LAB 4:
BEHAVIORAL ECOLOGY: OPTIMAL FORAGING
Introduction

This week you will quantify the foraging behavior of animals, using your classmates as experimental subjects.  You will test hypotheses regarding optimal foraging behavior in patches that differ in quality; thus, investigating behavioral strategies, choices, and decisions.
Animals constantly must make decisions about where to look for food and what to eat.  Ecologists hypothesize that natural selection favors foragers who maximize their fitness.  Since fitness is difficult to measure, we might estimate it using some other, more easily measurable variable such as energy gain.  Our assumption in this case is that individuals who gain the most energy have the greatest fitness.  An optimal forager is one that forages, such that, it maximizes its net energy gain (i.e., the difference between the energy gained and the energy expended while foraging).

One example of an optimal foraging model highlights the behavior of animals searching for food in an environment where prey occur in discrete patches.  You and your classmates will act as the “foragers” and your “prey” will consist of navy beans.  This scenario mimics natural settings whereby prey are often distributed in patches (clumped).

The patchy distribution of prey can influence many variables, including:  preference for certain prey, feeding rate by the forager, and time a forager should spend in a patch.  Prey consumed under certain conditions may be ignored under other conditions, particularly when more profitable (i.e., higher energy) prey are available.  The density of prey items in patches also can influence foraging decisions.  For example, a forager in a low-quality patch (low density of prey) usually has a lower feeding rate than a forager in a high-quality patch (high density of prey).

Figure 1 shows a graphical model that predicts the behavior of a forager in a patchy environment.  Imagine an animal that travels to a patch and then begins to forage.  During the time it spends traveling, the forager’s feeding rate equals zero (it is traveling but not eating).  Once the forager reaches the patch, its feeding rate rises dramatically.  However, over time, the forager depletes prey in the patch (reduces the density of prey in the patch), and prey become harder and harder to find (law of diminishing returns).  Therefore, the time between captures increases, and the average energy intake rate declines.  At some point, the forager will decide that it’s more beneficial to move to a new patch.

[image: image1.emf]Figure 1.  Cumulative energy gain curve showing the rate of energy gain for a forager in a single prey patch.




A forager has several options relative to how long it should stay in a patch and continue foraging.  It could leave to find a new patch soon after arriving or wait until it has completely exhausted the patch (eaten all the prey).  Recall that we predict that natural selection should favor a forager that optimizes its net rate of energy intake.  The graphs in Figure 2 should help us predict the optimal rate of energy gain, at which a forager chooses to leave a patch.  Examine these graphs carefully.  On each graph, time is plotted on the x-axis.  Before the forager can begin to gain energy, some time must be spent traveling to a patch.  After the forager reaches a patch, it must decide how long to feed there before moving to a new patch.  The y-axis on each graph represents the cumulative amount of energy (cumulative number of prey) obtained in the patch.

Start by examining the graph on the left in Figure 2.  This graph depicts a high-quality patch, where prey is initially abundant.  During the travel time, the forager does not obtain any prey, so its energy intake equals zero.  The curved solid line shows that the forager starts to obtain energy at a high rate once it reaches the patch, but over time that rate declines as prey are depleted.
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How long should a forager remain in a patch (patch residence time) before leaving to find a new, undepleted patch?  Rewording this question, we might ask:  What is the optimal time to move to a new patch?  The Marginal Value Theorem predicts this optimal time and relates to the giving up time, or GUT (amount of time an animal is willing to forage in a patch before giving up and moving along to a new patch).  Recall that we want to optimize the net energy intake, which is the highest ratio of energy divided by time.  Because time is plotted on the x-axis and cumulative energy is plotted on the y-axis, a line (note dashed lines above) through the origin actually represents this ratio.  The steeper the slope of this line, the greater the net rate of energy gain will be.  We need to identify the steepest possible line between the origin and the curve to identify how long an optimal forager should stay in the patch or its optimal time of departure.  This optimal time of departure is the point where our energy/time ratio line (dashed lines) intersects (is tangential to) the inflection point of the energy-time curve (curved solid line).

Let’s examine a couple of examples for Figure 2.  Find the points on the curves above that are labeled early departure.  If the forager left at that time, it would have a fairly low net energy/time ratio; look at the low slope of the dashed line connecting that point to the origin.  This forager left the patch too soon and did not gain the maximum amount of energy over time.  The forager that leaves at the late departure point also has a fairly low net energy/time ratio.  This forager stayed in the patch too long and did not gain the maximum amount of energy over time.  The point where the net energy/time ratio is maximized is labeled optimal departure.  This best possible net energy intake rate is indicated by the steep slope of the thin solid line connecting this point to the origin.
If every patch were like our high-quality patch example, and if the travel time between patches was always the same, we would now have the answer we want.  But different patches have different prey densities, and it is easier to move among some patches than others.  The graph at the right in Figure 2 depicts one of these scenarios, a low-quality patch with a long travel time.  Regardless, the optimal solution of how long to forage in this low-quality patch should look familiar.  For any single patch, the optimal solution is to leave the patch at the point determined by drawing a line through the origin that is tangent to the cumulative energy gain curve.  The giving up density, or GUD, is the amount of food left in a patch when you move to a new patch.
Now, let’s consider a multi-patch environment.  Imagine a forager that moves among many patches of possible varying quality.  Considering all of these patches together, there is an average energy gain curve for the environment as a whole, with an associated tangent line that gives the optimal net energy intake rate across all patches.  This is shown as the narrow, solid line through the origin in Figure 3.
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Figure 3.  For an organism foraging in a multi-patch environment, the GUT of any patch is calculated as the average cumulative gain curve across all of the patches.

So, if the forager wants to maximize its energy gain across all patches, the best time to leave a given patch is when the intake rate drops below this optimal rate for all patches in the environment (i.e., an average of GUT’s across all patches).
Given the marginal value theorem, we can make several predictions:
(1) The rate of prey capture or energy gain (prey caught/unit time or energy gained/unit time) should be greater in patches which have more prey (that is, in higher quality patches).
(2) As travel time increases, foragers should spend a greater amount of time in a patch, assuming all patches have equal value.
(3) Foragers should leave a patch when the foraging rate for that patch (see #1) declines to the average rate for all patches in the environment.

Objectives & METHODS

In this lab we will be generating two gain curves and testing some of the predictions of the marginal value theorem. You will be the forager. Our prey will be dried, navy beans (the white beans). The prey will be distributed in patches (bins) filled with dried brown beans.  Your objective as an optimal forager is to maximize the net rate at which you find beans (not as many beans as possible).  Therefore, you must decide when to leave each patch.

You will forage by using one hand to search for navy beans hidden among the brown beans in the container.  When you find a navy bean you must raise that hand above your head and call out “found one!” to mimic handling time (the time it would take you to eat the prey if you were really a foraging animal).  Actually eating our beans is not allowed.  Then, place the captured navy bean in a separate cup.  You will also incur some traveling time as you move between patches.  Although minimizing your travel times will help maximize your net rate of prey intake, we will have rules such as no running between patches.

You must first select one person to be a:

1) forager;

2) recorder of data on the data sheets; and

3) timer with a stopwatch.
Experiment 1:  Energy Gain Curve for Single Patch
(1) Dump 50 navy beans into your container of brown beans
(2) Mix thoroughly
(3) Choose a forager 
The forager will search the container for prey over a series of time trials. The forager has to follow these rules: 
(a)  they must travel to the foraging patch from a location in the hall; 
(b) they may look into the container, but may use only one hand to forage;
(c) they may move beans around to find navy beans (prey) but not pick up the container; 
(b) they may handle only one prey item at a time; 
(c) they must fully handle a given prey before reaching back into the container 
to resume foraging. 
These rules enforce two assumptions of the model, sequential prey encounters and independence of search and handling times.
(4) After traveling to the patch, the forager will forage for each of the following time periods, in seconds: 10; 20; 30; 45; 60 (1 min); 90 (1.5 min); 120 (2 min); 150 (2.5 min); 180 (3 min); 300 (5 min). The other group members are to keep track of the number of prey caught and “consumed”, and check the time, during these 10 trials.  Tally the number of prey consumed on your data sheet for each time interval.
NOTE #1: Be sure to add back into the container the number of prey “consumed” before beginning the next trial. That is, all trials should start with 50 prey. 
NOTE #2: If a forager “consumes” all prey during some time interval, you may stop and assume that he/she will also catch all prey in any longer time interval. That is, if all prey are eaten in the 120 sec trial, you can assume that all prey would be caught in 150, 180, or 300 sec as well.
(5) Conduct 2 more trials, making sure to switch your roles between the different trials so that everyone can complete each different task (i.e., forager, data recorder, timer).

(6) Repeat the above steps, but use 100 prey items for each trial.

Experiment 2:  Multi-Patch Environment


For our second experiment, you need to set up four containers, each with a given number of prey items mixed with brown beans in the container.  Your lab TA will instructor the data recorder about the number of prey to add to each of the four patches.  Do not share this information about number of prey in each patch with the forager.  Then place the containers in a square array outside, making sure that containers are located 10 m apart from one another.  Number each container: 1, 2, 3, or 4.  

With the forager in the center of the container array, shout GO and allow the forager to forage for 5 minutes. The forager’s goal is to maximize energy intake. Your decision as a forager is: when should I leave the patch I’m in to travel to a different patch? 
In addition to our previous foraging rules, you’ll have two others: 
(A) no running between patches; 
(B) no returning to a patch after leaving it

Each group should record: 
(1) the total time spent in each patch; 
(2) the travel time between patches; and 
(3) the number of prey items left in each patch (number of prey consumed 

minus the total number of prey that were in each patch at the start)

Conduct this experiment only once, recording your data on the data sheet.
GETTING A GAIN CURVE IN EXCEL

To draw a gain curve, set up an Excel spreadsheet similar to this:

	Time (sec)
	20 Prey, # Eaten
	50 Prey, # Eaten

	0
	0
	0

	10
	X
	X

	20
	X
	X

	30
	X
	X

	45
	X
	X

	60
	X
	X

	90
	X
	X

	120
	X
	X

	150
	X
	X

	180
	X
	X

	300
	X
	X


Highlight this entire block (including text), then click on the Chart Wizard icon (or, click on Chart, followed by Chart Type…). Next, select the XY Scatter chart type, highlight the box in Chart sub-type which does not use lines connecting the points, and click Next>. From here, you can either click through on the Next> boxes until the end, to add chart titles and other options, or you can just click Finish. Once the chart appears, right click on any single data point for either prey density. A dialog box will appear; select Add trendline…. Under Type, select the Polynomial box, and for order (right next to the Polynomial box), select 2. Finally, click OK…and you should see a curve through your points. Repeat this process for the data from the second prey density.

NOTE: Before you draw the tangent curve so that you can calculate optimal patch residence time (optimal GUT), add the travel time to each time value. So, if travel time is 25 sec, you’d have Time = 25, 35, 45, 55, 70, 85, 115, 145, 175, 205, 325 (instead of 0, 10, 20, 30, 45, 60, 90, 120, 150, 180, 300). This will shift the curve the correct amount so you can draw the tangent starting at the origin.

Data analysis & Discussion Questions

1. Separately for each prey density, plot an energy gain curve for you as the forager. Use time on the x-axis, and the cumulative number of prey “consumed” on the y-axis. Once the points are plotted, fit a curve using Excel (see page 9).  You should have two plots (one for a low-density patch and one for a high-density patch).  Use your personal data as a forager.  Qualitatively, identify your optimal time to leave each patch type.
a. Compare the two energy-gain curves relative to the optimal time to leave the patch.  Interpret and explain relative to the quality (prey density) of a foraging patch.

2. For your group, calculate the average travel time between the four patches and average time spent in each patch for Experiment 2.  Compare your average time spent in each patch to the respective optimal time to departure (GUT) estimated for your one-patch, energy-gain curve in Question 1 (above).  Make certain that you are comparing the same type of prey density patch.
a. Were your GUT’s for Experiment 2 the same as the optimal GUT estimated for Experiment 1?  Assume that you were also the forager for Experiment 2.  Explain any discrepancies.

3. Assuming patch quality was equal between patches in a multi-patch system, and you increased the distance between foraging patches in Experiment 2, explain how might that influence patch residence times.  

Experiment 1:  Energy Gain Curve for Single Patch
Data Sheet
Trial 1: 

Name:__________________

Travel time to Patch: _______sec
	
	Low Quality Patch
	High Quality Patch

	Time (sec)
	50 Prey, # Consumed
	100 Prey, # Consumed

	0
	0
	0

	10
	
	

	20
	
	

	30
	
	

	45
	
	

	60
	
	

	90
	
	

	120
	
	

	150
	
	

	180
	
	

	300
	
	


Experiment 1:  Energy Gain Curve for Single Patch
Data Sheet
Trial 2: 

Name:__________________

Travel time to Patch: _______sec
	
	Low Quality Patch
	High Quality Patch

	Time (sec)
	50 Prey, # Consumed
	100 Prey, # Consumed

	0
	0
	0

	10
	
	

	20
	
	

	30
	
	

	45
	
	

	60
	
	

	90
	
	

	120
	
	

	150
	
	

	180
	
	

	300
	
	


Experiment 1:  Energy Gain Curve for Single Patch
Data Sheet
Trial 3: 

Name:__________________

Travel time to Patch: _______sec
	
	Low Quality Patch
	High Quality Patch

	Time (sec)
	50 Prey, # Consumed
	100 Prey, # Consumed

	0
	0
	0

	10
	
	

	20
	
	

	30
	
	

	45
	
	

	60
	
	

	90
	
	

	120
	
	

	150
	
	

	180
	
	

	300
	
	


Experiment 2:  Multi-Patch Environment

Data Sheet
	Patch #
	Number of Prey in Patch at Start
	Travel Time to Patch (seconds)
	Total Time Spent in Patch (seconds)
	Number of Prey Left in Patch (GUD)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	


Average Travel Time to a Patch = ________________ seconds

Average Time Spent in a Patch = ________________seconds

Average GUD of a Patch= ___________

Potential Foraging in Patch
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