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Abstract


This study focused on the optimal foraging patterns of mice (Mus musculus) in an area containing patches of different densities. This was done by placing the mice in laboratory boxes equidistant from the patches and observing their foraging patterns. Calculations included using a T-test as well as ANOVA. The test yielded a result of 16.18 (Critical value = 1.645; df = n-1 = 131), and ANOVA yielded an F value of 102.1 (with df = 131, p < .05; Fcritical = 3.066). Based on these calculations, it was discovered that the mice were not consuming all of food within the patches, but they also were not having the same giving up densities for each patch containing varying densities. Given that the mice did not have the same GUDs for each patch it is suggested that there was a great deal of error when performing the experiment. There also were possible risks for the mice in the experiment that were not accounted for.

(Key terms- Optimal Foraging, Mice (Mus musculus), GUD (giving up densities))
Introduction


Previous studies of optimal foraging and mice have focused on the foraging of mice (Mus musculus) in a wide array of different environments. The study by Warburton and Nicol (1998) focused on placing mice in multiple environments. The environments varied from cages that required a cost or risk to enter and required a cost to exit, cages that only required a cost to enter, cages that only contained a cost to exit, and a cage that only contained half a cost to enter with a free exit. The study showed that mice did not respond to the overall cost, but only to the immediate costs of entry into the cage. It was also found that mice spent longer durations of time in cages that contained an exit cost.


The studies by Davidson and Morris (2001) related foraging to density of a population. By allowing mice to forage in controlled population sizes, they determined that mice increased their foraging activity and their giving up densities when population sizes were reduced. They attributed this to decreased levels of competition between the mice. Morris and Davidson (2000) also did another study that focused on optimal foraging in a variety of habitats that affected fitness in white-footed mice. They found that fitness levels were higher for mice that lived in a forest like environment than that of those which lived near the edge of the forest. The mice living near the edge of the forest were found to leave patches at higher rates than those that lived in the forest, and mice had higher giving up densities when they were out in the open in contrast to being under cover. However, the differences between giving up densities were higher when contrasting environments (the forest from the edge of forest) than when comparing shade and cover. 


Holtcamp et. al (1997) also focused on placing mice in areas of risk and observing their foraging behaviors in the presence of fire ants. It was suggested that in the presence of risk, giving up densities would increase. It was found that mice, in the presence of fire ants, would spend more time at the higher density rich patches than they would in poor patches, and in the absence of a risk there was no difference between foraging to high and poor patches. They also observed that mice would increase their harvest rate in patches, but would also have lower giving up densities. Mice, though with lower GUDs were found to have higher in patch harvest rates, which suggested they harvested more efficiently in the presence of risk. They also discovered that the mice had the same giving up densities for the same amount of time harvesting for each quality of patch even in the presence of risk.

This experiment focused on the optimal foraging patterns of mice (Mus musculus). The goal was to observe the mice under a duration of time and to determine their giving up densities using a patches containing different densities of sunflower seeds. Based on previous studies as well as optimal foraging theory it is suggested that all of the food will not be exhausted in the patches, and that all patches will be left with the same GUD. In the presence of a risk, the riskier patches will be left with a higher GUD. This study is important in terms of ecology as well as individual behavior patterns, because optimal foraging can give us an outlook of how both abiotic and biotic factors can shape an individual, their behavior, and their foraging patterns.
Materials and Methods


We conducted this experiment in a laboratory at Colgate University in Hamilton, New York, during the winter of 2007. We observed the optimal foraging patterns of 44 female mice (Mus musculus). The mice were left without found for a time span of 24 hours prior to the experiment to ensure that they would eat during the experiment. In preparation for the experiment, we placed each mouse inside cubic shaped boxes (0.8 x 0.8 x 0.4 m) that were layered with newspaper (one mouse per box).We used The layers of newspaper to eliminate any previous scents the box contained that would distract the mice. 
We gave the mice a 15 minute time span to familiarize themselves with their environment so that they would be comfortable foraging. During that time span, we equally filled each patch with sand and placed 3 different quantities of sunflower seeds in each patch. The patches were small white 250ml cups, and the sunflower seeds did not have shells. In each box, we positioned a patch with no seeds was placed, which acted like a control, a patch with three seeds was placed, a patch with 6 seeds was placed, and a patch with 12 seeds.

After the 15 minute duration, we placed each patch in one of the corners of the box with the mouse in the center to ensure that the mouse was equidistant from each of the patches. We did this for all 44 of the mice. We then monitored the mice for an hour. After the hour passed, we removed the cups, counted the remaining seeds by filtering out the sand, and recorded the seeds left as the “giving up density” (GUD). Half eaten seeds counted as seeds eaten. We ran the trials simultaneously for an hour, and returned the mice to their cages after each trail. We used a T-test as well as “ANOVA” to determine the variance in foraging as well as foraging patterns for each of the patches.
Results

The experiment has shown that mice on average leave 8.53, (standard deviation of 3.32 seeds), sunflower seeds in the high patch that contained 12 seeds, 4.42 sunflower seeds in the patch that contained 6 seeds (standard deviation of 1.57 seeds), and 1.89 seeds in the patch that contained 3 seeds with a standard deviation of 1.05 seeds (see figure 1. below). Overall, an average of 4.95 seeds was left over per patch with a standard deviation of 3.51.
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Figure 1. Foraging Patterns in Mice

(This figure shows the average number of seeds left over for each patch density. It also includes the standard deviations for each average.)
The T-test was used to determine if mice would forage patches to complete exhaustion regardless of the seed density. The test yielded a result of 16.18 (Critical value = 1.645; df = n-1 = 131), stating that mice were not foraging to complete exhaustion. The analysis of variation in foraging was determined using ANOVA. Overall, the mice left over 375.5 seeds in the high density patch, 194.5 seeds in the medium density patch, and 83 seeds in the low density patch. Variation for the high density patch was recorded at 10.99, while variance was 2.45 for the medium patch, and 1.10 for the low density patch (see Table 1 below). An F value of 102.1 (with df = 131, p < .05; Fcritical = 3.066) was calculated that suggests a great deal of variation in the foraging patterns of mice for each patch (see Tables 1 and 2 below).
Table 1. Variation in Foraging

(This table contains the variation detected for each patch density using ANOVA. It includes the number of trials or the number of mice used in the experiment, the total number of seeds left over, as well as the average number of seeds left over per patch; with df = 131, p < .05)

	SUMMARY
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance

	High (12)
	44
	375.5
	8.5340909
	10.9929968

	Medium (6)
	44
	194.5
	4.4204545
	2.4528277

	Low (3)
	44
	83
	1.8863636
	1.10306554

	
	
	
	
	


Table 2. Sources of Variation and F values

(This table focuses on the sources of variation as well as compares the F value with the Fcritical value; with df total = 131, p < .05)

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	990.5265
	2
	495.26326
	102.123926
	2.6E-27
	3.066391

	Within Groups
	625.6023
	129
	4.84963
	
	
	

	
	
	
	
	
	
	

	Total
	1616.129
	131
	 
	 
	 
	 


Discussion


Based on the results, mice did not exhaust all of the food in each patch. In this case, not all of the food was consumed. This agrees with the Optimal Foraging Theory that states that all resources would not be consumed. However, unlike the study done by Holtcamp et. al (1997), the mice do not show the same giving up density for each of the patches. This suggests that the mice are not foraging to the patches of differing densities to the same final level of resources, and results show that there is a great deal of variation between each patch. This may suggest that there are possible errors when performing the experiment. 

Many of the mice were distracted by the newspaper layer in the box, and spent a great deal of time burrowing for cover instead of foraging. This may coincide with Morris and Davidson (2000) that suggests that mice are more comfortable and spend more time foraging in areas of cover, than they do in areas that in the open. Since the boxes are open boxes, the mice may feel as if it were a risk. The mice also were left without food for only a 24 hour period, which may not be a long enough duration of time for the mice to be hungry enough to forage. If fewer seeds were used than measure the GUDs may have been in agreement with the studies done by Holtcamp et. al. (1997). We, the observers, may also present a risk to the mice. Observing the mice may distract or scare them, and even our talking in the classroom may have also disrupt the foraging of the mice. 
With continued research, the mice could be placed in a variety of environments with varying amounts of risk to see if they fall in agreement with the studies done by both Morris and Davidson (2000), and Warburton (1998). Instead of having an observer constantly present, an observer could be present after the duration of time for foraging is over and possibly use cameras to record the behaviors of the mice. The number of seeds would also be reduced, and instead of counting the number of seeds eaten, the masses of the seeds before and after could be compared. Other experiments would include placing the mice in areas of different population densities to compare with the studies done by Davidson and Morris (2001). With this, we could also examine the role of competition in foraging.
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