SEE analysis of open-field behavior discriminates C57BL/6J and DBA/2J mouse inbred strains across laboratories and protocol conditions
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Abstract

Conventional tests of behavioral phenotyping frequently have difficulties differentiating certain genotypes and replicating these differences across laboratories and protocol conditions. In this study we explore the hypothesis that ethologically-relevant behavior patterns would more readily characterize heritable and replicable phenotypes. We used SEE (Software for the Exploration of Exploration) to phenotype the open-field behavior of the C57BL/6 and DBA/2 mouse inbred strains across three laboratories. The two genotypes differed in 15 different measures of behavior, none of which had a significant genotype ( laboratory interaction. Within the same laboratory, most of these differences were replicated in additional experiments despite changing the test photoperiod cycle and injecting saline. Our results suggest that the problem of replicability is likely to be solved by better-designed tests rather than stricter standardization.

Introduction

Neurobehavioral genetics depends critically on the accuracy and reliability of behavioral measurements. The characterization of specific behaviors, sometime referred to as behavioral phenotyping, is essential for associating them with particular gene loci. The need for behavioral phenotyping has resulted in the design of behavioral and physiological test batteries for mice (Crawley et al, 1997, 2000; Rogers et al, 1999). Considerable effort has been made to automate these tests, in order to increase the throughput needed for testing large numbers of animals and to avoid the effect of subjective human judgment. The open field test is included in most test batteries due to the efficient use of standard, commercially available photobeam systems.

C57BL/6 (C57) and DBA/2 (DBA) are two of the most commonly used inbred strains of laboratory mice, and consequently many behavioral differences between them are reported in the literature (for a review see Crawley et al., 1997). Since the open field test is one of the most common tests, the open field behavior of these two genotypes was reported in many studies employing several methods and arena sizes. Common view holds that C57 is a high-activity strain while the DBA is an intermediate activity strain (Crawley et al., 1997; Cabib et al., 2002). This view, however, seems to represent only a broad average over studies, some reporting C57 to be significantly more active (e.g., Gorris and Abeelen, 1981; Elmer et al., 1996; Logue et al., 1997; Bolivar et al., 2000 (for females); Hatcher et al., 2001), many that did not detect a significant difference in activity (e.g., Jones et al., 1993; Womer et al., 1994; Tirelli and Witkin, 1994; Tolliver and Carney, 1995; Cabib and Boneventura, 1997; Bolivar et al., 2000 (for males); Rocha et al., 1998), and at least one (Rogers at al., 1999) that found DBA mice to have significantly higher activity.

The problem of replicating behavioral results in other laboratories is neither particular to these two genotypes, nor to the open field test. Consequently, Crabbe, Wahlsten and Dudek (1999) conducted a pioneering study in which they compared eight genotypes in a battery of several standard behavioral tests across three laboratories. Despite the rigorous standardization of tests and housing protocols they reported many significant lab and lab ( genotype interaction effects. One conclusion was that genotype differences found in a single laboratory might prove to be idiosyncratic to this laboratory. This conclusion might be interpreted as pointing to a major hindrance in current behavioral genetics and psychopharmacology. As such, the importance of replicable phenotypes drives prominent database organizers to require submitted data to be validated in at least two different laboratories (Mouse Phenome Database; Paigen and Eppig, 2000).

Crabbe et al. (1999) included the C57 and DBA as part of the 8 genotypes in their study, but did not examine the differences between these two genotypes separately. In another pioneering step, however, they published all the raw results of their study in a web site, in a convenient format for downloading and testing. This allows us to compare our results with theirs, and to evaluate the power and reliability of the new open-field method described in this study relative to the commonly used photobeam cage. As we suggest in the discussion, both the multi-lab studies and the publication of the raw results on the web constitute a fruitful approach to behavioral phenotyping. When examining the results from this web site, most measures of the open field test either did not detect significant differences between C57 and DBA, or (in agreement with the general conclusion of their report) the differences were not consistent across the three laboratories. 

The main remedy advocated so far for the lack of replicability is more careful standardization of test protocol, of handling procedures and of laboratory environment (Wahlsten, 2001; van der Staay and Steckler, 2002; Wahlsten et al., 2002 but see Wurbel, 2000, 2002). This remedy, however, is expected to require a considerable effort (Wahlsten, 2001) since the level of standardization in the aforementioned study of Crabbe et al. was already much higher than is currently practiced in the field. We suggest a complementary approach: design improved standard tests that can capture ethologically-relevant behavior patterns more precisely. Such tests may be more resistant to the laboratory environment and to small changes in protocol details. Open field behavior constitutes a good test case for this approach. Current open field tests for mice, usually employing photobeam systems, are conducted in small cages of 25 - 50 cm width. They typically employ simple measures such as the distance traveled by the animal and the time spent in the center of the arena. These measures are cumulative and general, reflecting a common view that open-field behavior is largely stochastic in nature, and can be quantified mainly by some measure of “general activity”  (but see Paulus and Geyer, 1993 for a different viewpoint). In recent years, however, ethologically-oriented studies in rats (Eilam and Golani, 1989; Eilam et al, 1989; Golani et al., 1993; Tchernichovski et al., 1998; Drai et al., 2000; Kafkafi et al, 2001) and more recently in mice (Drai et al., 2001; Benjamini et al., 2001; Drai et al, submitted; Kafkafi et al., submitted) found that open-field behavior is highly structured and consists of typical behavior patterns. Once these patterns were isolated, they were found useful in psychopharmacological and psychobiological studies (Whishaw et al., 1994; Cools et al., 1997; Gingras and Cools, 1997; Szechtman et al, 1999; Whishaw et al., 2001; Wallace et al., 2002). Based on these patterns, SEE (Software for Exploring Exploration) was recently developed for the visualization and analysis of open field data measured automatically by video tracking (Drai and Golani, 2001), and was proposed as a tool for behavioral phenotyping (Drai et al, 2001; Drai et al, submitted).

The improved open-field test with SEE analysis has several properties that are suggested by the results of previous and present phenotyping projects to be important for genotype discrimination:

1. Large (2.50 m diameter) circular arena increases the area 25 to 80 times compared to that of common photobeam systems. Combined with a slightly better spatial resolution due to the use of video tracking, this means that the number of different locations that can be discriminated by the system is increased by a factor of approximately 100. The large arena also enables the animal to generate a much wider range of speeds, a key measure in our analysis. In addition, our results suggest that the open space of the large arena is more intimidating and consequently accentuates differences in wall hugging behavior.

2. A tracking rate of 25 or 30 frames per second is considerably higher than is currently practical with many photobeam systems. Such temporal resolution is important, since a mouse can accelerate, slow and even stop and start again more than once during a single second.

3. Robust smoothing algorithms considerably reduce tracking noise and outliers, which are typical of the output of tracking systems of all types. Many endpoints, including the widely used distance traveled, are sensitive to such noise and artifacts.

4. The path of the animal is automatically segmented into discrete behavioral units with proven ethological relevance for rodents: stops (lingering episodes) and progression segments (Drai et al., 2000; Kafkafi et al., 2001). Most of SEE endpoints employ simple properties of such segments, such as their length, duration and maximal speed. Treating the path as a string of discrete, relevant units rather than a continuous series of coordinates allows a more straightforward analysis of complex structures. 

5. The SEE language can be used to query, visualize and quantify complex properties of the behavior in a database including many sessions from many experiments, and easily design new endpoints for better genotype discrimination and replicability (Kafkafi et al, submitted; Kafkafi, submitted).

6. The issue of multiple comparisons, arising due to the use of many endpoints, is handled by the False Discovery Rate approach (Benjamini and Hochberg, 1995, Benjamini et al., 2001). This approach is preferable to either the too restrictive Bonferroni-like criterion or the too permissive approach of not controlling for multiple comparisons at all.

In this study we provide an initial examination of the ability of the improved open field test with SEE analysis to discriminate mouse genotypes in a replicable way, by phenotyping C57 and DBA mice across three laboratories. 

2. Methods

The experiments were conducted in three laboratories: the National Institute of Drug Abuse/IRP laboratory in Baltimore (NIDA), the Maryland Psychiatric Research Center (MPRC) of the University of Maryland, and in Tel-Aviv University (TAU). There were slight differences between the laboratories in arena size (due to room size limitation), tracking rate (due to the use of the European PAL video system in TAU instead of the American NTSC) and spatial resolution (due to camera parameters and height). These differences are summed in Table 1 (left section). In addition, two other experiments were used to test replicability within labs across differences in protocol (Table 1, right section): experiment MPRC/L was performed in the MPRC, but with the mice tested during the light cycle of their photoperiod instead of the dark cycle. Experiment NIDA/LS was performed in NIDA with the mice tested at their light cycle and also injected with saline immediately before introducing into the arena. In addition, we included some results from a sixth experiment, NIDA/C, which compared C57BL/6J with CXBK/ByJ (an inbred recombinant strain originating from a cross between C57BL/6 and BALB/c) in NIDA. The time period between any two experiments in the same laboratory was at least three weeks. Other than the differences given in table 1, all conditions were equated as described below. The animals used in this study were maintained in facilities fully accredited by the American Association for the Accreditation of Laboratory Animal Care (AAALAC) (MPRC and NIDA) or by NIH Animal Welfare Assurance Number A5010-01 (TAU). The studies were conducted at all three locations in accordance with the Guide for Care and Use of Laboratory Animals provided by the NIH. 

2.1 Animals

9-14 week old males from the inbred strains C57BL/6J (C57), DBA/2J (DBA) and CXBK/ByJ CXBK), shipped from Jackson Laboratories (C57, DBA) or bred at IRP/NIDA (CXBK). Group sizes are given in parentheses in Table 1.

2.2 Housing

Animals were kept in 12:12 light cycle, housed 2-4 per cage under standard conditions of 22°C room temperature and water and food ad libitum. The animals were housed in their room for at least 2 weeks before the experiment. 

2.3 Tracking protocol

Each animal was brought from its housing room, introduced immediately into the arena and returned after the end of the 30 minutes session. The arena was a large (210-250 cm diameter), circular area with a non-porous gray floor and a 50 cm high, primer gray painted, continuous wall. The gray paint was specially chosen to provide a high-contrast background, enabling video tracking of black, white, brown and agouti-color mice without the need to dye or mark them. Several landmarks of various shapes and sizes were attached in different locations to the arena wall and to the walls of the room where the arena was located in order to enable easy navigation for the mouse. The arena was illuminated with two 40 W neon bulbs on the ceiling, above the center of the arena. 

2.4 Path analysis

Robust smoothing (i.e., not affected by arbitrary outliers) of the animal path and speed estimation is an important ingredient in the SEE analysis. We used the Lowess algorithm (Cleveland, 1977) as was described in Kafkafi et al, 2001 with some improvements (For a full description, review and discussion of this and other smoothing methods see Hen at al., submitted). The main improvement consists of using an algorithm based on repeated running median (RM, see Tukey, 1977) to identify arrest. This improvement was introduced since we discovered by comparing the analysis results with the video that the Lowess speed estimation, while much preferable in this regard to standard methods such as moving averages, still tends to smooth out short stops (less than 1 second in duration). Such stops constitute an important part of the behavioral repertoire of rodents, especially of the small and fast moving mouse. In order to prevent this we made a first pass over the raw coordinates using RM, which is a robust method but does not smooth the results, and thus can be used with a much smaller time window (i.e., a higher time resolution) than the Lowess. The results of the RM smoothing were used only to isolate arrest intervals, which were defined as cases where the location did no change for at least 0.2 seconds. The smoothed locations and estimates of non-zero speed were done by the Lowess from the raw data as before. The time window used for the Lowess was 0.4 s and the polynomial degree was 2. The above combined procedure was implemented in SPSM (SEE Path Smoother), a stand-alone program available from the authors with or independently of the whole SEE package.

Segmentation of the smoothed path into lingering episodes and progression segments was done using the EM algorithm as in previous studies (Drai et al, 2000; Kafkafi et al, 2001; Drai et al, submitted) except for one important difference: the segmentation was always done into two components - lingering and progression - and we did not use the further division of progression into slow and fast movement (“2nd an 3rd gears”). The reason is that this sub-division is often not clear in mice, while the division into lingering and progression is very general. Most mice displayed a clearly bi-modal distribution of segment maximal speeds, with the threshold between the lingering and progression typically between 10 and 20 cm/s. As with the smoothing algorithms, the segmentation using the EM algorithm is currently implemented in a stand-alone program, which is available from the authors with or independently of the whole SEE package.

Visualization, analysis and calculation of endpoints were done with SEE (Drai and Golani, 2001), and with the assistance of two extension programs, the “SEE Experiment Explorer” and “SEE Endpoint Manager” (Kafkafi, submitted). The first is designed to enable SEE to query any desired subsection of a database including many experiments, while the second standardizes SEE calculation of endpoints and the development of new endpoints. These programs are also freely available from the authors.

2.5 Statistical methods

Standard transformations (log, square root, logit) were applied to the results in some of the endpoints (see table 2) as to correct for approximately normal distributions. Across labs results were analyzed by comparing experiments NIDA, MPRC and TAU using genotype ( laboratory two-way ANOVA for each endpoint. We also calculated the proportion of each factor (genotype, laboratory, their interaction, and the “residuals” or individual animal) out of the total variance, by dividing the Sum Square Error of each factor by the total Sum Square Error. Note that the proportion of genotype variance is a relatively conservative estimation of the broad sense heritability, since some of the interaction variance may also be genetic, and part of the individual variance may be attributed to measurement error. P values obtained from the two-way ANOVA were corrected for multiple comparisons using the False Discovery Rate (FDR), as suggested by Benjamini and Hochberg (1995; 1999), and applied for mouse behavioral phenotyping in Benjamini et al., 2001 and Drai et al. (submitted). The FDR was computed separately for genotype, lab and interaction P values, in a level of 0.05.

Within-lab replicability was tested by comparing experiment NIDA with experiment NIDA/LS and comparing experiment MPRC with MPRC/L, using genotype ( experiment two-way ANOVA, and applying FDR as in the across-lab comparison.
3. Results
Table 2 presents the results (group means and standard deviations) of the two genotypes in the three labs, in all the measured endpoints. Table 3 presents the genotype differences in each endpoint as tested using genotype ( lab two-way ANOVA, and corrected for multiple comparison by FDR. Significant strain differences were found in 15 out of 17 endpoints. Out of these 15 endpoints, 7 had significant lab effects. The lab effects were much smaller than the genotype effects except for home base relative occupancy. None of the endpoints, however, had significant genotype ( lab interaction.

Experiment MPRC/L replicated the experiment in the MPRC, except that animals were tested during their light cycle instead of their day cycle. The two experiments were compared using genotype ( experiment two-way ANOVA. All the genotype differences that were significant in the across-lab comparison were also significant in this comparison except for one: the Diversity. The only endpoint that was significantly different between the two experiments was the Lingering Spatial Spread. None of the interaction effects were significant.

Experiment NIDA/LS replicated the experiment in NIDA, except that animals were tested during their light cycle and also received a saline injection. Only 4 genotype differences out of the 15 that were significant in the across-lab comparison were not significant in this comparison: the Maximal Segment Speed, the Diversity, the Number of Stops per Excursion and the Home Base Relative Occupancy. The only endpoint that was significantly different in experiment MPRC/L was the Latency to Half Maximum Speed. As in the previous comparisons, none of the interaction terms were significant.

Note that the two within-lab comparisons above do not appropriately test the effect of the differences in their protocol, the testing cycle and the saline injection, since these differences were not controlled factors within the same experiment, but differences of conditions between two experiments conducted at different occasions. The significance of most genotype differences that were significant in the across-lab comparison, however, together with the lack of significant interaction terms, show that these genotype differences were replicated in different experiments within the same lab despite the differences in conditions.   

In what follows we describe each endpoint separately. Some of these endpoints were already used in our initial experiment that compared C57 with BALB/c in one laboratory (Drai et al., submitted). Some of the endpoints have been modified for reasons that will be explained, and some endpoints are new. Note that the results of the experiments in this study are not directly comparable with those of the single experiment in Drai at al. (submitted) since different arena size, tracking systems, smoothing and segmentation procedures were used. 

Distance Traveled: This measure might seem trivial, as it is the primary endpoint used in most locomotor tests. It is highly sensitive, however, to the spatial and temporal resolution of the tracking because higher resolution can detect smaller meanderings of the path and thus increase its length considerably (Paulus and Geyer, 1993). Consequently, travel distances measured with different tracking parameters and arena sizes are usually not considered to be comparable. In addition, this measure is sensitive to recognition errors of the tracking system. For example, if the system erroneously identified the animal in the other side of the arena for only a single frame, the distance from the true location and back is added to the distance traveled, and such an error might happen many times during the session. The robust smoothing algorithms used in our method, however, take care of both these problems. In addition, the large arena may cause the C57 to increase their mileage and/or cause the DBA to decrease their mileage. This may explain why C57 mice traveled very significantly larger distances in our setup. Furthermore, the strain means themselves, and not only the difference between them, were very consistent both across and within labs, despite the differences in protocol conditions and tracking parameters. Such large and consistent differences in activity were not observed between C57 and DBA within small arenas (e.g., Crabbe et al., 1999, Murphy et al., 2001, and see fig. 1 and 4).

Center Time: This endpoint measured the total time the animal spent at a distance of more than 15 cm from the wall of the arena. In a previous paper (Drai et al., submitted) only the center time spent in lingering episodes was used. The results with these two measures, however, were highly correlated, so we preferred to use here the commonly used measure. The choice of 15 cm was arbitrary, but every other reasonable distance we tried yielded similar strain differences. We are currently developing more powerful methods to distinguish “wall behavior” from “center behavior”. C57 mice spent significantly more time in the center than DBA mice.  This difference as well as the strain means themselves were very replicable both across and within labs, as shown by the lack of any lab, experiment or interaction effect (table 3, and see also fig. 2). Such a difference was not reported for these two genotypes with smaller arenas, although most current photobeam systems measure center time regularly (and see fig. 4, middle raw). Since center time, in contrast to the distance traveled, is not very sensitive to tracking resolution or tracking artifacts, it seems that the large arena used in our protocol accentuated the differences in wall hugging.

Lingering Mean Speed equals the cumulative distance traveled in the lingering (stopping) mode, divided by the cumulative duration of lingering. It thus provides a rough measure of “local” mobility within stops, which probably consists mainly of scanning movements, few sideway and forward steps, rearing and “stretch-attend” behavior. C57 mice had higher lingering mean speed than DBA across and within laboratories. The large and very significant lab effect in this endpoint might reflect the sensitivity of small movement measurement to tracking conditions and parameters. This is also suggested by the lack of experiment effect in the comparisons within laboratories. As with all other comparisons, however, the genotype ( lab interaction was not significant.

Number of Progression Segments: Note that this number is, by definition, also the number of stops. C57 mice had significantly higher number of progression segments than DBA mice. Strain differences as well as strain means themselves were replicable across and within labs (see also fig. 4, bottom raw).

Spatial Spread of Lingering Episodes: since lingering episodes are frequently local and circumscribed, their spatial spread (i.e., the longest distance between any two points during the episode) is a more appropriate measure than their length (Drai et al., 2000, Drai et al, submitted). DBA had a significantly larger spatial spread. The significant lab effect may also be due to the lower reliability of tracking small lingering movements, but the interaction effect was not significant. Within the MPRC, the spatial spread was significantly smaller in experiment MPRC/L, in which the animals were tested during the light cycle of their photoperiod.

Length of Progression Segments: No differences were found between the two genotypes in this measure. All group means were between 23 and 33 cm. This similarity seems to be a property of the C57 and DBA strains, since some of the additional strains we currently test do show significantly shorter or longer progression segments.

Proportion of lingering time equals the total duration of lingering episodes in the session as a proportion of the session duration. DBA mice had very significantly longer lingering time. As with the lingering mean speed, and perhaps for similar reasons, lab effect was significant but within-lab differences were not. 

Diversity captures the spatial and temporal scatter of stops (Tchernichovski et al., 1995). It represents the average distance between every two stops, weighted by the distribution of the duration of these stops. The diversity measure is higher as a greater area is covered, as it is covered more homogenously, and as the duration of stopping is distributed more homogeneously over the arena. C57 had significantly higher diversity, but the individual variance in this endpoint was very large, about 79% of the total variance, and the strain difference was not significant in both within-labs comparisons. 

Maximal Speed of Progression Segments: The maximal speed attained during a segment was found to distinguish progression from lingering behavior (Drai et al., 2000, Kafkafi et al., 2001) and is therefore a reasonable choice for genotype discrimination. The median of segment maxima over all progression segments in the session was taken as the result of this animal. Despite the much higher distance traveled by C57 mice, DBA mice were significantly faster across labs with no significant lab effect. This difference was significant also in the comparison within the MPRC but not in the comparison within NIDA. 

Segment Acceleration provides, for each progression segment, its maximal speed divided by its duration. It is thus a rough estimation of the acceleration in this segment (Kafkafi et al, submitted). DBA had significantly higher segment acceleration than C57 across labs. The laboratory effect was also significant. In both comparisons within labs genotype effects were significant but experiment and interaction effects were not.

Rate of Turn During Progression measures the amount of turning (change of progression direction) of progression in time. For each data point in the progression mode, this measure calculates the change of heading relative to the previous data point. Division by the tracking rate gives the rate of direction change in degree/s for each data point. The session value is the median of the absolute rate (i.e., no distinction between right and left turning) over progression during the whole session. This measure is not computed in the lingering mode, since the distance between consecutive data points in this mode might be very small, frequently much less than the spatial resolution of the tracking system, and thus the measured change in direction is likely to be meaningless. C57 Rate of Turn was very significantly higher than that of DBA across laboratories. Laboratory effect was also significant, but in both within labs comparisons genotype differences were significant while experiment and interaction effects were not. 

Radius of Turn During Progression: This is a measure of turning similar to the previous, but in relation to space and not to time. Note that it is possible to turn with the same radius but with different turning rates (by changing the speed) or with different turning radii but with the same turning rate. This measure is computed by dividing, for each data point, the absolute turning rate (in degrees/s) by the speed (in cm/s), in order to get the curvature (in degrees/cm). The result is further multiplied by 180/( in order to get the radius of turning in cm. As with the turning rate, we use the median over all data points during the progression mode only. Furthermore, since one of our labs had an arena with a slightly smaller radius, and the animals progressed mainly along the wall, we calibrated the median radius of turn for each session by dividing it by the arena radius. The radius of turn of the C57 was very significantly smaller in both across and within lab comparisons, about half of the arena radius, while the radius of turn of the DBA was almost as large as the arena radius. Note that the genotypic variance, which is a conservative estimation of broad sense heritability, was almost 80% in this endpoint. 

Home Base Relative Occupancy: In Drai et al (submitted) home base behavior was measured by the cumulative lingering duration at the home base location, as a proportion of lingering duration over the whole arena. Another important aspect of home base behavior, however, is that the number of stops (and not only their total duration) is larger at the home base (Eilam and Golani, 1989). In this study we therefore multiplied the total lingering duration by the number of lingering episodes for each place in the arena. This calculation was performs in bins of 10( along the perimeter of the arena. The home base was defined as the bin having the maximum value of this multiplication. It was usually, but not always, the place where the mouse was first introduced. The occupancy of the home base is given as this maximum relative to the mean over all 10( bins. DBA mice had significantly higher home base occupancy across laboratories. This endpoint was, however, the only one in which the lab effect was much larger than genotype effect. The genotype differences were also significant in the within MPRC comparison but not in the within NIDA comparison.

Number of Excursions: A round trip starting and ending at the home base is an excursion, which is a natural unit of rodent exploration (Eilam and Golani, 1989; Golani et al., 1993; Tchernichovski and Golani, 1995; Tchernichovski et al., 1998; also recently employed in Whishaw et al., 2002 and Wallace et al., 2002). C57 had significantly more excursions, both across and within laboratories. The lab effect was also significant.

Number of Stops per Excursion: This endpoint was found to be useful with Long-Evans rats (Golani et al., 1993). It was also used to distinguish between rats showing high and low response to novelty under dexamphetamine (Cools et al., 1997; Gingras and Cools, 1997).  Session median was typically between 8 and 15, which is perhaps slightly larger than that of rats, and C57 had significantly more stops per excursion across laboratories. This difference was also significant in the comparison within the MPRC but not in the comparison within NIDA.

Activity Decrease measures the difference in activity between the first and second 15 minutes of the session. No significant differences were found between C57 and DBA in this regard. Interestingly, this measure yielded the most significant difference between C57 and BALB/c strains in a previous phenotyping study in a large arena (Drai et al., submitted). 

Latency to Half of Maximal Speed quantifies how fast the activity of the animal builds up during the beginning of the session. It measures the time, from the start of the session, it took the animal to exceed for the first time a speed equaling half of the maximal speed it attained during the whole session. C57 mice were significantly faster to take off, both across and within labs, typically around 10 seconds, while DBA typically took around 100 seconds. In experiment NIDA/LS this endpoint was significantly higher, comparing with the other experiment in this lab. This was probably a result of the saline injection in NIDA/LS, since no such change was detected in the comparison within the MPRC. 

An overall look at table 3 shows that in general, genotype effects tended to be large while laboratory effects and especially interaction effects tended to be small. Although the lab effects in 7 endpoints were still significant after multiple comparisons correction, no interaction effect remained significant. This means that lab effects were all additive. That is, the genotype differences did not differ across labs even when the actual group means did. For reasons that will be explained in the discussion section, however, the proportion of overall variance gives in this case a better account of replicability across laboratories than the significance in the two-way ANOVA test. In 12 out of the 17 endpoints, the genotypic variance was larger than the laboratory and interaction variances combined. In 7 out of these endpoints, the genotypic variance alone accounted for more than 50% of the total variance.

All endpoints listed above except for the last two can be measured in time bins of 5 minutes. Endpoints that discriminated the two strains over the whole session were mostly able to discriminate them in each of the 5 minute bins, as is demonstrated in figures 1, 2 and 3 for Distance Traveled, Center Time and Radius of Turn. Note that the development of the Radius of Turn seems to differentiate the CXBK mice in experiment NIDA/C from the other two strains. The CXBK started the session like the C57 and ended like the DBA. In general, note that group variances were usually small even when measured in bins of 5 minutes, although group sizes were not large (5 to 10). 

The multi-laboratory approach first taken by Crabbe et al. (1999) prompted our efforts to explore ethologically-relevant phenotypes as a mean for achieving higher replicability. To this end we have furthered their discussion by directly comparing the replicability of our results with the replicability of their open field results, as measured by AccuScan( Digiscan photobeam systems and published in their website at http://www.albany.edu/psy/obssr3/ . This is especially needed since the SEE test is not yet standardized and commercialized as the photobeam tests, requiring both more space to be conducted and motivation for replacing the familiar with the less familiar. It is thus reasonable to ask if the gain in performance is large enough to justify such an investment.

In order to equalize strains, sexes, session duration and group size we use only the photobeam test C57 and DBA males in all three laboratories, only the first 15 minutes of each SEE test session, and only 8 randomly chosen animals from each SEE test group. We compare the genotype differences found in three equivalent endpoints: Horizontal Distance, Center Time and Number of Movements in the photobeam system with the respective Distance Traveled, Center Time, and Number of Progression Segments in the SEE test. No transformations were used in this comparison with any of the endpoints.

Fig. 4 displays the results of this comparison with the columns representing the proportion of variance accounted by genotype, laboratory, genotype ( laboratory interaction and individual animals. The advantage of the improved open-field test with SEE analysis is considerable, generally increasing genotypic effect and decreasing laboratory, interaction and individual variance several folds. Note that this advantage was achieved without any special effort to equalize housing and testing conditions in our experiments (table 1). The third comparison of the photobeam system’s number of movements with SEE’s number of progression segments (bottom two graphs) also illustrates some of the problem with using significance in the two-way ANOVA for assessing across-lab replicability. When analyzed by the standard fixed model two-way ANOVA the genotype difference in the photobeam system is actually significant (F=6.2, p<0.05), while the laboratory and interaction effects are not. With SEE the genotype effect is much more significant (F=64.6, p<0.0001), but the lab effect is also marginally significant (F=3.9, p<0.05). This is mainly due to the higher discrimination power of SEE, as is evident from smaller group variances in the graph and smaller proportion of individual variance in the column. Since all effect sizes in the standard ANOVA are computed relative to this group variance, SEE did better with detecting the genotype difference, but also with detecting the lab difference. Because the replicability issue draws more attention to the significance of lab and interaction effects than to the increased genotype effect, this analysis penalizes methods with higher discrimination power, and in this case might have led one to believe that SEE analysis is less replicable across laboratories, although the graphs shows clearly that the opposite is true.

The photobeam results included many additional endpoints, such as vertical activity and number of movement, number of clockwise and counter clockwise revolutions and stereotypy count. None of these, however, detected much larger genotype differences than the three endpoints shown in fig 4. The only differences that were highly replicable were the advantage of the C57 in several endpoints, such as the horizontal distance and number of movements, during the first 5 minutes of the session only. The same pattern can be seen with the distance traveled measured in a single laboratory experiment by Jones at al. (1993). This agrees with our results in the measure of Latency to Half Maximum Speed, suggesting that C57 are faster starters than DBA. It appears that in the photobeam systems, this initial advantage of the C57 disappears after the first 5 minutes bin, when the two strains both covered the entire small arena. In the large arena used in this study, however, genotype differences were generally maintained, as is illustrated in figures 1, 2 and 3, even after 30 minutes.

Discussion

The C57 and DBA are two of the most commonly used inbred strains of laboratory mice. Consequently, many behavioral differences between them were reported in the literature. Most of these reports, however, were not methodically corroborated in more than one laboratory. The findings of Crabbe et al (1999) suggest that such differences could well prove to be idiosyncratic to the specific laboratory. The purpose of the experiments described in this report was to explore the heritability and replicability of behavioral endpoints derived from ethologically based systematic studies of exploratory behavior (Eilam and Golani, 1989; Eilam et al, 1989; Golani et al., 1993; Tchernichovski et al., 1998; Drai et al., 2000; Kafkafi et al, 2001; Drai et al., 2001; Benjamini et al., 2001; Drai et al, submitted; Kafkafi et al., submitted).

Replicable differences between the two genotypes were found in several different aspects of open field behavior. C57 mice traveled longer distances, performed more stops (and, by definition, more progression segments) and spent less time in lingering. The increase in distance traveled by the C57 mice was achieved by increasing the number of progression segments, not by increasing the typical length of progression segments. DBA mice, however, had higher maximal speeds and accelerations. This combination of differences is counter-intuitive to a “general activity” view of open-field behavior. According to such a view, optional measures of activity, such as the distance traveled or the number of beam breaks in different photobeam arrangements, are most likely to be correlated, and thus the exact definition of an activity measure is not that crucial. “Activity”, as measured by a variety of hardware and algorithms, is the endpoint reported in most open field studies, and is used to assess the effect of many drugs and treatments. Our results suggest, however, that it artificially combines several different aspects of behavior that are not necessarily correlated in a trivial way.

C57 mice spent much longer time away from the wall than DBA mice. They typically took only several seconds from the start of the session to reach half of the maximal speed attained in the session, while DBA typically took a minute or so. C57 mice progression was less straight, both in relation to space (turning radius) and time (turning rate).

Most differences found over the whole 30min session were also prominent in most of the 5min time bins of the session. In most of these endpoints, the behavior seemed to reach a plateau after the first 5minute time bin, or even within the first bin. Clearly, the absence of a developmental trend across the session relates only to the examined endpoints, and does not imply a general absence of trend in other parameters yet to be examined.

A conservative estimation of the broad-sense heritability was higher than 50% with 7 endpoints out of the 17 tested in this study, despite being conducted over three laboratories with slightly different conditions. Two complementary approaches for mapping genes affecting behavioral traits are Quantitative Trait Loci (QTL, e.g., Flint et al., 1995; Turri et al., 1999; Belknap at al., 2001) and mutagenesis (e.g., Takahashi at al., 1994; Nolan at al., 2000). Mutants and recombinant inbred strains derived from C57 and DBA play important role in both QTL and mutagenesis studies conducted in mice. With both approaches, the discrimination power and reliability of phenotyping crucially affect the quality of the results. Both approaches may thus gain from employing SEE analysis. 

Since all experiments in this study included only two strains each, it was not possible to measure correlations between endpoints across strains. We currently study this issue in a multi-lab experiment involving 10 strains. While we expect certain endpoints to be usually correlated, the particular behavioral phenotype that characterizes certain genotypes may as well be the absence of such a correlation. Consideration of some CXBK results from experiment NIDA/C supports this possibility. For example, it can be argued that the Radius of Turn during progression (fig. 3) is probably inversely correlated with the Center Time (fig. 2), since animals walking mostly along the wall are likely to have a progression radius similar to the arena radius, and indeed the DBA mice, who spent most of their time near the wall, also had a progression radius consistently close to the arena radius, while the C57 mice, who spent more time in the center, consistently had a progression radius of about half the arena radius. Hypothetically, however, an animal can walk near the wall in tight arcs, or travel through the center in straight progression segments. Note that the Center Time of the CXBK group in experiment NIDA/C seems not to differ from that of the DBA groups in the other experiments (fig. 2), but their Radius of Turn was much smaller than that of the DBA during the first half of the session (fig. 3), closer to that of the C57. This similarity of the CXBK to C57 during the start of the session and to DBA in the late part of the session was also found in another, seemingly unrelated endpoint, the jitteriness (Kafkafi et al., submitted). Correlation of endpoints is addressed by the FDR procedure we used to account for multiple comparisons (Benjamini and Liu ,1999).

Multi-lab experiments are currently assessed using the standard method of genotype ( laboratory two-way ANOVA. In this model, significance of laboratory and especially interaction effects are considered as indicating a replicability problem (Crabbe et el., 1999; Wahlsten, 2001). Such significance, however, should not be considered separately from the significance of the genotype effect. Methods with higher discrimination power are likely to increase significance of lab and interaction effects as well as increasing the significance of genotype effects. Alternatively, a similar increase of significance may also be achieved simply by increasing n and/or the number of genotypes and labs in the experiment. Because of the attention given to the replicability issue, however, increasing the laboratory or interaction significance is more likely to be noticed than an accompanying increase of genotype significance. Note that this argument also holds for the effect size (F). Attention should therefore be given also to the proportion of variance accounted by each factor. Good replicability is indicated by genotypic variance that is several folds larger than the laboratory and especially the interaction variance (e.g., fig. 4). This problem may be solved by using a mixed model instead of a fixed model ANOVA, with the laboratories (and therefore also the interaction) regarded as a random factor. We are currently engaged in resolving some statistical difficulties arising from this model.  

The advantages of the SEE open field test, as demonstrated in this study with two common inbred strains over three laboratories, suggest that including it in phenotyping batteries instead of the common photobeam open field test can improve considerably the ability to discriminate a rich array of behavioral endpoints across different genotypes in a replicable way. In order to encourage the use of this new test we developed a simple stand-alone program that performs automatically the analysis described in this paper, including the smoothing, segmentation and computation of all the endpoints described above. This program, as the SEE notebook itself, are freely available from the authors. It of course remains to be shown that the high performances of SEE analysis can be generalized to other common and important genotypes, an issue that we are currently studying. Note also that SEE analysis can be easily upgraded. New endpoints can be readily developed in SEE and current endpoints can be updated, based on ongoing results (Kafkafi et al, submitted). In our experience the study of additional strains tends to promote this process because each new strain displays more clearly some patterns that highlight additional properties of the open field behavior. The performance of SEE, in contrast with the performance of most photobeam tests, is thus likely to be further improved in the near future.

Standardization is the usually advocated remedy for the problem of phenotyping replicability across laboratories, but it is estimated to require a substantial and highly-coordinated effort by many laboratories (Wahlsten, 2001), and the level of standardization needed for satisfactory replicability is yet to be demonstrated. Moreover, behavioral tests that are sensitive to any small change in protocol, even within the same laboratory, are likely to make research much more difficult. In contrast, the high replicability of SEE analysis in this study was achieved despite several differences in tracking parameters and using only mild standardization of housing conditions. Within labs, testing during the light instead of the dark cycle and saline injections did not blur most genotype differences and did not significantly interacted with any of them. This suggests that tests and measures that are specifically designed to capture ethologically-relevant behavior patterns are likely to be more resistant to environment manipulations, and thus constitute a more fruitful approach than strict standardization.
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Fig. 1: The distance traveled in the six experiments (group means ( SE) in time bins of 5 minutes. Dark symbols with dashed lines: C57 groups. Open symbols with dotted lines: DBA groups. Grey star with dash-dot line: a single CXBK group.
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Fig. 3: Radius of turn during progression in the six experiments (group means ( SE) in time bins of 5 minutes. Dark symbols with dashed lines: C57 groups. Open symbols with dotted lines: DBA groups. Grey star with dash-dot line: a single CXBK group.

respective distance traveled, center time, and number of progression segments in the SEE test. No transformations were used in this comparison with any of the endpoints.
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Fig. 4: Comparison between a photobeam open field test (left) and the SEE open field test (right) of the differences detected between C57 and DBA across three laboratories in three equivalent endpoints: Horizontal distance vs. Distance traveled (top), Center time vs. Center time (middle), and Number of movements vs. Number of progression segments (bottom).  Closed circles: C57 groups. Open circles: DBA groups. Error bars represent Standard Errors. Photobeam results are from a study described in Crabbe et al., 1999. Laboratories in photobeam test: Albany (ALB), Edmonton (EDM), Portland (PORT). Laboratories in SEE test: NIDA, MPRC, TAU. Columns at the right represent the relative contribution of each factor to the overall variance. L: laboratories, G: genotypes, G(L: genotype ( laboratory interaction, A: individual animals. Data for both tests are based on 15 min session duration and n = 8 males, and no transformations are used.
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Table 1: Differences in experimental groups and testing conditions in the six experiments. n for each group given in parentheses. The three experiments in the left section were used to test across lab replicability. The three experiments in the right section were used to test within-lab replicability by comparing with the left-section experiment of the same laboratory. 
Table 2:  Strain means and SD in all endpoints across the three laboratories. In endpoints in which transformations were used[image: image6.wmf]Across labs experiments
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Table 3: Effect size (F), p-values and percent of variance (%V) of genotype, laboratory and interaction in each endpoint. * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001. Shaded effects were found to be significant after correction for multiple comparisons using FDR. Note that the percent of genotype variance is a conservative estimation of broad-sense heritability.
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						Across labs experiments						Within lab variations

				Experiment name		NIDA		MPRC		TAU		MPRC/L		NIDA/LS		NIDA/C

				Strains (n)		C57 (8)		C57 (10)		C57 (9)		C57 (8)		C57 (5)		C57 (8)

						DBA (8)		DBA (10)		DBA (9)		DBA (9)		DBA (6)		CXBK (8)

				Laboratory		NIDA		MPRC		TAU		MPRC		NIDA		NIDA

				Arena's diameter		250 cm		210 cm		250 cm		210 cm		250 cm		250 cm

				Tracking rate		30/s		30/s		25/s		30/s		30/s		30/s

				Spatial resolution		1.3 cm		1.0 cm		1.0 cm		1.0 cm		1.3 cm		1.3 cm

				Cycle of testing		dark		dark		dark		light		light		light

				Treatment		---		---		---		---		saline		---
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		Endpoint		Genotype						Laboratory						Interaction

				F		p		%V		F		p		%V		F		p		%V

		Distance Traveled		118.4		****		68.3		1.1		0.33		1.3		2.4		0.11		2.7				2009528150		37932561		80034761		814755201

		Center Time		86.5		****		63.6		0.2		0.83		0.3		0.6		0.57		0.8				91.96513		0.40655		1.19212		51.05169

		Proportion of Lingering		337.2		****		76.6		26.8		****		12.2		0.7		0.49		0.3				1.262687		0.200913		0.005354		0.17972

		Number of Progression Segments		141.2		****		71.6		3.8		*		3.9		0.2		0.81		0.2				1056161		56820		3191		358940

		Lingering Mean Speed		61.3		****		33.3		33.3		****		36.3		3.9		*		4.3				11.76162		12.79787		1.50267		9.21666

		Lingering Spatial Spread		34.1		****		31.7		11.2		***		20.9		1.4		0.25		2.7				1.139076		0.749699		0.095405		1.605212

		Length of Progression Segments		0.6		0.44		1.1		3.3		*		11.7		0.2		0.79		0.8				37.218		406.684		29.15		2995.401

		Diversity		5.2		*		8.5		3.3		*		10.8		0.7		0.52		2.1				2108.24		2700.15		532.55		19546.32

		Maximal Segment Speed		15.8		***		22.5		2.9		0.07		8.2		0.3		0.71		1.0				493.763		180.276		21.126		1499.4

		Segment Acceleration		114.7		****		51.2		29.0		****		25.9		1.7		0.19		1.5				1.587649		0.803395		0.048092		0.664123

		Rate of Turn		106.6		****		52.1		21.6		****		21.1		3.4		*		3.4				674.3398		272.8672		43.4591		303.582

		Radius of Turn		247.1		****		79.8		5.0		*		3.2		2.3		0.11		1.5				3.919509		0.159346		0.07333		0.761458

		Home Base Relative Occupancy		12.2		**		11.9		21.0		****		40.8		0.3		0.71		0.7				1.681808		5.778524		0.095014		6.597759

		Number of Excursions		54.0		****		47.0		5.7		**		9.9		0.7		0.48		1.3				26.99491		5.6539		0.73794		24.0019

		Number of Stops per Excursion		9.9		**		15.6		0.7		0.49		2.3		2.1		0.14		6.5				127.5741		18.6329		53.2884		618.9861

		Activity Decrease		0.2		0.67		0.3		2.0		0.15		6.6		3.8		*		12.7				632717		13669192		26140422		165313787

		Latency to Half Maximum speed		46.7		****		44.7		4.4		*		8.3		0.5		0.58		1.0				22.59428		4.20933		0.53061		23.20783
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		Endpoint		Units		Transformation		NIDA								MPRC								TAU

								C57				DBA				C57				DBA				C57				DBA

								Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD

		Distance Traveled		m		---		256		42		144		54		227		13		130		48		264		40		109		40

		Center Time		s		Logit		-0.9		0.25		-3.3		1.1		-0.99		0.2		-3.4		1.9		-0.8		0.5		-3.8		1

		Proportion of Lingering		prop.		---		0.49		0.1		0.8		0.1		0.5		0.03		0.8		0.1		0.3		0.03		0.7		0.1

		Number of Progression Segments		number		---		554		67		286		87		593		73		317		118		525		50		223		102

		Lingering Mean Speed		cm/s		---		3.6		0.4		2.3		0.7		2.9		0.4		2		0.4		2		0.2		1.5		0.5

		Lingering Spatial Spread		cm		Square root		1.3		0.07		1.5		0.1		1.3		0.1		1.6		0.2		1		0.1		1.3		0.4

		Length of Progression Segments		cm		---		28.9		7.7		29.9		9.9		23.4		4.3		24.6		5		28		5.1		31.7		12.8

		Diversity		number		---		132		6.9		120		29.3		116		2.5		111		14.9		140		5.9		120		36.9

		Maximal Segment Speed		cm/s		---		31		3.6		38.9		7.7		27.6		2.9		32.9		4.4		29		4.1		34.8		8.6

		Segment Acceleration		cm/s/s		Log		3.2		0.09		3.6		0.1		3.2		0.1		3.5		0.1		3		0.2		3.2		0.2

		Rate of Turn		deg/s		---		25.6		1.4		20.8		3.1		31.6		2.4		24.6		3.1		28.2		2.7		19		1.9

		Radius of Turn		ratio		Log		-0.6		0.07		-0.1		0.1		-0.8		0.1		-0.3		0.2		-0.8		0.1		-0.16		0.1

		Home Base Relative Occupancy		ratio		Log		2		0.3		2.3		0.5		1.1		0.2		1.6		0.3		1.6		0.3		2		0.5

		Number of Excursions		number		Square root		6		0.4		4.5		0.8		5.4		0.5		4.4		0.9		5.3		0.4		3.6		0.9

		Number of Stops per Excursion		number		---		11.8		2.1		8.9		3.4		13.9		4.3		8.2		3.9		12.1		4.1		11.4		3.1

		Activity Decrease		m		---		-13		13		-26		20		-40		16		-20		16		-17		22		-21		23

		Latency to Half Maximum speed		s		Log		2.9		0.4		4.4		0.4		3.1		0.8		4.2		1.1		3.6		0.5		4.9		0.5

		Endpoint		Units		Transformation		NIDA								MPRC								TAU

								C57				DBA				C57				DBA				C57				DBA

								Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD

		Distance Traveled		m		---		256		42		144		54		227		13		130		48		264		40		109		40

		Center Time		prop.		Logit		0.2890696742		0.05		0.0355829292		0.02		0.2709323529		0.04		0.0323064838		0.03		0.3100432624		0.10		0.0218897051		0.01

		Proportion of Lingering		prop.		---		0.49		0.1		0.8		0.1		0.5		0.03		0.8		0.1		0.3		0.03		0.7		0.1

		Number of Progression Segments		number		---		554		67		286		87		593		73		317		118		525		50		223		102

		Lingering Mean Speed		cm/s		---		3.6		0.4		2.3		0.7		2.9		0.4		2		0.4		2		0.2		1.5		0.5

		Lingering Spatial Spread		cm		Square root		1.69		0.18		2.25		0.29		1.69		0.49		2.56		1.16		1		0.1		1.69		0.79				1.3		0.07		1.5		0.1		1.3		0.1		1.6		0.2		1		0.1		1.3		0.4						1.69		0.0049		2.25		0.01		1.69		0.01		2.56		0.04		1		0.01		1.69		0.16

		Length of Progression Segments		cm		---		28.9		7.7		29.9		9.9		23.4		4.3		24.6		5		28		5.1		31.7		12.8

		Diversity		number		---		132		6.9		120		29.3		116		2.5		111		14.9		140		5.9		120		36.9

		Maximal Segment Speed		cm/s		---		31		3.6		38.9		7.7		27.6		2.9		32.9		4.4		29		4.1		34.8		8.6

		Segment Acceleration		cm/s/s		Log		24.5		2.11		36.6		3.4811395036		24.5		2.33		33.1		3.1498979396		20.1		3.64		24.5		4.45

		Rate of Turn		deg/s		---		25.6		1.4		20.8		3.1		31.6		2.4		24.6		3.1		28.2		2.7		19		1.9

		Radius of Turn		ratio		Log		0.5		0.04		0.9		0.0860990687		0.4		0.04		0.7		0.13427916		0.4		0.04		0.9		0.08

		Home Base Relative Occupancy		ratio		Log		7.4		1.91		10.0		3.9232856431		3.0		0.54		5.0		1.283408692		5.0		1.28		7.4		2.91

		Number of Excursions		number		Square root		36		4.64		20.25		6.56		29.16		24.26		19.36		15.86		28.09		23.19		12.96		10.26

		Number of Stops per Excursion		number		---		11.8		2.1		8.9		3.4		13.9		4.3		8.2		3.9		12.1		4.1		11.4		3.1

		Activity Decrease		m		---		-13		13		-26		20		-40		16		-20		16		-17		22		-21		23

		Latency to Half Maximum speed		s		Log		18.2		5.99		81.4		26.8382075239		22.2		12.22		66.7		44.466479669		36.6		14.39		134.2		52.81
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		Endpoint		Genotype						Laboratory						Interaction

				F		p		%V		F		p		%V		F		p		%V

		Distance Traveled		118.4		****		68.3		1.1		0.33		1.3		2.4		0.11		2.7				2009528150		37932561		80034761		814755201

		Center Time		86.5		****		63.6		0.2		0.83		0.3		0.6		0.57		0.8				91.96513		0.40655		1.19212		51.05169

		Proportion of Lingering		337.2		****		76.6		26.8		****		12.2		0.7		0.49		0.3				1.262687		0.200913		0.005354		0.17972

		Number of Progression Segments		141.2		****		71.6		3.8		*		3.9		0.2		0.81		0.2				1056161		56820		3191		358940

		Lingering Mean Speed		61.3		****		33.3		33.3		****		36.3		3.9		*		4.3				11.76162		12.79787		1.50267		9.21666

		Lingering Spatial Spread		34.1		****		31.7		11.2		***		20.9		1.4		0.25		2.7				1.139076		0.749699		0.095405		1.605212

		Length of Progression Segments		0.6		0.44		1.1		3.3		*		11.7		0.2		0.79		0.8				37.218		406.684		29.15		2995.401

		Diversity		5.2		*		8.5		3.3		*		10.8		0.7		0.52		2.1				2108.24		2700.15		532.55		19546.32

		Maximal Segment Speed		15.8		***		22.5		2.9		0.07		8.2		0.3		0.71		1.0				493.763		180.276		21.126		1499.4

		Segment Acceleration		114.7		****		51.2		29.0		****		25.9		1.7		0.19		1.5				1.587649		0.803395		0.048092		0.664123

		Rate of Turn		106.6		****		52.1		21.6		****		21.1		3.4		*		3.4				674.3398		272.8672		43.4591		303.582

		Radius of Turn		247.1		****		79.8		5.0		*		3.2		2.3		0.11		1.5				3.919509		0.159346		0.07333		0.761458

		Home Base Relative Occupancy		12.2		**		11.9		21.0		****		40.8		0.3		0.71		0.7				1.681808		5.778524		0.095014		6.597759

		Number of Excursions		54.0		****		47.0		5.7		**		9.9		0.7		0.48		1.3				26.99491		5.6539		0.73794		24.0019

		Number of Stops per Excursion		9.9		**		15.6		0.7		0.49		2.3		2.1		0.14		6.5				127.5741		18.6329		53.2884		618.9861

		Activity Decrease		0.2		0.67		0.3		2.0		0.15		6.6		3.8		*		12.7				632717		13669192		26140422		165313787

		Latency to Half Maximum speed		46.7		****		44.7		4.4		*		8.3		0.5		0.58		1.0				22.59428		4.20933		0.53061		23.20783





Sheet2

		





Sheet3

		






