone of the target than 

females, but equivalent percentages of time in the 

correct quadrant as the females. In the proximal 

condition it was hypothesized that there would be no 

difference between the sexes in the amount of time 

spent in either region. It was further hypothesized 

that lesioned males will adopt a thigmotaxis search 

pattern in which they maintain a certain distance from 

the edge of the tank. This pattern would keep them in 

the middle annulus. Therefore, it was hypothesized 

that lesioned males will spend more time in the middle 

annulus than non-lesioned males and females, and more 

time there than lesioned females. Lesioned females 

were hypothesized to perform no different from non

lesioned females, whereas lesioned males were 

hypothesized to perform more poorly than non-lesioned 

males. Performance is judged by where the animal 

spends its time in the tank, and by the four 

performance measures: velocity, average distance from 

the target, path length and latency. 

4. If the first hypothesis was false (males and 

females are using different strategies to solve the 
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task) and in fact males and females use the same 

strategy to solve the task, then the reason behind this 

sex difference still remains to be determined. The 

estrous cycle was believed to be a good candidate which 

may contribute to performance variation. So, if males 

and females are using place learning to solve the task, 

it was hypothesized that females in the high estrogen 

phase of the estrous cycle would perform better on the 

water maze task than those in the low estrogen phases. 

5. In addition, if the first hypothesis was false, 

then it was hypothesized that females in the high 

estrogen phases of the estrous cycle will locomote and 

investigate objects more than those in lower estrogen 

phases. 

6. Exploratory measures of locomotion and object 

investigation were hypothesized to predict water maze 

behavior in all subjects who used a place strategy to 

solve the water maze task. In the case of a subject 

who uses a place strategy, high amounts of exploration 

will predict rapid solution of the water maze task, and 

low amounts of exploration will predit slower/less 

accurate solution of the water maze. Therefore, 

exploratory measures will be good predictors of water 

maze behavior in males and not in females, if males and 

females are using different strategies to solve the 
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task. The female's water maze performance is not 

assumed to depend on the formation of a cognitive map, 

whereas the male's performance is postulated to be 

dependent on the formation of a good map. If females 

are found to use place learning to solve the task, then 

it would be hypothesized that for both males and 

females high amounts of exploratory behaviors predict 

rapid solution of the water maze task. 
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METHODS 

Subjects 

In phase one of the study normal male and female rats 

were used. Subjects were 50 male and 52 female 90-120 day 

old Long Evans Hooded rats. In the second phase of the 

study, 63 additional subjects (32 males and 31 females) were 

given either a sham or fornix lesion. This brought the 

total sample size to 165. 

A subgroup of 52 normal animals were tested for 6 days 

on the water maze task, while the remaining 111 received 

only 2 days on the task. This subgroup of 52 were not 

tested on the exploration task and did not receive measures 

of the estrous cycle, while these measures were taken on the 

others. A breakdown of the number of males and females in 

each group and the number of days tested is provided in 

Appendix A. 

All subjects were housed in same sex pairs or three per 

cage, with ad libitum food and water. The only exception to 

this was following surgery, at which point animals were 

housed individually. All were maintained on a 12 hour 

light/dark cycle with lights on at 2200 hours. Subjects 

were handled 5-10 minutes a day for 2 to 3 days prior to 

testing. On the two days of exploration, subjects were 

given an additional 5 minutes of handling after the 

exploration task. 



Exploration Task 

Apparatus 
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A six foot diameter white fiberglass tank was used for 

this task. The tank had six, 5" (diameter) x 4" (length) 

pieces of pvc pipe attached to the inside bottom of the 

tank. Objects were randomly scattered around the floor of 

the tank. Objects included a red stuffed bear 

(approximately 8 inches tall), a dust pan, a small dust 

brush, a plunger, knee pads, two pieces of plywood attached 

in a V shape, a small squeegee, and a 2 foot high piece of 

pvc pipe placed into one of the attached pieces such that it 

stood as a tower. Covers were placed over all of the 

attached pieces of pvc to prevent rats from crawling inside 

them. 

Procedure 

The objects in the tank were placed randomly around the 

floor. Only seven objects were used on day one. On day 

two, one of the seven objects (except the V-shaped plywood) 

from day one was removed and the remaining object placed in 

the tank, thus making one of the objects novel on day two. 

The spatial arrangement of the objects was changed between 

day one and two, as well. On both days, however, the V

shaped plywood object was placed with the open portion of 

the V facing a wall of the tank (leaving only a couple of 

inches between the tips of the V and the tank). This is 
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where the animal was placed into the tank. This was done to 

provide the rats with a "safe haven" from the open field. 

The spatial rearrangement of the objects was done to elicit 

the maximum amount of exploratory behavior in the animals. 

On both day 1 and 2, around 07:00, all subjects were 

brought to the testing room. Each rat was individually 

placed on the floor of the tank within the "safe haven" 

provided by the V-shaped plywood. The rat spent a total of 

15 minutes in the tank. Only the last 5 minutes of this 

time was video taped and scored. After the 15 minutes had 

passed the experimenter removed the rat from the open field 

and returned it to its home cage. If the rat was female a 

vaginal sample was taken before it was returned to its home 

cage. The next rat was then placed in the open field. Once 

the next rat was placed in the open field, the previous rat 

was again removed from its cage and handled by the 

experimenter for 5 minutes. After all rats had completed 

the task they were returned to the colony room. 

scoring of exploratory behavior was done from the video 

tape of the final 5 minutes of exploration on days 1 and 2. 

A grid was placed on the video monitor so that the rater 

could observe the movement of the rat and count the number 

of lines, on this grid, that it crossed during the 5 

minutes. The tape was re-wound to the beginning of the 5 

minute section and then the number of interactions the rat 
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had with objects was counted. Two raters simultaneously 

scored the rat behavior. A reliability measure of 90% or 

higher was required. If this was not obtained the scorers 

were required to re-score the behavior. This happened only 

one time. For each animal, the rater's scores were averaged 

to come up with one score for number of lines crossed on day 

one, and one score for the number of object interactions on 

day one. This was done for the day two measures as well. 

These were then used in subsequent analyses. 

water Maze Task 

Apparatus 

A six foot diameter, 3 foot deep, white fiberglass 

water tank was used for this task. The tank was filled with 

water, 27 degrees centigrade, to within 3 inches of the top 

of the tank. The water was colored white with a nontoxic 

water soluble paint. A platform made of pvc pipe, covered 

with fine wire mesh, was submerged 3/4 of an inch under the 

water, and was made available for the rats to escape from 

swimming. There were four possible platform locations, one 

in each quadrant of the tank, located one foot from the edge 

of the tank. The platform locations were contiguous with the 

corners in both of the "square curtain" conditions. 

curtained Conditions 

There were five different curtained conditions. In all 

five conditions a white, fire retardant, curtain was hung 



from the ceiling to the floor. The curtain prevented 

visibility of any shadows or lights from outside the area. 

For the proximal circle condition (PC), the curtain 

surrounded the water maze, touching the sides, and was in 

the shape of a circle, the diameter of which was 6 feet. 
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For the proximal square condition (PS), the curtain 

surrounded the water maze, touching the sides, and was in 

the shape of a square with 6 foot long sides. The distal 

circle (DC) and square (DS) conditions had almost equivalent 

area measures, with the shape being either a circle or 

square. In both, the curtain was, on average, four feet 

away from the edge of the water tank. The fifth condition 

was to control for the possibility that some animals may be 

more willing to leave the edge of the tank in a proximal 

curtained condition because they are less open and 

vulnerable than in the distal curtained conditions. This 

condition was referred to as the proximal cue distal curtain 

(PCDC) condition. The same cues used in the proximal and 

distal conditions were placed next to the edge of the tank 

(either by being hung from the ceiling or being tacked onto 

a stake or chair) in the shape of a circle, while the 

curtain was hung in the distal circle condition. This 

design resulted in a situation in which the cues were 

proximal to the tank, however the "safety" quality of the 

curtain was removed, for it was in the distal position 
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(i.e., four feet away from the edge of the tank). In the 

proximal cue conditions, 7 cues were hung on the curtain 

while in the distal condition 12 cues were hung on the 

curtain. These 12 cues included the 7 from the proximal 

condition. The cues ranged in size, color, shape, and 

dimensionality. The smallest was a three dimensional 

cylinder 1211 in length with a 6 11 diameter. The largest was 

a 2 dimensional rectangle-like figure which hung from the 

ceiling to the floor and was a width of 24 inches (only used 

in the distal condition). 

Video and tracking system 

Mounted five feet above the center of the tank was a 

video camera which projected an image of the tank to a 

computerized tracking system which in turn fed the 

information to an on-line IBM PC. Two separate PC programs 

accessed the xy coordinates of the rat, which were taken 

every 100 milliseconds, and converted that information into 

(1) the latency of the animal to reach the platform, (2) the 

number of seconds that the animal spends in each quadrant 

and each annulus of the tank, (3) the number of times the 

rat crosses the platform location, (4) the length of the 

path that the animal swam, (5) the average distance the rat 

was from the target, (6) the integrated path length (every 

100 milliseconds a measure is taken of how far away the rat 

is from the goal, that number is then summed for the entire 
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trial length), and (7) the corrected integrated path length 

(this simply estimates the integrated path length if the rat 

swam directly to the goal and then subtracts this from the 

observed integrated path length) for each trial. 

Procedure 

The same procedure was used for each cue condition. 

There were four possible platform locations, NW, NE, SW, SEe 

For each batch of rats (ranged in size from 8-12) a platform 

location was randomly selected, and the platform remained 

there, for that group, throughout the days of testing. 

There were four possible start locations, N, S, E, and W. 

These were varied in a quasi-random fashion, such that all 

possible combinations of the four start locations were 

generated and two combinations were chosen each day. This 

assured that on each day, every rat started two times from 

each start location. with the exception of 52 animals, all 

received eight trials a day for two days, followed by a 

probe trial at the end of the second day. These remaining 

52 received 5 days of 8 trials per day, followed by a 6th 

day in which they had 4 trials and a probe trial. 

A trial began when the animal was placed in the water 

at one of the four start locations, with its nose touching 

the side of the tank. The trial ended when the animal 

located and climbed onto the platform or after 60 seconds 

had passed, which ever came first. When the animal 
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terminated the trial by climbing onto the platform, it 

remained on the platform for 15 more seconds and was then 

removed, dried with a towel and placed in its cage to await 

the next trial. If the animal did not locate and climb onto 

the platform within 60 seconds it was guided there by the 

investigator (the investigator placed her hand under the rat 

and guided it to the platform without removing the rat from 

the water). The animal remained on the platform for 15 

seconds and was then dried with a towel and placed back in 

its cage to await the next trial. For the probe trial, the 

platform was removed from the tank. The animal was placed in 

the water, as usual, and was allowed to swim for 60 seconds. 

It was then removed, dried, and placed back in the home 

cage. 

The Cue Task 

Subjects 

A subset of 22 (10 females, 12 males) lesioned animals 

were tested on the cue version of the water maze task after 

they received the training and probe trials on the place 

version. six of these animals had received the proximal 

version of the place task and 16 received the distal version 

of the task. 

Apparatus 

The tank was identical to that used in the place 

version (described above). No curtains were used in this 
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condition, instead the room, 12'x 16', was decorated with 

various extra-maze cues. The walls and ceiling of this room 

were a flat black. A solid cylinder, 3"x 6", was 

constructed from black felt and was used as the cue. This 

cue was hung 12" above the platform on all training trials. 

For the probe trial it was hung above one of the potential 

platform locations, however no platform was available. 

Procedure 

The difference between the cue and place task was the 

location and movement (or non-movement) of the cues. In the 

cue task the start location remained stationery on each 

trial, however the location of the platform moved from trial 

to trial. The extra-maze cues were available for the 

animal, however, the black cylindrical cue was hung 12" 

above the platform, signalling its location. It was moved 

along with the platform on each trial. In order for the rat 

to learn the platform location it needed to ignore the 

extra-maze cues and follow the single cue hanging above the 

water. This task does not require an intact hippocampal 

formation. 

Each rat received 6 training trials followed by a probe 

trial. There were four platform locations, NW, NE, SW, SE, 

and four possible start locations, N, S, E, and W. For each 

batch of rats (ranged in size from 4-6) a start location was 

randomly selected, and the rats were started from that 
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location on each trial. The four platform locations were 

varied in a quasi-random fashion, such that all possible 

combinations of the four locations were generated and two 

combinations were chosen. This assured that during 

training, the platform (and its cue) were placed in each 

location at least one time, and were placed in two locations 

twice. The location for the probe was selected from the two 

remaining locations where the platform had only been placed 

once. 

A trial began when the animal was placed in the water 

at the start location, with its nose touching the side of 

the tank. The trial ended when the animal located and 

climbed onto the platform or after 60 seconds had passed, 

which ever came first. When the animal terminated the trial 

by climbing onto the platform, it remained on the platform 

for 15 more seconds and was then removed, dried with a towel 

and placed in its cage to await the next trial. If the 

animal did not locate and climb onto the platform within 60 

seconds it was guided there by the investigator (the 

investigator placed her hand under the rat and guided it to 

the platform without removing the rat from the water). The 

animal remained on the platform for 15 seconds and was then 

dried with a towel and placed back in its cage to await the 

next trial. After every animal had completed the trial, the 

platform and cue were moved to the next location. For the 
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probe trial, the platform was removed from the tank, however 

the cue remained hanging over the chosen platform location. 

The animal was placed in the water, as usual, and was 

allowed to swim for 60 seconds. It was then removed, dried, 

and placed back in the home cage. 

Estrous Cycle 

The estrous cycle of the female was tracked during the 

two days of exploration and two days of water maze testing. 

A vaginal cell sample was taken from each female rat 

immediately following the days' testing. On the days of 

exploration the female was removed from the open field 

following her 15 minutes, and the sample was immediately 

taken. On the days of water tank, the sample was taken 

after all animals had completed all trials. 

The lavage technique was used to obtain a vaginal cell 

sample. The sample was placed on a clean slide and viewed 

under low power magnification. The phase of the estrous 

cycle was determined by the type and quantity of cells seen. 

The classification described by Feder (1981) was used to 

estimate the phases of the cycle. Samples were only taken 

for the four days of testing to prevent the possibility of 

pseudopregnancy, which can result from this form of repeated 

vaginal stimulation (Whitten and Champlin, 1978). 

Surgery 
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Electrolytic and sham lesions were produced in 63 

animals. The lesions were made with an electrode 

constructed from an insulated insect pin. The insulation 

was removed from the tip (approximately 300 microns) of the 

pin prior to each surgery. 

Males and females received different doses of 

anaesthetic. Males received .1 mgjkg of Nembutal and 

females received .08 mgjkg. Animals were first made drowsy 

by placing them in a bell jar saturated with methoxyflurane 

(Metofane) fumes. Once consciousness was impaired they were 

given an intraperitoneal injection of Nembutal and removed 

from the jar. To prevent infection, all animals were given 

an intramuscular injection of bicillin (.1 cc) prior to 

incision. The head was shaved and the animal was placed in 

the stereotaxic apparatus. The eyes were moistened with an 

ophthalmic ointment, and covered with an aluminum shield to 

prevent drying. Methoxyflurane (inhalant) was used to 

maintain surgical anaesthesia when necessary. Under aseptic 

conditions, the surgical area was cleaned, a midline 

incision made, and the scalp and underlying connective 

tissue retracted. A 1 mm hole was then drilled at the 

intersection of the midline suture and bregma, with the hole 

extending posterior to bregma. Care was taken to not 

puncture the sagittal sinus. Measures were taken of bregma 

and the surface of the sinus. The hole was then filled with 



95 

sterile bone wax. Once the bone wax was in place, at the 

midline coordinate of .3 mm posterior to bregma, the 

electrode was lowered through the sinus, quickly, to the 

coordinate of 4.8 mm dorsal to the surface of the sinus. A 

piece of saline moistened cotton was wrapped around the back 

left foot of the animal and the ground wire attached. A 

current of 2.8 rnA was passed through the electrode for 20 

seconds. The electrode was then raised to the level of 4.5 

mm dorsal and the same current was passed for another 20 

seconds. These coordinates are based on the atlas by 

Paxinos and Watson (1982), plate number 15. The electrode 

was then removed and bleeding stopped. The bone wax served 

to prevent bleeding during the lowering and raising of the 

electrode. It was critical to use a very sharp electrode 

and to move the electrode through the area fairly rapidly. 

No signs of extensive bleeding were evident upon 

histological examination. After all bleeding was stopped, 

the area was cleaned with sterile saline and the wound 

sutured. The area was then cleaned again and a topical 

antibiotic placed on the wound. The animal was given a 

subcutaneous injection of 10 cc of sterile saline, warmed to 

body temperature, and then placed in an infant incubator 

until regaining consciousness. Upon regaining 

consciousness, each animal was given .8 cc of children's 

liquid Tylenol from a syringe. The drinking water was 
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sUbstituted with a Tylenol and water solution for the 

following two days. This is thought to reduce swelling and 

pain. After no more than 48 hours on this water/Tylenol 

solution, regular drinking water was again available ad lib. 

Subjects were not tested until after 2 or 3 weeks had 

passed. Most lesioned animals required a 3 week recovery 

period before they could be handled. 

Histology 

within 3 weeks of completing the behavioral testing all 

lesioned and sham lesioned animals were sacrificed and the 

brains removed for histological analysis. Animals were 

given an i.p. injection of an overdose of Nembutal. Once 

completely anaesthetized they were intracardially perfused 

with a 9% saline solution for 5-10 minutes, followed by 5-10 

minutes of formal saline. The brains were then removed and 

placed in a 30% sucrose formalin solution. 

The brains were cut on a freezing microtome after at 

least 48 hours in the sucrose solution. Coronal sections, 

40 microns thick, were collected and every other slice was 

mounted. Slices were collected prior to the visualization 

of the lesion and continued through the entire lesion. 

After drying, sections were stained with cresyl violet (a 

few brains received thionin, however) and coverslipped. 

Each lesion was reconstructed using a projection microscope, 

to insure the completeness of the lesion. Those animals not 
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statistical analysis. This was a total of 7 animals. 

Search Patterns in the water Maze 
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As mentioned above, it was hypothesized that one reason 

why males and females may perform differently on the place 

learning version of the water task, or on other such spatial 

tasks, is that they have different strategies for 

approaching this task. To test this, it was first necessary 

to establish what pattern of behavior would be expected if 

an animal was engaging in a particular strategy. Three 

behavior patterns were established. Each were measures of 

the difference between the actual percentage of time spent 

in the area of interest and the percentage of time one would 

be expected to be there by chance. This measure has the 

advantage of telling whether the subject spent LESS time in 

the area than expected by chance, spent chance levels of 

time there, or spent MORE than the expected amount of time 

in the area. While the measure of the percentage of time 

spent in the area is the traditional measure used, it 

provides less information than the difference measure. 

If an animal engaged in an annulus search pattern, as 

seen in figure 1, we can see that it would spend the 

majority of its time swimming in a thigmotaxic manner, a 

particular distance from the edge of the tank. To establish 

this measure, first, the number of seconds spent in this 
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region on each trial was divided by the total number seconds 

spent in the tank on that trial. This was then multiplied 

by 100 to determine the percentage of time spent in that 

area. Next, to determine the percentage of time expected in 

annulus 2, by chance, the total area of the tank, 100%, was 

divided by 3 (the tank has three annuli equivalent in the 

amount of area they cover). To establish the search pattern 

measure referred to as the annulus search pattern, the 

expected amount of time spent in annulus 2 (100/3) was 

subtracted from the actual percentage of time spent in that 

annulus (see Figure 1). 

If the animal was engaged in a quadrant search pattern, 

it was assumed that the animal had a general idea of where 

the goal was located, relative to the extra-maze cues, 

however it had difficulty localizing it precisely. This 

animal would, therefore, spend its time in the correct 

general area, i.e., the quadrant where the platform is 

located, and less time in the other areas of the tank, as 

seen in figure 2. The formula to generate this search 

pattern was: number of seconds spent in the correct quadrant 

divided by the total number of seconds in the tank. This 

quotient was then multiplied by 100 to establish the 

percentage of time spent in the correct quadrant on each 

trial. Because the tank can be divided into four equal 

quadrants, the amount of time spent in any given quadrant, 
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simply by chance, was determined by the formula 100/4. To 

establish the quadrant search pattern measure the expected 

amount of time was subtracted from the actual percentage of 

time spent in the quadrant (see Figure 2). 

The final search pattern, referred to here as the zone 

(place) search pattern. This pattern of behavior is meant 

to reflect the place strategy in which the animal knows the 

precise location of the platform and spends the most time 

there (see figure 3 for example). The formula used to 

establish this pattern was the number of seconds spent in 

the immediate area of the platform, divided by the number of 

seconds in the annulus 2. This divisor was chosen because 

the correct zone was determined to be the area in the target 

quadrant which was also in annulus 2. The quotient was then 

multiplied by 100 to determine the percentage of time spent 

in this area. This zone of interest, as defined here, can 

potentially be located in each quadrant, so to establish the 

time expected in this area by chance the quotient 100/4 was 

used. To establish the search pattern measure, this 

expected time was then subtracted from the observed amount 

of time (see Figure 3) . 

It was postulated that the different strategies, place 

and cue, may be distinguished on the basis of these search 

patterns. Normal males were hypothesized to use a place 

strategy to solve the water maze, and this strategy is 
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considered very efficient. Here, that was interpreted to 

mean that they spend more time in the immediate area of the 

target than subjects using a less proficient strategy. 

Females were hypothesized to use a cue strategy to solve 

this maze. This strategy is less efficient in this setting 

than the place strategy, which means that the female's 

accuracy at locating the exact target area should be much 

lower than the male's, assuming the male uses a place 

strategy. Therefore, examination of the time spent in the 

immediate target area should indicate that males spend more 

time in the area than females. The area in the immediate 

target area is referred to here as the zone, and when an 

animal spends a great deal of time in this area they are 

said to exhibit a zone search pattern. This is meant to 

reflect a place strategy for this paper. 

The difference in search pattern between males and 

females would most likely be evident on the probe trial, for 

if an animal has a highly accurate strategy for solving the 

task, it may swim directly to the target and climb on, 

during a training trial, and spend little time searching the 

area. On the probe, however, subjects have 60 seconds during 

which they are forced to search for the target. It was 

postulated that males have a more accurate estimate of the 

platform's location, so they will search the immediate area 

where the platform was located much more than females. 
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The correct quadrant is a much larger area than the 

correct zone, however it does include the zone discussed 

above. It was hypothesized that subjects who search in this 

quadrant, but do not spend most of the time in the zone, 

have a general idea of where the target is located, but 

aren't as accurate as those who search in the zone. Given 

that it was hypothesized that females use a cue strategy and 

that the strategy will get the females to the correct 

general area and not the specific area, it was postulated 

that no difference between males and females would be 

evident if we examined the amount of time spent in the 

quadrant. A search pattern in which the subject spends a 

great deal of time in the target quadrant is referred to as 

the quadrant search pattern. 

One quarter of the middle annulus is located in the 

correct zone and quadrant. The three-quarters of the 

annulus that remain are in a non-target area. It was 

postulated that if a subject is not using a place or cue 

strategy, but rather navigates by another means (such as 

swimming out a set distance from the edge of the tank and 

maintaining that distance while swimming in a thigmotaxic 

manner), it may be found to spend a great deal of time in 

this annulus. If a subject spends a large amount of time in 

this region it is considered to be exhibiting an annulus 

search pattern. Obviously there are many possible search 
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patterns. This one was examined because there is evidence 

that rats with lesions to the hippocampal formation often 

exhibit this pattern. While this pattern often results in 

the subject locating the platform during training, it 

requires many more seconds to locate it than if a place 

strategy was used. Because previous work had indicated that 

females take longer to locate the platform than males, 

during training, it was possible that this type of search 

pattern was being employed by the females. so, time spent 

in this region was compared between the sexes, as well. 

I would like to, again, point out that it was 

postulated that females were using a cue strategy and males 

were using a place strategy. Therefore, for normal animals, 

a sex difference should be evident on the zone measure (on 

the slope) and not on the quadrant measure. Lesioned males, 

however, should no longer be capable of using a place 

strategy, so their advantage on the zone search pattern will 

disappear. If females are using a cue strategy, then their 

performance should not change following a lesion to the 

fornix. In addition, normal and lesioned females should 

spend more time in the correct quadrant than the lesioned 

males, for the females should still be capable of the cue 

strategy. Previous work has indicated that males often 

adopt an annulus search pattern following fornix or other 

hippocampal formation lesions. Therefore, it was predicted 
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that this will be their search pattern following the fornix 

lesions. What these changes mean in terms of the three 

search patterns are: (1) no sex difference on the zone 

pattern following fornix lesions, (2) female advantage in 

the quadrant pattern following the fornix lesions, and (3) 

male advantage on the annulus pattern following the fornix 

lesion. 

To conclude, it is important to reiterate the fact that 

there are many strategies and search patterns that may be 

exhibited on this task. Only these three search patterns 

were examined. An animal who spends a great deal of time in 

the zone is believed to use a place strategy, one who spends 

time in the quadrant but not necessarily in the zone is said 

to use a cue strategy, and one who stays in the middle 

annulus is said to exhibit neither strategy, but performs 

similarly to a lesioned animal. These three search patterns 

were analyzed to establish whether a sex difference would be 

evident in where the subjects spent their time in the tank. 

Performance Measures 

Several measures of performance on the water task were 

taken. These included latency, path length, integrated path 

length, corrected integrated path length, average distance 

from the target, and velocity. Latency was the number of 

seconds until the subject located and climbed onto the 

platform. Path length was the total distance the rat 
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traveled before locating the platform. The measure of 

integrated path length provided a measure of where the 

animal spent its time, relative to the goal. It was adopted 

from Gallagher, Burwell and Burchinai (1993). Every 100 

milliseconds a measure was taken of the animal's distance 

from the goal. These measures were then summed to come up 

with each subject's cumulative distance from the platform on 

each trial. Because this measure can be biased by the start 

location (some start locations are closer to the target than 

others), the correction suggested by Gallagher, et al (1993) 

was utilized. This correction eliminated the confound by 

subtracting away the expected cumulative distance had the 

animal swam directly to the platform from that start 

location. This leaves a corrected integrated path length 

which reflects search error and which has no confound of 

start location. The measures of the average distance from 

the target and the velocity speak for themselves; the first 

is simply on average, how far was the subject from the 

target, and the velocity is simply the average swim speed. 

Although Gallagher, et al (1993) suggested that the 

various measures brought independent pieces of information 

about the animal's behavior, it was left unclear how these 

various measures related to one another. Preliminary 

factor analysis and regressions generated here indicated (1) 

that all of the measures, except latency, loaded onto the 
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same factor and (2) that 91% of the variance in integrated 

path length was explained by path length, and 99% of the 

variance in corrected integrated path length can be 

explained by integrated path length. Because this strongly 

suggested that, for these data, integrated and corrected 

integrated path length added no further explanation of the 

variance over and above path length, of these three 

measures, only path length was used in subsequent analyses. 

So, in summary, the dependent measures analyzed in the 

hierarchical GLM were path length, average distance from the 

target, velocity and latency. The three strategies were 

also included in the same regression model. 

STATISTICAL ANALYSIS 

Growth Curves 

One of the complications encountered with this study 

was an unbalanced design; equal numbers of repeated 

observations were not obtained for each subject. This had 

three sources, (1) a subgroup of animals were purposely 

tested 4 days longer than all others in attempts to 

establish the robustness of the behavior, (2) a few animals 

were unable to complete the entire series of water tank 

trials because they found alternative ways of escaping from 

the water, and (3) some data was lost due to experimenter 

error. Growth curve analysis does not assume a balanced 

sampling design, so it can handle an unequal number of 
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observations for each subject without losing all of the data 

for that subject (i.e., throwing out the subject's data) or 

estimating the missing data points from that which remains. 

These water maze data are repeated measures. If the 

raw data are analyzed, between group comparisons are made on 

each trial. When differences are found, they are relayed as 

differences between groups on certain trials. For example, 

the results may indicate that there is a sex difference on 

trials 5-9 and 12 and 16. It isn't clear that this 

indicates that the subjects are learning at different rates, 

which is one of the most important questions of interest in 

this study. So, using the raw data in this manner is not 

the most informative way to examine these data. An 

alternative way to examine these data is with growth curve 

analysis. It can provide the format for the data which will 

answer the question of whether males and females are 

learning at different rates or whether the difference is 

there from the start. 

Growth curve analysis transforms the raw data for each 

individual in the study into a regression equation (i.e., 

growth curve). This means that for each animal, on each 

measure, the several trials of raw data were transformed 

into three pieces of information, an intercept, slope and 

residual, for that animal on that dependent variable. In 
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other words, for rat #1 on the measure of latency, for 

example, an intercept, slope and residual were generated to 

represent the rat's performance across the two days of 

behavio~. Intercepts, slopes and residuals were generated 

for each rat on each measure. So, after all growth curves 

are generated, each animal had a slope, intercept and 

residual (3 numbers) for each dependent measure, instead of 

the raw data. 

These three parameters represent three different 

aspects of the data. The intercept represents the point at 

which the regression line crosses they y axis, in other 

words, their performance at the starting point. If there is 

a difference between the groups on the intercept it means 

that even before any training there was something different 

about the groups which influenced the way they performed. A 

difference on the intercept alone does not indicate that the 

groups learned at different rates. 

The slope is the (regression) line which best fits the 

raw data. It represents the direction and magnitude of 

change over the trials, in other words the learning curve. 

If there is a group difference on this measure it means that 

the groups were learning at different rates. The residual 

represents each subjects' variability or error about the 

slope (regression line). In other words, how well the line 

fits the data. If the groups differed on this measure it 
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would indicate thut one group had more variability in 

learning than the other. Each animal's intercept, slope and 

residual were used in subsequent analysis in place of the 

raw data. 

In order to generate slopes to represent learning 

across these trials, two important assumptions were made: 

(1) the rate of learning would be maintained across days, 

and (2) the shape of the learning curve would be 

logarithmic. This second assumption means that the 

regression line is presumed to be curvilinear. This was 

especially important for those groups who were tested over 

several days and who appeared to reach asymptotic 

performance levels, for if linearity was assumed, then the 

slope of the line of best fit for these animals may have 

been much less steep than it is in reality. The 

curvilinearity assumption takes care of this complication. 

While the rate of learning (i.e., slope) was not 

believed to vary across days, it was postulated that 

performance may vary between the last trial on any given day 

and the first trial on the following day. This has often 

been found in this laboratory. Given that approximately 24 

hours passes between these two trials it is not surprising 

that performance may change. It is important to take into 

consideration that this discrepancy may effect the data. 

Measures of this discontinuity between the days were 
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generated to examine whether males and females were 

differentially effected by this 24 hour period. If this was 

the case, it may indicate that there is a sex difference in 

the rate of forgetting, between the days. 

These regression parameters (intercept, slope and 

residual) and discontinuities were generated only for the 

training trials on the water maze task. The raw data for 

the probe trials were analyzed separately. 

After growth curves were generated for each animal on 

each measure, all of these measures were subjected to 

hierarchical multiple regression analysis using the PROC GLM 

procedure from the SAS statistical package (SAS Institute, 

1985) • 

Five separate models were tested with the PROC GLM 

procedure. In the first model, male and female performance 

was compared on the water maze. The predictors were (1) sex 

(male v. female), (2) distance of the cues (proximal v. 

distal), (3) shape of the environment (square v. circle), 

(4) surgery (yes, had surgery v. no did not have surgery), 

(5) type of surgery (lesion v. sham v. no surgery), and (6) 

extent of lesion (complete v. partial v. no lesion). The 

dependent measures on the water maze task were (1) velocity 

(swim speed), (2) path length, (3) average distance from the 

target (how far the subject was from the target on each 

trial), (4) latency (number of seconds to find the 
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platform), and the three search patterns described in the 

section called "search patterns in the water maze." In this 

model the independent variables were used to predict the 

intercept, slope and discontinuities for each of these 

dependent measures. The residuals were predicted in a 

separate model. 

In the second model the estrous cycle was used to 

predict the intercepts and slopes of the water maze measures 

listed above. Thus, the predictor was the phase of the 

estrous cycle (high estrogen v. low estrogen). Only females 

were used in this analysis. 

In the third model, the estrous measures were used to 

predict the exploration measures of locomotion and object 

investigation on day 1 and day 2 (see method section for 

further details of exploration measures). In model 4 the 

exploration measures alone, and interacting with sex, were 

used to predict the intercepts and slopes of the water maze 

measures (same dependent measures listed above). So, for 

example, the number of lines crossed on day 1 of exploration 

was used to predict the intercepts for latency, velocity, 

etc. Model 5 used sex alone to predict the exploration 

measures of locomotion and object investigation. 

contrasts were generated for each model such that 

comparisons could be made between (1) male and female, (2) 

operated and unoperated, (3) lesioned, sham and unoperated, 
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(4) the various cue distances, (5) the various shape 

configurations, (6) the size of the lesion [partial, 

complete or unlesioned], and (7) high and low estrogen 

phases of the estrous cycle. comparisons between all 

combinations of these contrasts were possible. A complete 

list of these contrasts is provided in Table 1. 

For each model the dependent variables were entered 

into the prediction equation based on their theoretically 

determined causal priority. For model 1 the order of this 

priority was velocity, quadrant search pattern, annulus 

search pattern, zone search pattern, path length, average 

distance from the target and latency. The order of these 

variables will be addressed later. This order was 

maintained for all models predicting these dependent 

measures. For the model in which the exploration measures 

were predicted the order was simply the order in which the 

measures were taken. Hence, the day 1 measures were 

predicted first, then the day 2 measures. 

For each regression, the effects of the previously 

predicted dependent variable(s) were used to predict the 

current dependent variable before the independent variables 

were entered into the prediction equation. So instead of 

all regression models have the formula: 

DV1 = IV1, IV2, IV3 ... IVi 

the formula used was: 
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DV1 = IV1, IV2, IV3 ... IVi followed by 

DV2 = DV1, IV1, IV2, IV3 ... IVi followed by 

DV3 = DV2, DV1, IV1, IV2, IV3 ... IVi etc. 

until all dependent variable had been predicted. This 

technique was used for each model. This procedure was a 

statistical control in which the effects of the previously 

predicted dependent variables were removed before the 

independent variables were allowed to predict the current 

dependent variable. This technique permitted the 

determination of each independent variable's unique 

contribution to the model, with all effects of other 

variables removed. In other words, it was possible to know 

how much variance in DV3 was explained by IV1 and only IV1 

because all variance explained by the other dependent 

measures was removed. This is referred to as its direct 

effect on the dependent variable (the direct effect of IV1 

on DV3). In addition, all indirect effects could also be 

examined, i.e., any effect that IV1 had on DV3 that was 

mediated through DV2. A good example of why this is 

important can be seen when we look at the effect of sex on 

latency. It is important to remove any sex differences in 

latency (DV3) that are the result of the sexes being 

different in velocity (DV1) before we use sex (IV1) to 

predict latency. If the sexes were simply different in how 

fast they swam it could mean that even though males and 
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females both had the same knowledge of the target's 

location, the faster swimming group would get to the target 

faster merely because they swim faster. If speed is not 

first removed from the prediction a sex difference in 

latency could be interpreted to mean a sex difference in 

place learning, when in reality it is a sex difference in 

swimming speed. The total effect that any given 

independent variable had on a dependent variable was the sum 

of its indirect plus direct effects on that dependent 

variable. For example, 

IV1 --- DV2 ---DV3 (indirect effect) 

IV1 ---DV3 (direct effect) 

indirect + direct = total effect of IV1 on DV3 

So, this procedure permitted the opportunity to establish 

the total effect of any given variable on a dependent 

variable. 

As just mentioned, the order in which the dependent 

variables were entered into the regression model was 

theoretically driven in model 1. Placing velocity into the 

model first allowed the removal of all of the effects or 

differences that were due to swim speed before looking at 

any other effects. The next three DVs entered were the 

search pattern measures. Recall that these reflect where 

the rat spends its time in the tank. It was the position 

here that how well the animal was able to find the platform 
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would be evident by where it spends its time in the tank. 

So, it was postulated that if subjects spend their time in 

the correct area they will be faster at finding the 

platform. Therefore, the search patterns were placed in the 

model before the performance measures, so that their direct 

effects and the effects they mediate, could be examined. 

The order of the three patterns was quadrant, annulus and 

then zone. The quadrant pattern was put into the equation 

first because it was postulated that those animals who spent 

a great deal of time in the quadrant would have a better 

idea of where the target was located than those who spent 

time elsewhere, therefore, it may mediate the performance 

measures. So, the quadrant strategy was put in first so 

that the effect of being in that area could be removed 

before looking at the other two search patterns and 

performance measures. The annulus was next, followed by the 

zone. This order was chosen so that a distinction could be 

made between swimming around in the middle annulus and being 

in just the one small section of the annulus where the 

target was located. By using this technique, the effect of 

each IV on each search pattern was not confounded by effects 

from other search patterns. 

The order of the performance measures was driven by 

preliminary regression analysis which indicated that path 

length predicted both average distance and latency. So to 
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be able to look at these two measures independent of path 

length, the path length was entered first. Finally, latency 

was entered last because it was postulated that it was 

influenced by all of these other measures. For example, how 

long it takes you to get to the platform is a reflection of 

how fast you swim, where you swim and how far you are from 

the target. 

All intercepts were predicted before all slopes and 

then placed in the regression equations and used to predict 

the slopes. This procedure permits the examination of a 

pure learning difference without the contribution of the 

groups starting at different points. This technique permits 

the removal of any difference between groups that was due to 

initially being different, and leaves only the effect due to 

learning at different rates. It is possible that groups can 

start out at different levels and always remain different, 

or start out at different levels and learn at different 

rates, or start out at the same level and learn at different 

rates. This procedure discriminates between these three 

possibilities and makes it possible to know from where the 

differences emerge. In other words, it answers the 

question, " are these differences in learning or are these 

differences that are there from the start?" 

The order in which the variables were entered into the 

model is not the only possible order. It could be argued 
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that the performance measures should have been entered 

before the search pattern measures, because where you spend 

your time in the tank could be mediated by how far you are 

from the target, which is the opposite direction of what was 

stated earlier. This hierarchical procedure assumed a 

causal relationship between the variables. While the model 

is not the only possibility there was no evidence or 

theoretical precedent which justified testing alternative 

models. No other model construction seemed to be any better 

than the one constructed here. 

Individual growth curves were not generated for those 

animals participating in the cue task. A within subject 

comparison was used to examine these data. Each subject's 

latencies on the cue task were compared to their latencies 

on the place task using the ANOVA procedure in the statview 

statistical package. 

In summary, this statistical analysis can be divided 

into 5 models. Model 1 examined the role of sex, cue 

configuration, and lesion on the various performance and 

search pattern measures taken on the water tank task 

training trials and probe trials. Model 2 then examined the 

role of the estrous cycle in predicting the female's 

performance (all performance and search pattern measures 

used in model 1) on the water task. Model 3 examined the 

role of the estrous cycle in predicting the exploration 
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measures. Model 4 examined the predictive value of 

exploration measures on water maze performance and model 5 

examined whether sex differences were apparent on the 

exploration task. Prior to each regression analysis, the 

raw data for each animal's performance on the dependent 

variables was converted to four pieces of information, an 

intercept, slope, residual and discontinuity. These four 

parameters were each placed into the regression analysis and 

predicted by the IVs listed above. Both direct and indirect 

effects were examined. 

RESULTS 

Prior to presenting the results from the GLM, graphs of 

the raw data will be presented and discussed. Because of 

the complexity of these analyses the reader is advised to 

examine the graphs of raw data as a guide for interpreting 

the GLM. The significant effects presented below are 

divided such that the significant effects of sex on the 

water maze task are presented first, followed by the 

significant lesion effects that were not included in the 

discussion of the sex effects. The other effects, such as 

main effects of distance or shape, will not be discussed in 

detail for they add nothing to the theoretical positions of 

this dissertation. The presentation of the results from the 

examination of the estrous cycle's impact on the water maze 

performance follows the water maze lesion results. Then the 
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relationship between behavior in the open-field and water 

maze are presented. And lastly the contribution of the 

estrous cycle to open-field behavior is presented. All 

probability values are presented in their respective tables. 

Modell: Search patterns, performance and sex differences 

The effect of sex on three possible search patterns and 

several performance measures from the water maze task were 

examined and each will be presented separately below. 

Recall it was hypothesized that males would outperform 

females on the water maze task only in a distal cue 

environment and that the shape of the environment would have 

no effect on performance. In addition, it was hypothesized 

that males and females use different strategies to solve the 

task and that examination of where they spend their time in 

the tank should dissociate between the different strategies 

used for solving the task. If the hypothesis is correct it 

means that sex by distance interactions and sex by lesion or 

surgery interactions would be anticipated on the various 

measures. A chart of the significant intercepts and slopes 

are provided in table 2. 

The Quadrant Search Pattern: 

Recall that females were postulated to use a cue 

strategy to solve this task, and that this strategy provided 

enough information to get females to the correct general 

area of the target (i.e., the correct quadrant), regardless 
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of the cue distance. It was predicted that there would be 

no significant difference in the amount of time males and 

females spend in this area. 

Figure 7 represents the percentage of time, relative to 

chance, that males and females spent in the target quadrant. 

This graph suggests that as the trials progressed males and 

females began spending more time in this area. It appears 

as though males had a greater increase in the time spent 

there, however. 

Results from the statistical analysis (hierarchical 

GLM) indicated that there was no main effect of sex on the 

intercept. This means that initially there were no 

significant differences between the sexes with respect to 

the time spent in the "correct" quadrant. Therefore, any 

difference that could be evident would have to be attributed 

to differences in learning. Examination of the slope 

indicated that there was a significant difference in their 

rate of learning, with males increasing the percentage of 

time spent in the correct quadrant at a much greater rate 

than the females. Note that the direction of the slopes was 

the same across the sexes (both positive). This indicated 

that with each trial the percentage of time spent in the 

correct quadrant increased for males and females, however it 

increased more in the male group than in the female group. 

There were, also, two important interactions on the slope: 
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sex by distance (of the curtain) and sex by shape (of the 

curtain). The sex by distance interaction indicated that 

males in the distal condition had a smaller slope than 

females in that condition, while males in the proximal 

condition had a greater slope than the females. Therefore, 

females in the distal condition increased the amount of time 

spent in the correct quadrant more than the males in that 

condition and males in the proximal condition had a greater 

increase in the amount of time in the quadrant than the 

females in that condition. contrary to the predictions, 

this indicated that males in the proximal condition spent 

more time in the quadrant than females in the proximal 

condition, and less time in the quadrant than females in the 

distal condition, and there were no differences between the 

females in the two conditions. 

The sex by shape interaction indicated that males in 

the square condition had a higher magnitude positive slope 

than females in both the square and circle conditions. The 

females in the circle condition had higher slopes than the 

males in the circle condition. This was in partial 

agreement with the claims of Williams, et al. (1990). The 

fact that males overall spent more time in the area than 

females, regardless of the shape of the environment, and the 

fact that males in the square condition outperformed females 

in the circular condition suggests that here, shape did not 
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effect spatial behavior in the manner proposed by these 

authors. To support the Williams, et al (1990) finding the 

females in the circular conditions would need to have spent 

more time in the correct quadrant than the females in the 

square condition, however, this was not the case. 

Examination of the probe trial indicated that there was 

a significant main effect of sex and a significant sex by 

surgery by distance by shape effect. The main effect 

suggested that males, overall, spent significantly more time 

in the correct quadrant than females, on the probe. This is 

consistent with the training trial findings and indicated 

that males spent more time searching in the target area than 

females, regardless of the shape of the room or distance of 

the cues. The interaction indicated that operated males in 

the proximal square condition and in the distal circle 

condition, and the unoperated males in the distal square 

condition and proximal circle conditions, all spent more 

time in the correct quadrant than their female counterparts. 

Operated females in the proximal circle and distal square 

conditions, and unoperated females in the proximal square 

and distal circle conditions all spent more time in the 

correct quadrant than their male counterparts. Ignoring the 

lesion effects for a moment, it is evident that male/female 

performance on this measure is not differentially effected 

by either the shape of the environment or the distance of 



122 

the cues. Rather, there is an interaction between the shape 

and distance manipulation. This will be discussed further 

in the discussion section. 

There was a main effect of lesion type on the intercept 

and main effect of surgery type on the probe, both of which 

demonstrated that all lesioned animals, both male and 

female, spent less time in the correct quadrant than non

lesioned animals. The difference was evident from the 

start, before training. The groups also learned at 

different rates, with the lesioned group learning at a 

significantly slower rate. If females were engaged in a 

different, non-place, strategy then their performance should 

not be impaired on this task, following a fornix lesion. 

Because all lesioned groups were impaired, both males and 

females, it can be concluded that females were not using an 

alternative strategy that is as efficient as the place 

strategy, such as a cue strategy. 

The Annulus Search Pattern: 

There are many ways to solve the water maze task. Two 

of the strategies discussed previously were the cue and 

place strategies. Lesioned animals have been reported to 

swim in a pattern that is in~onsistent with either the cue 

or place strategy. It was suggested that the pattern seen 

among the lesioned animals, referred to here as an annulus 

search pattern, may be evident among the poorly performing 



normal females, if they are not using the cue or place 

strategies. 
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Examination of the raw data in figure 8 suggested that 

females start out spending more time in this area than 

males, but males quickly surpass the females and increase 

the time they spend in the area. 

Animals who spend a great deal of time in the annulus, 

i.e. who engage in the annulus search pattern, are basically 

swimming around in a circle, maintaining a certain distance 

from the edge of the tank. Results from the statistical 

analysis indicated that initially, on the intercept, there 

was a sex difference in the percentage of time spent in this 

annulus which indicated that males spent less time in the 

area than females. There were no sex effects on the slope, 

which indicated that the difference was maintained. This 

suggested that the initial difference seen between males and 

females was maintained across the days of testing because 

males and females increased the percentage of time spent in 

the area at similar rates. On the probe trial there was a 

significant main effect of sex which indicated that overall, 

males spent significantly more time in the annulus than 

females. This was the reverse of the training trials, which 

could suggest that the males spent less time in this area 

during training because they were finding the target and not 

searching. There was a significant sex by surgery 
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interaction on the probe which indicated that unoperated 

males spent more time in the annulus than the unoperated 

females, however, operated males spent less time in the 

annulus than their female counterparts. Both operated 

groups (males and females) spent less time in the area than 

the unoperated groups (both sexes). 

The evidence from the probe trial indicated that males 

and females do have different patterns of behavior relative 

to time spent in this annulus, although the training trials 

and probe results appear opposite. Note that all of these 

findings are confounded by the fact that the target is 

located in this annulus. It is possible that subjects who 

spent a great deal of time in this annulus were actually 

spending time near the target and not swimming around in a 

thigmotaxic manner. If it was the case that those who spend 

their time in this region are actually spending it near the 

target, then it should be evident if we examine the area in 

the annulus where the target is located (the "zone"). If a 

subject does not spend more time there than in the rest of 

the annulus then it suggests, although it is not conclusive, 

that they may be swimming in a thigmotaxic manner, 

maintaining a certain distance from the edge of the tank. 

This will be addressed in the next section. 

Zone Search Pattern: 
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It was predicted that males and females would spend 

different amounts of time in this region in the distal 

condition; males would spend more time here than females in 

the distal condition and there would be no significant 

difference between the sexes in the proximal cue condition. 

Subjects who spend time in this area are spending time 

in the immediate vicinity of the target. Figure 9 is a plot 

of the raw data from this measure. It suggests that when 

males are in the annulus they spend more time in this zone, 

which is in the immediate vicinity of the target, than the 

females. 

The statistical analysis indicated that there was a 

significant sex by surgery interaction on the intercept. 

This demonstrated that at the start, operated males spent 

less time in the area of the target than operated females, 

but unoperated males spent more time there than the females. 

This simply indicated that males and females, both operated 

and unoperated, are somehow performing differently right 

from the start. There are many reasons why this could be 

so, however it will not be addressed here. There was a 

significant main effect of sex on the slope which indicated 

that, over trials, males increased the amount of time spent 

in the area significantly more than the females. This means 

that not only did they start out at different points, but 

they also learned at different rates. There were no sex 
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effects on the probe which indicated that there was no 

significant difference in the amount of time they spent in 

this target zone when allowed to swim for 60 seconds. 

Summary of Search Pattern Effects: 

This evidence indicated that on the training trials 

males were spending significantly more time in the quadrant 

where the target was located, and in the immediate vicinity 

of the target than the females. The females spent more time 

in the middle annulus than the males, initially, and there 

was no significant difference in the amount of increase in 

time spent in that area. In other words, they learned to 

search or not search in this area, at the same rate. Recall 

that the annulus measure is a reflection of time spent in 

the annulus relative to time spent in the remaining areas of 

the tank. The zone measure is a reflection of time spent in 

the target zone, relative to time spent in the annulus. So, 

the fact that females spent more time in the annulus across 

training, but males spent more time in the immediate target 

area is not inconsistent, but rather reflects a difference 

in where they spent their time within that annulus. The 

females spent more time in non-target areas than the males. 

On the probe trial, the males continued to spend 

significantly more time in the target quadrant than females. 

The time in the annulus switched however, with males 

spending more time in the annulus than females. Although 
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there was no significant sex effect on the zone measure, the 

fact that males were in the quadrant and in the annulus 

suggests that they were searching the correct area for the 

target, more so than was evident with the females. 

There was no consistent pattern of performance mediated 

by the shape of the environment or the distance of the cues. 

There is a persistent difference between the sexes, however, 

neither the distance of the cues or the shape of the 

environment mediated the difference. Among normal animals, 

males and females appeared to have different patterns of 

behavior, with males spending more time near the target. 

However, the fact that the lesioned groups, both male and 

female, spent less time in the target zones than the normal 

animals demonstrated that males and females were both using 

place learning to solve the task and that the sex difference 

in behavior is not the consequence of a sex difference in 

strategy, as was hypothesized. This finding suggests that 

the difference in performance may be the result of a 

difference in place learning ability, however other 

important alternatives have not been ruled out. The next 

sections will address the various performance measures. 

So far, only direct effects have been significant and 

those were the effects that were discussed. Both direct and 

indirect effects were significant on the performance 

measures and will be addressed below. 



128 

Path Length: 

This measure of performance simply represents how far 

the subject travelled on any given trial. If the subject 

was to swim directly to the target, this length would be 

fairly short. If, however, the subject were to swim around 

for quite some time, searching for the target, the length 

would be much longer. 

The raw data in figure 10 suggests that males and 

females started out having path lengths that were very 

similar, however, on the second day a divergence occured and 

the males appear to have a much greater reduction in path 

length than the females. 

Results from the statistical analysis indicated that 

there were no significant direct effects of sex (main 

effects) or sex interactions on the intercept, slope or on 

the probe trial. There were, however, indirect effects of 

sex on path length. There was an indirect effect of sex on 

path length (intercept) which was mediated by the annulus 

intercept measure. This indicated that females had shorter 

path lengths initially, than males, and this was mediated by 

the percentage of time spent in the annulus (females spent 

more time in the annulus and had shorter path lengths). On 

the slope there was also an indirect effect of sex on path 

length. On this measure, the effect was mediated by the 

time spent in the zone. This effect indicated that males 
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had shorter path lengths than females, and the effect was 

mediated by the time spent in the immediate zone of the 

target. Recall that the males had a significantly greater 

increase in time spent in the immediate target zone, on the 

slope measure, relative to females. Now we also see that 

this measure mediates their path length. So, the males 

spend more time near the target and have shorter path 

lengths than the females. 

Average Distance from the Target: 

This measure reflects, on average, how far away from 

the target the animal was during each trial. Figure 8 is a 

plot of the raw data for this measure. It suggests that as 

the trials progress the average distance from the target 

decreases much more for the males than the females. This 

suggests that the males spend their time closer to the 

target than the females. 

The statistical analysis demonstrated that there was a 

significant sex by shape interaction on the intercept. 

Males in the square condition started out being 

significantly closer to the target than those in the 

circular condition, as well as closer than females in the 

two shape conditions. All (circle and square) females were 

closer than males in the circular condition. There was a 

significant sex by lesion type by distance by shape 

interaction on the slope. Sham males in the distal 
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conditions had lower average distances than the females in 

that condition, however, in the proximal condition, females 

had the lower distances. This interaction is evident in 

figure 17. The lesioned males in the proximal condition had 

a higher average distance than the females, while in the 

distal condition there was little difference between the 

sexes. Performance in the two shape and distance conditions 

is plotted in figure 16. It is apparent that overall, males 

spent their time closer to the target than females. Recall 

that these are the means of the slopes and that a large 

(high number) negative slope means that a subject is closer 

to the target than one with a lower number. Clearly there 

was no consistent shape, distance or sex effect on this 

interaction. Evidence from the probe indicated that there 

was a significant sex by distance by shape interaction in 

which males in the proximal square and distal circle 

conditions demonstrated lower average distances from the 

target thart females, while in the proximal circle and distal 

square conditions females had a lower average distance than 

males. Again, these results did not support the Williams, 

et al (1990) hypothesis, or the distance hypothesis proposed 

here. 

Indirect effects demonstrated that sex had an (main) 

effect on the average distance from the target that was 

mediated by the percentage of time spent in the correct 
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quadrant. This effect was found on the slope which 

indicated that males decreased their average distance from 

the target significantly more than females, as the training 

progressed. Males spend more time in the quadrant than 

females and on average are closer to the target than 

females. 

Latency: 

This measure reflects the amount of time it takes to 

locate the target on each trial. Figure 12 is a plot of the 

raw data. It suggests that as the trials progressed the 

males began finding the target much sooner than the females. 

statistical analysis demonstrated that there were two 

significant sex interactions on the intercept, however no 

significant sex effects on the slope. Both intercept 

effects were direct effects. The sex by distance by shape 

interaction, on the intercept, indicated that males and 

females started out at different points (in other words have 

significantly different latencies right from the start) 

depending on the distance of the cues and the shape of the 

environment. There was no consistent shape or distance 

pattern, instead there were differences between females and 

males in each condition, with males starting at lower points 

than females in the proximal circle and distal square 

conditions. In the remaining 2 conditions, proximal square 

and distal circle, the females initially had the lower 
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latencies (see figure 14). The sex by lesion type by 

distance by shape interaction suggests a similar pattern for 

sham males (males in the proximal condition start out lower 

than females, but in the distal condition start out higher), 

but the reverse is found for the lesioned group (males in 

the proximal start out higher than females, but in the 

distal they start about the same) (see figure 15). The fact 

that there were no slope effects suggested that this pattern 

must have persisted across the days. If the pattern 

changed, then an effect of slope would have been found. 

While there were no direct main effects of sex on 

latency, there were some very important indirect effects 

that were main effects. Sex had a significant effect on 

latency that was mediated by the time spent in the correct 

quadrant. On the slope measure, males had lower latencies 

than females and this was mediated by the fact that they 

spent more time in the correct quadrant than females. In 

other words, males spent more time in the correct quadrant 

than females and they had lower latencies than females. 

There was another indirect effect of sex on lat8ncy. This 

time it was mediated by the percentage of time spent in the 

correct zone. contrary to the previous finding, this 

indicated that as the percentage of time spent in the zone 

increased, so did the latency. Overall these results 

suggested that males find the target faster than females if 
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they spend more time in the correct quadrant, but if they 

spend more time in the immediate zone of the target then 

their latency increases. Possibly this suggests that those 

who spend a lot of time in that area are not also the ones 

who climb onto the target. 

Velocity: 

This measure reflects the swimming speed of the 

subjects. Figure 13 suggests that initially and then on the 

last few trials the male/female swim speed does differ. It 

is not clear that a rat who swims fast necessarily performs 

better than one who swims slowly. There is evidence, 

however that males and females swim at different speeds. 

Initially, there was a significant sex by shape, as well as 

a sex by surgery by distance by shape interaction. Males in 

the square conditions swam slower than females in these 

conditions, as well as males in the circular condition. 

Males in the circular condition, however, swam faster than 

the females in that condition. The sex by surgery by 

distance by shape interaction indicated that operated males 

in the distal condition were slower than females in this 

condition, and operated females in the proximal condition 

were slower than the males in this condition. Unoperated 

males in the distal square and proximal circle conditions 

were also slower than females. Females swam slower than 

males in the remaining conditions. The same interaction on 
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the slope produced these same patterns. A sex by distance 

interaction indicated that males in the proximal condition 

swam slower than the females, while in the distal condition 

the males swam faster than the females. The sex by distance 

by shape interaction on the slope demonstrated that males in 

the proximal square and distal circle conditions swam slower 

than their female counterparts while in the proximal circle 

and distal square conditions the reverse was found. Note 

that the main effect of surgery indicated that operated 

animals swam faster than unoperated. These findings seem 

to suggest that swimming faster does not improve 

performance, and actually, the slower swimming groups, 

namely the males, were more likely to find the target. 

Lesion Effects: 

The results presented above indicated that males and 

females who received lesions were impaired on both the 

proximal and distal versions of this task. While the main 

effects of lesions were not discussed, the reader is 

referred to table 3 to examine these differences. Overall, 

it can be concluded that the lesions did impair performance 

on this task. This is consistent with findings by others. 

Analysis of the Residual: 

In some cases it is important to examine the 

variability about the slope after generating regressions. 

Residuals reflect how well the line fits the data: the 
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greater the residual the greater amount of deviation there 

is from the line of best fit. In this instance it is 

important to analyze these residuals because it is often 

proposed that one reason why females do not perform as well 

as males is because they have greater variability. Because 

several sex differences were obtained in the analyses above, 

this examination of the error about the slope was warranted. 

The same hierarchical GLM that was used in Modell, above, 

was used to analyze the error variance. Results, presented 

in table 2, indicated that on the measure of quadrant 

strategy there was a main effect of sex which indicated that 

males, in fact, had greater error about the slope. There 

was a sex by surgery by distance by shape interaction on 

this measure as well. This indicated that un operated males 

in the proximal square and distal circle conditions, as well 

as operated males in the proximal condition, had greater 

error than their female counterparts. The females in the 

remaining conditions had greater error than their male 

counterparts. On the measure of time spent in the annulus, 

there was a sex by distance interaction. Males were found 

to have greater variability than females in the distal 

condition, and less variability than females in the proximal 

condition. A significant main effect of sex was found on 

the path length measure. Here the females were the ones 

with the greater amount of variability. The sex by lesion 
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type interaction demonstrated that among the sham group the 

males had more error than the females, but the females had 

more error than the males in the lesion condition. A sex by 

distance interaction on the average distance from the target 

measure indicated that males in the proximal condition had 

greater variability than females in the proximal condition, 

and females in the distal condition had more variability 

than males in this condition. There was a main effect of 

sex on the measure of velocity. Here it was found that 

females had greater amounts of variability. These findings 

do not indicate that the "poor" performance attributed to 

females can be explained by greater amounts of variability 

because often the males are the ones with greater 

variability. And lastly, there was a sex by surgery 

interaction on the latency measure which indicated that 

operated males had more error than operated females, whereas 

unoperated males had less error than unoperated females. 

Model 2 

This model examined the role of the estrous cycle in 

predicting performance on the water maze place task. Males 

were not included in the analysis. The stages of the 

estrous cycle were dichotomized such that a comparison of 

high estrogen and low estrogen periods was feasible. stages 

ranging from proestrus to estrous were combined to represent 

the high estrogen times, whereas the remaining phases, 
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ranging from estrous/diestrus to diestrus, were combined to 

represent the low estrogen phases. The F, p, and effect 

sizes are presented in table 4. 

Quadrant Search Pattern: 

There were no main effects or interactions with estrous 

for the intercept, however, on the slope there was a strong 

trend for the main effect of estrous (p=.0520). Females who 

had high estrogen on day 1 had a larger magnitude positive 

slope than the low estrogen females. This indicated that 

for those females in the high estrogen phase of their cycle 

on day 1, there was a greater increase in the time spent in 

correct quadrant over the low estrogen group. There was no 

significant effect of estrous on the probe trial. 

Annulus Strategy: 

Estrous had no effect on the intercept or slope, and 

there was no significant effect of estrous on the probe 

trial. 

Zone strategy: 

There was a significant estrous by surgery interaction 

for the intercept which indicated that the unoperated high 

estrogen group spent less time in the target area than the 

low estrogen group. The reverse was evident with the 

operated, with the high estrogen group spending more time 

there than the low estrogen group. A significant estrous by 

distance interaction for the slope indicated that the high 
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estrogen group in the proximal condition spent less time in 

the zone than the low estrogen group, although the low 

estrogen groups spent less time there than the high estrogen 

distal group. There was no effect evident on the probe. 

Path Length: 

There was a significant estrous (day 2 estrous) by 

surgery interaction for the intercept on this measure. The 

unoperated group who experienced the high estrogen phase on 

day 2 had a significantly longer path length than the 

unoperated low estrogen group, as well as the high and low 

estrogen groups who had experienced surgery. There were no 

estrous effects for the slopes, indicating that the 

unoperated low estrogen group consistently had a shorter 

path length than the high estrogen group. The probe trial 

data indicated that those who were in the high estrogen 

phase on the day of the probe had significantly shorter path 

lengths than those with lower estrogen on that day. The 

estrous by surgery interaction indicated that the unoperated 

high estrogen group had a significantly shorter path length 

than all other groups. There were no differences between the 

two low estrogen groups and the operated high estrogen 

group. These findings indicate that the high estrogen group 

(unoperated) was initially swimming further than the low 

estrogen group, and that difference was maintained across 

the trials, however, on the probe trial, when all subjects 
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length difference reverses. 

Average Distance from the Target: 
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There was a significant estrous (on day 1) by surgery 

interaction of the intercept. This indicated that for both 

the operated and unoperated there was a significant 

difference between the high and low estrogen phases on this 

measure. For the operated group, those in the high estrogen 

phase on day 1 had a significantly higher intercept than 

those in the low estrogen phase. This indicated that the 

lesioned high estrogen subjects spent more time further from 

the target than the low estrogen group. The opposite was 

found for the unoperated group, with lower intercepts 

apparent in the high estrogen group. This indicated that 

the unoperated high estrogen group started out spending more 

time closer to the target than the low estrogen group 

(unoperated). There was no estrous effect on the slope. 

There was a significant day 2 estrous phase by shape 

interaction on the probe. Comparing high and low estrogen 

groups tested within square environments, it was found that 

the high estrogen group was significantly closer to the 

target than the low, however in the circular environment the 

high estrogen group was significantly further from the 

target than the low estrogen group. 

Latency: 
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The only significant estrous effect associated with 

latency was found on the intercept. There was a significant 

estrous by distance by surgery interaction. Examining the 

unoperate~ animals first, it was apparent that those with 

high estrogen on day 1 had a higher latency than those in 

the low estrogen phase in the distal, but not proximal, 

condition. The opposite was found for the operated group 

(high estrogen group in the proximal condition had higher 

latencies than the low estrogen in the proximal). Because 

no slope effects were found, it is assumed that the 

differences seen are maintained across the trials. No probe 

analysis can be done for this measure because everyone has 

the same latency, 60 seconds. 

Velocity: 

Results indicated that for the velocity intercept there 

was a significant interaction of estrous phase on day 1 by 

shape. This indicated that females in the high estrogen 

period on day 1 and in the square condition had 

significantly higher velocities than the females in both the 

low estrogen conditions, and the high estrogen, circular 

condition. The velocities of the two low estrogen groups 

were higher than the high estrogen, circle condition, group. 

Examination of the slope indicated that there were no 

significant effects which involved estrous. Therefore, the 

initial differences seen were maintained across the days. 
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Examination of the probe trial indicated that the same 

estrous by shape interaction was evident, with those in the 

high estrogen phase on day 1, and who were tested in the 

square condition, swimming faster than both circular 

conditions. It is imperative to notice that this was an 

interaction between the phase of the estrous cycle on day 1 

(the previous day) and performance on day two. There was 

also a main effect of the phase of estrous, indicating that 

those in high estrogen on day 2 swam faster on the probe 

than the low estrogen (note that the probe was run on day 

2). This suggested that higher swim speeds can be expected 

during higher estrogen phases. 

Post hoc examination: 

Recall that one of the assumptions made initially was 

that the rate of learning should not change from day 1 to 

day 2. Because the phase of the estrous cycle can change 

between days 1 and 2, and because it appeared to have an 

impact on various behaviors, it was decided, post hoc, to 

examine whether the slopes on day 1 and 2 were 

differentially effected by the phases of the estrous cycle 

(i.e., was the day 2 slope different from the day 1 slope, 

and was it the result of a change in the estrous cycle?). 

Results for the quadrant strategy indicated no effects 

of estrous on the day 1 or day 2 slopes. There were no 

significant direct effects on the measure of the zone search 
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pattern, annulus search pattern, path length, or latency 

measures, however there was a significant main effect of the 

estrous phase (day 2) and an interaction of estrous phase 

(day 2) by surgery on the average distance from the target 

measure. The main effect of the phase of estrous on day 2, 

on the day 2 slope, indicated that the slopes changed from 

day 1. Examination of the slope for day 2 indicated that 

the difference that was apparent on the intercept changed 

direction. The high estrogen group had a higher average 

distance from the target than the low estrogen group. There 

was no slope effect on day 1, which suggested that the 

slopes did indeed change from one day to the next. The 

estrous by surgery interaction indicated that the operated 

high estrogen group was closer to the target than the 

unoperated, high estrogen group. The unoperated high 

estrogen group was further from the target than the 

unoperated low estrogen group. 

There was a main effect of the day 2 estrous phase on 

the velocity slope which indicated that on day 2 the high 

estrogen group swam faster than the low estrogen group. 

Again, this was a change in slopes from day 1 to day 2. 

There were several indirect effects of estrous on the 

slope for day 2 of water maze testing. The phase of the 

estrous cycle on day 2 had an indirect effect on the 

percentage of time spent in the annulus that was mediated by 
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swim speed. The high estrogen group swam significantly 

faster than the low estrogen group and they spent less time 

in the annulus. The phase of the estrous cycle on day 2 

also had an effect on the percentage of time in the target 

zone, the path length, and the latency, all of which were 

mediated by velocity (the higher the velocity the more time 

in the zone, the longer the path length and the shorter the 

latency). The high estrogen group spends more time in the 

immediate target zone, has a higher path length, yet also 

has a lower latency than the low estrogen group. 

Together these estrous effects indicated that the high 

estrogen group swam faster, had a longer path length and had 

a higher average distance from the platform, than the low 

estrogen group. This suggested that they were not searching 

near the target. However, as trials progressed the high 

estrogen group increased the percentage of time in the zone 

near the target, given that they were in the annulus, more 

than the low estrogen group, and decreased the overall time 

spent in the annulus. The fact that they spend more time in 

the immediate target region may reflect the fact that they 

are not finding the target, as was suggested with the males 

earlier. If they were performing well and swimming directly 

to the target, then the amount of time spent in this region 

would be very low. Therefore, it is possible that spending 

a great deal of time in this area is not an indication that 
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the subject knows the exact location of the target. 

However, as with the males, the high estrogen latency is 

lower on day 2 than the low estrogen latency, although it is 

mediated by swim speed. The faster you swim the lower your 

latency. This is opposite of the finding with the males, 

for the males who swim slower are the ones who find the 

platform faster. 

Model 3: 

This model addressed the relationship between 

exploratory behavior in the open-field and performance on 

the water maze task. As discussed above, theoretically, 

these two forms of behavior should be related, so knowing 

how the animal behaves in the open-field should allow us to 

predict performance in the water maze. These results 

indicated that knowledge of the animal's behavior in the 

open-field did allow some prediction of performance in the 

water maze. These effects can be viewed in table 5. 

Quadrant strategy: 

There was a significant interaction on the intercept of 

number of objects explored on day two by sex. This 

indicated that males who explored high numbers of objects 

had lower amounts of time in this area than females who 

explored high numbers of objects. This finding was apparent 

on the probe, as well. In addition, on the probe, there was 

an interaction of number of lines crossed on day 1 with sex. 



145 

This indicated that males who crossed high numbers of lines 

had lower amounts of time in this area than females who 

crossed high numbers of lines and males who crossed few 

lines spent more time in the area than females who crossed 

few lines. There was no slope effect. 

Zone strategy: 

There were no effects on the intercept, however there 

were three effects on the slope. The main effect of number 

of lines crossed on day 2 demonstrated that the higher 

number of lines that were crossed on day 2 (i.e., the higher 

the locomotion) the lower the amount of time spent in this 

zone. The interaction of number of lines crossed on day 1 

by sex indicated that males with high locomotion had higher 

amounts of time in this area than females with high 

locomotion. And the interaction of number of objects 

explored on day 2 (i.e., object investigation) by sex 

indicated that males who investigated high numbers of 

objects had less time in this area than females who 

investigated high numbers of objects. There were no effects 

on the probe. 

Path Length: 

There was one main effect on the slope which indicated 

that those who had greater amounts of object investigation 

on day 2 had lower path lengths. There were no effects on 

the slope or probe. 
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Average Distance from the Target: 

There was a main effect of number of lines crossed on 

day 2 which indicated that those who had great amounts of 

locomotion on this day had a lower average distance from the 

target on the water maze, on the intercept measure. There 

were no slope effects, however on the probe there was a main 

effect of number of objects explored on day 2. Those with 

greater object investigation had a lower average distance 

from the target on the probe. 

Latency: 

There was an interaction, on the intercept, of number 

of objects explored on day 1 by sex. This indicated that 

males who investigated a great number of objects had higher 

latencies than females who investigated a great number of 

objects. There were no slope or probe effects. 

There were no exploration effects on any of the other 

measures. In summary, some of these exploration measures 

can predict performance on the water maze task. The number 

of lines crossed in the open-field on day 2 of exploration 

can predict: (1) the intercept for the average distance from 

the target, (2) the slope for the average distance from the 

target, and (3) the slope for the time spent in the correct 

zone. The number of objects investigated on day 2 predicted 

a significant amount of the variance in (1) the slope for 



the path length measure and (2) the average distance from 

the target on the probe trial. 
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This model also examined whether a sex difference was 

evident on the two measures of open-field activity, number 

of lines crossed and number of objects explored. Results 

indicated that there was a significant difference between 

the males and females on the number of objects explored on 

day 2, with males exploring more than females. There were 

no differences in the number of lines crossed on either day. 

These effects are presented in table 6. 

Model 4 

This model examined whether the stage of estrous 

predicts performance in the open-field exploration task. 

There were no significant effects or trends in this model. 

This indicated that knowing the stage of the estrous cycle 

does not allow us to predict the subject's performance on 

these types of measures. 

Model 5 

A subset of lesioned animals were tested on the cue 

task to ensure that they were able to perform a comparable 

task which requires the same motivation, but not the 

hippocampus. The performance on the cue task indicated that 

lesioned animals performed significantly better on this task 

than on the place task (p<.OOOl), as measured by the 

latency. These results can be viewed in table 7. 
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DISCUSSION 

The first question presented in this dissertation 

pertained to whether or not a sex difference existed on the 

place version of the Morris water task. The simple answer 

to this question is, "yes." Overall, if we examine the 

learning curve of both males and females we can see that 

males had a greater increase in the percentage of time they 

spent in the quadrant where the target was located and spent 

more time in the immediate vicinity of the target than 

females. Their path length, average distance from the 

target and latency all decreased at a significantly faster 

rate than is seen with the females. As we can see, there 

were main effects of sex, however there were also many 

interactions between sex and other factors, which suggested 

that the differences between males and females may be 

influenced by several factors. One of the important points 

of this dissertation was to establish whether the shape of 

the environment or the distance of the cues differentially 

effected males and females. There was no evidence that the 

shape of the room or environment effected males and females 

differently, as suggested by Williams, et al (1990). 

Recall, the claim was that males perform poorly in a 

circular spatial environment, compared to a square 

environment, because they preferentially attend to the shape 

of the environment for guidance, using the distance and 
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angle measures obtained from the corners of the room for 

navigation. They cannot use, or at least are poor at using, 

the spatial arrangement of the cues in the environment to 

guide them, so when placed in a circular room with numerous 

extra-maze cues, they do rather poorly. Further they 

indicated that females can use either piece of information, 

so in a square environment the females do poorly because 

they have to choose between the two sets of information. 

This makes the task more difficult for them. Females 

perform well in a circular environment with extra-maze cues 

because they attend to the cues and have no distractions 

from the corners. Additionally, they suggested that in the 

circular environment the females outperform the males 

because males do poorly when forced to use information from 

cues alone. There was no evidence to support their 

hypothesis in this study. When the shape of the environment 

had an effect on performance in the water maze, it did not 

consistently effect males and females differently as 

Williams, et al suggested. In some circumstances males 

performed better than females in a circular environment 

whereas other times males performed better in a square 

shaped environment. In order to accept their hypothesis 

many occurrences of their predicted pattern of interaction 

would have to be present, but it was not. 
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The second hypothesis, suggested by Warren, et ale 

(1991), postulated that cue distance was a significant 

mediating force behind the sex difference on the water maze 

task. Recall, this hypothesis suggested that males and 

females were utilizing different strategies on the water 

task, and the cue strategy (used by females) was efficient 

only in the proximal cue condition. Subjects using this 

strategy would do poorly in the distal cue condition. 

Males, on the other hand, were using a place strategy in 

both the proximal and distal conditions, so performance 

should be similar across cues conditions for males. 

Additionally, the males should outperform females in the 

distal, but not the proximal, conditions. There was no 

evidence to support this hypothesis, either. As with the 

shape effects, there were numerous instances of patterns of 

effects which were contradictory to this hypothesis. The 

absence of consistent support for these hypotheses indicates 

that the previous effects were not replicated. This 

analysis was designed such that all effects considered to be 

causally prior, such as velocity, were placed in the 

equation before the other effects, such as distance and 

shape. This way when an effect, such as sex or sex by 

distance, was significant it was possible to conclude that 

its contribution was unique to the model, for all variance 

accounted for by all the other variables had already been 
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removed. Because these effects were not significant here it 

is possible that in prior analyses they did not represent 

unique effects. 

In a further attempt to determine whether different 

behavioral strategies were being used by males and females, 

other patterns of behavior were examined. Examination of 

the annulus search pattern indicated that males spent their 

time in different areas of the tank than the females, with 

respect to the middle annulus. As previously discussed, 

males were found to spend greater amounts of time in this 

annulus than females, on the probe only, yet females spent 

more time in this region on the training trials. Recall 

that this is the region where the target is located. Also 

recall, however, that lesioned animals have been shown to 

spend a great deal of time there, for they take up a 

strategy where they swim in a circular fashion, maintaining 

a particular distance from the edge of the tank. The male 

behavior was examined to determine whether they were doing 

the same, or whether a pattern consistent with the place 

strategy would be found. It was determined that when they 

spent time in the middle annulus of the tank, they spent 

more of that time in the zone where the target was located 

than was evident with the females. They spent, overall, 

more time in the correct quadrant than the females, as well. 

This suggested that they were using a place strategy and not 
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simply swimming around in the middle annulus, as seen with 

the lesioned animals. Although on the probe, there was no 

sex difference on the zone measure, males did spend 

significantly more time in the quadrant than females, and 

more time in the middle annulus, indicating that they were 

in the target area. The evidence did not support the notion 

that males were simply swimming around in the middle annulus 

and coming in contact with the target, nor did it suggest 

that they had the same pattern of behavior as the females. 

The pattern of behavior that w&s apparent strongly suggested 

that males engaged in the place strategy. 

Unfortunately, such a clear pattern of behavior was not 

apparent for the females. The only clear pattern indicated 

that they spent more time in non-target areas of the annulus 

than males, on the training trials. Although these 

behavioral patterns indicated that males and females 

exhibited different configurations of behavior in the water 

maze, it remained unclear whether they both were using place 

strategies, or whether they were using something else. The 

male behavior strongly indicated that they were using a 

place strategy, however the female's did not. This 

answered the question of whether this form of behavioral 

pattern assessment can dissociate one strategy from another 

(e.g., cue vs. place strategies). The answer was a 

resounding, "no." Assessment of the behavior patterns did 
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provide confirmation that males and females are spending 

their time in different areas of the tank, it strongly 

indicated that males were using a place strategy, however, 

it did not suggest what type of strategy the females were 

using. It was a valuable tool, but it was not confirmatory. 

Further examinations were necessary to establish whether 

both sexes were using a hippocampal strategy. 

Does the female strategy depend on the integrity of the 

fornix, and does a lesion to this area effect female 

performance on this task in the same manner as it does a 

male? 

These results strongly indicated that female 

performance following a fornix lesion was impaired, relative 

to controls. Following the lesions, females consistently 

performed more poorly, in both proximal and distal 

conditions. This was the case for the males as well. This 

is consistent with previous reports that males were impaired 

on this, and other spatial tasks, following fornix damage. 

On the probe trial, for the lesioned animals, the 

average distance from the target was significantly higher 

than the normals, and they spent very little time in the 

correct quadrant and little time in the correct zone. The 

unoperated animals spent more time in the correct quadrant 

and immediate target zone than the lesioned. This indicated 

that both males and females required an intact hippocampal 
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formation in order to perform well on this task. Therefore, 

both were using a place strategy to solve this task. In 

addition, both males and females who received fornix lesions 

were able to perform quite well on the cued version of this 

task, which indicated that not all forms of learning were 

impaired following the lesions. 

In summary, this set of results indicated that there is 

a sex difference on the Morris water task that is apparent 

by examining the behavior patterns of the animals. Males 

and females spend their time in different areas of the tank. 

The male pattern clearly supports the notion that they are 

using a place strategy to locate the target, while a clear 

pattern of behavior was not evident among the females. 

Following lesions to the fornix, both males and females 

demonstrated impaired performance on this task. The 

conclusion that these results support is that both sexes 

were using the hippocampal formation to perform this task, 

but the females have greater difficulties than the males. 

Females do often perform their best when in a proximal 

condition, however, males often do well in that condition, 

too. This cannot be the consequence of a different, non

place strategy, for both males and females are impaired 

following the fornix lesion. 

There is a source of variability among females which 

may have contributed to the difficulty in recognizing a 
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pattern of behavior in the water maze: the estrous cycle. 

Examination of the effect of the female estrous cycle on 

behavior in the water maze indicated that females in high 

estrogen generally swam faster than the low estrogen group, 

had longer path lengths, had higher average distances from 

the target, and spent less time in the annulus than the 

other group. contrary to what these findings suggest, there 

was some evidence (a trend) which indicated that, at least 

initially, high estrogen females spent more time in the 

correct quadrant than low estrogen females, and 

significantly more time in the correct zone of the annulus, 

when in the annulus, than the low estrogen group. The fact 

that these high estrogen animals also had greater average 

distances from the target, longer path lengths and increased 

velocities suggests that the reason they spent more time in 

the area of the target was because they weren't finding the 

target, however, the latency measure does not fully support 

this claim. Only high estrogen females in the distal 

condition had higher latencies than the low estrogen groups. 

The opposite was found in the proximal condition. In 

addition, there was an indirect effect of the estrous phase 

on latency which suggested that the high estrogen females 

found the target faster than the low estrogen females, but 

it was mediated by how fast they swam. The high estrogen 

group swam faster and found the target faster. It is 
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important to note that after the effect of velocity is 

removed, there are no significant differences in latency 

between the two estrous groups. So, it appears that what is 

different about the high and low estrogen groups is movement 

around in the tank. The high estrogen females swim faster, 

further, and spend time further from the target. There was 

some suggestion that the high estrogen group had a good idea 

where the target was located (zone& latency support this). 

If this was the case, then it would have been expected that 

they would have spent significantly more time in the correct 

quadrant on the probe trial than the low estrogen group. 

This was not the case. So what were the females in high 

estrogen doing? Several direct effects suggested that their 

performance was impaired relative to the low estrogen group, 

but it was different in ways which suggest high activity. 

Both direct and indirect effects suggest that the high 

estrogen females do know where the target location is, but 

do not necessarily climb onto the target upon locating it. 

The lesioned females were sometimes affected 

differently by the estrous cycle. When there was an 

interaction with the surgery, the operated animal's pattern 

of high vs. low estrogen was consistently opposite to the 

control's. One explanation for why lesions to the fornix 

effect the subject's response to the estrous cycle is that 

the neural changes that occur in the normal hippocampus 



157 

across the estrous cycle are disrupted following the fornix 

lesions. Given that the changes (across the cycle) occur in 

the CAl region and the fornix is comprised of connecting 

fibers from this region, it is reasonable to postulate that 

the lesions do affect the CAl region. This, of course, is 

merely speculation and should be examined further. The fact 

that this opposite effect occurs is further support that the 

female's behavior is hippocampal in nature. 

Interestingly, the measures on which the most robust 

sex differences were found, the strategy measures, did not 

tend to be the measures affected by the estrous cycle. The 

exception is the zone strategy. Males tended to spend more 

time in the immediate target zone, and low estrogen females 

tended to spend more time there than high estrogen females, 

initially, but then high estrogens increased the time in the 

region on day 2 of water maze testing. The other measures, 

path length, average distance from the target, and velocity 

did not consistently demonstrated effects that were in 

agreement with the idea that low estrogen females perform 

like males. Basically, the high estrogen females spent 

their time further from the target, had longer path lengths 

and swam faster than the low estrogen group. This is the 

same pattern seen with the sex differences. Many of the 

estrous effects were mediated by velocity, however and this 

was not the case with the sex difference. So, it would be 
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inaccurate to claim that the low estrogen females performed 

like males. 

These estrous results are contradictory to what was 

hypothesized. These findings suggest that the high estrogen 

females do not perform the same as the low estrogen females, 

and in fact appear to be worse than the low estrogen group 

(as measured by the velocity, average distance, zone 

[possibly], some latency measures, and path length 

measures). It is assumed that this difference in 

performance is temporary, however it is impossible to know 

for sure, given the design of this study. Assuming that the 

changes are only temporary, it is implausible that the 

impairment in performance is a reflection of an actual 

deficit in the place learning ability, rather it is more 

likely the reflection of some motivational influence. 

Why motivational, though? It is difficult to imagine 

why a neural system responsible for spatial navigation 

should be shut down or impaired for one or two days out of 

every four, which is what one would have to conclude if one 

were to interpret these findings to suggest that female 

spatial ability declines for this one or two days. On that 

lout of every 4 days the rat's behavior in a natural 

setting indicates that it increases its territory size and 

marking, explores more, and is receptive to mating. All of 

which, at least conceptually, seem to require good 
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navigational skills. It seems contradictory to then say 

that because the performance on the water maze task appeared 

to be less efficient on this day that it means spatial skill 

is impaired, because the natural behavior of the rat 

suggests that spatial behavior is anything but impaired on 

this day or days. It seems more reasonable to suggest that 

the behaviors seen on the task were reflective of behavior 

that is important to the rat during this time (mate 

searching and reproduction) and that she is not necessarily 

motivated to perform the task in the same manner as a female 

who is not interested in mating. Possibly the high estrogen 

females are, in a sense, distracted from the water maze task 

by their attempts to increase their reproductive success. 

It is unclear whether the female's true cognitive mapping 

skills are changed during this time. The fact that synaptic 

density increases during this time and spatial types of 

behaviors (aside from the cognitive mapping reported here) 

increase during this time, suggests that if one could remove 

the motivational influence which is interfering, the 

cognitive mapping behavior/place learning may be enhanced 

during this time, rather than compromised. 

These results do offer preliminary support for this 

idea. Recall that high estrogen females spent more time in 

the immediate zone of the target which suggests that they 

know where the target is located. This may reflect the fact 
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that they could not find the target, however, so they had 

more searching in the area. Alternatively, the fact that 

they spent more time in the target area may reflect that 

they knew the location but had a differential motivational 

status, i.e., they stayed in the vicinity of the target, but 

did not necessarily want to get on the target because they 

were searching for a mate. The evidence from this study 

does not provide evidence for a definitive answer to this 

question, however it does suggest that the most plausible 

explanation is that there are differences in motivational 

status across the cycle, and no changes in actual ability. 

While it is impossible to remove the motivation from 

the animal, it may be possible to create an experiment in 

which the motivational aspects conflict less with the task. 

Possibly using an exploration paradigm in which objects are 

removed, added and rearranged, as done by Poucet, et al 

(1986), may tap this estrous influenced behavior. In this 

type of task, the persistent searching types of behaviors, 

seen in the high estrogen group, are an integral part of the 

task, unlike in the water maze where they can be a 

hindrance. If the reason the females perform poorly in the 

water maze is because these types of searching and 

exploratory behaviors are interfering, then on a task in 

which these behaviors do not interfere there should be no 

differences in performance across the cycle. Poucet, et al 
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(1986) have demonstrated that no sex differences existed on 

this type of task (for details see exploration section in 

the literature review), unlike on the water maze. This 

suggests that the differences seen on the water maze may not 

reflect actual differences in spatial ability, as suggested 

before. 

A second explanation for a change in behavior during 

estrous is that the female emotional state may have changed 

from one phase to the next. Birke and Archer (1975) 

demonstrated that the increases in exploratory behaviors 

during estrous are not accompanied by increases in emotional 

behavior. This indicated that greater motility is not the 

consequence of the female being "hysterical" or more 

responsive to a stressful situation. This finding can be 

applied to this situation, as well. It is quite unlikely 

that the differences in water maze performance during this 

phase are the reflection of greater emotionality on the part 

of the female. As stated above, it is more likely the 

reflection of a behavioral repertoire important to 

reproductive success. 

Because this experiment did not control when the 

testing occurred during the estrous cycle but, rather, only 

measured the cycle following testing, it was impossible to 

counterbalance the phase of the cycle with the first and 

second days of water maze testing. This is an important 
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control. In addition, the cycle measurement technique was 

fairly crude, lumping the phases into high and low estrogen. 

To better examine this finding it would be important to 

follow the estrous cycle in the females much closer, with a 

more refined technique, and plan the testing around the 

phases of the cycle. While conclusions from these findings 

are rather limited, these results are quite intriguing, in 

spite of the difficulties. Further examination of the 

estrous cycle's impact on spatial learning is warranted. 

Exploration, the Estrous Cycle and cognitive Mapping: 

As discussed previously, exploratory behaviors are 

believed to be important components of cognitive map 

formation. In support of this postulate, these data 

demonstrated that certain exploratory behaviors can predict 

water maze performance. The number of lines crossed on day 

2 predicted the average distance from the target and the 

percentage of time in the correct zone. The number of 

objects explored on day 2 predicted the average distance 

from the target and the path length. 

The interactions of sex by the various exploratory 

measures indicated that often the greater amount of 

exploratory behavior on the part of the male, the poorer the 

water maze performance. This was evident on the quadrant 

measure, zone measure (with one exception), slope for the 
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average distance from the target, and latency. The opposite 

was evident on the path length and remaining average 

distance from the target measures. For females, however, 

the greater the object exploration the better the water maze 

performance (on all of these measures) . 

Results indicated that there were no sex differences on 

the exploration measure of number of lines crossed, however, 

there were sex differences on the water maze measures that 

were predicted by this exploratory behavior: the average 

distance from the target measure, and the percentage of time 

in the immediate zone of the target. There was a sex 

difference on the exploratory measure of number of objects 

investigated, as well. This measure predicted the average 

distance from the target and the path length. Sex 

differences were found on both of these water maze measures. 

These results signify that there is a model in which 

sex predicts certain exploratory behaviors, along with 

cognitive mapping behaviors. These same cognitive mapping 

behaviors can be predicted by the exploratory behaviors as 

well. Additionally, there is an interaction between sex and 

exploratory measures when both are used to predict water 

maze behavior. The results suggested that the greater the 

object exploration on the part of the males the worse the 

water maze performance. For females, however the greater 



the object investigation the better the water maze 

performance. 
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It is interesting to note that the estrous cycle had no 

predictive abilities on the open-field measures. This is 

particularly surprising for two reasons, (1) several 

investigators have reported significant changes in 

exploration across the cycle. The discrepancy between these 

results and the other literature just emphasizes the need 

for careful control and better conformity within this field, 

as mentioned in the literature review, and (2) estrous was 

able to predict some of the same water maze measures that 

were predicted by the exploration behaviors. One 

explanation for why estrous could not explain significant 

amounts of variance in exploration is the fact that the two 

tasks, water maze and open-field, differed in their 

motivational components. As Gaulin, et ale (1990) 

suggested, findings from two tasks which are very different 

motivationally do not necessarily generalize from one to the 

other. The water maze is a goal-oriented task of short 

duration and very high, at least initially, stress. The 

exploration task is a non-goal oriented task in which the 

subject is free to do whatever it pleases. It is a long 

duration task. If, indeed, the effect that estrous has on 

water maze performance is solely mediated through motivation 

associated with reproductive behaviors, it is reasonable to 
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assume that estrous should effect exploratory behaviors in a 

similar manner. Possibly the reason this was not reflected 

in this case is because the two tasks differ quite 

drastically. 

The fact that the exploration measures here were not 

explained by estrous measures suggests that these data are 

not consistent with other published work on this topic. 

There were two critical differences between the measures 

here and the others: amount of time in the maze and location 

of the investigator. The other studies measured the 

behavior of the animal in its first 5 minutes in the tank. 

Here, the behavior was examined only after 10 minutes. 

Additionally, it is unclear where the observers were located 

in the other studies, while here the observer was in a 

different room. 

Together, the water maze, exploration and estrous 

measures paint a picture which indicates that on the water 

maze task, males spend more time in areas near the target, 

than females do, they get there faster, travel shorter 

distances and swim slower. This suggests that there may be 

a difference between the quality of the cognitive maps males 

and females form, or there may be a difference in how they 

form them, or a difference in how they use them. Examining 

sex differences in exploratory behaviors may tell us if 

there is a difference in how males and females form their 
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maps, if we agree with the assumption that exploration is 

important for the formation of a cognitive map. Here the 

evidence indicated that overall males investigated more 

objects than females, but this difference does not map 

perfectly onto the sex difference on the place task. There 

were several sex by exploration interactions that predicted 

water maze performance, but which were contrary to what 

would be expected. These findings indicated that on three 

measures, the percentage of time in the correct quadrant, 

the time in the correct zone, and latency, the more males 

investigated objects the "worse" they did on the water maze. 

In other words, the more they explored the less time that 

was spent in the correct quadrant, correct zone, and the 

higher the latencies. However, for females it was the 

opposite: the more females explored objects the better the 

water maze performance. One explanation for this apparent 

contradiction is that there is a certain level of 

exploration that is helpful and important for good cognitive 

map formation. Too much exploration may signal an animal 

who may be more interested in exploring than doing a tas]c. 

Too little exploration may signal poor map formation (just 

because there is not enough exposure to the environment). 

Males overall, explored more than females, and overall 

outperformed females on the water maze task. If, however, 

the male explorers with the highest level of exploration are 
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not interested in the task, only exploring, they will do 

poorly on the water maze task. They may be above this 

optimal level of exploration. But, because females, 

overall, do less exploring than males, they do not have any 

subjects in the "too high" range. Rather, the females who 

are high explorers are the ones in the optimal range, and 

the low explorers are in the less than optimal range, 

signalling not enough exploration. 

In addition to these findings, there were contradictory 

findings which make understanding these results much more 

difficult. There were main effects (no sex interactions) 

which demonstrated that the more objects explored the 

shorter the path length and the shorter the average distance 

from the target, for both males and females. It is 

difficult to integrate these findings into the findings 

presented above. An alternative explanation from the one 

presented above is possible if one interprets the zone 

measure differently. Instead of treating an increase in the 

percentage of time spent in this region as an indication 

that the subject has learned the target location, it may 

reflect the fact that the subject cannot find the target 

(only if we are examining training trials). If the subject 

was efficient at finding the target then one may conclude 

that little time would be spent in this region because the 

subject would swim directly to the platform and spend little 
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time searching and little time in the area. If this is the 

case, then one could interpret these results to indicate 

that, for males, on three measures (time in the zone, path 

length and average distance) the more objects explored the 

better the performance on water maze, whereas on two 

measures (latency and time in the correct quadrant for both 

training and the probe trial), the more exploration the less 

efficient the water maze performance. So, even with this 

explanation contradictions in the results are apparent. 

If we reinterpret the zone measure for the males then 

it must be so for the females. This would mean that on all 

but this measure, the more number of objects a female 

explores, the more performance improvement that is evident 

on the water maze. On the zone measure, however, the result 

would indicate that the more females explored objects the 

more time spent in the zone, and this reflects poor 

performance. 

The disadvantage of this re-interpretation is that the 

findings from model 1 suggested that the more time spent in 

this region the more time that was spend in the correct 

quadrant and the lower the path length and the shorter the 

average distance from the target. This suggests that 

spending time in this region reflects that the subject knows 

the target location. It does not necessarily mean that the 

subject climbs onto the target, of course, which is a 
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problem. If we reinterpret being in this zone to reflect 

poor performance in the exploration model, then the other 

models must be reinterpreted as well, and this does not seem 

warranted at this point. 

A final comment should be made about this zone measure. 

It is not clear that spending a great deal of time in this 

area on the training trials is the reflection of improved 

performance, however, it is not clear that it reflects poor 

performance, either. As mentioned above, in model 1 

spending a lot of time in the zone was interpreted as a 

reflection that the subjects were learning where the target 

was located. Males spent more time there than females, and 

had performance on other measures which suggested that they 

were learning the location of the target at a faster rate 

than the females. It seems reasonable to suggest that this 

measure, then, reflected knowledge of the target's location. 

While it is possible that it could reflect that the subject 

had difficulty locating the target, it is unreasonable to 

consider that spending a great deal of time in this area 

indicates that you do not know where the target is located, 

for the area is quite small and right near the target. The 

exploration data was difficult to interpret due to several 

inconsistencies associated with this measure. Because 

spending large amounts of time in this area was previously 

interpreted as knowing the target location it was again 
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interpreted as such, however, this time spending small 

amounts of time in the area was associated with shorter path 

lengths and shorter average distances from the target. 

Earlier large amounts of time were associated with the 

shorter path lengths and average distance measures. It is 

suggested here that if a subject spends a small amount of 

time in this area and also has a short path length and short 

average distance from the target it indicates that the 

subject basically swam directly to the target and did not 

have to search. If, however, the subject spends a great 

deal of time in the area but also has the short path and 

distance measures it reflects that the subject knows the 

target location, but must swim around the target awhile to 

find its exact location. If the subject spends a great deal 

of time in the area or spends little time in the area, but 

has a large path and distance measure it is the reflection 

of the subject not being very accurate at target 

localization. 

It is important to understand that this measure alone 

can be confusing and misinterpreted, so the reader is 

advised to interpret it with respect to the other water maze 

measures. So, the interpretation of the model 1 results 

still stands, and the interpretation of the exploration 

measure suggests that for both the sexes the more object 

exploration the better the water maze performance. 
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On the measure of locomotion, there was a consistent 

finding for both sexes, that high levels of locomotion 

predicted higher average distance from the target and little 

time in the immediate target area (zone). There were no sex 

differences on this measure. 

Together the exploration results suggest that object 

investigation and locomotion measure different aspects of 

exploration. Males and females differ in object 

investigation and this maps onto some of the sex differences 

seen in the water maze. For locomotion, however, the sexes 

did not differ. Locomotion did predict some water maze 

measures, though. These two measures of exploration have 

some predictive abilities with respect to water maze 

performance, which supports the idea that exploration is an 

important component of cognitive map formation. This 

finding should be interpreted with caution because these 

were only two measures of exploration. There are numerous 

other measures that should be examined before any further 

conclusions are drawn. 

The estrous cycle does appear to have a role in 

cognitive mapping behavior, but the specific nature of its 

effects remain illusive. Recall that the exploratory 

behaviors measured here did not fluctuate with the estrous 

cycle, although several of the water maze behaviors did 

fluctuate. If cognitive mapping "ability" fluctuated with 
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the estrous cycle it would be reasonable to predict a 

difference in exploration, given that this is believed to be 

necessary for the construction of a cognitive map. No 

differences across the cycle were found here. The most 

reasonable explanation for this inconsistency, at this 

point, is that the differences in water maze performance 

seen across the cycle do not reflect differences in ability 

but rather in motivation. Estrous effects do not appear, on 

the exploration task, because its effects are behaviorally 

quite similar to behaviors typical of exploration (increased 

movement for example). On the water maze, however, the 

exploratory type of behaviors, such as greater locomotion, 

detract from one's performance. So, they appear more active 

on the water maze task, while it is not evident on the 

exploration task. So, the differences seen on the water 

maze and not on the exploration task are the reflection of 

the fact that the tasks require the animals to do very 

different things and the fact that the tasks have very 

different motivational components. 

CONCLUSIONS 

This dissertation has presented overwhelming evidence 

that there are sex differences on a place learning task. 

These differences cannot be attributed to the fact that 

males and females attend to different aspects of the 
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environment, or to the fact that they use different 

strategies to solve the task, or to the fact that females 

are overall more variable. Because both sexes are impaired 

following damage to the hippocampal formation, we can 

conclude that both are using a place strategy to solve this 

task. The sex difference, then, may reflect a difference in 

ability, however, this still is unclear. The estrous cycle 

does affect the behavior of the females on this task, 

however it is not clear whether its effect can completely 

explain the sex difference in behavior. If the estrous 

cycle is the "cause" of this sexual dimorphism, then it must 

still be determined whether its impact is motivational or a 

reflection of cognitive fluctuation. 
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Figure 1 

Figure 2 

Figure 3 
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FIGURE 4 



176 

01 0 

FIGURE 5 



177 

FIGURE 6 



178 

Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 14 
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Figure 15 
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Figure 17 
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TABLE 1 

Subject composition 

Sex Config Lesion #dys Expl Estrous n 
F DS NL 6 NO NO 5 
M DS NL 6 NO NO 5 
F DC NL 6 NO NO 9 
M DC NL 6 NO NO 9 
F PC NL 6 NO NO 6 
M PC NL 6 NO NO 5 
F PCDC NL 6 NO NO 6 
M PCDC NL 6 NO NO 6 
F PS NL 2 Y Y 10 
M PS NL 2 Y NO 10 
F PC NL 2 Y Y 5 
M PC NL 2 Y NO 5 
F DS NL 2 Y Y 5 
M DS NL 2 Y NO 5 
F DC L 2 Y Y 10 
F DC S 2 Y Y 5 
M DC L 2 Y NO 15 
M DC S 2 Y NO 5 
F PC L 2 Y Y 11 
F PC S 2 Y Y 5 
M PC L 2 Y NO 11 
M PC S 2 Y NO 4 

Key: 
DS= distal square 
DC= distal circle 
PS= proximal square 
PC= proximal circle 
PCDC= proximal cues, distal curtain 
NL= no lesion 
L= lesion 
S= sham lesion 
n= number of subjects in the group 



TABLE 1 - continued 

CONTRASTS 

CP= SURGERY=-4, LESION TYPE=O, DISTANCE=+5, SHAPE=-2 

CD= SURGERY=-4, LESION TYPE=O, DISTANCE=-4, SHAPE=-2 

SP= SURGERY=-4, LESION TYPE=O, DISTANCE=+5, SHAPE=+7 

SD= SURGERY=-4, LESION TYPE=O, DISTANCE=-4, SHAPE=+7 

PCDC= SURGERY=-4, LESION TYPE=O, DISTANCE=+5, SHAPE=-2 

DL= SURGERY=+5, LESION TYPE=-l, DISTANCE=-4, SHAPE=-2 

PL= SURGERY=+5, LESION TYPE=-l, DISTANCE=+5, SHAPE=-2 

PLS= SURGERY=+5, LESION TYPE=+l, DISTANCE=+5, SHAPE=-2 

DLS= SURGERY=+5, LESION TYPE=+l, DISTANCE=-4, SHAPE=-2 

EXTENT OF LESION 

NO LESION= 0, COMPLETE LESION= -7, PARTIAL LESION= +52 

SEX 

MALE=l, FEMALE= ° 
ESTROGEN 

HIGH ESTROGEN= +1, LOW ESTROGEN= ° 
key: 

CP= CIRCLE PROXIMAL; CD= CIRCLE DISTAL 

SP= SQUARE PROXIMAL; SD= SQUARE DISTAL 

PCDC= PROXIMAL CUES, DISTAL CURTAIN 

190 

DL= DISTAL CURTAIN, LESIONED; PL= PROXIMAL CURTAIN, LESIONED 

PLS= PROXIMAL CURTAIN, SHAM; DLS= DISTAL CURTAIN, SHAM 
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TABLE 2 

Model 1 Summary of Direct and Indirect Effects of Sex 

Intercept: 
sex*shape 
sex*surgery*distance*shape 

Slope: 
sex*distance 
sex*distance*shape 
sex*surgery*distance*shape 
ATDIFF (slope) 

Error: 
sex 

Velocity 

est=-1.62 
est=-O.12 

est=-O.48 
est=-O.03 
est=-O.03 
est=-O.05 

est=-O.68 

Quadrant Search Pattern 

Slope: 
sex 
sex*distance 
sex*shape 

Probe: 
sex 
sex*surgery*distance*shape 

Error: 
sex 

est=1. 28 
est=O.08 
est=O.73 

est=2.08 
est=O.22 

est=3.56 

Annulus Search Pattern 

Intercept: 
sex 

Probe: 
sex 
sex*surgery 
QTDIFF (slope) 
ATDIFF (intercept) 

est=-4.43 

est=4.47 
est=-2.27 
est=O.46 
est=-O.51 

F=6.39 
F=4.84 

F=11.24 
F=8.23 
F=7.61 
F=4.66 

F=4.21 

F=5.09 
F=4.70 
F=5.34 

F=8.01 
F=4.20 

F=22.13 

F=10.99 

F=8.61 
F=15.34 
F=65.44 
F=52.77 

p<.05 
p<.05 

p<.Ol 
p<.Ol 
p<.Ol 
p<.05 

p<.05 

p<.Ol 
p<.05 
p<.05 

p<.Ol 
p<.05 

p<.OOl 

p<.Ol 

p<.Ol 
p<.Ol 
p<.OOl 
p<.OOl 
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TABLE 2 - continued 

Zone Search Pattern 

Intercept: 
sex*surgery est=-1.9 F=7.21 p<.Ol 

Slope: 
sex est=2.76 F=4.60 p<.05 
QTDIFF est=0.81 F=148.95 p<.001 

Path Length 

Intercept: 
ATDIFF est=-20.71 F=10.10 p<.005 

Slope: 
ZADIFF est=-l. 42 F=6.53 p<.05 

Error: 
sex est=-46.67 F=7.34 p<.Ol 
sex*lesion type est=113.56 F=8.24 p<.Ol 

Average Distance from the Target 

Intercept: 
sex*shape est=-l. 32 F=10.29 p<.Ol 
ATDIFF est=·-0.04 F=12.57 p<.001 

Slope: 
sex*les.type*dist.*shape est=-0.24 F=6.46 p<.05 
QTDIFF est=-0.38 F=170.05 p<.001 

Probe: 
sex*distance*shape est=-O.l F=7.75 p<.Ol 

Error: 
sex*distance est=0.28 F=12.05 p<.001 



TABLE 2 - Continued 

Latency 

Intercept: 
sex*lesion type*dist.*shape 
sex*distance*shape 
ATDIFF 

Slope: 
ZADIFF 
QTDIFF 

Error: 
sex*surgery 

est=O.61 
est=O.21 
est=-O.65 

est=O.04 
est=-O.23 

est=O.23 

F=6.40 
F=3.76 
F=111. 55 

F=70.60 
F=14.27 

F=5.12 
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p<.05 
p=.06 
p<.001 

p<.OOl 
p<.001 

p<.05 



TABLE 3 

Intercept: 
Type of lesion 

Probe: 
Surgery 

Intercept: 
Surgery 
Extent of lesion 

Slope: 
Surgery 

Probe: 
Surgery 

LESION EFFECTS 

Quadrant Strategy 

F=4.28 p<.05 

F=24.02 p<.OOOl 

Annulus Strategy 

F=19.13 
F=4.61 

F=5.71 

p<.OOOl 
p<.05 

p<.05 

Zone Strategy 

F=13.97 p<.OOl 

Average Distance from Target 

Intercept: 
Surgery 

Slope: 
Surgery 
Type of surgery 

Probe: 
Surgery 
Extent of lesion 

F=13.46 

Latency 

F=6.85 
F=7.53 

Velocity 

F=8.37 
F=l1. 64 

p<.OOOl 

p<.Ol 
p<.Ol 

p<.005 
p<.OOl 

est=-1.0 

est=-O.5 

est=-1.05 
est=O.15 

est=-.Ol 

est=O.73 

est=.57 

est=.05 
est=-.97 

est=O.19 
est=-O.22 
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TABLE 4 

Intercept: 
E1*circle 

Slope day 2: 
E2 

Probe: 
E2 
E1*shape 

Slope: 
E1 

Slope day 2: 
velocity 

Intercept: 
E1*Surg 

Slope: 
E1*Dist 

Slope day 2: 
velocity 

Intercept: 
E2*Surg 

Probe: 
E2*Surg 

Slope day 2: 
velocity 

Model 2 Estrous Effects 

F=4.19 

F=4.79 

F=9.12 
F=4.46 

Velocity 

p<.05 

p<.05 

p<.005 
p<.05 

est.=3.33 

est.=l.Ol 

est.=1.77 
est.=O.32 

Quadrant Search Pattern 

F=4.01 p=.052 est=1.07 

Annulus Search Pattern 

F=238.86 p<.OOl 

Zone Search Pattern 

~=13.77 p<.OOl 

F=4.29 p<.05 

F=130.86 p<.OOl 

Path Length 

F=5.88 p<.05 

F=4.83 p<.05 

F=639.76 p<.OOl 

est=-l. 22 

est.=2.49 

est.=-O.9 

est=O.62 

est.=-98.32 

est=O.24 

est=17.13 
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TABLE 4 - continued 

Average Distance from Target 

Interoept: 
E1*Surg 

Slope day 2: 
E2 
E2*Surg 

Probe: 
E2*Shape 

Interoept: 
E1*Dist*Surg 

Slope day 2: 
velocity 

F=5.67 p<.05 est.=3.44 

F=7.09 p<.05 est.=1. 7 
F=16.26 p<.OOl est.-O.44 

F=13.68 p<.OOl est=-3.23 

Latency 

F=9.53 p<.Ol est.=O.40 

F=2179.23 p<.OOl est=-1.2 
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TABLE 5 

Model 3 Exploration and Water Maze 

Intercept: 
OBJ2*sex 

Probe trial: 
LINE1*sex 
OBJ2*sex 

Slope: 
LINES2 
LINES1*sex 
OBJ2*sex 

Slope: 
OBJ2 

Intercept: 
LINES2 

Slope: 
LINES2 

Probe: 
OBJ2 

Intercept: 
OBJ1*sex 

key: 

number of lines 
number of lines 

Quadrant strategy 

est.= -0.169 

est.= -0.17 
est.= -0.34 

Zone strategy 

est.= -0.08 
est.= +0.03 
est.= -0.088 

Path Length 

est.= -2.39 

F=5.35 

F=4.69 
F=4.60 

F=5.95 
F=12.33 
F=4.98 

F=5.51 

Average Distance from Target 

est.= -0.32 F=4.69 

est.= +0.04 F=4.07 

est.= -0.12 F=6.37 

Latency 

est.= +0.152 F=3.95 

crossed on day 1= LINES1 
crossed on day 2= LINES2 

number of objects explored on day 1= OBJ1 
number of objects explored on day 2= OBJ2 

p<.05 

p<.05 
p<.05 

p<.05 
p<.OOl 
p<.05 

p<.05 

p<.05 

p<.05 

p<.05 

p<.05 
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TABLE 6 

Sex and Exploration 

Number of objects explored on day 1 

Sex F = 3.07 NS 

Number of objects explored on day 2 

Sex F = 4.45 p < .05 male = 27.79 
female = 23.66 
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========================================================== 

Number of lines crossed on day 1 

Sex F = 0.47 NS 

Number of lines crossed on day 2 

Sex F = 0.35 NS 
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TABLE 7 

Cue Task 

Trials 1-6 on Place Task vs. Trials 1-6 on Cue Task 

Task F=303.46 p<.OOOl 

cue task means < place task means 

======================================================== 

Trials 9-14 on Place Task vs. Trials 1-6 on Cue Task 

Task F=46.14 p<.OOOl 

cue task means < place task means 
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