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that the amount of food available in a patch decreases with time 

spent there, rising to an asymptote. 

He considers that where the environment consists of a number 

of patch types that these are randomly distributed, and further, 

that an animal will visit a number of patches in the course of a 

feeding bout but will not revisit patches on that feeding bout. 

He also assumes that the animal will try to maximise its net rate 

of energy intake during the time that it is foraging. 

P. = proportion of patches visited that are of type 

E. = energy cost per unit time in travelling between 

patches 

Foi = energy cost per unit time in searching for a patch 

of type 

h, (T) = energy gained by hunting for time T in a patch of 

type minus all energy costs of handling, digestion etc. 

but not of search 

g,(T) = h.(T) - Ej;1 = enerey gain, corrected for the cost 

of séarching. 

t = interpatch travel time 

qT = average time to use one patch = interpatch travel 

time + time spent in the patch 

= Pe. De 
a 1 

E = average energy from a patch 

S =rPp.. g.(T.) 
1 2° 2 

E = net energy intake from a patch 
n 

= E. -t.£ 
eet eee 

a 
u 

EF rp. .g, (T; ) -t. E, 

tHe. Te 
th eer 

Providing that the time the animal spends in travelling between 

patches is independent of the time the animal spends in a patch then 

equation 2 can be rewritten as shown below for a patch of type Jj.
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Figures 4.2, 4.3, 4.4, 4.5 

Mean number of reinforcements per run earned 

by each rat on each lever + s.d. This is given 

for each of the four programmes, i.e. ratio one, 

ratio four and the two short repeat programmes 

on ratios one and four.
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ratio four. There are three possible reasons for the differences 

between the results on ratio one and on ratio four. Ratio four is a 

much more demanding schedule than ratio one. Some of the rats in 

group A were able to obtain a very large number of pellets indeed 

on ratio one. Indeed, some of the rats may have been approaching 

satiation by the end of a session. Although the rats were unable 

to obtain the same total of reinforcements on ratio four that they had 

previously earned on ratio one, Figure 4.6 shows how closely some 

of them approached it. This could only have been achieved by working 

more efficiently. There would be less variability between rats as a 

result. The second reason suggests that if the rat has had experience 

of two programmes it may be better able to assess its success. This 

may be the reason why the rats were able to earn a comparatively large 

number of reinforcements on ratio four. The third reason is the fact 

that both programmes on ratio four followed a programme on ratio one. 

The first programme on ratio one was the first programme the rat had 

experienced, but the second programme on ratio one followed a programme 

on ratio four. If this is the explanation for the differences in 

the results then it would suggest that more account should be made of 

the previous experience of an animal during optimal foraging experiments. 

The data on length of run are given in Figures 4.7, 4.8 and 4.9. 

As might be expected they give a picture very similar to that of the 

number of reinforcements per run. The differences in the number of 

reinforcements per run between ratio one and ratio four are reflected 

in the length of the run in the two programmes. The increase in the
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length of run shown by rat 5 in the repeat programme of ratio one 

is much greater than the increase in the number of reinforcements 

per run. During the first programme on ratio one rat 13 had earned 

fewer reinforcements per run than rat 9 but had taken longer to obtain 

them. Rat 13 apparently responds faster in the repeat programme of 

ratio one because there is a marked decrease in the length of run. 

Some of the results of experiment one indicated that the energy 

expended by the rat was important. As the rats did not spend the 

same length of time in a patch at the two different ratio values I decided 

to test if the energy cost of the patches differed. To do this I 

calculated the cumulative total of responses made by the rat to obtain 

the ot ies of reinforcements in that run. The means for each rat 

for each programme were calculated and compared with each other by a 

series of t-tests, as previously. The data are given in table 4.15 

and are shown graphically for each rat in Figures 4.10, 4.11 and 4.12. 

In more than half the rats the mean number of responses per run for 

the last three programmes appear to be similar. The t-tests however, 

show the differences to be significant. The reason why the number of 

reinforcements per run should not show a significant difference between 

the two programmes on ratio four but the number of responses per run 

does do so, on the same two programmes probably relates to the cumulative 

nature of the data. When we calculate the cumulative number of responses 

per run each successive response adds a larger figure to the total. 

The cumulative total responses made when a rat receives four reinforcements 

on ratio four is forty. If the rat receives six reinforcements the
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cumulative total of responses jumps to eighty four. A further two 

reinforcements bring the cumulative total to one bundred and forty four. 

A rat responding on ratio four may earn, on average, six reinforcements 

per run, with some runs including as few as four, and others as many 

as eight reinforcements. Those same runs would include a range of from 

forty to over one hundred and forty responses. 

The total number of reinforcements earned in a session was higher 

on ratio one than on ratio four for each rat. See Figures 4.13, 4.14 

and 4.15. What is more surprising is the fact that there were significant 

differences in the total number of reinforcements per session for 

the two programmes on the same schedule. This applied to every single 

rat... If we look at the two programmes on ratio one five rats earn more 

on the repeat programme than they had done on the original programme, 

and the other eight rats earn less. It is possible that this change 

in the total number of reinforcements earned during a -session is related 

to the strategy used by the rat. Rats 1, 2 and 14 showed no significant 

difference in the number of reinforcements per run in the two programmes 

on ratio one, but all other rats showed significant differences. 

Of these, five rats showed an increase in the number of reinforcements 

per run, and the other five showed a decrease. Three out of the five 

rats that earned fewer reinforcements per run on the repeat programme 

of ratio one compared with the original programme showed an increase 

in the total number of reinforcements per session. Three out of 

the five rats that showed an increase in the number of reinforcements per 

run on the repeat programmes on ratio one earned fewer reinforcements per
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session in the repeat programme. If the number of reinforcements per 

run is critical in the overall feeding efficiency of the animal this 

is exactly what would be expected to happen. It might be asked why 

the rat should earn fewer reinforcements on the repeat programme on 

ratio one than he did on the first programme on that same schedule. 

Whilst we can compare the performance of the rat on the first and 

third programmes he experiences perhaps the rat can only compare the 

programme he is at present experiencing with the one that is in the 

immediate past. When we look at the number of reinforcements per 

session for the first programme on ratio four and for the repeat programme 

on ratio one the rat earns more on ratio one, in every case, (except 

rat 1) than he did on the preceding programme. 

Only three rats show significant differences in the number of 

reinforcements per run on ratio four compared with the repeat programme 

on ratio four... Of these, rat 8 shows an increase in the number of 

reinforcements per run and a decrease in the total reinforcements per 

session. rat 14 shows a decrease in the number of reinforcements per 

run and an increase in the total reinforcements per session. The 

situation with rat 1 is not clear as there is a slight decrease in the 

number of reinforcements per run on both levers but also a slight 

decrease in the total reinforcements per session. 

One further point should be made about the two repeat programmes. 

Each was only five sessions in length. This might be considered too 

short a time for the rat to adjust to the programme. I gave a short 

repeat programme because the rat had previously had experience of 

that same schedule and I wanted to see how it responded to it when it
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experienced the same schedule for a second time, immediately after 

a different schedule. Had I given twenty sessions in the repeat 

programmes the effects of the preceding programme might have been 

expected to be less obvious. 

There are very few investigations of optimal foraging theory 

in which the cost of each food item is increased, but one such is the 

work of Collier and Rovee-Collier. There are some differences between 

their work and the present study. Their rats were not weight reduced, 

and they obtained all their food by responding on levers on a Skinner 

box. They lived in the modified box for the whole time. Two separate 

costs were manipulated. The number of responses required to gain access 

to the feeder was called the procurement cost. This is the equivalent 

of the search time in the present study. The rat had to complete a 

fixed ratio for each pellet, which the workers called the consumption 

cost. The workers found that increasing the consumption costof the 

reinforcements caused the rats to take longer meals, although the frequency 

and size of the meals stayed constant. This increase in length of 

the meal is to be expected if the rat takes longer to obtain each food 

item. They also found that the rate of responding increased. The 

only figures they quote are a rate of five responses per minute when 

the fixed ratio is one, and a rate of one hundred and fifteen responses 

per minute when the fixed ratio is two hundred. The same increase 

in rate of responding occurred in my work. The rats working on ratio 

four responded at a faster rate than they had previously done on 

ratio one. Collier and Rovee-Collier also found a decrease in total
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When the predator is visiting a patch of type j it is assumed 

to control only the time taken to use a patch of that type. 

z* = net energy intake rate when all values of T are 

at their optimum 

E* = dg.(T.) for all i = j 
n —_J J 

This can be interpreted as follows. The animal should leave 

the patch it is presently in when the marginal capture rate for the 

patch drops to the average capture rate for the environment as a whole. 

Parker and Stuart (1976) 

Parker and Stuart discussed the problem of the time that an 

animal should spend in a patch. The patch was defined as an area 

containing a resource, which could be food or a mate. The individual 

was assumed to invest I units of cost in the resource in order to 

obtain G units of gain. The cost could be measured in terms of time 

or energy or predation risk. The animal also has to search for a patch 

in the first place, and in so doing it expends a mean value of S units. 

G is the gain to the animal if there were no costs involved in either 

searching for a patch or finding the resource within the patch. Thus 

Get =G-S-I. The investment of the animal in a particular resource 

will depend upon a number of factors, the availability of the resource 

in the patch, together with the cost of obtaining that resource, as 

well as the possibility of competition from other individuals. The 

workers suggest that the animal should show a strategy which allows 

it to use the existing resources in such a way as to achieve maximal 

fitness. This strategy would be determined partly by selection and 

partly by a continuous process of assessment of the resources available.
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intake per day, as the cost of each food item increased. When their 

rats worked at a fixed ratio of one for each pellet each rat obtained, 

on average, five hundred pellets per day. When the fixed ratio was 

two hundred they only obtained, on average, three hundred and twenty 

five pellets per day. The number and size of meals was the same 

under the two conditions. The rats obtained fewer reinforcements per 

session when working on the higher ratio, in my investigation. There 

was a significant difference in the number of runs made on ratio 

one and on ratio four, as the rats made many more runs on the higher 

ratio. This may be a response to the progressive ratio. The cost 

of continuing a run on ratio four increased four fold. In that case 

the best strategy for the rat to adopt was to make a short run and 

then to initiate the change over delay. Use of a fixed ratio imposes 

no such penalty on successive reinforcements. In this case the 

best strategy is for the rat to continue longer before ceasing to feed 

for a time.
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Figure 4.6 

Mean number of reinforcements per 

session earned by each rat when 

working on ratio one and on ratio 

four
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Figures 4.7, 4.8, 4.9 

Mean length of run in cms for each rat on each 

lever + s.d. This is given for each of the four 

conditions, ratio one, ratio four, and the two 

short repeat programmes on ratio one and ratio 

four.
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Figures 4.10, 4.11, 4.12 

Mean total reinforcements per session for each 

rat + s.d. This is given for each of the four 

programmes i.e. ratio one, ratio four, and the 

two short repeat programmes on ratios one and 

four.
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Figure 2.2. A graph showing the cumulative gain with 

investment in a patch. The optimum investment in the 

path is given by I opt 
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Figures 4.13, 4.14 and 4.15 

Mean number of responses per run + standard deviation for 

each lever, for each rat in each of four programmes. The 

programmes are ratio one, ratio four, and the two short 

repeat programmes on ratios one and four.
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Summary of findings in Chapter 4 

1. The change to ratio four produces changes in the behaviour 

of the animal. Each rat makes a shorter run and earns fewer 

reinforcements per run than it had done on ratio one. In 

the process it collects fewer reinforcements per session. 

2. The work of Parker and Stuart predicts that an animal 

should spend the same length of time in two different patch 

types (where one patch is n times as profitable as the other. 

The rats did not spend the same length of time in the ratio 

four patches that they had spent in the ratio one patches, in 

this study. The reason for the difference was that the rats 

were responding at a different rate in the two types of patch. 

3. The results of the repeat programmes showed that the rat 

was not merely responding to the particular programme it 

encountered, but was also affected by its previous experience.
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Chapter 5 

Experiment 3. To investigate the rate of gain with time spent 

ina patch 

Aims 

1. Tousethe direct tangent method to predict the time that the 

rat should spend in a patch, and the number of reinforcements the animal 

should collect there, before going off in search of another patch. 

2. To use the observed mean rate of reinforcement in the environment 

to predict the time that an animal should spend in a patch and the 

number of reinforcements it should collect there, before leaving 

for another patch. 

3. To use computer procedures to predict the time that an animal 

should spend in a patch. 

4. In each of the above cases, to compare the predictions with the 

actual time spent in a patch, and with the number of reinforcements 

collected in the patch. 

5. To use the computer programme to calculate the maximum possible 

number of reinforcements the rat could collect per session and to 

compare this with the total actually collected.
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Method 

All the traces which were made on the event recorder in experiments 

1 and 2 were used in this experiment. The inter-reinforcement 

intervals in each run were measured, using a graticule. This allowed 

me to measure to 0.1mm. For each rat the mean time intervals between 

the first and second reinforcement, between the second and third 

reinforcements, and so on, were calculated, using all the runs 

in each session. Where both levers were used the mean time intervals 

were calculated for the two levers separately. The mean time intervals 

for the same lever were added together to give a cumulative total 

for each lever, for each rat. 

The work of both Charnov and Parker and Stuart predicts that 

the curve of rate of gain with time spent in a patch will often take 

the form of an exponential curve. I used a computer programme 

devised by Dr. Parker which gave a curve of best fit to a set of 

data. The curve is described by the formula given below. 

g(t) k(1- ©XP(-ct)) 

in which g(t) g, cumulative gain with time, t 

k = asymptotic value of g 

c = rate constant (this determines the rate 

at which g rises to its asymptotic value) 

Each set of data for each lever for each rat were treated 

in this way and the graphs drawn. When the graphs were examined 

it became obvious that some rats were pausing for quite long intervals 

in the middle of a run, and these long interreinforcement intervals
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gave the curve a very irregular appearance. Other rats paused at the 

end of the run, but not in the middle of it, so it was difficult 

to compare the two types of run. I went through the data again for 

all the rats and removed all pauses that were longer than four 

times the mean inter-reinforcement interval at that point in the 

run. I also cut out the last few reinforcements on very long runs. 

For example, rat 7 made 188 runs during the ten sessions on ratio 

one. The mean number of reinforcements per run for these sessions 

were 10.44. Over half the runs included more than ten reinforcements 

per run. One run included twenty five reinforcements. Only seven 

runs included nineteen reinforcements. As there was only one run 

with from twenty to twenty five reinforcements this part of the data 

was omitted. 

The data were again used with the computer programme and the 

curves drawn. The next step was to compare the actual values obtained 

for the time spent in the patch, and the number of reinforcements 

obtained in the patch, with those predicted by three different 

methods. 

1. Use of the direct tangent method to predict the time that the 

é 

rat should spend in a patch. This method was described by Parker 

and Stuart (1976) 

Figure 5.1 shows a typical curve for cumulative gain with 

time for a depleting patch. When the tangent is drawn from the 

point A on the abscissa extended beyond the axis by a distance S, 

the point where it touches the curve gives the maximum rate of
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The optimal length of time or other investment cost the 

animal should spend in a resource is termed I, When I reaches 
pte 

this value the animal should leave the patch and go in search of 

another, if that is the next best strategy. If the animal continues 

in the same patch after the point 1) then its rate of gain in the 
pt 

patch is less than it could expect to achieve elsewhere. 

Parker and Stuart first considered the situation of a single 

resource model where there was no competition from other individuals. 

They assumed that in most cases the cumulative gain would level off 

because the resource could not be replaced as fast as it was used, 

see fig. 2.2. They suggest that it is only in these circumstances 

that there is an optimal investment cost. In figure 2.2 the abscissa 

is produced beyond the origin to the point P, which is at a distance 

S. The tangent from point P to the curve gives the point of Loot 

The animal should leave the patch at this point because this is the 

maximum possible rate of gain from that resource. 

Their solution mathematically equivalent to that of Charnov's 

"marginal value theorem". . Thus calling G(I) the current gain with 

investment I,in a patch of type i,the optimal investment Lope at 

which to withdraw from the patch is given by 

KOAToo) 
1opt = SL 

I. max 
1opt 

That is, the animal should leave that patch when its rate of gain 

with investment in the patch is equal to the mean gain rate for the 

environment aS a whole, if the animal is playing the optimal 

strategy (Sh ex)’ 

Oaten (1976) criticised this deterministic model and suggested 

that the predator would take account of its own specific experience.
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5.1. Prediction of te by direct tangent method 
pt 

of Parker and Stuart (1976) 
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food intake from the patch. If the animal stays longer than that 

in the patch its rate of gain will decrease below the mean for 

the environment, and the animal would do better to search for another 

patch. Thus it is possible to read off from the graph the length 

of time which the rat should spend in the patch and also the number 

of reinforcements it should receive in the patch. The optimal 

time the animal should spend in the patch is often abbreviated 

to tone and the number of reinforcements the animal should earn 

before leaving the patch is known as the optimal break point. 

The predicted values for the time the rat should spend in a patch 

and the number of reinforcements it should obtain from it are given 

in Tables 5.1 and 5.2, together with the observed values, for all 

the rats that only use one lever. (It is not possible to use this 

method of prediction for rats using both levers.) 

Table 5.1 compares the mean length of run for each rat with 

the predicted value for oe that is, the optimum time the rat should 
pt’ 

spend in the patch. It is immediately obvious that the predicted 

values are far smaller than the mean length of run. One possible 

explanation for the disparity is the fact that the inter-reinforcement 

intervals which are used to build up the graph of cumulative gain 

_Wwith time, do not include any long pauses. Pauses greater than four 

time the mean’ length of inter-reinforcement interval at that point 

were removed. Such pauses are still included in the length of 

the run. Accordingly, I calculated the mean length of pause per 

run, and deducted it from the mean length of run. The length of
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Table 5.1 Comparison of actual and predicted values for ae 

for rats using one lever, as calculated by the tangent method 

Rat COD in Mean length of Predicted value Ratio 

secs run in cms of Honk? in cms value 

6 5 3-95 Ont 1 

7 5 4.97 0.6 1 

8 20 10.47 1.9 1 

10 20 16.49 1.0 1 

17 20 1.03 3.6 1 

9 100 26.14 9.0 1 

13 100 34.4 7.3 1 

14 100 14.2 4.8 1 

15 100 22.11 8.3 1 

17 100 21.86 7.0 1 

5 5 2.86 0.6 4 

6 5 ep 0.5 4 

8 20 5.18 een 4 

10 20 5552 0.9 4 

TF 20 8.44 1.0 4 

9 100 22.48 5.0 4 

13 100 20.01 4.0 y 

14 100 11.29 4.7 y 

15 100 T5219 oh 4
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Table 5.2 Comparison of the actual and predicted values of Pot for rats 

using one lever, as calculated by the tangent method. To the change over 

delay time has been added, for each rat, the time spent in pausing (i.e. 

not responding) during a run, and at the end of the run. The same mean 

length of pause per run has been deducted from the length of run. 

Rat *Actual COD + mean Mean length of run Predicted value Ratio 

no length of pause/run - mean length of of TS t value 

(in cms) pause/run in ems a 

6 1.3% 2.89 . 25 1 

7 0.854 4.37 2s5D 1 

8 2.967 8.52 5-60) 1 

10 te tel 15.73 Sah 1 

17 2.251 6.63 4.6 1 

9 9.872 23.38 14.3 1 

13 14.716 24 47 18.8 1 

14 9.217 10.38 10.6 1 

15 6.666 21.28 11.8 1 

17 8.036 18.91 14.0 1 

5 0.753 2.46 1.8 4 

6 0.84 1.58 1.4 4 

8 2.011 4.82 2.9 4 

10 1.476 5.16 Tet 4 

17 1.736 8.29 a5 4 

9 8.135 21.85 Teas 4 

13 9.726, 17.34 14.6 4 

14 1-55) 9.12 6.8 4 

15 7.06 13.26 9.8 4 

*In this case the length of the change over delay in cms. The corresponding 

lengths for the three values of change over delay are given below 

COD in secs COD length in cms 

5 0.254 

20 10:16 

100 5.08
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the run was measured from the first reinforcement of a run to the 

first response on the other lever. Reference to Figure 2.4 shows 

that the animal pauses at the end of the run before pressing the 

other lever. I therefore measured the length of pause at the end 

of each run for each lever, for each rat, and calculated a mean value 

for each rat on each lever. The mean value of this post-responding 

pause was also deducted from the mean length of the run for each 

rat. The same two values were added to the length of the change 

over delay to give a more realistic value of the time cost of that 

type of patch. The corrected values of the change over delay and 

of the predicted length. of Tot are given in Table 5.2. Although 

the corrected data give a closer approximation to the predicted length 

of Poot they are still not very close, with the exception of rats 

6 and 14. 

Table 5.3 compares the mean number of reinforcements per run 

with the predicted optimal break point, both for the normal length 

of change over delay, and also for the corrected length of change 

over delay. The predictions using the normal length of change 

over delay are again much smaller than the actual number of reinforcements 

per run. When the corrected value of change over delay is used the 

predictions are very close to the aeeual value in many cases. 

However, even: here it is true to say that the rats earn more reinforcements 

per run than is predicted. 

The results of the first experiment (using ratio one) showed 

that the length of the run was related to the number of responses 

made during the change over delay. This is probably the reason why
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Table 5.3 Comparison of actual and predicted values of the optimal 

break point for each rat, as calculated by the tangent method. Two 

predictions are given for each rat. The first uses the normal length 

of change over delay for that rat. The second uses the igs over 

delay plus the mean length of pause per run, for each rat. 

Rat COD in Mean no of reinf/run Ratio 

= ey observed — predicted using COD value 
COD + mean pause/run 

6 5 12.34 4.0 12.0 1 

T 5 10.44 3.0 8.0 1 

8 20 19.94 8.0 15.0 1 

10 20 20°87 5.0 10.0 1 

17 20 15.01 10.0 12.0 1 

9 100 31.53 20.0 26.0 1 

13 100 24.63 13.0 22.0 1 

14 100 14.95 10.0 15.0 1 

15 100 27.27 17.0 21.0 1 

17 100 28.33 15.0 23.0 1 

5 2 4.69 2.0 4.0 4 

6 5 4.35 2.0 4.0 4 

8 20 8.68 5.0 TO 4 

10 20 6.84 3.0 4.0 4 

17 20 9.86 4.0 6.0 4 

9 100 16.93 10.0 11.0 4 

13 100 10.78 5.0 10.0 4 

14 100 7.42 6.0 7.0 4 

15 100 13.87 9.0 12.0 4
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the predicted values of er are not close to the actual values. 

The rat appears to be using the energy cost of the search time, 

rather than the length of the search time, as the controlling 

factor for the length of the run.
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2. Use of the observed mean rate of reinforcement in the 

environment to predict the time that an animal should spend in 

a_patch. This method was described by Charnov (1976) in his 

marginal value theorem, 

Table 5.4 gives a comparison of the actual and predicted values 

of doe when the predictions are made using the marginal value 

theorem. The mean rate of reinforcement for the environment is 

calculated by dividing the mean total reinforcement per session 

by the length of the session. The last ten sessions of the programme 

are used for this purpose. The mean rate of reinforcement is drawn 

on the graph of the cumulative gain with time, for each rat. A line 

drawn parallel to the rate of reinforcement to touch the curve 

as a tangent gives the point on the curve at which the rate of 

reinforcement equals that of the environment as a whole. This 

give a prediction of the length of time the rat should spend in the 

patch, and of the number of reinforcements the rat should collect 

in the patch. The advantage of this method of prediction is that 

it can be used with rats that use both levers. Figure 5.2 shows 

that where there are two patch types the tangent to each curve 

will give the point at which the rat should leave each patch 

type. 

When Table 5.5 is compared with Table 5.3 which gave the predictions 

of Tote by the tangent method it can be seen that the predictions 

are much larger by the marginal value theorem. In some cases the 

actual length of time spent in a patch is very close to the predicted



133 

Table 5.4 Comparison of actual and predicted values of enue as 

calculated by the marginal value theorem 

Rat CODiin Mean length of run Predicted value of T 

no secs left lever* right lever* left lever right lever 

1 5 4.03 (1.98) 1.14 (0.78) 3.4 (a) 

2 5 1.56 €1.41)° 2°97" (1495) 3.2 S02 

> 5 3.73-(2.58) “tot (12) 4.3 0.8 

6 5 4.01 (2.89) - 4.4 - 

7 5 4.97 (4.37) - 4.6 - 

8 20 10.47 (8.52) - (30 = 

10 20 - 16.49(15.73) = feast 

it 20 3.23 (2.48) A.44 (3.46) 3.6 2.6 

12 20 9.28 (7.57) 9.42 (8.25) 7.0 7.2 

17 20 7.86 (6.63) - 8.2 = 

9 100 - 28. 17(23. 38) - 14.2 

13 100 34.11(24.47) - 19.0 - 

14 100 14.52(10. 38) - 1027 - 

15 100 22.87(21.28) - Te = 

17 100 21.86(18.91) = 14.0 - 

1 5 3.22 (2.18) 4.04 (2.74) i) 4.7 

2 5 0.99 (0.53) 1.18 (0.72) 6 2a 

5 5 2.96 (2.46) - he T - 

6 2 2.17 (1.58) = 1.4 - 

7 5 1.96 (1.1) 1.08 (0.57) 1.6 1.6 

8 20 5.82 (4.82) - 3.7 is 

10 20 - 5.62 (5.16) = Zeal 

11 20 2.41 (1.92) 1.62 (1.18) 2.8 (a) 

12 20 2.22) (1227) 2.93, tes 12) 353 Bali 

ee 20 9.01 (8.29) = Sie a 

9 100 = 24.91(21.85) - 9.5 

1S 100 21.99(17. 34) = 14.6 - 

14 100» 1159 (9.12) -. = 6.8 - 

15 100 15.24(13.26) - dae eH? = 

* values in brackets are the length of run minus all pauses 

(a) no prediction is possible because of the shape of the graph 

for this lever 
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Table 5.5 Comparison of actual and predicted values of the optimal 

break point, as calculated by the marginal value theorem 

Rat COD in Mean reinf/run Predicted opt.bk.pt. Ratio 

no secs Ketet right left right value 

1 > 7.89 §.15 10.0 1 

(as 5 4.95 5.82 10.0 10.0 1 

5 5 9.33 55.37 13.0 4.0 1 

6 5 12.34 - 14.0 - 1 

7 5 10.44 ~ 1220 - 1 

8 20 19.94 - 19.0 - 1 

10 20 - Ze eor - 16.0 1 

11 20 8.77 9.18 11.0 8.0 1 

12 20 16.3 te AZ 16.0 15.0 1 

17 20 15.6. On - 17-20 | - 1 

9 100 - 31.53 - 26.0 1 

13 100 24.63 - 22.0 - 1 

14 100 14.95 - 15.0 - 1 

15 100 at sel - 2t.0 - 1 

17 +100 28. 33 - 22.5 = 1 

1 5 5.14 6.41 10.0 10.0 4 

2 5 2631 Bae 4.0 5.0 4 

5 5 4.69 - 4.0 - 4 

6 5 4.35 - 4.0 - 4 

7 5 3.29 2.71 4.0 4.0 4 

8 20 8.68 - 8.0 - 4 

10 20 ‘ 6.84 : 5.0 4 

11 20 4.06 3.69 5 a0 4 

12 20 3.9 4.32 6.0 6.0 4 

1%, 20 9.86 ~ 7.0 ee 4 

9 100 - 16.93 = 12.0 4 

13. 100 10.78 - 10.0 ~ 4 

14 100 7.42 - -0 - 4 

15 100 13.87 - 12.0 - 4
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He considered that the problem was stochastic, not deterministic. 

He considered that there were two stochastic elements to be considered. 

The fact that the predator did not know how many prey were to be 

found in the patch, or how long it would take it to find the next 

prey item would, he thought, turn the animal into a "stochastic 

optimiser". 

A number of suggestions have been made to explain how the animal 

might determine the length of time that it ought to spend in a patch. 

One of the earliest suggestions was that of Gibb (1957, 1960). 

He suggested that the titmice he was studying were hunting by 

‘expectation'. That is, they left a patch when they had obtained 

the number of prey items they expected to find there. Krebs (1974) 

suggested a modification of this which he called ‘hunting by time 

expectation’. That is, the animal would leave a patch after spending 

a certain amount of time in it. 

Krebs, Ryan and Charnov (1974) 

This work set out first to test if birds hunted by expectation, 

as Gibbs had suggested. The species used was |Parus atricapillus. 

The birds were housed in an aviary one half of which became the 

experimental area. Here, five experimental trees were set up, each 

consisting of an upright with ten crosspieces, set at angles to each 

other. The cones were small blocks of wood with holes drilled in 

each side. Before a test each hole was covered with a small piece 

of sticky paper which the bird had to peel off in order to see if 

there was a piece of mealworm under it. The cones were hung in groups 

of four, as this is most like the situation in nature. The number of 

mealworms pieces per cone was varied from one experiment to another. 

The birds were first given twelve training sessions, each 5 minutes 

in length, on 'low intensity cones'. Each cone only contained one piece
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value. However, the rats in group C still spend much longer in a 

patch than is predicted. This is true even when the length of 

the pauses has been deducted from the length of the run. This 

would suggest that other pauses should also have been deducted 

from the length of run. Table 5.6 gives three values for the length 

of run of these rats. The first is that normally recorded as the 

length of run, that is the time from the first reinforcement on one 

lever to the first response on the other lever. The second gives 

a corrected value for the length of run where the mean length of 

pause per run has been deducted from the length of run. The third 

column shows what happens when all long pauses are taken into consideration, 

not merely those four times the mean at that point in the run. 

Again the mean length of pause per run has been calculated and 

deducted from the original length of run. In only one case does 

the predicted length of run now equal the corrected length of run. 

Rat 13 fs many long pauses in thecourse of making a run, as can 

be seen by the fact that the length of the run is reduced almost 

by helf when the pauses are deducted. In the case of this animal 

the very long time spent in pauses is seen to be the reason for the 

large difference between the actual and predicted length of Tort: 

Rats 9, 15 and 17 continue to show a large difference between the 

actual and predicted lengths of run. None of these rats spends a 

very long time in pausing during each run, so the reason for the 

discrepancy must be sought elsewhere. When the mean number of 

reinforcements per run for each session of the ten sessions under 

investigation were examined for these rats it was seen that rats 9
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Table 5.6 To show the effect of the long pauses made by 

the rats experiencing a change over delay of 100 seconds. 

Rat Length of run Length of run Predicted length 

No. BRHEDI CL SRUR - long pauses - all pauses of run 

9 28.17 23.28 22.34 14.2 

13 34.11 24.47 19.09 19.0 

14 14.52 10. 38 9.47 1057 

15 22.87 21.28 19:15 ers 

VT 21.86 18.91 Ass 14.0
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and 17 showed a high degree of variability in different sessions. 

This would suggest that these rats had not formed a stable strategy 

by the eleventh session in the programme. As the differences between 

individual sessions are large, some runs being twice as long as others, 

this would explain why the predicted and actual values differ. 

Rat 15 shows little variation in the results. of individual sessions, 

and neither does it make many pauses during a run but there is 

still a marked difference between the actual and predicted length 

of run. The difference is not as great when the actual and predicted 

number of reiutendeients iiemeemaanae (see Table 5.5). The number 

of reinforcements collected, and the length of the run appear to 

be determined by the energetic costs of the search time in this case.
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Table 5.7 Comparison of actual and predicted values of Tees 

The predictions were made by using the computer programme. 

Rat COD in Mean length of run Predicted value of Ippt Ratio 

no secs left lever right lever left lever right lever value 

1 5 4.03 1.14 1.07 1.07%, 1 

2 5 1.56 2. oi 1.08 1a ' 

5 5 3.73 1.74 1.28 1.06 1 

6 A 4.01 0 1.28 - 1 

7 5 4.97 0 1.66 - 1 

8 20 10.47 0 3.94 - 1 

10 20 - 19.49 5.69 1 

11 20 3.23 4 yy 255 2255 1 

12 20 9.28 9.42 4.49 3.85 1 

17 20 7.86 0 5.16 0 1 

9 100 28.17 11.59 1 

13 100 34.11 0 Sree 0 1 

14 100 14.52 0 9.01 0 1 

15 100 22.87 0 11.27 0 1 

17 100 21.86 0 13.19 0 

1 5 3.22 4.04 1232 1.29 4 

2 5 0.99 1.18 Ne Pee 4 

5 5 2.96 - 1.94 - 4 

6 5 2A - 1.54 - 4. 

7 5 1.96 1.08 1.04 0.86 4 

8 20 5.82 - 3.12 - 4 

10 20 5.62 - 3.83 4 

14 20 2.41 1.62 1.93 2.05 ~ 4 

12 20 2.22 "2.93 2.71 2.85 4 

9 100 24.91 14.65 4 

13 100 21.99 14.2 4 

14 100 11.59 11.64 4 

15 100 15.24 9.29 4 

17 20 9.01 4.77 4
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Table 5.8 Comparison of actual and predicted values of Tot The 

predictions were made by using the computer programme. The mean length 

of pause per run and the mean length of post responding pause for each 

rat, have been added to the value of the change over delay. 

Rat COD in Mean length of run Predicted value of T Ratio 

no secs left lever right lever left lever right lever value 

1 5 4.03 1.14 3.96 Zell 1 

2 5 1.56 2.57 1.68 1.81 1 

5 2 5.13 1.74 3.46 1.85 1 

6 5 4.01 - Sel = 1 

7 5 4.97 = 2.93 Les 1 

8 20 10.47 = 6.4 - 1 

10 20 - 16.49 - 7.66 1 

11 20 3.23 4 yy 3.63 BOO) 1 

12 20 9.28 9.42 6.78 6. 36 1 

17 20 7.86 - 7.46 - 1 

9 100 - 28.17 ~ 15.47 1 

1s 100 34.11 - 20.98 - 1 

144 100 14.52 - 11.58 - 1 

Se a a: 22.87 - 12.69 . 1 

17 100 21.86 ~ 16.17 - 1 

i 5 3.22 4.04 3.0 2.98 4 

2 5 0.99 1.18 leree 1.91 4 

5 5 2.96 - 3.25 z= 4 

6 5 2att - 2.69 - 4 

7 5 1.96 1.08 2.08 1273 4 

8 20 5.82 - 4.24 - 4 

10 20 - 5.62 - 4.55 4 

11 20 2.41 1.62 oue4 out 4 

12 20 2.22 2.93 3.37 3.9 4 

17 20 9.01 - 6.11 - 4 

9 100 - 24.91 ~ 18.09 4 

13 100 21.99 - 18.95 = 4 

14 100 1.159 - 14.0 ~ 4 

15 100 15.24 - 10.69 ad 4
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Table 5.9 Comparison of the actual and predicted number of reinforcements 

per session earned by each rat. The efficiency of each rat is given by 

calculating what percentage of the possible total the rat actually achieved. 

Rat Ratio Mean total reinf Predicted total . 

No value per session reinf/session epertered 

1 1 296.1 341.6 86.7 

2 1 388.2 529.7 73.3 

5 1 350.7 429 .0 81.7 

6 1 383.8 480.4 79.9 

7 1 323.0 442 5 73.0 

8 1 324.0 362.6 89.4 

10 1 231.5 279 4 82.9 

11 1 Bi Orif. 347 .8 89.3 

12 | 269 .6 299.9 89.9 

17 1 295.4 326.8 90.4 

9 1 188.7 205.3 91.9 

13 1 ATG... 121.8 95.8 

14 1 140.9 154.3 91.3 

15 1 190.3 214.5 88.7 

anf} 1 181.8 199.7 91.0 

1 4 252'0 320.8 toes 

2 4 289.5 333.7 86.8 

5 4 COD 259.6 98.3 

6 4 307.8 376.9 81.7 

7 4 270.7 285.9 94.8 

8 4 238.5 267 .8 89.1 

10 4 173.0 207.9 83.2 

11 4 200.9 247.2 87.3 

12 4 189 .6 216.9 87.4 

17 4 193.8 22355 86.7 

9 4 109.2 116.1 94.1 

13 4 72.5 iene. 93.9 

14 4 80.0 83.3 96.1 

15 4 12527 139%2 90.3
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3. Use of computer procedures to predict the time that an animal 

should spend in a patch. The computer programmes were devised 

by Dr. G.A. Parker (see Appendix) 

The computer programme gave the slope of the tangent to the 

curve as shown in Figure 5.1, or alternatively for 2 lever rats it 

gave SLmax, see Figure 5.2. This was in effect the maximum possible 

rate of reinforcement that the rat could obtain in that environment 

allowing for its pattern of responding. It was a simple matter to 

calculate the maximum possible number of reinforcements that the 

rat could obtain in a session by multiplying the rate of reinforcement 

by the length of the session. The number of reinforcements per session 

that the rat actually obtained could be compared with the predicted 

value to give some idea of the efficiency of the feeding behaviour 

of the rat. The data for the actual and predicted numbers of reinforcements 

per session are given in Table 5.9. The third column in this table 

gives the mance of reinforcements actually obtained as a percentage 

of the number that it was possible for the rat to obtain. The 

mean values of the percentage efficiency for each value of change 

over delay and ratio value are given in Table 5.10. The data results 

in this table show that the rats work more efficiently with increasing 

change over delay at the same ratio value. Thus the rats in group 

A that experience a change over delay of five seconds have a mean 

efficiency of less than eighty per cent. Those rats in group C that 

have a change over delay of. 100 seconds show an efficiency of over 

ninety per cent. It was suggested earlier that the rats in group A
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Table 5.10 Comparison of the percentage of possible reinforcements 

achieved by rats experiencing different values of change over delay. 

Percentage efficiency in 
Group COD in secs Ratio 1 Ratio 4 

A 5 78.9 84.6 

B 20 88.4 86.7 

C 100 91.8 93.6
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were not working efficiently on ratio one, and this piece of evidence 

would appear to support that statement. It is also worth noting 

that rat 15 made a run that was much longer than the prediction, 

for which no reason could be found. This rat appears to be working 

less efficiently than the other rats in group C. Most of the rats 

work more efficiently on ratio four than they had done on ratio one. 

There are some exceptions to that statement, for example, rat 1. 

This rat was unusual in that it made a longer run on the right 

lever on ratio four than it had done on ratio one. This is the probable 

explanation for the marked decrease in efficiency shown by the 

animal on ratio four. The rats in group B, taken as a whole, show 

a decrease in efficiency in ratio four compared with ratio one. The 

individual results in this group vary, some showing a slight increase 

and some a slight decrease in efficiency. Although there is an increase 

in efficiency for the group C rats in ratio four, when taken as a 

whole, individual results show the same pattern as those of group 

B rats. This could be taken to mean that group C rats were already 

working near the limit of their efficiency. The rats in Group A, 

(with the exception of rat 1, as already noted) show the greatest 

increase in efficiency on ratio four. This fact suggests that 

they had not needed to work efficiently on ratio one in order to 

obtain an adequate supply of food in the box. 

The fact that individual rats appear to achieve a high level 

of efficiency even though they may not collect a large number of 

reinforcements per session needs some comment. The computer programme 

predicts the number of reinforcements that each animal could obtain,
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Figures 5.3, 5.4 and 5.5 

Each figure shows a curve of cumulative gain with 

time for one rat, and also the exponential curve 

of best fit. 

x—x— »— curve produced from experimental 

results 

curve of best fit
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of meal worm. The behaviour of the birds during the next six 

sessions under the same conditions was recorded. The birds then 

experienced six sessions in which three of the trees became ‘high 

intensity' trees, containing three pieces of larvae per cone. The 

other two trees stayed as low intensity trees. If the birds are 
— 

hunting by expectation they should leave the high intensity cone 

= they have found one piece of mealworm. Their results showed 

that the birds found significantly more larvae in the high intensity 

cones and also in the groups of cones, than in either low intensity 

cones or groups. Krebs had suggested, further to Gibbs work, that 

the birds might be forming a time expectation rather than a number 

expectation. Although the differences in time spent in high and in 

low intensity cones or groups were not as marked as the differences 

in numbers of larvae taken, the birds did spend longer in each high 

intensity cone or group, and the differences were significant. A 

further question that arose from this part of the work concerned the 

length of time it took for the bird to be aware that it was in a richer 

environment. Data for the first two tests with high intensity cones showed 

that the birds were finding more larvae in them, and spending longer in 

them, compared with the lower intensity cones they had experienced 

previously. The actual data do not appear to differ from those given 

for the six tests with high intensity cones. The authors use a third 

criterion, the giving up time, to compare behaviour in high and in 

low intensity cone groups in the same environment, (i.e. in the last 

six tests). The giving up time they define as the time that elapses 

between the time of last capture in a patch, and leaving that patch. 

They found no significant difference between the giving up time in 

the first two tests with high intensity cones, and the previous tests.
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if it were foraging optimally, using its own particular pattern of 

responding, see Figures 5.3, 5.4 and 5.5. The differences between 

individual rats are an indication that each animal is making its 

own optimal solution to the problem. Thus, it would appear that 

each animal is optimising within the limits of its own phenotype. 

A number of points must be made about the graphs themselves, 

see Figures 5.3, 5.4 and 5.5. They differ from the shape of graph 

predicted by Charnov and by Parker and Stuart in a number of ways. 

Firstly, in no case does the graph rise to an asymptote. The graphs 

for the rats in Group A all show a high rate of reinforcement that 

does not decrease to any great extent before the rat initiates 

the change over delay. This is probably a consequence of the short 

change over delay. Group C rats all show a more marked decrease 

in the rate of reinforcement in the last third of the run but 

there is still no asymptote. Group B rats fall between the other 

two groups both in the length of the run and in the shape of the 

graph. The rats that make a long run, earning nearly as many 

reinforcements as rats in Group C, tend to show that pattern of graph. 

Some rats in Group B respond on both levers and then show a pattern 

more like that of Group A rats. 

A second point concerns the closeness of fit between the calculated 

and the actual curve. In every single case the rats respond more 

rapidly in the first part of the run than would be expected. There 

are a number of possible exaplanations for this behaviour. It 

may be caused by the small number of responses needed to obtain
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reinforcement at this point in the run. As can be seen from the 

sections of recorder traces in Figures 1.1 and 1.2 the rats do 

not pause in this part of the run, except to eat the pellets. 

They can obtain six or seven reinforcements in a very short time. 

A further factor which will promote rapid responding in this part 

of the run, is the fact that it follows so closely on a period 

of non-reinforcement. This is known in operant conditioning as a 

contrast effect, and it occurs in a wide range of experimental 

conditions, where periods of reinforcement and non-reinforcement 

alternate. 

A third point must be made about the middle section of the graph. 

In a number of cases this approaches a straight line. Where the 

rat is earning a large number of reinforcements in each run there 

is probably not much difference in the number of responses that have 

to be made for the fifteenth to twentieth reinforcements. If the 

rat is making all the responses for each reinforcement as a single 

burst of responding then the difference in time required to make 

fifteen, sixteen or even twenty responses is so small as to be 

insignificant. Hence this section of the graph assumes the appearance 

of a straight line. This may be the explanation for the long straight 

section in the graphs of some of the rats in Group C but it does 

not explain why for other rats that section lies parallel to the 

mean rate of reinforcement for the environment. This occurs in a 

number of rats. Could it be that the rats are maintaining that 

rate of reinforcement over a number of reinforcements? An alternative
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explanation is that the behaviour of the rat has changed slightly 

from one session to another so that the cumulative effect over 

the ten sessions is to give a flat aspect to that part of the graph.
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Summary of findings in Chapter 5 

1. The predictions made using the direct tangent method show 

that the rats spend far longer in the patch than predicted. 

When the mean time spent in pausing by each rat was deducted 

from the length of the run and added to the length of the 

change over delay instead, the predictions were now closer to 

the actual values of TS However, the rats experiencing the 
pt” 

100 second change over delay still spent far longer in the patch 

than predicted. In this case, and also that of other rats that 

made a long run, it was suggested that the rats might be using 

energy as the cost factor, rather than time. 

2. Predictions made using the mean rate of reinforcement 

for the environment produced the odd result that rats responding 

on one lever spent longer in the patch than predicted, whilst 

rats responding on two levers spent less time in the patch than 

predicted. When the mean length of pause per run was deducted 

from the length of run the predictions were closer to the 

actual results. 

3. The greatest difference between predicted and actual results 

occurred where the rat showed a considerable difference in the 

results of consecutive sessions. That is, the rat appeared 

not to have made a settled strategy by this stage in the programme.
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4. The predictions of apt made using computer procedures were 

comparable with those made using the mean rate of reinforcement 

in the environment. 

5. The computer procedures allowed a comparison of the total 

number of reinforcements per session with the maximum number 

that the rat could have obtained, using its particular pattern 

of responding. The rats achieved a larger percentage of the 

maximum number as the length of the change over delay increased. 

This would suggest that the rats had to work more efficiently 

in a harder environment. In the same way the rats achieved 

a greater percentage of the maximum possible when working 

on ratio four, compared with ratio one. 

6. There were considerable differences between individual rats. 

Some rats did not appear to work efficiently, e.g. rat 10. 

7. The question arises 'How good should a prediction be in 

order to prove a theory?' Some of the predictions are close 

to the actual values, but in other cases there are differences 

between the two values that are hard to explain. This will 

be referred to again when the energy costs of responding are 

dealt with in chapter 9.
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CHAPTER 6 

Experiment } To investigate the effect of changing the length 

of the search time, while keeping the ratio constant. 

Aims of the experiment 

1. to investigate the effect of changing the length of the search 

time 

ae to analyse the animal's response to the process of change. 

3. to compare the behaviour of the rat at the new change over 

delay with the behaviour at the old change over delay. 

Met hod 

Two groups of rats were used in this experiment. They began 

this experiment immediately after completing the experiment using 

ratio 4. Rats 5, 6, 7 and 12 formed one group, and they all 

experienced an increase in the change over delay time. In the first 

session rats 5, 6 and 7 had the change over delay increased to ten 

seconds. The length of the change over delay was increased by ten 

seconds per session, until the new value of 100 seconds was reached. 

The change in the change over delay took ten sessions for rats 5, 6 

and 7, but only eight sessions for rat 12, because it had previously 

experienced a change over delay of twenty seconds. All the sessions 

during this process of change were recorded on the event recorder, 

so that more detailed analysis of the process was possible. The last 

session of the change was on a change over delay of 100 seconds, and 

this counted as the first session of the new programme. Sessions 2-10 

inclusive of this programme were recorded on the cumulative recorder, 

sessions 11-20 inclusive, were recorded on the event recorder. As in 

previous experiments, the data used in this experiment were taken from 

the last ten sessions of the programme.



154 

The second group of rats experienced a decrease in the length 

of the change over delay. Rats 9, 13, 14 and 15 had all previously 

experienced a change over delay of 100 seconds. This was reduced 

by ten seconds at each session until it reached ten seconds, and in 

the final session it was reduced further to five seconds. Each 

animal then experienced a further nineteen sessions on the new value 

of change over delay. The same conditions applied to these rats as 

to the group which experienced an increase in change over delay. 

For both groups, the same measurements were taken as were taken 

in previous experiments, and the same precautions observed. From 

this data I was able to calculate the following:- 

a) the mean number of reinforcements per run on each lever 

b) the total reinforcements per session on each lever and 

also the total earned per session 

ec) the mean length of run on each lever 

d) the mean number of runs on each lever per session, and 

also the total number of runs per session. 

Immediately after completing the programme on the new value of 

change over delay the animal experienced two short programmes. The 

first, of five sessions, was at the original value of change over 

delay. The second, also of five sessions, was at the new value of 

change over delay. There was no gradual change in length of change 

over delay in this case. Thus this pattern of experiment was the 

same as that used in experiment 2.



13 

Their second experiment set out to test the hypothesis that 

the birds were foraging optimally. In this experiment each bird 

was given first six tests in a poor environment then six in a rich 

environment. The birds were not given any previous training of 

either type of environment. In the poor environment there were five 

cone groups of each type, containing one, three or six larvae. In 

the rich environment the three types of cone group contained three 

six or twelve larvae. The results showed a significant difference 

between the number of larvae found in each of the three types of cone 

or group for the poor environment. The same result applied to the 

rich environment, although the actual number of larvae obtained was 

larger in the rich environment than in the poor environment. There 

was no significant difference in giving up time for each of the three 

patch types in either the rich or the poor environment, but there were 

differences between the two environments. The giving up time for the 

rich environment was shorter than that for the poorer environment. 

Cook and Cockrell (1978) 

These workers used two insect predators, fourth instar larvae 

of the ladybird, Adalia bipunctata, and adult water boatmen, Notonecta 

eidear The first experiment, with both predators, set out to 

investigate the actual weight of food consumed with time spent feeding. 

Both predators feed in the same way, by sucking out the juices of the 

prey, so the exoskeleton is not available as food. In both cases the 

weight of food extracted from an individual prey item is large when 

the animal starts to feed, but decreases with time. The weight gain 

curves for Notonecta in particular, are the same form as those suggested 

by both Charnov and Parker and Stuart to edad the of food 

from a patch. This would suggest that this predator is treating each 

prey item as a single patch.
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Section 6.1 To investigate the animal's response to the process 

of change. 

For each animal, the mean number of reinforcements per run on 

each lever was calculated for each session in which the value of the 

change over delay was altered. The data for the first run in each 

session were not included in calculating the mean for the session. 

As explained previously, the rat was able to obtain reinforcement 

with the first bar press on the left lever at the beginning of each 

session. Thus, it had not experienced the new value of change over 

delay before this run. Only the subsequent runs were used in calculating 

the mean number of reinforcements per run for that session, because the 

increased value of change over delay should have influenced the rat when 

it made those runs. The same precautions were taken in calculating the 

mean length of run on each lever for each session. The reinforcements 

earned during that first run are included in the total reinforcement 

earned on that lever in that session. The mean number of reinforcements 

per run for each rat in each session are given in Table 6.1.1. The 

results for each session for each rat for length of run and total 

number of reinforcements per session are given in Tables 6.1.3 and 

bye. 

The data on the number of reinforcements per run on each lever 

for each session in which the length of the change over delay was 

changed were tested by regression analysis. The data on the length 

of run and the total number of reinforcements per session, for each 

rat, were also tested by regression analysis, the results of which 

are shown in Tables6.1.2, 6.1.4 and 6.1.6. Each set of data is also 

shown on Fig. 6.1.1 to 6.1.8 inclusive. The graph for each rat.also 

shows the total number of runs on each lever in each session. Two 

further pieces of information were included in each graph. The
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Results 

Table 6.1.1 The mean number of reinforcements per run for each 

rat in each session in which the value of the change over delay was 

changed. N.B. The standard deviation has not been calculated because 

the data are for one session only, in each case. 

Mean no. of reinforcements per run for rat no. 

5 6 ‘( 12 
C.0.D. L R L R L R L R 
in sec 

10 12.79 0 11.33 0 6.2% 3.42 = - 

20 19.72 0 12.42 0 12.6 5.0 - - 

30 22.5 0 14.16 0 14.14 0 4.0 8.33 

ho 20.67 0 17.81 0 17.08 0 8.16 11.2 

50 Bee 0 23.0 0 16.9 0 10.0 ee e3 

60 35.43 O 20.33 0 13.25 0 15.58 13.5 

70 39.33 2.0 24.55 0 W273). 350 15.0 15.0 

80 42.83 0 22.0 0 19.9 0 15.45 13.0 

90 48.2 0. R513 e Oe BIO. 2900” 23.38 0 

100 45.0 0 26.42 1.0 21.44 23.0 23.17 19.75 

Mean no. of reinforcements per run for rat no. 

C.0.D. iy OR ER pe B i 
Il S5EC 

90 0 52.0 . 29.5 0 13.1 Va 43.6 0 

80 0 51.67 24.0 0 16.44 0 31.14 0 

70 0 60.66 18.5 0 17.88 8.0 31.43 0 

60 0 41.75 26.6 0 14.3 10.0 32.29 0 

50 0 58.33 185.75 0 ties 4.0 34.0 0 

40 0 59.33 16.89 0 10.68 8.0 S142 0 

30 0 32.83 17.4 0 10.4 8.0 31.38 0 

20 0 48.0 19.0 0 10.0 5.0 33.13 0 

10 0 49.25 20.0 Dp 42753) "4.86. 37.75 0 

5 O. 36367, 23.67". 1.0:: 1 42.77 5.63 18.1 3.2
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Table 6.1.2 Regression analysis of the above data, for each rat 

Rat no. n eer +. probability 

5 10 0.967 <0.001 

6 10 0.939 <0.001 

7 10 0.88 <0.001 

12 8 0.965 <0.001 

9 10 0.459 >0.1 

13 10 0.484 >0.1 

14 10 0.599 <0.1 

15 10 0.49 >0.1
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Table 6.1.3 The mean length of run for each rat in each session 

in which the length of the change over delay was changed. 

Standard deviation is not given. 

Mean length of run for rat no. 

0.0. 5 6 T 12 
in sec L R L R L R L R 

10 7.56 0 6.11 0 4.79 1.94 - - 

20 11.48 0 8.2 0 9.38 1.86 - - 

30 16.32 0 8.53 0 9.66 1.85 3.93 5.13 

ho 18.73 0 8.71 0 14.4 0 4.06 8.21 

50 12.96 0 12.98 0 15.2) 0 5. 9h 5.79 

60 23.1 Ts. 0 11.58 0 Tits 550 

70 29.08 0 aes 0 9.87 0.8 6.94 5.6 

80 29.2 0 18.93 0 10.87 0 9.01 5.98 

90 Fit Sie Ta 1.02 0 12.57 21.2 19.26 0 

100 37.03 0 15.41 0 11.64 16.15 19.43 12.27 

Mean length of run (in cms) for rat no. 

9 13 14 15 
C.0.D. L R L R L R L R 
in sec 

90 0 55.85 52.97 0 8.68 9.1 35.53 0 

80 O 760.002 49,53°" “O°. 90.2 4.3 27.14 0 

70 0 99.5 19.55 0 10.84 0 29.7 0 

60 0 32.9 34.75 0 9.08 6.4 26.1 0 

50 0 66.5 22.42 0 6.91 0 23.67 0 

40 0 TOs7 11299 0 5625 5.4 22.11 0 

30 0 35,27 qhoo4 0 6.12 4d 22.91 0 

20 0. ‘k7.67.-22:he 0 5.92 3.5 21.17 0 

10 0 65.65 20.28 0 6.59 3.94 22.63 0 

5 0 38.75 34.8 @) 7.38 4.21 11.94 13.9
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Table 6.1.4 Regression analysis of the above data, for each rat 

Rat no. n Ceere layer probapihicy. 
coefficient r 

> 10 0.957 <0.001 

6 10 0.908 <0.001 

T 10 0.343 >0.1 

12 8 0.89) <0.001 

9 10 0.592 <0.1 

3 10 0.526 70.1 

14 10 0.611 <0.1 

15 10 0.818 >0.001
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Table 6.1.5 Total reinforcements per session for each rat for 

each session in which the value of the change over delay was changed. 

Total reinforcement per session for rat no. 
C.0LD. 
in secs 5 6 7 12 

10 243 306 238 a 

20 233 236 217 - 

30 225 268 231 202 

40 186 285 205 217 

252 230 169 2h0 

60 248 2hy 159 229 

Te 257 221 201 20 

a0 236 198 239 235 

90 2h 201 205 210 

os 225 160 239 216 

C.0.D. Total reinforcement per session for rat no. 

in secs 9 13 14 15 

90 — 208 118 141 218 

a0 155 120 155 218 

70 182 112 161 220 

60 167 133 161 226 

50 175 150 194 238 

ho 178 152 198 250 

30 197 174 216 251 

20 192 152 195 265 

be 197 187 222 302 

5 220 Why 212 197
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Table 6.1.6 Regression analysis of the above data, for each rat 

Rat no. n pe m probability 

5 10 0.182 >0.1 

6 10 0.879 <0.001 

T 10 0.366 >0.1 

12 8 0.119 2051 

9 10 O.49h >0.1 

13 10 ; 0.798 <0.01 

14 10 0.943 <0.001 

15 10 0.473 >0.1



162 

column on the left side of each graph shows the data for the first 

programme experienced by the rat. The column on the extreme right 

of the graph shows the mean values for the last 10 sessions of the 

programme withthe new length of change over delay. 

The results of the regression analysis are shown in fig. 6.1.9 

and 6.1.10.
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Figures 6.1.1, 6.1.2, 6.1.3 and 6.1.4 

show the changes in the behaviour of rats 5, 6, 7 and 12 

respectively, when the length of the change over delay 

was increased. 

Each figure shows 

a) mean reinforcements per run 

b) mean length of run 

c) mean total reinforcements per session 

d) mean number of runs per session 

The column on the extreme left gives the mean values for 

the programme on the change over delay experienced in the 

first experiment. 

The column on the extreme right gives the mean values for 

the programme with a change over delay of 100 seconds. 

Where the rat responded on only one lever the data is 

shown across the full width of the column. Where the 

rat responded on both levers the column is divided 

to show the results for both levers.
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Figure 6.1.1 
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The second experiment set out to investigate the effect of 

intercatch interval, (i.e. the search time) on the amount of food 

per for the prey item, and on the time spent feeding. In 

aaah case the predator was given prey at different densities and 

the intercatch intervals and time spent feeding were measured. 

The weight of food extracted from each prey item was calculated 

from the dry weight. As would be expected, as the prey density 

decreases the intercatch time increases. In the case of both 

predators, the average dry weight of food extracted from each prey 

item also increases. These results could be explained in one of two 

ways. The optimal foraging model predicts that each prey item should 

be abandoned when the rate of intake of food from it is equal to the 

average rate of intake from the environment as a whole. An alternative 

explanation that they discussed was that the time spent feeding was 

simply related to the amount of food in the gut. Thus, if the animal 

had had to spend longer searching for a prey item it would inevitably 

feed for a longer time when it found the next prey item. One way of 

differentiating between these two explanations is to consider what 

happens when the predator meets prey items of different sizes. Parker 

and Stuart predict that the predator should spend the same length of 

time feeding on prey items of different size, and that the length of 

time should be determined by the length of the search time. The gut 

limitation model suggests that the predator will take the same amount 

of food from each and that this will control the length of time spent 

feeding. Their findings confirm that the optimal foraging model 

applies. 

Hubbard and Cook (1978) 

These workers used an insect parasite and investigated its
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Figures 6.1.5, 6.1.6, 6.1.7, amd 6.1.8 

show the changes in behaviour of rats 9, 13, 14 and 15 

respectively as the length of the change over delay is 

decreased 

a) mean reinforcements per run 

b) mean length of run 

c) mean total reinforcements per session 

d) mean no of runs 

In each case, the column on the extreme left gives 

the mean value for the last ten sessions of the programme 

on a change over delay of 100 seconds. The column on 

the extreme right gives the mean values for the programme 

on the new change over delay of 5 seconds. All other 

results are the mean of one session at the value of change 

over delay as shown.
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Figure 6.1.9. Regression line showing the association of 

length of change over delay and mean number 

of reinforcement per run, for rats experiencing 

an increase in the length of change over delay 

MEAN NO. 

REINF/ RUN RAT 5 

  0 
ee 20 40 60 80 100 
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Figure 6.1.10. Regression lines showing the association 

between the length of change over delay and 

the mean length of run, for rats experiencing 

an increase in the length of the change over 

delay 
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behaviour in searching for prey. The parasite should show the same 

pattern of optimal foraging behaviour as is shown by a feeding animal 

if it is going to maximise its success rate. The parasite, Nemeritus 

canescens, was given prey which were hidden in small shallow dishes 

filled with sawdust. Thus a range of patch types could be given at 

the same time, and the time spent by the parasite in each patch 

recorded. The ultimate measure of the success of the parasite was 

the number of hosts that it had succeeded in parasitizing. In a 

preliminary experiment the parasite was offerred patches containing 

4, 8, 16, 32 or 64 host larvae. This followed a preliminary experiment 

when the patches contained 8, 16, 32, 64 or 128 larvae. Aggregation 

models suggest that a patch with a particular density will be treated 

in the same way regardless of the density of other patches, whenever 

the parasite meets it. Optimal foraging theory suggests that the 

initial density of hosts in a patch will affect the parasite, depending on the 

environment as a whole. Comparison of the results of the first experiment 

and the preliminary experiment show this very clearly. In the preliminary 

experiment the parasite spends on average, 160 minutes in the most 

profitable patch and about 65 minutes in the next most profitable patch. 

The parasite spends only about five minutes in the least profitable patch. 

The experiment proper did not include a patch with 128 larvae in it. In 

this case the parasite spent about 130 minutes in the most profitable 

patch. This is approximately twice the length of time it spent in a 

patch with that same density when there was a more profitable patch 

available. The parasite now spends about 30 minutes in a patch containing 

eight larvae, that is, the same density as the least profitable patch in 

the preliminary experiment. The observed time spent in the patches of 

different densities correspond very closely to the predicted times that 

the parasite should spend if it is foraging optimally. There was a 

marked difference in the length of time spent in a first visit to a
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Discussion 

The rats respond very quickly to alterations in the length of 

the change over delay. The rats which experienced an increase in 

the length of the change over delay showed a clear cut increase in the 

number of reinforcements per run and in the length of the run, each 

successive session. Regression analysis showed that the changes in 

the number of reinforcements per run were significant for all four 

rats. The changes in the length of run were significant for rats 

5, 6 and 12, but not for rat 7. Despite the marked increase in the 

length of the run and the number of reinforcements per run three of 

the four rats were able to maintain their original intake of food 

during the session. Rat 6 showed a steady drop in the number of 

reinforcements earned per session, and this was significant at the 

.05% level. The results for the other three rats for total re- 

inforcements per session were not significant. There was also a marked 

decrease in the number of runs per session as the length of the change 

over delay increased. Rat 6 continued to use only one lever but rats 

5 and 7 showed changes in strategy from one session to the next. Rat 

5 used one lever in each of the sessions involving a change in the 

length of the change over delay, but the right hand column shows that 

poth levers are in use during the programme with the new value of 

change over delay. Rat 12 shows the reverse trend. This rat uses 

both levers for all except one session in which the length of the 

change over delay is altered. . However the rat is no longer using 

the two levers equally, as it was in the first programme. Rat 12 

uses only one lever in the programme with the increased length of 

change over delay. 

The rats which had originally experienced a change over delay 

of 100 seconds experienced a reduction in the length of the change
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over delay in this experiment. The number of reinforcements per 

run and the length of the run did not decrease in response to the 

decrease in length of the change over delay, as might have been 

expected. Instead, three of the four rats maintained or even 

increased the number of reinforcements per run. The length of the 

run followed the same pattern. The total number of reinforcements 

per session increased in rats 13, 14 and 15 as the change over delay 

decreased. As the rats continued to make long runs the increase in 

consumption can only be explained by an increase in the number of 

runs per session. This was shown by all the rats, but not all to 

the same degree. All four rats had used only one lever in both the 

programmes they had experienced before starting this experiment. 

Rat 14 began to use the second lever when the change over delay had 

dropped to 79 seconds, and rat 15 began to use the second lever in 

the last session. Rats 9 and 13 continued to use only one lever. 

The graphs show that the trend shown during the process of 

changing the length of the change over delay continues during the 

twenty sessions on the new length of change over delay. Rats 5 and 

6 show a further increase in number of reinforcements per run and 

in length of run, compared with the first session with a change over 

delay of 100 seconds. Rats 9, 13 and 15 show a decrease in both 

number of reinforcements per run and length of run. The mean total 

number of reinforcements per session is greater for the mean of the 

last ten sessions at the new value of the change over delay than for 

the first session at that value for rats 9, 13, 14 and 15. This would 

suggest that the rats continue to change their strategy if it gives 

an increased yield. Of the group that experienced an increase in the 

length of the change over delay only rat 6 shows a further decrease 

in total reinforcements per session to any marked degree. The other
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three rats appear to maintain the level reached during the sessions 

when the length of the change over delay was increased. These four 

rats also show a further reduction in the number of runs per session. 

The four rats which experienced a reduction in the length of the 

change over delay show a further increase in the number of runs per 

session.
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Section 6.2 To compare the behaviour of the rat at two different 

values of change over delay 

After the rats had completed the programme in which the length 

of the change over delay was altered they then experienced twenty 

sessions at the new value of change over delay. The rats that had 

experienced an increase in the length of change over delay were now 

working with a change over delay of 100 seconds. This was the same 

length as one group had experienced during the first experiment. 

Thus it was possible not only to compare the behaviour of the same 

animals at two different values of change over delay, but also to 

compare the behaviour of different animals at the same length of 

change over delay. In the latter case not only were the animals 

different but their previous history was also different. The rats 

that had experienced the very long change over delay in the first 

experiment had no previous experience of any other programme at that 

time. The rats that experience a change over delay of the same length 

in this experiment had previously experienced other programmes. The 

behaviour of the rats that experienced a decrease in the length of 

change over delay could be compared to their earlier behaviour in 

the first experiment. In the same way their results in this experiment 

can be compared with those of rats which also experienced a change 

over delay of five seconds in the first experiment. 

All the rats went on to complete two short repeat programmes, 

immediately after completing the programme at the new value of 

change over delay. The first repeat programme was at the same 

value of change over delay that the rat had originally experienced 

in the first experiment, and the second at the value of change over 

delay that the rat experienced in this experiment.
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Results 

The mean number of reinforcements per run for each rat at the 

new value of change over delay is given in table 6.2.1. The mean 

length of run for each rat at the new change over delay is given in 

table 6.2.2, and the mean number of reinforcement per session for 

each rat in table 6.2.3.
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Mean number of reinforcements per run + s.d. at 

the new value of the change over delay 

Rat no. 

12 

13 

14 

15 

Table 6.2.2 

Mean reinf/run + s.d. 

new C.0.D. 

in secs y e 

100 64.18 + 15.79 30.61 + 2.4 

100 34.41 + 5.53 0 

100 22.6. £3.88 21.17 + 9.11 

100 22.6442 4.85 0 

5 2.04 0.59 13.74 + 2.4 

5 10.46 + 0.61 3.43 + 0.53 

5 7.42 + 0.98 S541 + OTT 

5 20.76 + 2.83 3.26% 1.13 

Mean length of run + s.d. at the new value of the 

change over delay. 

Rat no. 

12 

13 

14 

15 

Mean length of run (in cms) + s.d. 
new C.0O.D. 

in secs L R 

100 57.88 + 11.43 0 

100 38.34 + 10.56 0 

100 16.26 + 1.88 27.38 + 3.03 

100 15.74 + 3.27 0 

5 0 (13. S0v,61 

5 9.21 + 1.45 1.55 + 0.61 

5 6.36 + 1.16 2.57 + 0.4 

5 11.21 ° + 2.52 1.22 + 0.66
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Table 6.2.3 Mean total reinforcements per session + s.d. at 

the new value of the change over delay. 

Rat no. new C.0.D. Mean total reinforcements/session + s.d. 

in secs 

5 100 20373 15.33 

6 100 147.5 + 17.22 

7, 100 187.7 + 31.29 

12 100 200.8 + 15.32 

9 2 290.0 + 27.41 

13 5 206.2 + 12.96 

14 5 225.4 + 32.94 

15 5 322.7 & 37.87
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Discussion 

Table 6.2.4 shows the difference between the results of the 

first experiment and the results from the present experiment, for 

the same rats. In many respects the differences between the two 

sets of results are the same as those between group A and Group C 

in the first experiment. The effect of the long change over delay 

is to cause the run to be longer so that the rat earns fewer re- 

inforcements per session. Both the number of reinforcements per 

run and the length of run increase as the length of the change over 

delay increases. The second group of rats, which experienced a reduction 

in the length of the change over delay, now show a shorter run but 

earn more reinforcements per session. 

When the results for the same length of change over delay in 

the first experiment and in this experiment are examined in table 

6.2.5 the differences are seen to be significant in every case except 

one. That one is the number of Paidrorcements per run earned by rats 

working at a change over delay of five seconds. At a change over delay 

of 100 seconds the number of reinforcements per run earned by rats in 

this experiment is much greater than that of the first experiment. 

However, when the individual results are examined three of the rats 

in this experiment appeared to make a run that did not differ much 

from those made by some of the rats in the first experiment. Rat 5 

on the other hand made a run that was twice as long as that of the 

next longest run. Accordingly I omitted the result of rat 5 from 

the data for the rats experiencing the long change over delay in this 

experiment and again compared it with the rats from the first experiment 

that had experienced the same length of change over delay. In this 

case the t-test showed the differences to be non significant. 

The length of the run is much greater for the rats in this
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Table 6.2.4 Results of t-tests comparing the numbers of reinforce- 

ments per run, length of run and total reinforcements per session for 

each rat at the new value of change over delay with the same data from 

the first experiment. 

Results from 

Rat no. C.0.D. 5 C.0.D. 100 af t 

5 9.33 64.18 18 41.206 

Mean 6 12.34 34.44 18 22.899 

reinf/ 7 10.44 22.6 18 16.003 
run 

C.0.D. 20 

12 16.3 22.81 18 10.155 

Ci0.D.5 

5 3.73 57.87 16 48.497 

Mean 6 4.01 38.34 13 26.844 

length 
eae it 5.12 16.26 14 17.91 

C,0,.D.-20 

12 9.28 15.74 18 9.204 

5 350.7 203.3 18 52.46 

Mean 
soe 6 383.8 1h7.5 18 91.396 

reinf/ 7 323.0 187.7 18 49.08 

session C.0.D. 20 

12 269.6 200.8 18 Wa cTty 

C.0.D. 100 C.O.D. 5 

9 31.53 13.74 18 18.846 

Mean 13 2.63 10.46 17 23.477 
reinf / 

run 14 14.95 7.42 18 13.697 

15 STLDT 20.791 18 8.784 

9 28.17 7.73 18 19.209 

Mean 13 34.11 9.21 15 25.691 

length 1h 14.52 6.34 18 15.022 
of run 

15 22.87 11.21 18 13.44 

9 188.7 290.0 18 50.11 

Mean 
\ 

Seba 13 116.7 206.2 17 55.423 

reinf/ 14 140.9 225.4 18 38.257 

Seer 15 190.3 322.7 17 53.394 

All the differences are highly significant 

p< .001
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16 
patch and in the last visit to a patch. Then the length of time 

spent in the patches is almost equal. This could be because the 

parasites spend time in the patch in relation to the number of healthy 

hosts in the patch. Where patches may contain widely differing numbers 

of larvae, as in this experiment, the parasite must obviously spend 

some time investigating each patch if it is to make most effective 

use of the environment as a whole. This is presumably the reason for 

the short visit to the least profitable patch in the preliminary 

experiment. 

Lea (1979) 

This worker used a complex schedule of reinforcement in a 

Skinner box to simulate a foraging situation. Pigeons were the 

experimental animals. In this case there were three keys available, 

although they were not all illuminated at the same time. To start 

the session the centre key was illuminated and the side key left 

dark. This was taken to be the search state. A fixed interval 

schedule operated on this key, so that the first peck on the key 

after t seconds ended the search state and introduced the choice 

state. The centre key was left on and the side key lit up. This 

was either red or green, the colour as well as the programme it 

indicated, being controlled by a computer programme. At this point 

the pigeon could do one of three things. One peck on the side key 

turned off the centre key light and instituted a handling state. 

The length of this state depended on the original colour of the 

light. A red light gave a fixed interval of twenty seconds in 

the handling state, but a green light gave a fixed interval of 

only five seconds. At the end of the fixed interval that signified 

the handling time both lights went out and the bird was given 2.5
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experiment than for the rats experiencing the same length of change 

over delay in the first experiment. Having seen that rat 5 was 

making a long run that was significantly different from the 

results of the other rats experiencing the same conditions, I again 

removed the results of that rat from those of the group and retested 

the results. Again, there was no difference between the length of 

run made by rats experiencing a change over delay of 100 seconds in 

the first experiment and in this experiment. The rats experiencing 

a change over delay of five seconds also show a significantly longer 

run than did those in the first experiment. This might suggest that 

the rats which experienced a short change over delay in the first 

experiment learnt to respond at a fast rate, and those that experienced 

a long change over delay responded more slowly. These rats appear to 

be responding more slowly than did the original rats working under the 

same conditions because there is no significant difference in the number 

of reinforcements per run earned by the two groups, but they take 

almost twice as long over the run as did the rats from the first 

experiment. 

There are significant differences in the number of reinforcements 

per session earned by the original rats in experiment one and by the 

rats in this experiment but working under the same conditions. The 

rats which experienced a decrease in the length of change over delay 

earn only seventy four per cent as many reinforcements per session 

as did those rats that experienced the same short change over delay 

in the first experiment. One reason for the difference may lie in 

the slower rate of responding that we have just seen to apply to the 

rats that had experienced the long change over delay in the first 

experiment. Another possible explanation is that these rats now earn 

far more reinforcements per session than they had been able to earn
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on either of the previous programmes they had experienced. The 

rats that experienced a change over delay of one hundred seconds 

in the first experiment earned fewer reinforcemtns per session than 

did the rats experiencing the same conditions in this experiment. 

In fact three out of the four rats in this experiment earn more 

reinforcements per run than did the rats. working at the same long 

change over delay in the first experiment. Only rat 6 earns fewer 

reinforcements than some of the rats in the first experiment. It is 

surprising to find that the rat that earns most reinforcements per 

session at a change over delay of 100 seconds is rat 5. This was 

the rat that made an unusually long run, both in terms of time and 

of number of reinforcements. This is presumably only possible because 

the rat is responding at a fast rate. 

The results of the two short repeat programmes are given in 

table 6.2.6. The results of each repeat programme have been compared 

with the results of the programme having the same length of change 

over delay, for each rat, in tables 6.2.7 and 6.2.8. The rats that 

experienced a five second change over delay for the first time in 

this experiment earn more reinforcements per run during the repeat 

programme than they had done earlier in the experiment. They also 

take longer over each run. When the repeat programme on the long 

change over delay is compared with the results of the first experiment 

for the same rats, the results are not clear cut. One rat makes a 

longer run in the repeat programme than earlier, two make shorter 

runs than they did earlier, and one shows no significant difference. 

This applies to both number of reinforcements per run and to length 

of run. The rats that experienced an increase in the length of the 

change over delay all make a shorter run in the repeat programme on 

the long change over delay than they did when they first experienced
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that length of change over delay inthis experiment. These rats 

also fail to show a consistent change in behaviour when they 

experience the repeat programme on the short change over delay. 

One rat makes a longer run than it did in the first experiment, 

one rat makes a shorter run, and two show no significant difference 

in the number of reinforcements per run in the two programmes. 

When the total number of reinforcements per session are compared in the 

same way all four rats earn more in the repeat programme on the long 

change over delay than they did when they first experienced that change 

over delay in this experiment. The difference in each case is large. 

Even rat 6 that had been earning less than some of the rats in the 

first experiment now earns almost as many reinforcements as the other 

three rats. It is odd that the rats that experience the long change 

over delay in this experiment should show an increase in number of 

reinforcements per session in the repeat programme while the rats 

that experience the short change over delay show a reduction in the 

number of reinforcements earned in the repeat programme. The rats 

that had experienced the short change over delay in the first experiment 

earn fewer reinforcements in the repeat programme at the same length of 

change over delay. Of the rats that had experienced a long change over 

delay in the first experiment, one earns more reinforcements per session, 

one earns fewer reinforcements per session in the repeat programme than 

they had done in the original programme. Two rats show no significant 

difference between the two sets of results.
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Comparison of the results of the two, short, repeat 

Fach result has the standard deviation calculated unless 

it is the mean of a very few runs, in which case this is indicated 

by an asterisk. 

Reinf/ 

run 

length 

of run 

Total 

reinf/ 

session 

Reinf/ 
run 

length 

of run 

Total 

reinf/ 
session 

Rat 

no. 

12 

30.66 

12.44 

11.09 

20 

11.93 

17.43 

6.18 

20 

1 

17.47 

13.15 

48.53 

10. 

16.31 

13.34 

3h .09 

Repeat programme with C.0.D. 

5 secs 

L R 

+ 8.01 2.69* 

£:2,78 0 

+ O.48 9.36 + 1.96 

secs 

+ O77 g25.08 tye.02 

5 secs 

+ 6.44 4,95* 

#°0..12 0 

£ 0201p 5.52 etn 

secs 

+ 0.84 2.72 + 1.27 

5 secs 

257.4 + 24.05 

331.4 + 36.4 

281.6 + 26.12 

20 secs 

299.8 + 8.9 

100 secs 

. O* 28.88 + 3.78 

= Saif 2.69% 

+ 1.05 8.5* 

+ 8.21 11.0% 

g* 20.19 + 6.19 

£32551 1.24% 

+ 24h 6.27* 

+ 8.54 4 .65* 

188.8 + 20.1 

138.8 + 13.55 

129.6 + 14.36 

217.6 + 9.71 

30.74 

oh.12 

21.8 

18.4 

22.4 

16.4 

9 

? 

2 

3 

13.07 

10.3 

30.7 

8.9 

29.1 

14.2 

9.3 

19.5 

8 

100 

I+
 8.4 

4.6 

+ 3.1 

100 

+ 1.4 

100 

+ 8.8 

+ 7.3 

I+
 

secs 

4 

8 

9 

secs 

5 

secs 

9 

+ 4.07 

100 

+ 1.5 

100 

217.6 

200.6 

218.6 

100 

21326 

2 

70* 

I+
 8.4 

1.7 

secs 

3 

secs 

+ 27.23 

x 35.99 

+ 15.66 

secs 

+ 29.49 

secs 

6.13* 

19. 67+ 

10.12% 

638 

13217" 

5 hoe 

23.25 = 10.55 

\ 

T 

en Goa 

ole 
+ 3.4 
teat 

2 

T 

+ 13.64 

262.2 

192.0 

188.2 

292.6 

£ eT 3 

18.91 

T46 

£39.37 

I+
 

+
 

Gala® 

o.55* 

110# 

17.13 +.10.52
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Table 6.2.7 Comparison of the results of the repeat programme 

with the programme having the same length of change over delay, 

5 or 20 seconds, using a t-test. 

Rat Results from C.0.D. 5 compared with repeat 

no. programme on C.0.D.5 using a t-test 

af 6 significance 

Reinf/run 5 13 15.92h <.001 

6 13 0.104 N.S. 

T 13 1.231 n.s. 

9 a TS 6.268 <.001 

13 12 4.779 - 001 

14 13 2.29 «5 

ap) 13 See <.001 

length 5 11 11.619 <.001 
of run 

6 8 2.977 .02 

iG 9 2.725 205 

9 13 6.249 <.001 

3 Aa 5.198 <.001 

14, 13 4.087 -001 

15 13 4.845 <.001 

Total 5 13 27.914 <.001 

reinf/ 
session 6 ns 14.975 <.001 

T 13 13.296 <.001 

9 13 Dif MD <.001 

12 12 6.224 <.001 

14 13 17.003 <.001 

15 12 8.65 <.001 

Results from C.0.D. 20 compared with repeat 

programme on C.0.D. 20 using a t-test 

Reinf/run 12 13 2.984 .02 

length of 12 13 6.124 <.001 

run 

Tot. reinf/ 12 13 18.298 <.001 

session
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Table 6.2.8 Comparison of the repeat programme with the programme 

having the same length of change over delay, 100 seconds, using a 

t-test. 

Rat Results from C.0.D. 100 compared with repeat 

no. programme on C.0.D. 100 using a t-test 

df ty significance 

Reinf/run 5 13 18.503 <.001 

6 13 8.429 <.001 

iY 13 0.701 nis. 

12 13 6.33 <.001 

9 13 4.763 <.001 

13 13 10.399 <.001 

14 13 2.806 02 

15 13 15.409 <.001 

Length 5 13 20.785 <.001 

of run 

6 13 7.465 <.001 

T 13 3.194 01 

12 13 6.742 <.001 

9 13 5-179 <.001 

13 12 15.902 <.001 

14 13 1.428 n.s. 

15 13 7.544 <.001 

Total reinf/ 5 13 7.243 <.001 

session 

6 13 17.779 <.001 

T 13 12.349 <.001 

12 13 4.769 <.001 

7 1s . O43 Ns Ss 

13 13 11.22 <.001 

14 13 5-353 <.001 

15 13 13.86 <.001
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Summary of findings in Chapter 6 

1. Each rat responds within a session to an increase in the 

length of the change over delay by showing an increase in 

the number of reinforcements per run and an increase in the 

length of the run. They also show a decrease in the number 

of reinforcements collected. 

2. When the rat experiences a decrease in the length of the 

change over delay it does not show such a marked decrease 

in either the number of reinforcements per run, or the length 

of the run. After each rat has experienced a number of sessions 

at the new length of change over delay the number of reinforcements 

per run and the length of run are both seen to be further 

reduced. These rats show an increase in the number of 

reinforcements earned per session in the sessions in which the 

length of the change over delay is reduced. 

3. When the results of the rats for their original length of 

change over delay are compared with the new change over delay 

the differences are comparable to the differences between 

. the geoups experiencing those values of change over delay 

in the first experiment. The rats experiencing a change over 

delay of 100 seconds make a long run, and earn more reinforcements 

per run than those experiencing the five second change over delay. 

4. The rats which now experience a change over delay of 100 

seconds earn more reinforcements per session than did the 

animals working under the same conditions in the first experiment.
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The rats which now experience a change over delay of five 

seconds earn fewer reinforcements per session than did the group 

that worked under the same conditions in the first experiment. 

The differences appear to be caused by differences in the 

rate of responding of the two groups.
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CHAPTER 7 

Experiment 5 To investigate the effect of having two different 

types of patch in the same environment. 

Aims 

ls To compare the results for the two different values of patch 

for each rat 

Zi To compare the results for rats experiencing a change over 

delay of five seconds with those of rats experiencing a change 

over delay of twenty seconds, when both groups of rats encounter 

patches of the same two values in their environment. 

ae To compare the results for patches of ratio one in this experiment 

and in the first experiment, for each rat. In the same way the 

results for patches of ratio four in this experiment and the 

second experiment can be compared for each rat. 

4, To investigate the effect of conditions prevailing within a 

session on the behaviour of the rat. 

5. To examine the curves of cumulative gain with time for each rat. 

To compare the time spent in a patch with the predicted time that 

an animal should spend in the patch if it is foraging optimally. 

Method 

The rats used in this experiment had all completed the first 

two experiments in which they experienced patches of only one type. 

In the first experiment I used a ratio of one, and in the second 

experiment I used a ratio of four. In this experiment I used the 

same two ratios. The rats had already experienced both ratios 

separately but in this experiment they encountered both types of 

patch in the same session. I did not attempt to use one patch type 

on one lever and the other on the second lever because there was
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already a large amount of information in the literature on the way 

that a rat should behave in such circumstances. Such an experiment 

seemed more like an academic exercise in operant conditioning than 

an investigation into optimal foraging. In an attempt to produce a 

situation which was more like that in the wild, (although still a 

long way from a natural situation), both types of patch were made 

available in the same session in a random sequence. No attempt was 

made to ensure that the rat experienced an equal number of runs on 

each ratio in the same session, although the two types of patch were 

available in equal numbers in the environment as a whole. The two 

ratio values were not signalled in any way, so the rat did not know 

which ratio would be available in any run until it started to earn 

reinforcements during that run. I prepared a separate schedule, for 

each rat for each session, using a table of random numbers. Thus no 

two rats experienced the same schedule, and the rat did not experience 

the same schedule twice. If the rat used one lever to earn re- 

inforcements it was easy to apply the schedule. Where the rat used 

two levers the first ratio value applied on the first run on the left, 

the second ratio value applied on the first run on the right lever, 

and the third ratio value applied to the second run on the left, and 

the fourth to the second run on the right. The rat experienced the 

ratio values exactly in the order in which they appeared in the 

schedule. Where the rats used both levers but in an irregular manner 

I made sure that the rats also experienced the ratio values in the 

order given in the schedule. Thus, if the fifth ratio value was a 

ratio of one, the rat would experience that value regardless of the lever 

it chose to respond on, for that run. 

All sessions of this experiment were recorded on the event 

recorder because I used a further pen to indicate when the rat was
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seconds access to food. At the end of this time the centre light 

again went on and the whole sequence began again. The second 

alternative available to the pigeon in the time was to peck on 

the centre key. Three pecks on this key reintroduced the search 

state. The pigeon therefore had the choice of accepting the red 

key and waiting twenty seconds before food was available, or 

returning to the search state and the chance that this time the 

side key would be green. The third alternative is for the pigeon 

to do nothing, and the programme here reintroduced the search state 

after about one hour. Each experimental session consisted of 80 

trials, that is 80 entries to the search state. Each bird experienced 

the same conditions for a minimum of five sessions, or until the 

probability of accepting the long prey (as signalled by the red light) 

did not vary by more than 0.2 in the last three sessions. 

In the first experiment the length of the fixed interval in 

the search state was altered, while keeping all other parameters 

constant. Each pigeon started with t at twenty seconds, and then 

the length of the search time was increased (or decreased) a number 

of times. The prediction made here is that the birds should be more 

ready to accept the prey items with the long handling times as the 

search time increased. This prediction was confirmed, but the inerasae 

did not take the form of a step function. Switching from non-acceptance 

to complete acceptance at a particular value of t did not occur. 

The second experiment kept the density of one type of prey 

constant and changed the density of the other type. When the density 

of the long prey was kept constant and the density of the short prey 

increased the birds showed a greater probability of refusing the long 

prey. However, when short prey density was kept constant and long 

prey density was increased the results were not so clear.
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responding on ratio four. This pen was used whenever ratio four was 

in operation, as shown in the section of a trace in figure 7.1. Absence 

of this line meant that ratio one was in operation. The value of the 

ratio was controlled by the ratio programmer. Where the schedule showed 

that the next run was not of the same value ratio as the present run 

the ratio value was changed manually during the change over delay between 

the two runs. 

Whilst each rat was in the box I completed a data sheet showing 

the ratio in operation and the lever in use at that time. At the end 

of the experiment I used the same data sheet to enter the number of 

reinforcements earned in each run, and also the length of each run. 

At the end of each session the total number of reinforcements 

earned at each ratio value on each lever were calculated, for each 

rat. For rats which used only one lever to earn reinforcements this 

gave one value of mean number of reinforcements per run for ratio one, 

and another value for ratio four. The mean number of reinforcements 

per run for each ratio was calculated for both levers where the rats 

used both levers. The mean length of run for each ratio on each lever 

was calculated for each rat. The mean total number of reinforcements 

per session was calculated for each rat. 

Each rat experienced twenty sessions on this programme and as 

previously, the results are taken from the mean of the last ten sessions 

only. 

Finally, the time intervals between successive reinforcements 

were measured and a separate graph of the cumulative gain with time 

was calculated for each ratio, on each lever, for each rat. 

The rats that completed this experiment can conveniently be 

divided into two groups on the basis of their previous history. I 

began this experiment in April, 1978, towards the end of my year of
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full-time study in the University. At that point in time I thought 

that my practical work would come to an end by September of that 

year, when I returned to College. Accordingly, when I had completed 

experiments 1 and 2 I divided the rats into two groups. The first 

group, consisting of rats 1, 2, 8, 10 and 17, started work on this 

experiment. In order to be able to investigate the effect of changing 

the length of the change over delay the rest of the rats started work 

on experiment 4. I was later given permission to work in the University 

for one day per week during the following academic year, and this made 

possible some further practical work. The results that I had already 

obtained from the first group of rats working on experiment 5 proved 

interesting, so it was decided to carry out this experiment with some 

of the other rats also. None of the rats that had previously worked 

on the long change over delay of 100 seconds were involved in this 

experiment because they made so few runs in the course of a session 

that it would be difficult to compare their results with those of rats 

making more runs. That left rats 5, 6, 7 and 12 to start this experiment 

after completing experiment 4. Had I known in advance that I would 

have more time available I would have preferred to have carried out this 

experiment immediately after experiment 2, for all rats.
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Results 

Table 7.1 shows the mean number of reinforcements per run earned 

by the rat on each lever, for each ratio value. Table 7.2 gives the 

mean length of run for each ratio value on each lever, for each rat. 

The total reinforcements per session for each rat are given in Table 

7.3. The mean number of responses per run for each ratio value for 

each rat, is given in Table 7.4. An attempt is made to compare the 

results on ratio one and on ratio four for the mean number of reinforce- 

ments per run, and for the length of run, for each rat, in Tables 7.5 

and 7.6 

Discussion 

ila To compare the results for. ratio one and for ratio four for each rat. 

The marginal value theorem states that where there is more than 

one type of patch in an environment the animal should leave each patch 

when the rate of capture falls to the average rate for the environment. 

This is shown diagrammatically in fig. 7.2.
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The graph of cumulative gain with 

time is shown for two different 

patches in the same environment.



Table 7.1 

each ratio on each lever, for each rat- 

Rat 

no. 

10 

10 

12 

17 

17 

Mean number of reinforcements per run, 

Cron. 

(secs ) 

20 

20 

20 

20 

20 

20 

20 

20 

Ratio 
value 

200 

Mean 

14 

10. 

19. 

12. 

4 

20. 

Th 

66 

37 

TT 

49 

11 

49 

91 

OT 

oh 

TH 

42 

09 

no. 

I+
 

I+
 

I+
 

I+
 

I+
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Table 7.2 Mean length of run + s.d. for each ratio on each 

lever for each rat. 

Rat C00). Ratio Mean length of run + s 

no. (secs ) value 7 - 

1 5 1 2.74 + 0.72 6.31 + 

1 5 4 1.84 + 0.67 WAT1 & 

2 5 1 3.19 + 0.7 3.62 + 

2 5 4 1.49 + 0.36 1.72% 

> 2 1 7.43 + 0.89 0 

5 > h 3.47 + 0.81 0 

5 1 3.92 + 0.77 0 

6 5 4 1.59 + 0.31 0 

T 5 1 7.19 + 1.44 4.08 + 

T 5 4 2.57 £0.75 1.522 

8 20 1 10.35 + 2.54 0 

8 20 4 5.12 + 1.1 0 

10 20 1 0 10.49 + 

10 20 4 0 4.63 + 

12 20 1 5.88 + 1.16 4.3 + 

12 20 \ 2.77 & 1015 1,28. 2 

17 20 1 12.22 451 02 0 

17 20 4 6.58 + 1.74 0 

-13 

OE 

wee 

34 

. 96 

. 06 

37 

93
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Mean total reinforcements per session for each rat 
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Table 7.4 Mean number of responses per run made by each rat 

on each ratio value on each lever. 

Rat CrOmbs Ratio Mean no. of responses per run 

no. (secs) value , . 

1 5 1 24.9 57-75 

4 40.7 19.7 

2 5 1 33.3 25.9 

4 29.9 30.4 

2 5 1 116.5 0 

4 71.6 0 

6 5 1 . 56.2 0 

4 3.5 0 

7 5 1 4h .2 34.6 

y 33.1 22.4 

8 20 1 207.4 0 

4 135.7 0 

10 20 1 0 167.6 

4 0 98.0 

12 20 1 83.5 39.7 

4 48.2 16.6 

17 20 1 211.9 0 

4 150.5 0
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The cumulative gain in reinforcement with time is shown in 

the diagram. Line OG is the mean rate of reinforcement for the 

environment. Lines x, Y, and Yo Y, are tangents to the two curves, 

drawn parallel to line 0G. The animal should leave patch type one 

at the point where tangent X, Y, touches it. If the animal stayed 

longer in that patch it would have a lower rate of reinforcement than 

if it had moved to a new patch. The time the animal should spend in 

each patch type is shown by the points T,opt and T,opt . It is quite 

clear from the diagram that the animal should spend a different amount 

of time in the two types of patch if it is attempting to forage optimally. 

Table 7.2 gives the mean length of run for each rat in each type of patch, 

that is, the two different ratio values. 

The difference in the results for ratio one and for ratio four 

as shown by each rat, (with the exception of rat 1), are as predicted by 

the marginal value theorem. The rat should spend a longer time in 

richer patches than in poorer patches. In most cases they spent 

twice as long in a patch on ratio one as on ratio four. The rat 

should collect far more reinforcements from a rich patch than from 

a poor patch, because the rat should continue in both types of patch 

until the rate of gain for that patch equals the average rate for the 

environment. Again, most rats collect more than twice as many 

reinforcements per run on ratio one than they do on ratio four. 

At the end of the second experiment each rat experienced a short 

repeat programme on ratio one, followed by another short programme 

on ratio four. These two programmes followed the long programme 

on ratio four. When the behaviour of the rats on the two different 

ratio values was compared it was pointed out that each rat should be 

spending either the same length of time or expending the same 

amount of energy in obtaining reinforcements in the two types of 

patch, when they are encountered separately. When the two types of
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In the third experiment all other conditions were kept constant 

except that the long prey was now followed by an eight second period 

of access to grain, (with the short prey still keeping the 2.5 second 

access period). All the birds showed an increase in the probability 

of accepting the long prey under these conditions but no bird refused 

the short prey. 

Baum 1980 

Baum is a psychologist working on operant conditioning. This 

paper sets out to investigate the behaviour of pigeons when they were 

forced to travel between two alternatives in a laboratory experiment. 

The box had two keys and a partition could be fitted between the keys. 

Concurrent variable interval schedules were used, but the bird could 

not obtain reinforcement on one lever if the reinforcement scheduled 

for the other lever had not been collected. The bird was thus forced 

to alternate between the two levers. There was no change over delay 

but the actual change over peck was not reinforced, so that the bird | 

had to make at least two pecks in order to obtain a reinforcement that 

was due. 

At the beginning of the experiment there was no barrier in position 

and the probability of reinforcement occurring on the left key was .25. 

When stability had been reached over a number of sessions the birds 

were changed to the next condition. In each successive condition the 

length of the barrier was increased to 1", 2", 4", and 8", (his 

measurements and not mine). One group of birds also had a hurdle 

fitted at the end of the barrier, and the height of this was increased 

in successive conditions from 1.75" to 2.25" and then to 3.25". As 

the length of the barrier increased to 4" there was little change in 

the behaviour of the birds, but further increase brought a marked
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patch are both present in the same environment the rat should neither 

spend the same amount of time nor should it expend the same amount of 

energy in obtaining reinforcements in each patch type. Table 7.) shows 

that there is a large difference in the number of responses per run 

made by each rat on the same lever for the two ratio values. When 

this table is compared with table 4.12 the difference in the results 

for the two experiments becomes clear. 

Fach rat was obviously spending longer and collecting more re- 

inforcements per run from a patch of ratio one than from a patch of 

ratio four. Tables 7.5 and 7.6 compared these two values for each 

rat. I wanted to see if the proportion of the number of reinforcements 

per run collected on ratio one to the number collected on ratio four 

was the same for each rat experiencing the same length of change over 

delay. With the exception of rat one each of the rats shows a proportion 

greater than 2. In most cases the proportion is very similar. Despite 

the fact that rats 2 and 12 normally use both levers equally there is 

a marked difference between the proportion on the two levers for the 

same rat. Table 7.6 compared the time spent on the two levers in the 

same way. Most of the rats spend more than twice as long in a patch 

of ratio one compared with a patch of ratio four. In most cases the 

proportion is not as large as that comparing number of reinforcements 

collected from each type of patch. 

2 To compare the results of rats experiencing the two different 

values of change over delay 

Two different change over delay values are in operation in this 

experiment. The work of Parker and Stuart predicts that the rat should 

spend longer in a patch of the same type in a poor environment, compared 

with a rich environment. In tables 7.7 to 7.11 inclusive the mean data
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Table 7.5 Comparison of the number of reinforcements per run 

earned in patch type one and in patch type two, i.e. on ratios one 

and four respectively. 

Rat Mean no. of reinf/run on ratio one 

no. Mean no. of reinf/run on ratio four 

1L AD) 

IR 1.76 

2L Zeal 

2R 2.89 

2 2.69 

6 2.89 

TL 2.9 

7R 2.73 

8 Me efi 

10 2.74 

12L Peel 

12R 3.53 

Ui 2.46
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Table 7.6 Comparison of the time spent in a patch of type 1, 

i.e. ratio 1, and in a patch of type 2, ratio 4. 

Rat Mean time spent in patch type 1 i.e. ratio 1 

no. Mean time spent in patch type 2 i.e. ratio 4 

iL 1.49 

1R 1.34 

aL 2.14 

eR Omit 

5 . 2.14 

6 2.69 

TL 2.79 

TR 2.68 

8 2.02 

10 one 

12L 2ele 

12R 3.36 

17 1.86
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for all the rats experiencing the five second change over delay are 

compared with those of the rats experiencing a twenty second change 

over delay. There is a significant difference in the number of re- 

inforcements collected in a patch of the same type for the two values 

of change over delay. The rat also spends significantly more time in 

a patch of the same type if he experiences the long rather than the 

short change over delay. Thus the mean number of reinforcements per 

run is greater for rats experiencing the twenty second change over delay than 

for those with a five second change over delay. The rats also spend longer 

in a patch on ratio one if they experience the long change over delay 

than if they have the short change over delay. In the same way, the rat 

collects more reinforcements per run, and spends longer in a patch of 

ratio four if he experiences a long compared with a short change over 

delay. The earlier experiments also showed that a rat earned fewer 

reinforcements per session as the length of the change over delay 

increased. Table 7.9 shows the mean number of reinforcements earned 

by the rats experiencing the five and the twenty second change over 

delay. The rats with the short change over delay earn more reinforcements 

per session than do those with the twenty second change over delay, and 

the difference is significant. 

Sr To: compare the results for patches of the same value as encountered 

in this experiment, and in the first two experiments. 

The behaviour of the rat in this environment can be compared 

with the behaviour of the same rat in the two other environments 

that it has encountered. These are the environments provided by 

experiments 1 and 2, in which the rat experienced ratio one and ratio 

four respectively. The environment in which only patches of ratio 

one were found was the richest environment of the three. The environment 

consisting entirely of patches of ratio four was the poorest environment.
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Table 7.7 Comparison of the mean number of reinforcements per 

run at the same ratio for the two different values of change over 

delay, for all the rats at the same value of change over delay. 

Ratio Mean reinf/run for af ¢ significance 

ChOoeDi 5 C50,.D)., 20 

1 9.09 +2.68 Ipif2 £25. ve2 11 5.677 0.001 

h 3.97 +£1.07 5.64 + 2.43 11 2.38 0.05 

Table 7.8 Comparison of the length of run for the two different 

values of change over delay, at the same ratio, for all the rats at 

the same value of change over delay. 

Ratio Mean length of run af t significance 

C.OVD 5 €.0.Ds° 20 

1 454 + 1.95 8.14 + 3.84 T 3.253 0.02 

4 2.45 + 0.97 3.98: + 2.33 9 1.932 0.1 

Table 7.9 Comparison of the total reinforcements per session for the 

two different values of change over delay for all the rats at the same 

value of change over delay. 

Total reinf/session af = significance 

OR Or C50,D. 20 

271.22 + 22.46 243.7 + 15.91 8 9.903 > .001
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Figure 7.3 

The graph of cumulative gain with 

time is shown for the same type of 

patch in two different environments 

Figure 7.3a shows a rich environment 

Figure 7.3b shows a poor environment 

The effect of the quality of the 

environment is shown in the two 

different values of Tot the optimum 

time that an animal should spend in 

the patch.
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The environment which included a mixture of the two patch types 

should be between the two extremes. The rat would be expected to 

earn most reinforcements in the richest environment and least in the 

poorest environment, and an amount between the two for the intermediate 

environment. Thus the overall rate of reinforcement for the three 

environments would be greatest in the richest environment and least 

in the poorest. 

Figure 7.3 shows the effect that two different rates of reinforce- 

ment will have on the time the animal should spend in a patch. The 

animal should spend longer in a patch of the same type in a poorer 

environment than in a better environment. The animal should spend 

longer in patches of ratio one in this experiment than it did in the 

first experiment. Tables 7.1 and 7.2 give the mean number of re- 

inforcements per run and the mean length of run for the same lever and 

ratio for each rat. When the results of ous mean length of run in ratio 

one in the first experiment are compared with those for ratio one in 

this experiment we would expect the rat to make a longer run in this 

experiment than in the first experiment. Table 7.10 shows that this 

applies to rats 2, 5, 6, 7 and 17 and to the results on the right lever 

for rat 1. Rats 10 and 12 make shorter runs on ratio one in this experiment 

than in the first experiment. Rat 1 makes a shorter run on the left 

lever in this experiment on ratio one than it did in the first experi- 

ment, but the reverse is true for the right lever. Rat 8 showed no 

significant difference between the results on ratio one in the two 

experiments. 

The results for the mean number of reinforcements per run are 

the same for most rats, but rats 6 and 7 show a marked difference, 

see Table 7.11. When the length of run was sonpidared both rats made 

a longer run in this experiment than they had done in the first
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Table 7.10 Comparison of the mean length of run for each ratio 

on each lever, for each rat, with the results of the first and second 

experiments using t-tests. 

Rat Ratio Mean length of run for 

no. value L°Y®S expt tor 2@/this ext “ =. * Bipnisicanee 

1 1 L 5.56 2.74 14 4.635 0.001 

R 1.11 6.31 14 | 10.836 0.001 

2 1 L the 3.19 17 4.435 0.001 

R 2.57 3.62 17 3.168 0.01 

5 1 L 3.73 7.43 16 8.456 0.001 

6 1 L 4.01 5.42 13 3.04 0.01 

7 1 L 4.97 To19 14 33531 0.01 

R 0 4.08 

8 1 L 10.47 10.35 18 0.151 2si8s 

10 1 R 16.49 10.49 18 6.273 0.001 

12 1 L 9.28 5.88 18 6.429 0.001 

R 9.42 4.3 18 8.512 0.001 

17 1 L 7.86 12,22 18 7.023 0.001 

1 4 L 3.22 1.8) 18 3.226 0.01 

R 4. O4 4.71 18 1.168 n.5. 

2 4 L 0.99 1.49 18 1.983 0.1 

R 1.18 1.72 18° + 0.853 n.s. 

5 4 L 2.96 3.47 18 1.357 n.s. 

6 4 L Bet, 2.01 18 0.604 The 8's 

T 4 L 1.96 2.57 16 1.638 n.s. 

R 1.08 1.52 17 1.804 0.1 

8 4 L 5.82 5.12 17 15333 n.s. 

10 4 R 5.62 | 4.63 17 2.04 0.1 

12 4 pr. 2.22 oe 18 1.288 ns. 

R 2.92 1.28 18 5.367 Q.001 

AF, 4 L 9.0 6.58 15 2.9 0.01
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Table 7.11 Comparison of the mean number of reinforcements per 

run for each ratio, on each lever, with the results of the same rat on 

the same lever and at the same ratio in experiments one and two (using t-tests). 

Mean reinf/run for 

no. value “L°Ve? ~ exot 4oor2 this exp: “* .  ” significuecs 

1 1 7.89 6.56 15 2.396 05 

5.15 10.25 15 7.285 001 

2 1 4.95 7.66 18 6.491 .001 

5.82 6i71 18 2.477 .05 

> 1 9.48 14.77 18 9.2h7 001 

6 1 12.34 10.11 18 3.384 01 

T 1 10.44 8.91 18 2.796 02 

0 7.82 

8 1 19.95 19.87 18 0.097 Ss 

10 1 22.57 17.81 18 5.119 001 

12 1 16.3 12.42 18 6.786 .001 

15.1 8.41 18 10.272 001 

17 1 15.0 20.1 18 7.129 001 

1 4 5.14 3.74 18 3.593 01 

6.41 5.82 18 1.567 .S. 

2 4 2.at 3.37 18 3.449 .01 

3.11 3.4 18 1.03 “8s 

5 4 4.69 5.49 18 1.794 1 

6 4 4.35 3.49 18 3.463 01 

T 4 3.29 3.51 18 0.928 8. 

2.71 2.87 18 0.589 “By 

8 y 8.68 7.74 18 1.836 1 

10 4 6.85 6.5 17 0.82 .S. 

12 4 3.9 yd 18 1.361 Se 

4.32 2.38 18 6.178 001 

17 4 9.86 8.18 18 2.538 02
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reduction in the numbers of change over responses made. Thus the 

birds stayed longer on one side, even the left side, on which they 

could obtain fewer reinforcements. 

Later conditions kept the same length of barrier and hurdle 

and changed the proportion of reinforcement that was available on 

the left. Baum was investigating the matching relationship in this 

case. In the usual laboratory situation the animal distributes its 

responses to the two levers in the same proportion as it is reinforced 

on those levers. This is known as matching. In this experiment the 

birds showed overmatching in each condition, that is, they were making 

more responses to the preferred lever. In a further condition the 

interval schedules on the two keys were independent, so that the birds 

were free to respond on only one key, if they chose. In this case the 

preference for the lever with the greater probability of reinforcement 

was much more marked. 

Killeen, Smith and Hanson ({98t) 

In the wild rats must. collect their food wherever it is available 

and carry it back to a nest site. This is known as central place 

foraging. It has been shown that the number of pellets earned in a 

bout of responding, the 'load' depends on the distance between the 

lever and the food tray (Killeen 1974). This work investigated a 

number of variables that might control this behaviour. 

The apparatus was a two lever box with the food tray situated 

between the levers. One lever, the left, was the food lever. Each 

response on this lever deposited one food pellet behind the closed 

door of the food tray. The right lever controlled the door. In the 

first experiment this lever had a fixed ratio controlling access to 

the food tray. When the animal had begun to respond on the door lever



215 

experiment. Both rats earned more reinforcements per run in the 

first experiment than they have done in this experiment. This can 

only mean that the rat was responding at a faster rate in the first 

experiment than it does in this experiment. Each of these rats that 

made a longer run in the first experiment than they do in this 

experiment made a run that was longer than average in ratio one. 

When the rats experienced ratio one again on the short repeat 

programme many of the rats then made a shorter run. I therefore 

compared the results of this experiment, for these rats, with those 

for the repeat programme on ratio one. The results are given in 

Table 7.12. In each case, the results for the repeat programme are 

less than those for the present experiment. 

- A second comparison that can be made is the length of the run 

on ratio four in this experiment and in experiment two. Experiment 

two consisted of ratio four alone and therefore provided a poorer 

environment than did the present experiment. The prediction is that 

the rats should have made longer runs in ratio four in that second 

experiment than they do in this experiment. Again, some rats show 

this pattern, for example rats 1, 6, 8, 10 and 17. Rat 12 shows no 

significant difference between the two results on the left lever but the 

results on the right lever do follow the pattern suggested above. 

The results of rats 2, 5 and 7 show the opposite pattern - the rats 

make a shorter run on ratio four in the second experiment than they 

do in this experiment. Table 7.13 shows the total reinforcements per 

session for ratio one in the first experiment, ratio four in the second 

experiment and the both ratios together in this experiment. All the 

rats earned the largest number of reinforcements in the first experiment, 

using ratio one. All the rats from group B earned more reinforcements 

per session in this experiment than they did for experiment two. The
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Table 7.12 Mean number of reinforcements per run for repeat 

programme on ratio one and for ratio one in this programme. 

Rat Mean no. reinf/run for Mean no. of reinf/run for 

no. repeat programme on ratio 1 ratio one in this expt. 

L R L R 

6 Bate 0 TO. 0 

7 7.34 7.56 8.91 7.82 

10 11.12 14.09 0 17.81 

12 ities {53 12.42 8.41 

Table 7.13 Comparison of the mean total reinforcements per session 

earned by rats in experiments 1 and 2 and in this experiment. 

Rat Mean no. of reinf/session earned in 
no. expt 1 (ratio 1) expt 2 (ratio 4) this expt (both ratios) 

1 269.1 152.0 252.2 

2 388.2 289.5 274.6 

5 350.7 255.1 269.0 

6 383.8 307.8 295.6 

T 323.0 270.7 240.3 

8 324.0 238.5 261.4 

10 231).5 173.0 226.5 

12 269.6 189.6 252.1 

—_ 17 295. 193.8 234.8



217 

rats from group A did not show this clear cut difference. Rat 1 

earned the same number of reinforcements in both néceatnens whilst 

rats 2, 6 and 7 earned more reinforcements in the second experiment 

than they do in the present experiment. In the case of rats 2 and 7 

this explained why they made a longer run in this experiment than they 

did in the second experiment. For these two rats the second experiment 

apparently provided a better environment than did the present experiment. 

I commented on the way the group A rats had been able to obtain almost 

as many reinforcements on ratio four as they had done on ratio one. 

This was an indication of how efficiently they were working in the 

second experiment. For some reason they did not find it easy to obtain 

a large number of reinforcements in this experiment. If it had been 

merely a question of needing ahieal time to adjust to the conditions 

of the experiment then the group B rats would have shown similar results. 

These rats all earn far more reinforcements in this experiment than they 

had been able to do in the second experiment, so that cannot be the 

reason. 

The results of this experiment show that the rat makes a longer 

run in a patch in a poor environment, compared with the same patch in 

a better environment. 

4. To investigate the effect of the conditions prevailing within a 

session on the behaviour of the rat. 

Examination of the data sheets for individual sessions showed 

differences in the numbers of reinforcements per run and in the length 

of run for each rat, greater than those occurring in other experiments. 

I wanted to know if these differences were in any way related to the 

sequence of runs at the two ratio values that the rat encountered in 

that particular session. For this part of the work I could only use 

the data of the rats that earned all their reinforcements on one lever.
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Rats that used both levers to earn reinforcements showed changes 

in strategy that made analysis of results difficult if not impossible. 

Therefore I tested the results of rats 5, 6, 8, 10 and 17 in each of 

the following ways. The results, and the tests are set out in tables 

7.14, 7.15 and 7.16. 

The marginal value theorem suggests that if the rat encounters 

a rich environment after spending some time in a poor environment 

it will increase the length of time it spends in the rich environment 

because it will stay there until the rate of reinforcement drops to 

the rate to which it has been accustomed in the poor environment. 

This should also apply to the behaviour of the animal in patches. 

Equally if the rat encounters a second rich patch immediately after 

the first then it might be expected to spend a little less time in 

that patch than it spent in the first rich patch. The reason for 

this lies in the increase in the mean rate of reinforcement for the 

environment when a rich patch is included in that environment. A 

longer sequence of rich patches should see a further decrease in the 

length of time spent in each subsequent patch, depending on how much 

of previous experience the animal uses to calculate the current value 

of the habitat. 

TI calculated the mean number of reinforcements per run for runs 

that occurred in groups of two, three, four and five or more, and 

compared them with the same data for single runs. 

I compared the mean number of reinforcements per run of single 

and first runs with second, third, fourth and subsequent runs in a 

group. 

The behaviour of the animal in rich patches should also depend 

on the number of poor patches the animal has encountered in the 

environment. I compared the length of the first run on ratio one
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Table 7.14 Comparison of the mean number of reinforcements per 

run when runs on ratio one occur singly or in groups of two, three, 

four or more, by t-test. 

Rat Mean no. of reinf/run for runs Comparison of runs occurring in 

no. occurring in groups of: groups of: 

1 2 3 4 5 or more 1 & 2 1 & 3 1&4 1&5 

5 13.8 14.9 14.5 16.9. nes-d. -s.d. n.d. 

6 10.3 10.8 10.4 9.4 9.5 n.s.d. n.s.d. n.s.d. n.s.d. 

8 . 20.9 18,3 22.2 .22.9 0.02 MSad. oun. Sede 

10 17.6 16.9 18.2 14.9 NwS,d. 4 n-S.d. 0.02 

17 19.5 19.0 20.9 19.1 n.s.d. Tile Sieidre n.s.d. 

Table 7.15 Comparison of the mean number of reinforcements per run 

for runs on ratio one by t-test. The mean value of the first and single 

runs is compared with the mean value of the second, third or fourth runs, 

when these occur in groups. 

Rat Mean no. of reinf/run for: Comparison of: 

no. 1st end 3rd th 5th ist & ist & ist & 1st & 

run run run-~ run run end 3rd kth 5th 

run run run run 

5 15s Oven Sar () 15.4 18.0 0.05 ni. 8's 0.001 

6 10.1 10.6 10.7 9.8 955 n.s. n.s. n.8. n.S. 

Ser O0e 1 he 19ey me0.cmalgen n.S. n.S. n.S. 

ty 19525 2101
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Table 7.16 Comparison of the number of reinforcements collected 

in the first run on ratio one following groups of one, two, three 

or four runs on ratio four, by t-test. 

Rat Mean reinf/run in 1st run Comparison of no. of reinf. in 1st 

on ratio 1 following no. of 

runs on ratio 4 
run on ratio 1 after following 

no. of runs on }. 

1 2 3 4 5 

5 14.6 4.8 13.1 19.3 n.s n.s nS. n.s 

6 10.3 10.4 10.3 11.5 10.0 n.s n.s 0.1 n.s 

8 18.5 19.5 20.7 19.0 n.s 0.02 n.s 

1OaMifece Tek Viste, Been n.s n.s 0.05 

1T soaks; 2OTE, 21.3 19.3 n.s 0.1 nes
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following a single run on ratio four with the length of the run 

when it followed two, three, four or five or more runs on ratio 

four. 

Finally I tested to see if there was a significant difference 

in the number of reinforcements per run and the length of the run 

on ratio one when the animal encountered different numbers of runs 

on ratio one in any one session. 

Table 7.14 gives the mean number of reinforcements per run in 

each run on ratio one, and also for runs that occur in groups of two, 

three and four or more. I compared the mean length of the run with 

the mean length of runs occurring in groups of two, three and four 

by means of a t-test. In most cases there is no significant difference 

between the results that I have compared. 

I next compared the number of reinforcements in first and single 

runs with the number in the second, third or fourth run in a group. 

Again, in most cases, the differences are not significant. 

The third test was to compare the mean number of reinforcements 

per run in runs on ratio one following different numbers of runs on 

ratio four. Table 7.16 shows the results when the first run on ratio 

one following a single run on ratio four is compared with the first 

run on ratio one following two, three, four or five runs on ratio 

four. Here again, in most cases the results show no significant 

difference. 

The fact that all three tests showed no significant difference 

between results, for each rat, would suggest that the rat is not 

responding to changing conditions in this way. In addition, the 

fact that the results for each rat are different for each animal 

in each test would appear to confirm the suggestion that the rats 

are not responding to changing conditions in this way.
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Each rat experienced a different number of runs on ratio one 

and on ratio four in each test because each session was prepared 

using a table of random numbers. No two rats experienced the same 

sequence of runs on ratio one and on ratio four in any session. The 

fourth test that I carried out set out to test if the number of runs 

on ratio one experienced by the rat in a particular session, could 

affect the behaviour of the rat in that session. Again, I tested 

the results of the rats that responded on one lever only. Taking 

the example of rat eight, the number of runs on ratio one ranged from 

seven to thirteen, per session. When the means for those sessions 

with the same number of runs on ratio one were calculated, it did seem 

that the rat collected most reinforcements per run on ratio one, in 

sessions where there were fewest runs on ratio one. The same comment 

could be made of the length of run. These results are given in Table 

7.17, along with those of the other rats. In each case the rat 

appeared to make a long run when there were few runs on ratio one 

in that session. When more runs on ratio one occurred in a session 

then each run was shorter, both in time and number of reinforcements 

collected. I next tested this data by regression analysis. These 

results are given in Table 7.18, and they show that the results are 

significant in every single case. This quite clearly means that each 

rat is modifying its behaviour within a session, in response to the 

conditions it encounters within that session. One further piece of 

evidence supported this argument. In some sessions the runs on ratio 

one were not equally distributed throughout the session. Where there 

were a large number of runs on ratio one in the first half of the session 

and few or none in the last part of the session, the rat might be 

expected to show a run that was smaller than might be expected. If 

the rat is making smaller runs on ratio one when it encounters a large
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Table 7.17 Mean number of reinforcements per run and mean length 

of run per session on ratio on, for sessions with the same number of 

runs on ratio one. 

Rat No. of runs on ratio Mean reinf/ Mean length 

one per session run of run 

2 16 13.19 6.77 

15 12.64 6.15 

14 13.85 7.21 

13 15.84 | 

12 15.67 8.48 

11 15.98 8.18 

10 16.1 7-15 

6 29 8.52 3.13 

26 9.21 3.02 

25 9.44 3.73 

22 10.95 4.08 

21 9.86 3.41 

19 it. 53 4.97 

18 10.67 448 

16 11.06 4.85 

8 13 17.6 8.11 

12 16.7 7.63 

11 19.05 _ 8.83 

9 20.83 10.96 

T 21.2 11.25 

10 10 16.65 9.11 

9 16.9 9.49 

8 17.35 9.62 

1 16.9 8.78 

5 17.8 11.78



224 

Table 17 (contd. ) 

Rat No. of runs on ratio Mean reinf/ 

one per session 

eG 10 

9 

run 

Af 35 

20.41 

19.13 

21.71 

21.39 

Mean 

of 

10. 

13. 

43 12 

length 

run 

16 

wl 

eft 

43
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any responses made on the left lever did not add to the food store. 

After the rat had eaten all the pellets the first response on the 

food lever closed the door of the food tray, and it would not open 

again until the ratio on the right lever had been completed. 

As part of their training each rat experienced an increasing 

size of ratio on the door lever, spending about five sessions on 

each ratio, until the rat reached a ratio of 256 responses. The 

rats were then each allotted to one of the ratio values used, either 

16, 32, 64 or 128 responses. They experienced a number of sessions 

at this ratio, until stability was reached. Each of the rats experienced 

each of the ratio values, using a Latin square design. The results 

here confirm the earlier work of Killeen, that load size increases 

with number of responses required to open the door. 

The second experiment replaces the ratio on the door lever by 

a delay period. This experiment attempts to determine whether it 

is the energy expended in lever pressing or the time interval that 

elapses before the door is opened that is controlling the rat's 

behaviour. Each response on the food lever started a timer. If 

there was no further response by the time that the required interval 

had ended the door would open. Responses on the door lever had no 

effect. Again, there were four different values of delay, and the 

rats experienced each value in a random order. The amount of food 

collected did depend on the length of the delay imposed. In no case 

were the numbers of pellets collected as large as those in the first 

experiment. 

The effort needed to depress the door lever was increased in 

this experiment. Again, the meal size increased with an increase 

in the effort required to depress the door lever. However, the rat 

took longer to depress a very heavy lever, so there was also an
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number of runs on ratio one in the first half of a session it will 

not be able to modify its behaviour to take account of the fact that 

there are fewer than average runs on ratio one in the second half of 

the session. Session 18 for rat 5 shows this pattern of distribution 

of runs on ratio one. Nine out of the first fifteen runs are on ratio 

one, but with a mean value hardly different from that of sessions 

where there are eleven, twelve or thirteen runs on ratio one. The rat 

then encountered ten consecutive runs on ratio four. The final run 

on ratio one was at the end of the session and the rat may not have 

been able to complete it before the end of the session. Hence, the 

mean length of run for this session in which the rat experienced ten 

runs on ratio one is less than for runs in which it encountered eleven 

or twelve runs. The mean number of reinforcements per run is not 

significantly larger than for the sessions in which it encountered 

more than ten runs on ratio one. 

It is interesting to see that the rat can respond stochastically 

in this respect, even though the experiment is in most respects 

deterministic. 

The results of rats 1, 2, 7 and 12 were tested in the same way 

as those of the single lever rats, to see if there was any relationship 

between the number of reinforcements per run and the number of runs 

on ratio one per session. The results of the regression analysis is 

given in Table 7.19. With one exception none of the results show a 

significant relationship between the number of runs on ratio one and 

the number of reinforcements collected. It is odd that the difference 

between the rats using one lever and those using two levers should be 

so marked. Rats using one lever are in an environment containing 

two different types of patch. The animals are apparently able to 

respond to the relative numbers of the more profitable patch in a
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session. Rats using both levers face a much more complex environment. 

They are in effect using four different types of patch. There are 

two patches at the same ratio value, one on each lever. The second 

patch on each lever is on the other ratio value. It may be that this 

is too complex a situation to be resolved in the same way that the one 

lever rats resolve it. The best strategy for these rats to use is to 

use both levers all the time as do rats 1 and 2. The two other rats that 

used both levers, rats 7 and 12, appeared to be showing a preference for 

one lever by the end of the programme. A possible explanation for this 

is discussed in Chapter 8. One other explanation is that the rats were 

tending to move to a one lever situation. 

The numbers of reinforcements collected in runs on ratio four 

by the rats using one lever were also tested by regression analysis 

to see if the length of this run as affected by the number of runs 

on ratio four. In no case were these results significant (table 7.20). 

No attempt has been made to investigate the effect of the rate 

of reinforcement in one session on the behaviour of the rat in the 

following session. It is intended to pursue this topic at greater 

length elsewhere. | 

In Table 7.21 I give the results of the regression analysis of 

the number of reinforcements per run for runs on ratio four and the 

number of runs on ratio one. Again the results are not significant.
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Table 7.18 Results of the regression analysis of the data in 

Table 7.17 (n = 10 in each case). 

Rat Mean reinf/run Mean length of run 

corr. coeff. r significance corr. coeff. r significance 

5 -.86517 001 -. 76926 01 

6 -—.83547 io -. 86847 01 

8 -.57002 1 -. 69498 05 

10 -.67155 05 -.77476 01 

17 -.57623 1 -.66585 .05 

Table 7.19 Results of regression analysis of the numbers of 

reinforcements per run and the number of runs on ratio one, on 

each lever, per session. (n = 10 in each case). 

Rat Mean reinf/run 
corr. coeff. significance corr. coeff. significance 

for L lever for R lever 

1 0.02925 n.s. 0.35231 n.s 

2 0.63034 0.05 0.38506 n.s 

T 0.19913 n.s 0.48302 n.s 

12 0.47177 n.s 0.25535 n.S.
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Table 7.20 Results of regression analysis of the number of 

reinforcements per run on ratio four and the number of runs on 

ratio four (n = 10 in each case). 

Rat corr. coeff. significance 

2 0.58329 “l 

6 0.0492 n.s. 

8 0.15659 n.s 

10 0.02566 n.S 

aT 0.17328 n.s 

Table 7.21 Results of regression analysis of the number of 

reinforcements per run on ratio four and the number of runs on 

ratio one. (n = 10 in each case). 

Rat corr. coeff. significance 

5 0.60917 ney 

6 0.31819 Nhe Bs 

8 0.75063 at 

10 0.4684) ee. 

Lif 0.3842) n.s.
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Table 7.22 Comparison of actual and predicted values of sont 

for each ratio on each lever, for each rat, using the mean rate 

of gain from the environment. *It was not possible to make 

predictions because of the shape of the graph. 

Rat Lever Mean length of run 

no. Actual Predicted 

Ratio 1 Ratio 4 Ratio 1 Ratio 4 

1 1 2.74 1.84 * 1.9 

R 6.31 4.71 5.4 4.6 

2 Ty 3.19 1.49 3.9 1.5 

R 3.62 1.74 3.85 15.5 

5 L 7.43 3.47 7.4 1.9 

6 L 5.32 2.01 4.6 pe 

7 ith sa 2.54 6.8 DED 

R 4,22 1.42 5.1 1.8 

8 ti 10.35 5.12 8.1 2.6 

10 R 10.49 4.63 7.9 1.4 

12 i 5.28 2.44 5.9 2.0 

R 4.3 1.28 * % 

17 L 12.1 6.84 6.5 ee)
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Table: s.23 Comparison of the actual and predicted numbers of 

reinforcements per run for each ratio on each lever, for each rat, 

using the mean rate of gain from the environment. 

Rat Mean reinforcements per run 

no. Actual Predicted 

Ratio 1 Ratio 4 Ratio 1 Ratio 4 

1 is 6.56 3.74 * 5.0 

R 10.25 5.82 14.0 9.0 

2 L 7.66 3.37 10.0 4.0 

R 6.71 3.4 10.0 5.0 

5 L 14.77 5.49 15.0 hed 

Gm ii 10.11 3.49 12.0 5.0 

7 L 8.91 BST 14.0 5.0 

R 7.82 2 BT AO 4.0 

8 L 19.87 Te (ot 19.0 6.0 

10 R Wee 6.5 16.0 1.4 

12 i 12.40 yout 6.0 L.7 

R 8.4 2.38 % % 

17 ts 20.09 8.18 15.0 5.0 

*It was not possible to make predictions because 

of the shape of the graph.
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Table 7.2h Comparison of actual and predicted values of Toot 

for each ratio on each lever, for each rat. The predictions 

were made using the computer programme. Only the rats using one 

lever are included. As in experiment 3 the predicted values of 

Lae is compared with the length of run minus all pauses. 

Rat Mean length of run 

no. : Actual Predicted 

Ratio 1 Ratio } Ratio 1 Ratio 4 

5 6.15 2.9 Eels 1.6 

6 3.92 1.59 3.58 1.2 

8 9.13 4.35 6.44 3.2 

10 10.39 4.53 6.35 QT 

17 11.83 6.23 6.81 2:43 

Table 7.25 Comparison of the actual and predicted number of 

reinforcements per session. The predictions are made using a 

computer programme. The actual number of reinforcements is given 

as a percentage of the predicted value to give the percentage 

achieved. 

Rat Total reinf/session % achieved 

no. Actual Predicted 

5 269.0 337.0 79.8 

6 295.6 319.9 92.4 

8 261.4 326.7 80.0 

10 226.5 269.2 Bh. 1 

17 234.8 286.4 81.9
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5. To examine the graphs of cumulative gain with time for each 

rat. To compare the time spent on a patch with the predicted time. 

A graph of cumulative gain with time was prepared for each 

ratio and each lever, for each rat. For each rat I calculated the 

mean rate of reinforcement for the last ten sessions of the programme. 

This allowed me to predict the length of time the rat should spend in 

each type of patch, and the number of reinforcements the rat should 

collect from a patch. The actual and predicted values of the length 

of run and the number of reinforcements per run are given in Table 

1-22 and-7 25% 

Using the computer programme designed by Dr. Parker I was also 

able to compare the actual and predicted results for those rats using 

one lever (see Table 7.24). The same programme also gave a prediction 

of the number of reinforcements per session that the rat could collect 

if it were working efficiently. This comparison is given in Table 7.25. 

The predictions of T made by using the mean rate of reinforcement 

in the environment are in close agreement with the actual values for 

the rats experiencing a five second change over delay. The rats that 

make a long run, of those that experience a change over delay of twenty 

seconds, spend longer in both types of patch than predicted. When the 

actual and predicted number of reinforcements per run are compared 

those rats that make a long run now show a close relationship between 

the two values. The rats that showed a close relationship between 

the actual and predicted values for the length of run earn fewer 

reinforcements per run than predicted. This is most marked for the 

rats using two levers, that is, rats 1, 2 and 7. Rats 5 and 6 both 

use only one lever show a predicted value close to the actual value 

for ratio one. Two of the rats that used both levers made short runs
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on the non-preferred lever. The run showed no decrease in rate of 

gain with time, hence it was impossible to draw a tangent to the 

curve. This is indicated in tables 7.22 and 7.23. 

The predictions made by using the computer programme apply only 

to those rats using one lever. It proved impossible to devise a 

computer programme that could compare four patches simultaneously. 

This is effectively the situation facing those rats that use both 

levers, because both ratios are available on each lever. Rats 5 and 

6 both show results that are close to the predicted values for the 

length of run, for both ratios. Rats 8, 10 and 17 all spend far longer 

in the ratio one patches than predicted. The difference between actual 

and predicted length of Tee for ratio four patches is not as large as 

that, for ratio one patches, except for rat 17. 

Comparison of the actual and predicted number of reinforcements 

per session for these rats shows results very similar to those of the 

first experiment which was on ratio one. Rat 6 shows a marked 

improvement as he only earned 79.9% of the possible reinforcements in 

the first experiment. This rat shows the closest relationship between 

the predicted and actual values of a for both ratio values, and it 
pt 

is tempting to think that this is the reason for the improvement. In 

the first experiment the rat had made a longer run than predicted. 

Three of the rats show a decrease in efficiency, compared with the 

first experiment. This is a more difficult environment than the one 

they experienced in the first experiment and it could be that they 

needed more time to become completely familiar with it.
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Summary of findings in Chapter 7 

1. The marginal value theorem predicts that when there are two 

(or more) different types of patch in the same environment the 

animal should leave each patch type when the rate of capture 

in it falls to the average rate of capture for the environment. 

The animal should spend longer in rich patches than in poor 

patches. The rats spent, on average, twice as long in a rich 

as in a poor patch. 

2. The rats experiencing the twenty second change over delay 

spent longer in each type of patch and earned more reinforcements 

per run in each type of patch than did the rats working in the 

five second change over delay. 

3. The marginal value theorem predicts that an animal should 

spend longer in a patch of the same type when that patch occurs 

in a poor environment, compared with a good environment. 

All the rats except one spent longer in the ratio one patch 

in this experiment than they had done on when they last encountered 

that type of patch. The environment provided in this experiment, 

being a mixture of patches of ratio one and ratio four, is a 

poor environment compared with the first experiment where 

only ratio one was present. When the results for patches 

of ratio four in this experiment were compared with those 

for the second experiment, the rat should spend longer in 

the patch in the second experiment. In most cases this was so.



increase in the 

not easy to see 

additional time 

responsible for 

21 
time interval before the door would open. It is 

whether it is the extra effort required, or the 

delay, or a combination of the two which is 

the increase in the size of the load collected.
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The exceptions were rats that. experienced the five second 

change over delay and had earned a larger number of reinforcements 

in the second experiment than they did in this experiment. Thus, 

they too made the longer run on ratio four in the poor 

environment. 

4. Investigations of the number of reinforcements earned 

in a run and of the length of a run in relation to the number 

of runs on either ratio that the rat has just encountered 

in the session proved negative. 

5. Investigations were made of the number of reinforcements 

per run and of the length of the run on ratio one in any one 

session in relation to the total number of runs on ratio one 

in that session. The mean length of run on ratio one was 

greatest when there were few runs on ratio one in that session. 

The rat made a shorter run on ratio one when there were more 

runs on that ratio in the session. Thus the rat was responding 

stochastically to the conditions encountered within the session. 

6. The rats that responded on two levers did not respond 

stochastically. There were four different patches available 

to these rats, patches of both ratio values on each lever. 

This appeared to be too complex a situation for the rats to 

respond to in the same way that rats using one lever were 

able to do.
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CHAPTER 8 

Strategy 

When this piece of work was planned I had to make a decision 

on the role of the two levers in the experiment. There were two 

alternatives open to me. Both levers could be programmed to produce 

reinforcement. In that case the first response on the second 

lever after a run on the first lever, initiated the change over 

delay. Thus each lever could be said to have two cunetions, that 

of initiating the change over delay, and also of providing reinforcement. 

The alternative was to have one lever programmed to provide reinforcements 

and to use the other lever as a change over lever. After a run 

on the first lever the rat would move to the second lever to initiate 

the change over delay and could respond on either lever during 

that time. Reinforcement would only be available on the first lever 

after the end of the change over delay. Both methods are in frequent use 

in operant conditioning experiments and there is no difference between 

results obtained by the two methods. Herrnstein's Law stated 

that the animal would be expected to make an equal number of responses, 

and earn an equal number of reinforcements on both levers when the 

same programme operated on each lever. Accordingly, the first alternative 

was used. 

During the training programme each rat had three sessions in 

which it was reinforced alternately on the left and the right 

lever before the change over delay was introduced, to ensure that 

it was using both levers. The change over delay was increased by 

one second per session up to ten seconds, but limitations of the
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apparatus forced me to increase it by ten seconds per session 

from that point up to one hundred seconds. Despite these precautions, 

it became apparent during the first programme that the rats were 

not all responding on both levers, as had been expected. Three 

different strategies were used by the rats. 

1. The rat used only one lever to obtain reinforcement and 

used the second lever as a change over lever only. In many cases 

the rat makes only one response on the change over lever before 

returning to the preferred lever. Fig. 1.2 shows a section of a 

trace for rat 17. At the end of the first run on the left lever 

the rat makes only one response on the right lever before returning 

to the left. The rat continued to respond at a fast rate on the 

left lever during the change over delay until reinforcement was 

due. After having earned a number of reinforcements the rat returns 

to the right lever and this time it presses it twice. After the 

end of the third run the rat again presses the right lever once. 

Fig. 8.1.a shows a section of a trace for rat 8. This rat also 

uses only one lever to obtain reinforcement. It makes two or 

three responses on the right lever in order to initiate the change over delay. 

2. The rat used both levers to obtain reinforcement and 

showed no preference for either lever. Table 8.1 shows the results 

of a series of t-tests comparing the results of the left and right 

levers for four rats, numbers 1, 2, 11 and 12. These four rats 

are apparently using both levers equally. Table 8.1 shows that 

this pattern is not consistent for any rat. Each rat shows no significant 

difference in the use of the left and right levers for at least 

one factor (except rat 1 in ratio four), but no rat shows no significant
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Table 8.1 Comparison of the mean number of reinforcements per run, 

mean length of run, mean number of runs and mean total number of 

reinforcements earned on the left and right levers, 

using both levers equally. 

Rat COD in Ratio 

no secs value 

1 5 1 mean 

mean 

mean 

mean 

2 5 1 mean 

mean 

mean 

mean 

14 20 1 mean 

mean 

mean 

mean 

12 20 1 mean 

mean 

mean 

mean 

1 5 4 mean 

mean 

mean 

mean 

2 5 4 mean 

mean 

mean 

mean 

11 20 4 mean 

mean 

mean 

mean 

12 20 4 mean 

mean 

mean 

reinf/run 

length of run 

no. of runs 

total reinf 

reinf/run 

length of run 

no of runs 

total reinf 

reinf/run 

length of run 

no of runs 

total reinf 

reinf/run 

length of run 

no of runs 

total reinf 

reinf/run 

length of run 

no of runs 

total reinf 

reinf/run 

length of run 

no of runs 

total reinf 

reinf/run 

length of run 

no of runs 

total reinf 

reinf/run 

length of run 

no of runs 

df 

12 

12 

12 

12 

18 

16 

18 

18 

18 

18 

16 

16 

18 

18 

18 

18 

18 

18 

18 

18 

18 

16 

18 

18 

18 

18 

18 

18 

18 

18 

18 

3.066 

7.46 

1. 138 

20.423 

2a9 

3.008 

0.416 

13.879 

0.589 

2.677 

Taoi2 

0.773 

1.061 

0.277 

0.178 

3.843 

3.237 

1.768 

1.908 

16.839 

2.434 

1.133 

0.53 

20.659 

1.373 

2.823 

9.864 

26.225 

1.296 

Qwles 

0 

for rats apparently 

significance 

0.01 

<0.001 

n.S. 

<0.001 

0.01 

0.02 

<0.001 

0.02 

nS 

n.s. 

<0.001
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difference between the results of the two levers for all factors, 

in either experiment. Rat 12 approaches that situation, for there 

is no significant difference in the number of reinforcements per 

run, the length of run and the number of runs for both ratio values. 

However, in both ratio values the slight differences in reinforcements 

per run or no. of runs,although not significant in themselves, add 

up to a larger difference in the total reinforcements earned on 

the two levers. 

The section of a data sheet for rat 2 which is shown in 

Figure 8.1.b shows clearly how regular the animal is in using 

both levers. In the section shown the rat uses the two levers 

alternately. The session from which the extract is taken shows 

the same pattern. The length of the run on the two levers is 

not consistent. Run 5 (on the left) is shorter than runs 4 or 6 

(on the right). A few minutes later runs 11 to 17 inclusive are 

all longer than the runs on the right lever that alternate with 

them. There is little difference in the mean number of reinforcements 

per run for the left and right levers in that session. For the 

left lever the value was 5.03 and for the right it was 5.48. 

The mean length of the run on the left lever for that session 

was 1.85 cms and for the right lever it was 1.93 cms. 

3. The rat uses both levers but shows a marked preference 

for one lever. This is the most difficult strategy to explain. 

Figure 8.1.c shows a section of a trace for rat 7. It is quite 

clear that the rat is consistently making a shorter run on the right 

lever than on the left. In addition, the rat omits some runs 

on the right lever, by using the lever for changing over only. The
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rat does not make a run on the right between runs 21 and 23, and 

between runs 27 and 29. A third difference in behaviour on the 

left lever and the right is that the rate of responding is different 

on the two levers. This is shown in Table 4.14. The difference 

between the rate of responding on the left and right levers is larger 

for the rats that use the two levers unequally than for rats using 

strategy 2. 

Strategy 2, for the purposes of this study, is now defined 

as the use of both levers by the rat, in such a way that there is 

no significant difference between the results of the two levers 

for one or more of the criteria listed in Table 8.1. A rat using 

strategy 3 would show significant differences between levers on 

all four counts.
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Discussion 

The most remarkable thing about the strategies used by the 

rats was their stability. Once an individual rat had developed 

a particular strategy it normally kept that strategy for the rest 

of the time it worked in the Skinner box. (The only exception here 

is the experiment involving change in the length of the change over 

delay.) During the training sessions in which the change over delay 

was increased to its final level the rats all showed strategy 

3 for some or all of the time. Group A rats reached this level 

of change over delay in just five sessions so any changes in strategy 

came during the first programme. Rat 6 showed the third strategy 

for most of the first programme, but had switched to the first strategy 

eee middle of the second programme. During the last ten sessions 

on ratio four, the two repeat programmes which followed, the change 

of change over delay and the twenty sessions at the new length of 

change over delay and the repeat programmes following it the rat 

used one lever exclusively to earn reinforcements. During these 

fifty nine sessions the rat earned a total of eight reinforcements 

on the right lever. In the same way, rat 2 showed a marked tendency 

to use both levers. In both the first and second programmes the 

rat tended to make the same number of runs on the left and right 

levers. Once the rat had moved across to initiate the change 

over delay it stayed on that lever for the next run, and rarely 

returned to the first lever eA bhont making a run. This is the reason 

for the marked equality in the number of runs on each lever per session.
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De Review of Literature on Operant Conditioning 

"One of the keys to the nature of reinforcement is the relation 

between performance and the amount of reinforcement" 

Collier and Siskel J. Exp. Psychol. Vol. 57 1959 

This quotation illustrates the main preoccupation in operant 

conditioning experiments over a number of years. Experimental work 

involving different schedules presented consecutively or concurrently 

has been analysed in terms of the number of responses made and the 

amount of reinforcement received. An ethologist or ecologist would 

accept the same quotation as a very general statement of the energy 

relations of feeding behaviour. Despite this apparent common interest 

the two lines of research have stayed separate and distinct. It is 

only comparatively recently that workers have used the techniques of 

one discipline to gain information about the other (Graft, Lea and 

Whitworth, 1977; Krebs, Kacelnik and Taylor, 1978). 

Herrnstein's matching law (1961) was an attempt to find a 

relationship between the number of responses made and the amount of 

reinforcement received. It has been found to apply with different 

animals and reinforcers where concurrent variable interval or fixed 

interval schedules are in use. The two keys of the Skinner Box are 

each assigned to a particular interval schedule. On a fixed interval 

schedule reinforcement is delivered for the first response after a 

particular time has elapsed. On a variable time interval schedule 

the mean length of the interval is given as the schedule value. 

Whether the animal responds on one key or the other is immaterial 

because both schedules progress at the same time. Unless the two 

keys have very different lengths of interval the best strategy for 

the animal is to respond on the two levers alternately. Once having 

received a reinforcement on one lever there is a greater probability
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The rat was not so consistent in the number of reinforcements 

it earned on each lever. In some runs, and indeed in some sessions, 

the rat showed a preference for one lever, but in the next run or 

session it often showed a similar preference for the other lever. 

All four rats that showed a marked tendency to use both levers more 

or less equally behaved in the same way. They continued with 

the same pattern of responding for the rest of the time they worked 

in the Skinner box, a total of seventy sessions if we count experiments 

one, two and five, and the two short repeat programmes following 

experiment two. The rats in group C had all adopted the first strategy 

by the time the training programme ended and the change over delay 

had reached one hundred seconds. Without exception, they continued 

to use only one lever to earn reinforcements throughout experiments 

one and two, and the two repeat programmes. 

Will (1974) carried out an experiment to investigate the 

development and persistence of strategies in operant conditioning 

experiments. Each rat was trained on a multiple schedule consisting 

of an extinction period which was on average, sixty seconds long. 

The schedule in which continuous reinforcement was available lasted 

for only five seconds, and alternated with the extinction programme. 

It was signalled by a 1000 Hz tone. The adoption of strategies 

was followed over the first fourteen sessions. During the following 

six months the rats were retested for two days, every six weeks. 

There were three basic strategies that were used by the rats. 

In the first, the rat started to press the lever before the end
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of the extinction period, and only stopped when the first reinforcement 

had been delivered. In the second, the rat pressed the lever 

after it had heard the tone signalling reinforcement. In both cases 

the rat collected and ate only one pellet during the reinforcement interval. 

The third strategy was for the rat to press the lever a number of 

times once it heard the tone, but not to collect and eat each 

pellet individually. Finally, the rat could return to the lever 

and repeat the same behaviour or a different one after having 

eaten the first pellet or pellets. Will called this a repetitive 

or come-back strategy, andit could be used to repeat each of the three 

strategies already outlined. Thus, six strategies were possible. 

During the first and second sessions of training the rats showed 

the first three strategies only, but by the fourteenth session the 

repetitive strategies were in use by some rats to an increasing 

extent. As in my experiment some rats kept the first strategy and 

others changed strategy during training. The strategy used by an 

individual rat at the end of the training programme was the same 

strategy that it used for the next six months, whenever it was tested. 

My experiments went on for almost two years, and the rats maintained 

same strategy for much of this time. (The third point that 

is common to the two experiments is the fact that where changes 

occur they occur gradually.) One final point that is apparent in 

Figure 7 in Will's paper, but that he does not stress, is the 

adoption of the same strategy by litter-mates. There is a marked 

tendency for rats from the same litter to use the same strategy. 

Of the eight litters he used all four littermates used the same



247 . 

strategy in one case, and in three litters, three out of the four 

littermates used the same strategy. Ina fifth litter two rats 

used one strategy and two a different strategy. In the final 

three litters all three types of strategy were in use. I have 

no information on the past history of any of the rats I used 

so I am unable to make a comparison. 

Where changes in strategy occur, as at the end of the training 

period, they occur gradually. In the example already quoted, rat 

6 showed the third strategy during the first programme and had only 

changed to exclusive use of one lever by the end of the second 

programme. Table 8.2 gives the total number of reinforcements earned 

on each lever for each session during these two programmes. The 

gradual decline in the use of the right lever is very clear. 

Rat 5 shows exactly the same pattern of change. In other cases 

the change was also gradual but did not take place over such a long 

period of time. In the first ten sessions with a change over 

delay of twenty seconds rat 8 changed from using both levers almost 

equally to exclusive use of the left lever. Will reported the same 

pattern of gradual change of strategy in his experiment. 

The three strategies are not equally distributed across all 

three groups. The rats in group A with a change over delay of 5 

seconds show all three strategies in both experiments one and 

two. Rats in group B with a change over delay of 20 seconds show 

strategies one and two, and group C rats with a change over delay 

of 100 seconds show only strategy one. Thus it would appear that 

the length of the change over delay has some effect on the strategies
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Table 8.2 Total reinforcements earned on the left and right 

levers in each session of the first two programmes by rat 6. 

Ratio Session Total reinforcements earned on 

value number left lever right lever 

1 1 332 119 

zi 368 “149 

3 321 158 

y 417 53 

5 353 73 

6 377 83 

7 328 125 

8 314 57 

9 324 | 17 

10 325 3 

11 351 tf 

12 373 55 

13 476 12 

(sessions 14 and 15 

16 407 13 omitted because of faults 

in apparatus) 

17 404 25 

18 329 8 

19 355 10 

20 387 ye 

2 324 7 

3 | 361 9 

4 1 357 1* 

2 285 0 

(contd...)
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Table 8.2 (contd.) Total reinforcements earned on the left and right 

levers in each session of the first two programmes by rat 6. 

Ratio Session Total reinforcements earned on 

value number left lever right lever 

3 322 8 

4 333 5° 

5 342 7 

355 5 

if 434 y* 

8 334 5 

9 318 0 

10 372 a 

11 319 0 

le 348 0 

13 318 0 

14 289 0 

15 275 1* 

16 279 0 

17 300 0 

18 825 0 

19 282 0 

20 280 0 

* indicates a single run
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used. The association of strategy one with the long change over 

delay is easy to examine in the results of the experiment in which 

the teneth of the change over delay was altered. Tables 8.3 and 

8.4 give the percentage of reinforcements that are earned on the 

preferred lever for each rat in each session of this experiment. 

Rats 5 and 6 had adopted strategy one during the second experiment, 

and they maintained this pattern of behaviour as the length of the 

change over delay increased. Rat 6 only used the left lever to 

earn reinforcements during the twenty sessions on the long change 

over delay, but rat 5 used one lever exclusively in some sessions 

and in others, used the right lever to some extent. Rats 7 and 

12 had both used two levers throughout experiments one and two although 

rat 7 tended to use strategy three and rat 12 used strategy two. 

Rat 7 switched to using only one lever in some sessions in which 

the length of the change over delay was increased but alternated 

between strategies one and three in the programme that followed. 

Rat 12 shows a preference for first one lever and then the other 

as the length of the change over delay is increased, and in the 

first nine sessions at the new change over delay. This rat then 

switches to strategy one, for the first time ever, and keeps 

that strategy for the rest of the programme. All the group C 

rats had shown strategy one since before the end of their training 

sessions. Of the rats that experience the same length of change 

over delay in experiment. four, two show strategy one and two show 

strategy three mixed with strategy one. The repeat programme 

with the original change over delay of five seconds shows only
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Table 8.3 Results showing the use of one lever or two when 

the length of the change over delay is increased. 

Session COD in % of total reinforcements earned on the 

no. secs left lever by rats 

5 6 id 12 

5 100 100 86.2 

10 100 | 100 65.5 

20 100 100 93.1 51.0 

30 100 100 78 .6 eet 

40 100 100 100 22.6 

50 99.2 100 100 29.2 

60 100 100 100 88.2 

70 100 100 97.0 93.8 

80 100 100 91.6 12.3 

90 100 100 T1.7 100 

1 100 100 100 80.8 64.4 

2 100 100 100 66.0 70.8 

3 100 100 100 80.8 62.8 

ut 100 100 100 100 92.3 

5 100 100 100 100 91.9 

6 100 100 100 89.9 86.6 

7 100 100 100 100 G2. 

8 100 100 100 95.4 35.55 

9 100 85.9 100 100 69.9 

10 100 100 100 100 100 

11 100 98.5 100 85.8 100 

12 100 100 100 100 100 

13 100 69.1 100 100 100 

(contd...)
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Table 8.3 (contd.) Results showing the use of one lever or two when 

the length of the change over delay is increased. 

  

Session COD in % of total reinforcements earned on the 

no. secs left lever by rats 

5 6 7 12 

14 100 100 100 87.6 100 

15 100 100 100 98.4 100 

16 100 78.4 100 85.8 100 

17 100 72.6 100 100 96.1 

18 100 57.9 100 66.0 100 

19 100 84.5 100 38.9 100 

20 100 40.2 100 47.1 

1 5 93.5 99.3 57.4 

2 5 87.9 100 64.1 

COD 20 

3 5 84.6 100 63.6 

4 5 96.9 100 63.2 

5 5 97.7 100 65.7 

1 100 82.3 100 81.8 89.5 

2 100 Gira 100 87.3 100 

3 100 78.3 100 100 83.1 

4 100 100 100 94.5 100 

5 100 78.1 100 17.3 100



253 

Table 8.4 Results showing the use of one lever or two levers 

at the two different values of the change over delay 

Session COD in % of total reinforcements  % of total reinforcements 

no secs earned on left lever earned on right lever 

by rats by rat 

13 14 15 9 

100 100 100 100 100 

90 100 92.9 100 100 

80 100 95.5 100 100 

70 99.1 95.0 100 100 

60 100 | 93.8 100 100 

50 100 94.2 100 100 

40 100 95.7 100 100 

30 100 96.3 100 100 

20 100 97.4 100 100 

10 100 84.7 100 100 

1 5 98.6 78 .3 84.0 | 100 

2 5 99.5 75.6 91.9 | 100 

3 5 83.2 64.3 78.8 95.5 

4 5 93.4 71.1 82.6 96.2 

5 5 86.2 64.4 92.5 88.8 

6 5 80.7 50.7 90.4 91.7 

7 5 85 .6 62.6 89 .8 100 

8 3 79.5 59.0 89.4 97.1 

9 5 73.5 58.7 82.2 99.3 

10 5 719.1 56.3 82.7 98.1 

11 5 70.1 56.8 87.4 100 

12 5 85.5 60.7 90.1 99.3 

(contd. .)
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Table 8.4 (contd.) Results showing the use of one lever or two levers 

at the two different values of the change over delay 

Session COD in % of total reinforcements % of total reinforcements 

no secs earned on left lever earned on right lever 

by rats by rat 

13 14 15 9 

13 5 15.9 59.3 79.6 100 

14 5 80.3. 64.3 86.8 97.8 

15 5 83.7 61.6 85.3 100 

16 5 83.5 62.3 84.7 99.1 

17 5 76.1 5 lred 91.1 100 

18 5 81.4 58.1 94.1 98.5 

19 5 61.5 60.6 86.6 97.7 

20 5 80.8 68.6 88.7 98.3 

| 100 92.1 62.2 89.1 100 

2 100 98.6 95.2 100 100 

3 100 92.8 90.5 100 100 

4 100 97.4 94.9 100 98.9 

a 100 100 100 100 99.4 

1 5 96.7 63.4 88.8 TOs 

2 5 83.5 61.2 92.6 97.1 

3 5 86.5 53.4 92.3 95%. T 

4 5 83.7 61.7 91.5 100 

D 5 85.6 67.9 93.4 G9 <7
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of reinforcement on the other key next. If the two levers have 

equal schedules then the animal will respond equally on both levers. 

Herrnstein's law illustrates this point. 

B, iB R, _ qT, 

BL + 8, Bar Bp T+ 7; 

B = rate of response 

R = rate of reinforcement 

T = Time spent in responding on each lever 

1 or 2 refer to the two levers 

In this equation the relative rate of response, or the relative 

amount of time spent on it, matches the relative reinforcement rate. 

Where the two schedule values differ, e.g. one is four times the value 

of the other, then the animal spends four times as long and makes four 

times as many responses on the more profitable key. 

Interval schedules do not encourage a rapid rate of responding, 

unlike ratio schedules. Concurrent variable ratio and fixed ratio 

schedules impose a different set of conditions on the animal. Unlike 

interval schedules, when the animal responds on one key the other key 

is inactive. In this situation the best strategy for the animal is to 

sample both keys and then to respond only on the key with the best rate 

of reinforcement. This is referred to as 'maximising (Herrnstein, 1958). 

One problem with concurrent schedules is that animals tend to 

switch rapidly from one lever to the other. This can be overcome by 

inserting a change over delay (COD) between one lever and the other. 

When the animal has been responding on either lever the first response 

on the other lever starts the change over delay. No matter how many 

times the animal responds during this time it is not reinforced. As 

the cost of switching is increased the animal spends longer on each 

lever. Silberberg and Fantino (1970) used three different values of
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rat 6 using strategy one and the others using strategy three. 

The repeat programme with the hundred second change over delay 

has all the rats using the first strategy at least once. If there 

is an association between the long change over delay and the use 

of strategy one the rats in group C should show a change of strategy 

as they experience a decrease in the length of change over delay. 

Table 8.4 shows that this is so. Although three of the four rats 

continue to use strategy one as the length of the change over delay 

is decreased, all four rats show strategy three in the programme 

that follows. Rat 9 continues to use strategy one in some sessions, 

and earns very few reinforcements from the second lever even when 

it is using strategy three. The other three rats use the second 

lever to a far greater extent. The repeat programme with the 

long change over delay has all fourrats using one lever exclusively, 

in at least one session. The repeat programme with change over delay 

of five seconds shows a return to the use of two levers by the four 

rats, each using the two levers in the same way that it had done 

previously in the programme with the same change over delay 

The question must be asked why exclusive use of one lever is 

predominant in rats that experience a long change over delay. 

There are a number of possible reasons. It was suggested to me 

that the nature of the control of the change over delay was responsible 

for the rats showing a preference for one lever. In this experiment 

the rat initiates the change over delay by the first response 

on the other lever after a run on one lever. During the change 

over delay the rat can respond on either lever, but it will be reinforced
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Table 8.5 Number of double change over delays experienced by 

each rat in each of the last ten sessions of the first programme 

Session No of double CODs experienced by rat no 

number 1 ie 5 6 T 3 8-' 400 Met 17 9 13 14 

19 SA a! Tall eRe eT ce ian” Ra cee! ea IEPA aN 

Be ee ae rR eee, eee” Ul ore  eaeiee. le aed 

Mean/ 

10 

sessions 1.9 2 acl 

Mean 

COD in 5 20 100 

Secs
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on the lever on which it is responding as the change over delay ends. 

If however, the rat rests for a time towards the end of the 

change over delay and switches levers after the change over delay 

has ended a second change over delay will be initiated. This 

is not too serious for a rat in group A, as a total of ten seconds 

is still not a long time. A rat in group C that experiences a double 

change over delay in this way, has to wait for two hundred seconds 

before it can obtain reinforcement. If this is so we might expect 

to see fewer double change over delays in group C than in the other 

two groups. Table 8.5 shows the number of double change over delays 

experienced by each rat in the last ten sessions of experiment 1. 

Each rat in group C experiences on average one double change over delay 

in the last ten sessions of the first experiment, but it must 

We noted that rat 15 does not experience any. The rats in group 

A do experience more double change over delays than those in the 

Gitiek two groups, but even in this group the total number is not 

large. There are more sessions in which the rat does not experience 

double change over delay than there are sessions in which it does. 

One is forced to presume that the rat has learnt to respond in such 

a way that it does not normally experience a double change over delay. 

Rat 2, for example, makes an average of seventy four runs in each 

session in this programme, and yet it only experiences a total of 

four double change over delays in all ten sessions.
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Even though the rats are avoiding double change over delays 

by the end of the first programme there is still the possibility 

that they experienced such long change over delays in training, 

and that this forced them to use one lever. I searched the traces 

of the first training sessions of each rat in group C to see if 

there was any evidence that a rat had switched to the use of one 

lever after it had experienced a double change over delay. This 

information is given in Table 8.6. In each case the rat was showing 

a preference to one lever before it experienced a double change 

over delay. This would suggest that the nature of the control of 

the change over delay is not causing the rats to switch to the use 

of one lever. However, the punitive effect of a double change over delay 

might be expected to cause the animal to adopt whatever strategy 

it found allowed it to avoid this situation. The best strategy 

for each rat would be for it to stay on the lever after initiating 

a change over delay, and to continue to respond on that one lever. 

Any tendency to switch levers towards the end of the change over delay 

could result in a second change over delay. I searched the traces 

again to see if there was any evidence that the number of times 

a rat changed levers during the change over delay decreased during 

the first programme. This information is given in Table B.7 = 

It is possible to show that the use of one lever by rats 

experiencing a long change over delay is the best strategy to 

use. If the rat uses both levers to obtain reinforcement it is 

in effect using two types of patch. The mean gain rate for the
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Table 8.6 Data from Group C rats to test the suggestion that 

the rat changed to exclusive use of one lever after having 

experienced a double change over delay as a result of moving 

between levers during the delay period 

1st example of unequal 1st example of exclusive Dates when double 

Rat use of levers use of 1 lever change CODs have 

no occurred 

Date COD in Date COD in Date COD in 

operation operation operation 

9 28:6 3 1:12 60 none found 

13 20:12 10 10241 30 19:1 50 

24:1 60 

14 eel 1 14 40 6:1 20 

19:1 50 

15 252 11 1 172 30 Weel 20 

231 50 

7 et2 1 13:4 20 Oe: 9g
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Table 8.7 Comparison of the number of times that a rat walks 

between levers during the change over delay, during training and 

in the last ten sessions of the first experiment 

Rat COD in Mean no of times rat changes lever during COD, per 

no secs COD, per session 

during training in last 10 sessions of expt 1 

1 5 0.09 0.005 

2 5 0.008 0 

> 5 0.026 0.002 

6 5 0.068 0.005 

7 5 0.022 0.006 

8 20 0.155 0.03 

10 20 0.27 0.07 

11 20 0.182 0.047 

12 20 0.156 0.094 

17 20 0.074 0.042 

9 100 0.42 0.08 

3 100 0.575 0.1 

14 100 0.46 Osh > 

15 100 rest 0.11
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environment is the average of the two gain rates for the two patches. 

When an animal uses only one lever it is using the most profitable 

of the two patches available to it. An animal responding on both 

levers makes one journey between levers during the change over delay. 

Where the rat uses one lever to obtain reinforcement and the other 

as a change over lever then it must make two journeys between 

levers during the change over delay. The cost of the extra journey, 

in terms of energy, will be insignificant for rats experiencing 

a long change over delay. As Figure 8.2.b shows, the rat can 

achieve the maximum possible rate of gain from the environment by 

using one lever, even though it incurs the increased costs of 

travelling between levers during the change over delay. Figure 8.2.a 

shows that the situation is not as clear when the change over delay 

is short. The mean rate of gain for using two levers is not very 

different from that for using one, even allowing for the extra cost 

of moving between levers. Thus, individual rats would be expected 

to use the strategy that gave the best rate of gain for them. 

Where the rate of gain for the two levers is nearly equal the 

best strategy is to use both levers. Where the two levers differ 

markedly the rat can still use both and achieve a good rate of gain, 

providing that the change over delay is short. This again suggests 

that the rats using the third strategy did not need to forage optimally 

under the conditions of the first experiment, that is, with a 

ratio of one and a change over delay of five seconds. The mean 

gain rate for using one lever, when a short change over delay is 

in operation, is only slightly better than the gain rate for using
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Figure 8.2 

The graph for cumulative gain with time 

is shown for the same kind of patch in 

in both a) and b). The effect of the 

extra cost of using only one lever 

with a) a short change over delay and 

b) a long change over delay.
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Figure 8.2.a 

gain 

  

extra cost of return T T, TIME 

journey to first lever 

Figure 8.2.b 

  

extra cost of return T 

journey to first lever
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two unequally. Thus the rats can use any one of the three strategies 

when a short chance over delay is in operation, and still achieve 

a good gain rate. When the long change over delay operates, the 

best strategy for the rat to use is one. The use of only one 

lever gives the best return in the conditions prevailing. 

Another reason why a rat might have an advantage in staying 

on one lever lies in lever preference. An individual rat may 

find it easier or more comfortable to work on one lever rather than 

the other which we can call 'handedness'. This may be the explanation 

for the difference in rates of responding on the two levers, as 

shown in Table 4.8. This would lead to unequal use of the two levers, 

or, if the preference was more marked, to exclusive use of one 

lever. We might expect the rat to show this preference to a greater 

extent in a poor environment rather than a rich one. There is some 

evidence that this is so. I have already referred to the fact that 

rats 5 and 6 showed the third strategy during the first programme 

but changed to exclusive use of one lever during the second programme. 

The first programme, for these rats, had a ratio of one and a 

five second change over delay. This is the richest environment 

experienced by any animal in this study. By contrast, the second 

programme, with the same length of change over delay but a ratio. 

of four, is a much poorer environment. There were indications that 

the rats could Bet plenty of food without having to work very 

efficiently in the first programme. During the second programme 

they worked more efficiently. Concentrating on one lever may 

be, for some rats, a means of working more efficiently. If this
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change over delay and found the number of changes from one lever 

to the other to decrease as the length of the change over delay 

increased. 

The most common ratio schedules in use are fixed ratio and 

variable ratios. The ratio schedule in use throughout this work 

is an arithmetic progressive ratio. 

With a progressive ratio schedule the animal must work harder 

to obtain each subsequent reinforcement. The first use of a 

progressive ratio schedule was to test the perseverence of the 

animal. In one such experiment Hodos (1961) allowed the animal to 

respond on one lever only until there was an interval of fifteen 

minutes of no response. The reinforcer was 0.05 ml. of sweetened 

condensed milk. A ratio of two was used. This means that the 

animal must press the lever twice for the first reinforcement, four 

times for the second, six times for the third, and so on. The 

point at which the animal ceased to respond is know as the break 

point. Hodos was comparing the effects of both food deprivation 

and concentration of reinforcer on the break point. The animals 

worked longer, reaching a higher break point, when the body weight 

was reduced to 80% of normal, compared with free feeding animals. 

The rats also reached a higher break point with a more concentrated 

condensed milk solution. 

Hodos and Kalman (1963) again used the progressive ratio as a 

test of perseverence. The ratio size was varied, in either an 

ascending or descending order, and the number of responses in the 

last reinforcer recorded. They found that the number of responses 

for the last reinforcer increased as the size of the ratio increased. 

They carried out the same experiment when the animals were free- 

feeding and also when they had their weight reduced to 80% of normal.
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is the explanation, or even part of it, it also explains why the 

rats with the longest change over delay worked on one lever. 

Baum (1974) in his paper on two types of deviation from the matching 

law calls bias an unaccounted for preference for one key or lever. 

(That is, the preference is not due to the schedule in operation 

on that lever.) He comments that bias will occur where one lever 

needs more effort than the other, either due to mechanical fault 

or due to the animal's 'handedness'. There was no mechanical 

fault in the right lever that would explain the preference of 

some rats forthe left lever as other rats preferred the right 

lever itself. In addition, I had to check each lever before each 

rat went into the box at the beginning of every session, and there 

was no difference between the levers. On one occasion early in 

the first programme a fault developed in one lever but I discovered 

it and repaired it immediately. This would suggest that the preference 

for one lever shown by some rats is due to ‘handedness’. 

Allison and Lloyd (1971) investigated the effect of gradual 

and abrupt increases in the length of the change over delay on 

matching. They worked with pigeons, using concurrent variable interval 

schedules. The factors controlling the behaviour of the animal 

under interval schedules are not the same as those controlling its 

behaviour under ratio schedules but their work is too important 

to omit from this discussion. The two schedules in operation 

were a three minute and a one minute schedule. Four different values 

of change over delay were used, namely 2, 5, 7.5 and 12.5 seconds. 

The bird had five sessions at least at each value of change over delay
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before going on to the next value, in the order given. One further 

difference lay in the control of the change over delay. In this 

work the first peck on the other key initiated a change over delay. 

If the animal returned to the first key during the change over delay 

the timing started again. In their first experiment these workers 

found that matching occurred at the lowest value of change over delay 

with all four pigeons. When the birds changed to the five second 

change over delay two of the birds continued to show matching, although 

it was less accurate than previously. The other two birds used 

only the, one minute schedule in order to obtain reinforcement, and 

used the other key as the change over lever instead. Mackintosh 

(1974 )states that '... animals tend to distribute their choices in 

such a way as to maximise the momentary probability of reinforcement’. 

In the case just quoted even the deterrrent of a double change over delay 

was insufficient to change the behaviour of two of the birds. 

One bird showed the same tendency during the 7.5 second change over delay 

and only one bird reached the final value of change over delay. In 

both these cases the results deviated from matching. The workers 

felt that the abrupt increases in value of change over delay might 

be in some part responsible for this deviation from the matching 

law. They therefore retrained the birds and repeated the experiment, 

this time increasing the length of the change over delay by 0.5 

second intervals. Each bird had at least five sessions at each 

value of change over delay. Again, each bird showed matching 

at the shortest value of change over delay, at least as regards
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the number of reinforcements it received from the two schedules. 

That is, the bird obtained three times as many reinforcements 

from the one minute schedule as from the three minute schedule. 

That situation persisted for a varying number of increases in 

the length of change over delay, with different birds. By the time 

they reached a change over delay of five seconds three of the 

birds were obtaining more than three times as many reinforcements 

from the one minute schedule as from the three minute schedule. 

In other words, matching no longer occurred. The fourth bird 

continued to show matching until the change over delay had reached 

7 seconds in length. Thus matching did occur to a much greater 

extent when the change over delay was increased gradually rather 

than abruptly. The workers conclude that it was the design of 

the experimentthat prevented further matching. The size of the 

increment in the length of the change over delay is a possible cause 

of departure from matching in my experiment. As already stated, 

I had to increase the length of the change over delay by ten second 

steps from ten seconds up to one hundred seconds. It is difficult 

to prove that the ten second increment in change over delay is itself 

responsible for the rats' change of strategy, but Table 8.8 shows 

that it is during this stage of training that the preference for 

one lever develops. The actual length of the change over delay, 

together with other factors already mentioned could be responsible 

for the development of a preference for one lever. Table 8.9
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Table 8.8 Comparison of the total number of reinforcements earned 

on the two levers during the training sessions in which the length 

of the change over delay is increased from 10 to 40 secs 

Total reinf on each lever for session with COD value 

Rat 

10 secs 20 secs 30 secs 40 secs 

L R L R L R L R 

9 11 307 o> 357 7 199 9 219 

13 62 36 115 38 168 0 162 0 

14 139 46 158 45 226 8 187 0 

15 216 92 252 32 226 0 205 10 

i fe 156 82 205 15 198 37 205 0 

12% 134 =6122 52" 150 49 168 

* indicates data taken from experiment 4
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on the two levers during the two training sessions in which the 

length of the change over delay is increased from 10 to 20 secs, 

and the first three sessions at the new change over delay for rats 

in Group B 

Total reinf per lever for sessions with COD value 

Rat 

10 secs 

L R 

3- 148 31 

8 210 128 

10 _ 235 102 

11 305 9 

12 90 85 

17 126 89 

20 secs 

1st session 

220 

lite 

25 

133 

33 

TY 

45 

20 secs 

end session 

112 

264 

299 

167 

200 

261 

54 

Wy 

29 

20 secs 

3rd session 

L 

197 

285 

267 

253 

152 

205 

58 

56
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shows the mean number of reinforcements per session earned by 

the rats in group B at the same stage in training. The results 

for the Beapion with a ten second change over delay are shown, 

as well as those for the first three sessions with a change over delay 

of twenty seconds. Only two rats in this group appear to 

be moving towards the first strategy at this stage, in comparison 

with all the rats in Group C. 

Thus the rats experiencing change over delays of longer 

than twenty seconds are showing a preference for one lever, 

but it is not possible to say whether this is in response to Phe 

size of the increment used, or to the actual length of the change 

over delay. The fact that Allison and Lloyd were unable to 

get matching when the change over delay reached seven seconds, 

even though they used very small increments in increasing 

the length of the change over delay would suggest that it is 

the length of the change over delay that is critical. (The difference 

in size of change over delay used with pigeons and rats is normal.) 

In discussing the results of the first experiment I pointed 

out that there was a significant difference in the length of 

run of rats using two levers equally and rats using only one 

lever, for the same length of change over delay. The rats using 

only one lever make a much longer run in both group A and group B. 

At first sight it might appear that this is due to the fact that 

the rats experience a double change over delay but this is not 

so. The design of the experiment allowed the rat to move from 

one lever to the other during the change over delay without re-starting
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the timer. Whether the rat uses one lever or two it experiences the 

same length of change over delay, although the energetic costs 

will differ. 

The cost of the search time can be measured in time or energy 

cost. It became apparent in the discussion of the results of the 

first experiment that the energy expended by the animal during 

the change over delay was having an effect on its behaviour during 

the run that followed. The effect of walking twice across the 

box, once to initiate the change over delay, and then back again 

to the preferred lever, will add to the energy costs of the search 

time. 

Figure 8.2.a shows that the extra cost of walking back across 

the box to the preferred lever will tend to cause the animal 

to spend longer in a patch. Figure 8.2.b shows the same effect 

when the change over delay is longer. It still causes the animal 

to spend longer in the patch, but the increase is less than with 

a short change over delay. 

When I first realised that some of the rats were using one 

lever whilst others used both levers to obtain reinforcement 

I was somewhat disturbed. This seemed to be a violation of 

Herrnstein's Law, and in addition, comments from psychologists 

more experienced than me in operant conditioning techniques suggested 

that it might be due to errors on my part. That possibility 

must still be kept in mind. The work of Allison and Lloyd showed 

that the size of the increment was critical in controlling this
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preference for one lever. As I had to use large increments this 

is one possible cause of the preference for one lever shown by 

the rats on a long change over delay. It must be remembered 

that the change over delays that I used are far longer than those 

commonly in use in operant conditioning experiments, thus there 

is little information to be gained from the literature on the effects 

of such long delays. However, I now feel justified in arguing 

that the strategies themselves are part of the optimization process. 

The first clue that this might be so came in the distribution of 

the three strategies across the three values of change over delay. 

If the strategy used was simply a matter of 'choice' on the part 

of the animal then I would have expected to find all three strategies 

in the same group. In the first experiment, using ratio one, all 

three strategies were present in groups A and B, but not in Group C. 

When the results of experiment four began to come in it was obvious 

that even rat 12 that had previously used both levers equally was 

changing to one lever as the length of the change over delay increased. 

A number of reasons have been put forward to suggest that this 

might be the best strategy for the rat to adopt with long change over delays. 

Avoidance of a double change over delay may be one factor causing 

this behaviour. The fact that there is some advantage to be 

gained by staying on one lever may outweigh the increased energetic 

cost of walking between levers twice. Handedness may make it more 

advantageous to work on one lever in hard conditions than in 

easy conditions. If this argument holds we might expect to find 

rats that had used the third strategy in easy conditions (ratio
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one) changing to the first strategy as conditions became harder 

when ratio four was introduced. This is exactly what does happen. 

Rats five and six both used the third strategy in ratio one, 

and both changed to use only one lever during the programme on 

ratio four. Rat 7 had also used the third strategy on ratio 

one. It continued to use this strategy on ratio four but used 

the second lever much more than it had done previously. Rat 

10 also changed from the third to the first strategy on ratio four. 

The rats that use both levers equally presumably do not feel 

a preference for one lever because of handedness, and thus use 

of both levers is the best strategy for them to use. The use of 

one lever or two, by individual rats, would seem to be related 

to the conditions the animals are experiencing at the time, and 

as Raat is part of the process of optimal foraging. 

In experiment 5 (where both ratio one and ratio four were present) , 

some of the rats used strategy one, and their results were discussed 

in section 7. Rats 1, 2, 7 and 12 all used both levers. Rats 

1 and 2 used the second strategy, using both levers equally. 

The other two rats used the third strategy. Rats 7 and 12 both 

showed a preference for the left lever but used the right lever 

to an appreciable extent. Table 8.10 gives the number of reinforcements 

earned on the two levers in the last ten sessions of this experiment, 

and also the percentage of reinforcements that are earned on 

the left lever. During the course of the experiment both rats 

appeared to use the right lever less frequently when they had
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experienced a number of runs on ratio four on that lever. I 

searched the data sheets for the ten sessions for examples of two 

or more consecutive runs on ratio four, either on the same lever 

or on both levers. I looked at the behaviour of the rat in the 

next run on the same lever, where there had been two or more 

runs on ratio four on one lever, and counted the number of times 

the rat used the lever, and the number of times the rat omitted 

to use it. Where the rat had experienced two runs on ratio four, 

first on one lever and then on the other, I looked to see if 

the rat would use the next lever in sequence. The data are given 

in Table 8.11. I attempted to test this hypothesis in two ways. 

Firstly, I compared the total number of runs on the left and 

right levers in a session in which I thought that the rat was showing 

this behaviour, with the mean number of runs on the left and 

right levers for all ten sessions. 

The results of the chi square tests are given in Table 8.12. 

When the number of times the rat uses each lever after it has 

experienced a number of runs on ratio four is compared with the 

mean number of runs on each lever for this experiment the differences 

are not significant in the case of either rat. Thus, either 

the rat is not showing superstitious behaviour, or the number of 

instances where it occurs is too small to be significant. 

When the number of times that a rat uses a lever following 

a number of runs on ratio four is compared with the total aunuer! 

of times the lever could be used after runs on ratio four then
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The weight reduced animals earned many more reinforcers than the 

free feeding animals. 

Hurwitz and Harzem (1968) appear to have been the first workers 

to use a progressive ratio with a reset option. Rats were used in 

this experiment, and the reinforcer was 0.25 ml. of a condensed milk 

and water mixture. The left lever provided a progressive ratio 

schedule, with ratios of 5, 10, 20 or 30. A single response on the 

right lever returned the left lever to zero. In the three higher 

ratios animals used the reset option after each run. Only in the 

short ratio did they complete two or more runs before resetting. 

Hodos and Trumbule (1967) worked with a very different experimental 

animal, namely, the chimpanzee. Two chimpanzees were allowed to earn 

their daily food requirement by operating a switch. The reinforcer 

was five tablets of concentrated food. A progressive ratio was in 

operation on the lever controlling the supply of food. The ratio in 

use was twenty. A. second switch provided a reset option, which required 

presses, varying from forty to one thousand in different sessions. As 

the size of the reset option increased the animal earned many more 

reinforcers before resetting. The workers had assumed that the 

animals would reset when the number of responses needed for the 

reinforcer equalled the number needed to reset. Both animals showed 

a clear patternof resetting before that point was reached. For 

example, when the fixed ratio to reset is 200 the tenth reinforcer 

would also require 200 responses. One chimpanzee took eight and the 

other seven reinforcers, before resetting at this ratio. The workers 

also calculated the minimum possible cost per run and found that the 

animals approached this line more closely. 

For many years the relationship between concurrent schedules 

and the change over delay had been accepted but not investigated
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Table 8.10 Mean number of runs on the left and right levers and 

total number of reinforcements per session for the left and right 

levers for rats 7 and 12. 

Rat left right total left as % 

no lever lever of total 

7 mean no of runs/ 232 18.3 W165 55.9 

session 

12 mean no of runs/ 21.0 10.3 31.3 67.1 

session 

if mean total reinf/ 147.4 95.0 242.4 60.8 

session 

12 mean total reinf/ 196.1 56.0 252.1 77.8 

session 

Table 8.11 Behaviour of the rat in the run following a sequence 

of runs on ratio four 

aie Rat uses lever Rat omits lever Totals 

a 

no L R Ls R a R 

7 following a no of 29 18 1 11 30 29 

runs on ratio 4 

on same lever 

12 following a no of 28 7 0 5 28 12 

runs on ratio 4 

on same lever 

7 following 2 runs on 18 12 1 8 19 20 

ratio 4, 1 on each 

lever 

12 following 2 runs on 28 a 1 19 29 30 

ratio 4, 1 on each 

lever
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Table 8.12 Comparison of the data in Table 8.11 with the mean 

number of runs on each lever per session, or with the total number 

of runs that follow runs on ratio four, using the chi square test 

No of times rat uses lever after a no of runs on ratio four 

compared with mean total runs/lever/session 
Rat 

Following runs on ratio 4 Following runs on ratio four 

on same lever on both levers 

2 2 . 
i sig sig 

7 0.644 Niet. 0.214 n.s. 

12 2.633 n.s. 0.389 n.s. 

No of times rat uses lever following a no of runs on ratio four 

compared with total no of runs that follow runs on ratio four 

Following runs on ratio 4 Following runs on ratio four 

on same lever on both levers 

2 2 
X sig X sig 

a 6.332 1.0% 1.534 nes. 

12 1.667 n.s. 7.963 1.0%
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some of the differences are significant. In the case of rat 

7, the difference is significant when the runs on ratio four 

have both been on the same lever but not when the runs on ratio 

four have been on different levers. Rat 12 shows the reverse pattern. 

The fact that two only of these tests are significant suggests 

that the evidence for superstitious behaviour on the part of 

the rat cannot be proved at this stage, on the evidence that 

can be put forward. However, it would be interesting to investigate 

this problem in greater depth, to see if such a behaviour pattern 

is shown in such conditions. 

The rats also developed individual ways of pressing the lever, 

and by the end of the two years some of them were quite bizarre. 

One rat held the left paw on top of the lever and the right paw 

under it, and appeared to be looking under the lever as it pressed. 

Rat 6 regularly gnawed the light above the lever during responding. 

Unfortunately, the box was not so soundproof that it eliminated 

this sound, which I found very uncomfortable to listen to. These 

are shown in Plate 2.



Plate 2. Rats respond in the box 

a) normal method of bar pressing 

b) unusual method of bar pressing shown 

by rat 5.
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Summary 

1. The rats showed three different strategies in the use of 

the levers to obtain reinforcement: 

a) they used only one lever to obtain reinforcement, 

and used the second lever as a change over lever 

b) they used both levers equally 

c) they used both levers but showed a marked 

preference for one lever 

2. The stnaieeken were persistent. Once an animal had adopted 

a particular strategy it kept that strategy for the rest of the 

time it worked in the Skinner Box (with the exception of experiment 4). 

3. The strategies themselves are part of the optimal foraging 

process, allowing each animal to forage most efficiently in the 

conditions prevailing, and allowing for its phenotype.
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CHAPTER 9 

To investigate the implications of the energy costs of obtaining food 

Aims 

‘lke To calculate the energy cost of each reinforcement, and from 

that information to draw the graph of cumulative gain with 

energy. 

Ze To calculate the energy cost of the change over delay, and to 

use that information to predict the optimum point at which the 

rat should leave a patch. 

3. To compare the optimal break point using a, time and b, energy 

as the cost factor, with the actual number of reinforcements 

collected by the rat. 

Method 

Some of the results of the first experiment suggested that the 

rats might be responding in a patch in relation to the energy costs 

of the search time. When the graphs of cumulative gain with time 

were calculated some rats were spending far longer in a patch than 

was predicted. This applied particularly to the rats experiencing 

the long change-over delay. The next step was to calculate the cost 

of each reinforcement and also of the change over delay, in terms of 

energy costs. It wasn't possible to recalculate all the graphs of 

cumulative gain for all the rats for every experiment in the time 

available, so the rats from the first experiment that had made a 

longer run than predicted were investigated first. 

I had previously measured the inter-reinforcement intervals 

for experiment 3. I now measured the time spent espendine for 

each reinforcement in one session, for each rat. From this I
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calculated the mean time spent responding for the second, third 

and subsequent reinforcements. It was not possible to measure 

the time spent responding for the first reinforcement as the 

response that earned it was indistinguishable from the responding 

that occurred during the change over delay. The time taken in 

responding for the first reinforcement was therefore taken as half 

that of the second reinforcement. The time interval between responding 

for the first reinforcement and responding for the second reinforcement 

was taken as the time needed to move from the lever to the tray to 

collect the pellet, and back again to the lever. The rat normally 

did not pause at all during this interval. Observations of its 

behaviour when responding had shown that the rat moved quickly from 

the lever to the tray and often moved back again whilst eating the 

pellet, in the intervals between the first two or three reinforcements. 

Later in the run the rat paused to eat the pellet before returning 

to the first lever, and later still the rat paused for a longer time, 

but rarely moved from the area of the lever and the tray. 

The mean inter-reinforcement intervals were calculated for 

that session. During each inter-reinforcement interval the rat 

showed three different activities. 

Wwe The rat spent some time pressing the lever for the next re- 

inforcement. 

a The rat moved from the lever to the tray in order to collect 

the pellet, and then moved back to the lever again. 

3. The rat might spend some time sitting still before starting 

to press the lever for the next reinforcement. As has 

already been explained, this occurred in most inter-reinforcement 

intervals after the third or fourth reinforcement. 

Having calculated the inter-reinforcement interval, the time 

spent bar-pressing, and the time taken to move between the lever and
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the tray, it was possible to calculate

 the time spent sitting 

still before the rat started to respond again. I then calculated 

the energy cose of each of the three activities, for each re- 

inforcement. By adding them together I was able to get a total 

energy cost of each reinforcement. I calculated the cumulative 

gain with energy cost by adding the cost of each reinforcement in 

turn, in the same way that I had done for time. Using the computer 

programme I obtained a curve of best fit for this data. 

During the change over delay the rat shows three different 

activities. 

1. The rat spends some time pressing the lever. Most rats pressed 

the lever in bursts of activity, and this was easy to measure. The 

time spent responding in each change over delay in the session was 

measured, and the mean length of time spent responding was calculated. 

Pn The animal moved from the lever on which it had been responding 

to the other lever in order to initiate the change over delay. The 

energy cost of moving from one lever to the other was calculated. It 

must be noted that this movement does not occur in the change over 

delay, and therefore the time taken in this activity is not deducted 

from the length of the change over delay. If the animal is using 

both levers equally there is no further movement between levers in the 

change over delay interval. Where the rat responds on one lever only 

the normal pattern is for the animal to make only one or two responses 

on the second lever and then to return to the first lever. Most of 

the responses made during the change over delay are made on the 

preferred lever. This shows clearly in figures 2.4.a and 2.4.b. 

ah The animal might spend some time sitting still. Some rats 

responded for the entire change over delay time, and other responded 

for only part of the time. To some extent this was dependent on the
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length of the change over delay. Those rats experiencing a five 

second delay responded for the whole time. With the two longer 

change over delay values some rats responded for the whole time, 

and some did not. 

I obtained the length of time spent sitting still by deducting 

the length of time spent responding from the length of the change 

over delay. If the rat used only one lever it made the return journey 

to the preferred lever during this time. The time needed for that 

journey was also deducted from the time spent sitting still, before 

the energy cost of sitting still was calculated. The energy cost of 

bar pressing was calculated. The cost of either one or two movements 

between levers was added to the cost of bar pressing and the cost of 

sitting still to give the total energy cost of the change over delay. 

The direct tangent method was used to predict the point at 

which the rat should leave the patch, using the calculated energy 

cost of the change over delay. The computer programme was also used 

to give a prediction of the point at which the rat should leave the 

patch. In each case the number of reinforcements that the animal 

should collect from the patch for that energy cost was calculated, 

and compared with the actual number of reinforcements collected. 

To calculate the energy cost of each reinforcement. 

Ths is the inter-reinforcement interval for the 

i reinforcement 

aa is the time spent bar pressing for the i reinforcement 

Tos is the time spent sitting still after collecting the 

previous (i - 1) reinforcement 

T 3 is the time spent moving from the lever to the tray 

mand back to the lever 

Wa GA gee Sc et ln 
t1 pl $1 mi 

E is the total energy cost of the i reinforcement 
td.
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for its owm sake. In 1977 Stubbs, Pliskoff and Reid published a 

paper in which they examined quantitatively a number of published 

pieces of research on concurrent schedules involving a change over 

delay. They sought to establish a relationship between the length 

of the change over and the inter change over time. In all the cases 

they examined they found that an increase in the length of the change 

over was followed by an increase in the length of the inter change 

over time, that is, the time during which the animal was responding 

on one lever and being reinforced for so doing. Their inter change 

over time is thus the same as the run used in this study. Their 

findings applied to all the six pieces of research even though some 

involved interval schedules and others ratio schedules. Some of the 

schedules had equal variable ratio or interval programmes on the two 

levers, whilst other schedules had different programmes running con- 

currently. Only one study involved rats, the others used pigeons. 

The reinforcement also varied as one study, that of Shull and Pliskoff 

used brain stimulation. Some of the studies used one lever solely 

for change over (when it is known as the change over lever), and the 

other lever provided reinforcements, but other studies used two levers 

in the same way that I have done. Thus the relationship between length 

of change over delay and length of inter change over time can be seen 

to apply across a wide range of conditions. To those can be added 

the use of progressive ratio schedules. 

The three workers proposed a formula to explain the relationship 

between the length of the run and the length of the change over delay. 

They graphed data from the different workers and in each case got a 

straight line function on logarithmic co-ordinates. 

tT = xkt® 

where T is the length of the run
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Eos is the energy cost of bar pressing for the 

P+ i reinforcement 

Bos is the energy cost of any time spent sitting 

still after collecting the previous (i - 1) 

reinforcement. 

E. is the energy cost of moving from the lever to 

mi the tray and back again 

nS Behe n . im. 
t1 pl s1 1 

The total energy cost of each reinforcement was calculated in 

this way. 

To calculate the energy costs of moving, the following formula 

is used, for a white rat. (Taylor, 1970). 

E = 1.09 V+ 1.48 ml 0,/em | [ne 

V is the velocity 

D 
VFa km/hr 

D is the distance moved, in time T. 

w is the weight of the rat in grams. 

a) To calculate the energy cost of moving from the lever to the 

tray. 

E is the energy cost of moving from the lever to the tray. 

Da = distance moved in cms 

Th = time taken, in seconds 

v= i ems/sec m 1 
WE 
m 

D 
_ _m 360 

7 * 700,000 ‘m/hr 
m 

Da 3.6 “1, =1 
gE = |1.09 (2x 22) + 1.48] ml 0,/gm /hr 
m T 3 2 

m 10 

= [1.09 (Pn x 3.6) + ia Ee ee 0,/rat /min 

a 10° 

D T 
zo m. 3.6 wx 10 m 
= [1.09 q ee + vas || 2 oe |™ 0, 

The cost of moving from the lever to the tray and back again 

is twice E. 
m
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b) To calculate the cost of moving from one lever to the other 

D, = distance moved in cms 

T) = time talens in seconds 

yy = speed of moving from one lever to the other 

BE = energy cost of moving from one lever to the other. 

1 

aD 3 

‘ D 
1.09 (<> x 3:6) 4 1.48] mo /em '/nr- 

1 10 ji 

D 
[1c (Fx 3:8) + is Bate ml 0,/rat /min 

1 10° 

D T 
= 3.6 w x 10 1 
= | 1.09 Z x ae + fue] r x es | ml 0, 

To calculate the energy costs of bar pressing, and of sitting 

still, the information on oxygen consumption given by Bramante (1961) 

was used. He worked on both fasting and non fasting rats, and 

investigated the level of oxygen consumption under different conditions 

of activity. He recorded five levels of activity, ranging from inactive 

to extreme muscular activity. The activity shown in bar pressing was 

assumed to correspond to the second or third levels of activity. For 

each rat Bramante gave the weight of the animal, its mean oxygen con- 

sumption at a mean level ofactivity and also the minimum oxygen con- 

sumption recorded when the animal was inactive. I used only the 

results from the fasting rats, because my rats had also been without 

food for about twelve hours when tested. As I knew the weight of 

each rat I used I was able to take results from Bramante's table 

poreedeobd ie bo rats of the same weight. To do this I took the 

mean of four rats of about the same weight. JI calculated the mean 

value for oxygen consumption for the four rats when they were ees 

and when they showed a level of activity corresponding to bar pressing.
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These values I used as shown below. 

E 
Pp 

energy cost of bar pressing 

T 
—aL PS 

oS Ghee See 8 

time spent in bar pressing, in cms 

mean oxygen consumption for a rat of that weight 

and showing that level of activity, in mls 0,/rat /min 

energy cost of sitting still 

iy 1 
bxz oe ™M % 

time spent in sitting still, in cms. 

mean oxygen consumption for a ratio of that weight 

when sitting still, in mls 0,,/rat /min
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Results 

The graph of cumulative gain with energy was drawn for each rat. 

The energy cost of the search time for each rat was used in the same way 

that the length of the search time was used in experiment three to predict 

the length of time that an animal should spend in a patch, and the number > 

of reinforcements that the animal should collect in a patch. The x axis 

was extended by a distance equal to the energy cost of the search time, 

and a tangent drawn from that point to the graph. The point at which 

the tangent touches the graph gives the optimal investment in a patch, and 

the number of reinforcements the rat should collect in the patch. I have 

no direct measure of the mean investment in a patch in the way that I had 

for mean time spent in a patch. Therefore it wasn't possible to compare 

the actual and predicted investment in a patch. I could compare the mean 

number of reinforcements per run with the predicted number. This is given 

in Table 9.1. I also included in the same table the predictions made for 

the same rats using time as the cost factor. Two sets of predictions are 

given, one using the length of the change over delay, and the second using 

the change over delay plus the mean length of pause made by that rat in 

the course of a run. 

Discussion 

When the predictions of Ty were made using the direct tangent 
pt 

method in experiment three it was noted that the rats spent much longer 

in the patch than was predicted. The discrepancy between actual and 

predicted length of time spent in a patch was greatest for those rats 

making a long run. It was suggested that the rats might be using energy 

and not time as the cost factor. I used results of the rats that made 

long runs to determine the energy costs of the search time and of each 

reinforcement. If the rats are using energy as a cost factor and not 

time we should expect to see these predictions to be much closer to the
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Table 9.1 Comparison of the actual and predicted number of 

reinforcements per run. The predictions were made using either the 

normal length of change over agley or the change over delay with the 

mean length of pause added to it. The third set of predictions were 

made using energy and not time as the cost factor. 

Rat Mean no. Predictions made using Predictions made using 
CeOeD). : % 

no. reinf/run time as cost factor energy as cost factor 

C.0.De. 0.0.0. +-pauses 

5 5 9.33 4.0 eae 1.60 

6 5 12.34 4.0 12.0 14.0 

8 20 19.94 8.0 15.0 17.0 

10 20 22.57 5.0 10.0 18.0 

17 20 15.01 10.0 12.0 14.0 

9 100 31.53 20.0 26.0 28.0 

13 100 24.63 13.0 22.0 20.0 

14 100 14.95 10.0 15.0 12.0 

15 100 OT LOT 17.0 21.0 eh.o 

17 100 28.25 15.0 23.0 29.0
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Table 9.2 Comparison of the actual and predicted number of 

reinforcements per run, for the three sets of predictions. 

Rat Actual reinf/run + predicted reinf/run for predictions 

made using time made using energy 

C.O.D. C.0.D. + pauses as cost factor 

2 2.333 0.848 0.848 

6 3.085 1.028 0.881 

8 2.493 1.329 1.173 

10 4.51 2257 1.254 

if 1.501 Wee 5 1.072 

9 tS 1.185 1,126 

13 1.895 1.119 b23e 

14 1.495 0.997 1.246 

15 1.604 1.298 1.136 

17 1.883 1.228 0.974
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Table 9.3 Comparison of the actual and predicted numbers of 

reinforcements per run for each length of change over delay. In each 

case the mean number of reinforcements per run has been divided by the 

mean predicted number of reinforcements per run. 

C.O.D. Actual no. of reinf/run predicted mean no. of reinf/run 

for predictions made using time for predictions made 

C.0.D. C.0.D. + pauses using energy as cost factor 

5 2.709 0.938 0.856 

20 255 1.554 1.174 

100 1.688 1.183 1.143 

ee 1.942 15233 1.107 
C70.Dr
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actual values. The results in Table 9.1 show that this is so. Use of 

the change over delay gave predictions that were too short to be acceptable. 

When the length of time spent in pausing was taken into account it appeared 

that the rat might be using time as the cost factor. However, the pre- 

dictions made using energy as the cost factor give an even closer fit, in 

most cases. 

The importance of the energy costs appears to depend on the length 

of the change over delay. Only Rasta in the group experiencing the 

five second change over delay were investigated in this experiment. In 

neither case are the predictions made using energy as cost factor better 

than those made using the extended change over delay (i.e. the change over 

delay plus the mean length of pause). All five rats in the group experiencing 

the hundred senedd change over delay were investigated in this experiment. 

Four out of the five rats made very long runs. The predictions made using 

energy as the cost factor are much larger than the predictions made using 

the extended change over Belay Table 9.2 shows this more clearly as it 

includes the actual number of reinforcements per run divided by the predicted 

number of reinforcements per run for each set of predictions for each rat. 

If the predictions are accurate this value should be one. The value approaches 

one for the extended change over delay for some rats. In more cases 1% 

approaches unity for the predictions made using energy as the cost factor. 

Table 9.3 gives the mean of this value for the rats experiencing the same 

length of change over delay. Only the rats investigated in this experiment 

are included, as all other rats respond on both levers and therefore 

predictions cannot be made using the direct tangent method for them. 

The predictions made using the change over delay show a large 

difference between the three groups of rats experiencing the three lengths 

of change over delay. The actual number of reinforcements per run is 

almost three times the predicted value for the rats experiencing the five 

second change over delay. For the rats experiencing the hundred second
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change over delay the number of reinforcements per run is 1.7 times 

larger than the predicted values. The two rats experiencing the five 

second change over delay show a value that is closer to one for the 

extended change over delay than for the predictions made using energy 

as the cost factor. In the first experiment I tested the number of 

responses made during the change over delay and the number of reinforcements 

per run for all the rats in the same group by regression analysis. The 

results were not aipeericane for the group experiencing the five second 

change over delay. The earlier result is confirmed by the fact that the 

predictions made using the extended change over delay are closer to the 

actual number of reinforcements per run than are the predictions made 

using energy as the cost factor, in this group. I had suggested in the 

first experiment that these animals were probably not using the energy 

costs of the change over delay because the short change over delay did 

not allow for much difference between individuals. The rats experiencing 

the long change over delay show the value closest to one for the predictions 

made using energy as the cost factor. It was in this group that the largest 

aifferences in the number of responses made during the change over delay, 

and also in the number of reinforcements per run, were present. Thus 

these rats had the opportunity to respond in their own individual way 

during the change over delay. If the number of reinforcements per run 

earned by each rat were related to the number of responses made during 

the change over delay we would expect the predicted number of reinforcements 

per run to approach the actual number, and the ratio to approach one. 

The same can be said of the rats experiencing the twenty second change 

_ over delay. 

Rats 10 and 14 both show the ratio between predictions made using 

energy as a cost factor and the number of reinforcements per run that is 

larger than that of the rest of their group. Both these rats responded
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during the change over delay by single bar presses, rather than by 

bursts of responding. It has been suggested to me that the rapid burst 

of responding shown by rats may be in the nature of a muscular tremor 

(Mr. D. Dickens, personal communication). Making a series of single 

responses may be a less efficient way of responding and hence there may 

be errors in the calculation of the energy costs of the change over delay 

in these animals. This would lead to errors in the predictions also. 

The calculations of the energy costs were made using only one 

session for each rat. The number of reinforcements per run is a mean 

of ten sessions. When the predicted values were compared with the actual 

values for the relevant session for these rats the ratio, for all the rats 

was 1.055, which is even closer to one.
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t is the length of the change over delay 

k and n are constants 

n gives the slope of the line 

k gives the point at which the line intercepts the Y axis 

Changes in k relate to differences in the reinforcement rate. 

Where the two schedules are equal then both lines intercept at the 

same point. The different values of k which occur when the schedules 

are unequal are caused by the animal maximising. 

Very low values of change overs, 0.5 to 0.75 sec for pigeons, 

and 1 to 2 secs for rats, appear to be the minimum that are effective. 

Below those values the animal may not be aware of the change over delay 

because of the time it takes to get from one lever to the other. 

The work of Allison and Lloyd (1971) is of interest because they 

too found that the pigeons tended to use one lever as a change over 

lever as the length of the change over delay increased. Where both 

levers have reinforcement available an animal may either use both to 

obtain reinforcement, or use one lever for reinforcement and the other 

to initiate the change over delay. However, they found that they could 

prevent this happening by increasing the length of the change over 

delay by very small increments during training. 

Pliskoff (19t%) used a fixed ratio instead of a time interval 

as a change over. As the ratio increased there was a decrease in 

the number of change over delays and an increase in the length of 

run. 

3. Method 

a) The Apparatus 

The Skinner Box used in the experiments was a Campden rodent
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Summary of findings in Chapter 9 

1. Predictions were made of the number of reinforcements per 

run that an animal should collect in a patch if it is foraging 

optimally. The predictions were closer to the actual values 

for the rats experiencing twenty or one hundred second change 

over delays than were the predictions using time. 

2. This confirms the suggestion made earlier that the rats 

were using the energy costs of the change over delay rather 

than the time element as the factor controlling the length of 

time spent in a patch. 

3. This does not apply to the rats experiencing the five 

second change over delay. The predictions made for these rats 

using time were closer to the actual results than the predictions 

made using energy as the cost factor.
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CHAPTER 10 

To examine the behaviour of the animal in response to changes 

in the quality of the environment 

Each rat experienced a change in the quality of the 

environment in which it was working a number of times in the 

course of this study. The first occasion was when the ratio 

was increased by one in each of three successive sessions 

at the end of the first experiment. When each rat had completed 

the programme on ratio four it then experienced the two short 

repeat programmes, the first on ratio one and the second on 

ratio four. Each change in ratio was a change in the quality 

of the environment. A change in the ratio is one way in which 

the quality of the environment can be changed, changes in 

the length of the change over delay is another way. Those rats 

that experienced the change in length of change over delay in 

experiment four also worked through two short repeat programmes 

at the two values of change over delay, after completing the 

programme at the new change over delay. Thus, they experienced 

a number of changes in the quality of the environment. 

If the rat is using the mean rate of capture in the 

environment to determine the length of time that it should 

spend in a patch then it is possible to predict its response 

to changes in the quality of the environment. When the animal 

moves from a poor environment to a better one it will at first 

continue in a patch until the rate of reinforcement equals the
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rate in the previous environment. This means that the animal 

will spend far longer in the patch than expected. As the 

new rate of reinforcement is experienced in a number of patches 

or sessions, the animal will gradually come to spend less time 

in each patch until a new mean is established. When an animal 

moves from a rich environment to a poor environment it should 

spend only a short time in each patch at first. The reason 

being that the animal will leave the patch in the new environment 

when the rate of reinforcement for that patch drops to the level 

it has experienced in the previous environment. In each successive 

session in the new environment it would be expected to stay 

a little longer until the length of time spent ina patch 

reached the optimum time for that environment. 

The mean number of reinforcements per run for each 

group of rats experiencing the same length of change over delay 

for six consecutive sessions is given in table 10.1. I have 

had to use the mean number of reinforcements per run and not 

the mean length of the run in this case beause these sessions 

were not recorded on the event recorder. Only the sheets 

from the event recorder could be measured to give a mean value 

for the length of run in that session. The six sessions cover 

the change from ratio one to ratio four. The results of the 

last session on ratio one are given, together with the results 

of the next three sessions, in each of which the ratio was increased 

by one. The results of the second and third sessions on ratio
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Table 10.1 Mean number of reinforcements per run earned by 

all the rats that experienced the same length of change over 

delay, for six consecutive sessions 

Ratio Session Mean reinf/run earned by rats experiencing 

value number ayy C.0O5 D:. Cl0L Dy 

5 secs 20 secs 100 secs 

1 20 Total 13.48 22.79 

2 1 4 33 9.66 11.98 

3 1 3.44 TAT 11.26 

4 1 3.39 5.98 10.56 

4 2 3.53 6.24 11.56 

4 3 3.68 6.26 11.66 

4 11-20 mean 4.19 5.91 2 225 

value 

Table 10.2 Mean number of reinforcements per run for each session 

in the two short repeat programmes on ratio one and ratio four, for 

each length of change over delay 

Ratio €.0.D. C20). C.0..D. Session 

5 20 100 

1 8.11 14.08 25.24 1 

7.98 TaD 26.9 2 

8.12 11.45 3052 3 

8.65 11.08 30.9 4 

8.44 16.72 29.2 5 

4 41 29 lates 1 

4.87 8.44 12.53 2 

3.62 4.71 11.68 3 

3.6 6.44 Neel He 

3.68 6.28 V2 51 5
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Table 10.3 Mean length of run for each session in the two 

short repeat programmes on ratio one and ratio four, for each 

length of change over delay 

Ratio C..0leD. C.0.D. C.0,D% Session 

5 20 100 

1 3.59 8.93 33.69 1 

3.42 L403 25.42 z 

3.49 7.78 25.82 3 

3.64 5.89 32.46 4 

3.69 8.82 24.58 5 

4 esate 5.65 17229 1 

1.65 4.61 15/3 2 

1.57 3.87 16.54 3 

1.55 4.91 eto 4 

1.6 4.16 18.8 5
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four are also given, as is the mean value for the last ten sessions 

on ratio four. 

The first prediction was that the rat would spend less 

time (and therefore collect fewer reinforcements per run ) 

when it moved from a rich to a poor environment. This is 

seen to occur in every single case in the session on ratio two. 

Each rat then experiences a further deterioration of the environment 

in the next two sessions as the ratio increases first to three 

and then to four. In the session on ratio three all the rats 

except rat 11 (and rat 2 on one lever) show a further decrease 

in the size of the run. A number of rats do not show a further 

decrease in the size of the run when the ratio is increased 

to four, although the majority of them do so. 

The decrease in the number of reinforcements per run 

as the rat moves to a poor environment could be simply a response 

to the conditions it encounters in that environment. A better 

test is to see if the number of reinforcements per run increases 

when the rat has experienced a number of sessions in the poor 

environment. Table 10.1 gives the mean number of reinforcements 

per run earned by all the rats experiencing the same length 

of change over delay for each of the six consecutive sessions. 

There is an increase in the number of reinforcements per run 

in some of the sessions on ratio four, for each value of change 

over delay. The first three sessions on ratio four can also 

be compared with the mean values for the last ten sessions on
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that ratio. The results for the twenty second change over delay 

show a slight decrease in the number of reinforcements per run 

collected during the last ten sessions on ratio four. 

The two repeat programmes on ratio one and on ratio four 

also provided an opportunity to test this hypothesis. The mean 

number of reinforcements per run earned by all the rats experiencing 

the same length of change over delay is given for each session 

of each of the two repeat programmes in table 10.2. In the 

repeat programme on ratio one the first session shows an increase 

in the number of reinforcements per run compared with the 

previous session on ratio four. There is a decrease in the 

number of reinforcements per run in the first session on ratio 

four of the repeat programme on ratio four. The same pattern 

is shown by the length of run. In neither the number of 

reinforcements per run nor in the length of run is there any 

evidence of a gradual decrease over the five sessions on ratio 

one. In some groups of rats the results show a decrease over 

one or two sessions but then there is an increase. 

There is no clear increase in the number of reinforcements 

per run in the consecutive sessions of the repeat programme 

on ratio four, for the groups experiencing the change over delay 

of five seconds and of one hundred seconds. In this set of 

repeat programmes the values for individual sessions do not 

show the predicted pattern of response to changes in the quality 

of the environment. The pattern of responding shown by the
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rats made it difficult to examine the results of successive 

runs sneha same way. 

‘In experiment 6 the length of the change over delay was 

increased for one group of rats, and decreased for a second 

group. It must be noted that in this case an increase in 

the length of the change over delay causes the rat to spend 

longer in the patch. The rats are responding to the conditions 

experienced in the session. The rats that experience an increase 

in the length of the change over delay in this experiment 

show an increase in the length of run at each successive session. 

The results for the first session on a change over delay of 

100 seconds are in two cases less than the mean for the last 

ten sessions of the programme with the new value of change over delay. 

The results of the other two rats show no difference between 

the first result on the new change over delay and the mean value 

for that programme. There was no marked decrease in the length 

of run made by rats during the sessions in which the length 

of the change over delay was decreased. The mean number of 

ratriforterents per run collected by rats in the last ten sessions 

of the programme on the new short change over delay showed that 

the rats made a shorter run in this programme than they had 

made in the first session on the new change over delay.



301 

Summary of Chapter 10 

1. The rats showed a gradual increase in the number of 

reinforcements per run in the first three sessions on ratio 

four. Two of the three groups of rats showed a further increase 

during the twenty sessions on ratio four, as shown by the 

mean value for that programme. This is as predicted if the 

rat is using the mean rate of reinforcement in the environment 

to determine the length of time that it spends in a patch. 

2. The results of the two short, repeat programmes on the two 

ratio values do not show this pattern of behaviour. 

3. The results of the experiment involving the change in 

length of the change over delay were not clear. Some rats showed 

this pattern, but others did not. 

4. In many cases the rat appeared to be responding directly 

to the conditions encountered in that session. It may be 

that analysis at the level of the session is not sufficiently 

fine to pick up such changes.
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CHAPTER 11 

Experiment 6. To investigate the behaviour of the rats when they 

continue to work at the same ratio and length of change over delay 

for a long period of time. 

Aims 

1. To compare the individual rats. 

2. To compare the behaviour of the same rat at the beginning and 

the end of the axueadmenke 

3. To compare the results of the control animals with the 

experimental animals. 

4, To use two different methods to predict the time that an animal 

should spend in a patch and the reinforcements it should collect 

there. 

Method 

Four rats completed this experiment, and they provided a control 

for comparison with the experimental animals. These rats were 

trained in exactly the same way as all the other rats. They were 

all female because there were no male rats available in the Animal 

House at the time I needed them. They experienced a change over delay 

of twenty seconds and worked at a ratio of one. The rats continued 

to work on the same programme for a year, so that they did not 

experience any of the changes of programme that the other rats 

experienced. They were normally tested twice a week, under exactly 

the same experimental conditions as all the other animals. In 

the course of the year they completed on average, eighty six sessions
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test chamber with two non-retractable levers. There were two such 

boxes, each housed in a box which cut out most outside sounds. In 

addition, a fan produced white noise. In such conditions the rats 

appeared to take no notice of anyone talking quietly in the room, 

and were only disturbed by very loud noises, such as hammering. The 

apparatus is shown in Plate 1. 

Campden supplied the control panels. In addition to the usual 

rodent control panel and pulse formers, a process timer, an alternator 

and a ratio programmerwere needed to provide the schedules that were 

used. The process timer was used to time the length of the change 

over delay. This could be set to any value from one to ten seconds, 

and then increased by ten second intervals to one hundred seconds. 

The ratio programmer provided the progressive ratio, and also controlled 

the ratio in use. The progressive ratio caused the rat to press the 

lever an increasing number of times for each successive reinforcement. 

With a ratio of one the increment for each successive reinforcement 

was one. The ratio programmer allowed a choice of any ratio between 

one and nine, but the only other ratio used was four. The actual 

programmer allowed me to monitor what was happening in the box. 

There were two illuminated panels on the processor, one of which 

showed the number of the next reinforcement, and the other the number 

of responses the rat had made towards that reinforcement. 

The change over delay was started by the rat leaving one lever, 

on which it had been responding, and pressing the other lever. The 

first press on the other lever started the process timer. During 

the change over delay the rat was not reinforced on either lever. 

At least, that was the intention. When the apparatus was first 

wired up, following the wiring diagram provided by Campden, there 

was a mistake in the diagram which allowed the rats to obtain re-
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in the Skinner box, at this ratio and length of change over delay. 

I had intended to record sessions 11-20 inclusive, on the event 

recorder, as I had done for all the other rats, so that I could 

compare the results of these rats with those of the rats experiencing 

the same ratio and length of change over delay. As I have already 

explained, I used only one event recorder throughout the work, 

for all the rats. When these rats reached session 11 the event 

recorder was already fully used for other rats in experiments four 

and five. Accordingly, I had to compromise and record only five 

of the ten sessions for each rat, on the event recorder. The same 

problem arose again at a later stage when I wanted to record a 

number of sessions on the event recorder. Eventually I recorded 

a number of sessions for each rat on the event recorder at the 

end of the year, but the number varied from four to eight. 

The mean number of reinforcements per run on each lever as 

well as the total number of reinforcements earned was calculated 

for every session in the box for each rat. In addition, for the 

sessions recorded on the event recorder, the length of each run 

on each lever was measured, and also the time intervals between 

successive reinforcements. 

Results 

The mean number of reinforcements per run, earned by each rat 

on each lever, for the sessions 19 to 28 inclusive, and for the last 

ten sessions of the experiment, are given in Table 11.1. The mean 

total number of reinforcements per session are given for four blocks
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Table 11.1 Mean number of reinforcements per run for each lever 

for each rat, for sessions 19 to 28, and for the last ten sessions 

of the experiment, + s.d. * no standard deviation given. 

Mean reinf/run + s.d. 
Rat Session 

no nos Left Right 

21 19-28 0 12.48 + 1.89 

23 19-28 17.18 + 2.7 16.51 + 1.97 

25 19-28 13.52 + 1.81 8.45% 

27 19-28 17.31 + 1.47 0 

21 75-84 0 14.71 + 2.16 

23 77-86 15.12 + 3.08 14.94 + 2.48 

25 73-82 13.45 + 2.2 i 

27 73-82 14.33 + 3.5 15.14 + 3.28
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Table 11.2 Mean number of reinforcements per session for 

four blocks of sessions, for each rat, + 8.d. 

Rat no Session nos Mean reinf/session + s.d. 

21 19-28 210.25 + 37.0 

39-48 207.1 + 26.26 

59-68 166.4 + 21.16 

75-84 139.7 + 19.92 

23 19-28 22350 4 25.72 

39-48 206.8 + 35.98 

59-68 194.3 + 22.17 

71-86 212.7 + 20.33 

25 19-28 212.11 + 47.08 

39-48 181.2 + 33.97 

59-68 161.1 + 30.28 

73-82 2935 30-75 

27 19-28 229.7 + 25.87 

39-48 207.5 - 12.72 

59-68 197.56 + 52.14 

73-82 193.78 + 43.34
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of ten sessions for each rat. These are in Table 11.2. The mean length 

of run on each lever, for each rat, for the sessions recorded on 

the event recorder are given in Table 11.3. As the sessions are 

not quite the same for each rat the session numbers are also given. 

Discussion 

1. To compare the individual rats at the beginning of the experiment, 

and again at the end. 

At the beginning of the discussion on the first experiment 

I noted that there were differences between the individual rats in 

each group, that is, between rats experiencing the same conditions. 

I compared the number of reinforcements per run earned by each rat 

on each lever, by means of an analysis of variance test. There was 

one difference between the first experiment and this experiment. 

In the first experiment I compared the number of reinforcements per 

run for rats using twolevers and for rats using one lever. The rats 

using one lever made a much longer run than did those using two levers, 

and the difference was significant, both for Group A and for Group B 

rats. Examination of the actual results for the control rats showed 

that the differences between individual rats, and in particular, 

between rats using one or two levers, were not as large as the differences 

between some rats in the first experiment. It was therefore decided 

to include rat 23 with the other three rats. The results of the 

analysis of variance tests carried out on the number of reinforcements 

per run earned by the four rats at the beginning of the experiment
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Table 11.3 Mean length of run for each lever for each rat in 

the control group, for sessions during the block numbered 

19-28, and for sessions at the end of the experiment, + 3... 

Hato Session Mean length of run + s.d. 

no nos 
Left Right 

21 24-28 0 . 9.4 + 1.5 

23 24-29 14.27 + 1.33 10.29 + 2.52 

25 23-26 9.55 + 1.02 7.9% 

27 23-28 13.27 + 1.09 0 

21 78-83 0 14.02 + 2.39 

23 19-86 10.59 + 1.38 9.29 + 1.52 

25 75-82 9.68 + 1.86 8.9 + 2.9 

27 19-82 12.58 + 3.24 11.48 + 3.48



308 

Table 11.4 Comparison of the number of reinforcements per run 

earned by the control rats in the sessions 19-28, inclusive 

Source of , mean variance 

  

variation 2 af square matin significance 

Betusen 20.0195 9 2.2243 0.6268 n.s. 
sessions 

Renyeey 153.468 3 51.156 14.4169 01 
rats 

Error 95.8047 27 3.5483 

Total 269.292 39 

Table 11.5 Comparison of the number of reinforcements per run 

earned by the control rats in the last ten sessions of the 

experiment 

poumuer a g df mean Varese atend fcance 

variation square ratio 

Between \ \ By i 
ganetons 0.2942 9 4771 0.5747 n.s. 

Between 4 
sweats 17.1111 3 eS 0.7321 n.s. 

Error 210.326 27 7.7898 

[  EEEEEEEEEEEEEEEEEEEEEEEe! 

Total 267.731 39
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are given in Table 11.4. Table 11.5 gives the analysis of variance 

of the number of reinforcements per run for all rats at the end of 

the experiment. 

In neither case are the differences between sessions significant. 

The differences between rats at the beginning of the experiment are 

Significant. By the end of the experiment the differences are not 

significant. As I have only one group of rats working at the same 

ratio and change over delay for such a long period of time it is 

not possible to say whether this is a chance result, or whether the 

response of the rats to the conditions experienced over a long period 

of time has brought about a greater uniformity of results than was 

present at the beginning of the experiment. 

Tables 11.6 and 11.7 give the results of an analysis of variance 

test on the length of run for the control rats for the two blocks of 

sessions, one at the beginning and one at the end of the experiment. 

The length of run could only be measured on the event recorder traces 

and, as I have already explained, it was not possible to use the 

event recorder for all ten sessions as I had intended. In this case, 

the data are not the means of ten sessions, but only of four or five. 

As two of the rats use both levers, but show a preference for one lever, 

the data refer to the preferred lever only. Neither at the beginning, 

nor at the end are the differences between rats significant. In 

neither case is the difference between sessions significant. 

Analysis of the total reinforcements per session for each rat 

for the ten sessions, 19 to 28, and for the last ten sessions of 

the experiment is shown in Tables 11.8 and 11.9. There is no significant
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Table 11.6 Comparison of the length of run of the control rats 

in the sessions which are included within the block numbered 19 

to 28, by analysis of variance. (Data refers topreferred lever only.) 

Source of mean variance 

  

. $ df . significance 
variation square ratio 

Between 10.6406 3 3.5468 1.3693 n.s. 
sessions 

bene se 8. 3054 3 2.7684 1.0688 n.8. 
rats 

Error 23.3118 g 2.5902 

Total 42.2579 15 

Table 11.7 Comparison of the length of run of the control rats 

in the last ten sessions of the experiment, by analysis of 

variance. (Data refer to preferred lever only.) 

Source of mean variance di Fo sas 
eos $ df . significance 

variation square ratio 

Bebyeen 14.2914 3 4.7638 1.2436 n.s. 
sessions 

B Syeen 42.803 3 14.2676 3.7247 n.s. 
rats 

Error 34.4744 9 3.8304 

  

Total 91.5689 15
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Table 11.8 Comparison of the total number of reinforcements per 

session earned by the control rats in sessions 19 to 28, by analysis 

of variance. 

Source of mean variance . w 
. $ df ; significance 

variation square ratio 

Sree 1962.23 9 884.69 .6978 n.s. 
sessions 

petaah 3224.27 3 1074.76 0.8477 n.s. 
rats 

Error 34229 .5 27 1267.76 

eee ee eee ee ene ee 

Total 45416.0 39 

Table 11.9 Comparison of the total number of reinforcements per 

session earned by the control rats in the last ten sessions of the 

experiment, by analysis of variance. 

Source of mean variance oy hm yale 

ats 2 df : significance 
variation square ratio 

peEMoeh 13740.5 9 1526.72 2.3448 n.s. 
sessions 

Bet ee 36 303.8 3: 12101.3 18.5858 1% 
rats 

Error TST ef 27 6511 

nn nn nnn ce LU UUttEttEtEIIIISEIIESS SSS 

Total 67624.0 39
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difference between the rats in sessions 19 to 28, but there is for 

the last ten sessions of the experiment. Examination of the results 

in Table 11.2 provides the answer. One of the rats shows a marked 

decrease in the number of reinforcements per session, and one other 

rat also shows a decrease, thus there must be differences between the 

rats in this case. 

2. Comparison of the results of the same rat for sessions 19 to 

28 inclusive, and for the last ten sessions of the experiment. 

When the results of the same rat for the two blocks of sessions 

are compared the differences are significant in most cases. In the 

ten sessions early in the experiment there were significant differences 

between rats in the number of reinforcements per run. The differences 

between rats for the number of reinforcements per run, for the last 

ten sessions of the experiment were not significant. Thus some or 

all of the rats must have changed the number of reinforcements per 

run in the course of the experiment. There are significant differences 

in the number of reinforcements per run for all the rats when the sessions 

19 to 28 are compared with the last ten sessions of the experiment. 

Part of the change in pattern of responding could be due to a 

change in strategy of the individual rats. In fact, only one 

rat changed strategy in the course of the experiment. Rat 21 used only 

one lever throughout the experiment. Rat 23 used both levers throughout 

the experiment. In sessions 19 to 28 the rat used the two levers 

unequally, showing a preference for the left lever. Although there 

is no significant difference in the number of reinforcements per



Plate 1. The Skinner boxes and control panels.
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run earned on the two levers there is a large difference in the total 

number of reinforcements earned on each lever in each session. Therat 

earns 37.7 reinforcements on the left lever and 169.4 on the right 

lever, per session, on average. By the end of the experiment the rat 

has moved towards the second strategy. Both levers are used to obtain 

reinforcements. There is no significant difference in the number 

of reinforcements per run for the two levers, although there is a 

significant difference in the length of run on the two levers. The 

mean total reinforcements per session for the two levers are 93.6 and 

120.5. The differences are significant. Thus the rat is still showing 

the third strategy, that is, it is using the two levers unequally. 

Rat 25 used both levers throughout the experiment, but the levers were 

used unequally. The rat showed a marked preference for the left 

lever. It is interesting that there is no significant difference 

in the length of run of the two levers at the end of the experiment, 

nor between either lever and the results of the preferred lever at 

the beginning of the experiment. Rat 27 used only the left lever in 

sessions 19 to 28, but was using both levers at the end of the experiment. 

In no sessions were the two levers used equally. 

Rat 21 made a much longer run at the end of the experiment 

than it had made at the beginning. The other three rats showed no 

significant difference in the length of run at the beginning and 

end of the experiment, for at least one lever each. 

Only rat 25 shows no significant difference in the number of 

reinforcements per session for the beginning and end of the experiment.
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Table 11.10 Results of t-tests comparing the results of sessions 

19 to 28 with the results of the last sessions of the experiment, 

for each rat 

net Lever df t significance 

21‘ Reinf/run . L 18 3.287 .002 

23 Reinf/run iE 18 4.756 > .001 

Reinf/run R 18 2.829 .01 

25 Reinf/run iu 18 0.123 n.s. 

Reinf/run R 18 2.412 -02 

eal Reinf/run L 18 3.717 .001 

2 Length of run Ds 10 5. (15 > .001 

23 Length of run L 9 5.056 > .001 

R 11 1.199 Nn. 8. 

25 Length of run L 10 0.179 ness 

27 Length of run L 8 0.692 Nese 

21 Total reinf/session 16 27.425 > .001 

23 Total reinf/session 18 4.8 > 2001 

25 Total reinf/session 18 0.482 n.s. 

27 Total reinf/session 17 13.202 001



315 

Examination of the actual results in Table 11.2 shows that this is 

not surprising. All of the rats show a decrease in the number of 

reinforcements per session for the second and third blocks of sessions. 

Then in the fourth block of sessions two rats show a further decrease 

and two show an increase in the number of reinforcements earned. 

There is no way of explaining this odd result, that I know of. 

Rat 21 earned so few reinforcements in the last ten sessions that I 

thought it might have been ill. However, it showed no signs of illness 

and aenelnued in good health for some time after the end of the experiment. 

The reason for the decrease in total reinforcements lies in the fact 

that the run is half as long again at the end of the experiment as 

it was at the beginning. Rat 27, which had not shown such a marked 

drop in the number of reinforcements earned as had rat 21, did in fact 

die shortly after the end of the experiment. One reason for the 

drop in number of reinforcements earned can be seen in the Figures 

11.1 to 11.4 respectively. These show the mean reinforcements per 

run on each lever for each session worked, for each rat. The total 

reinforcements earned are also shown for each session. All the rats 

show an increase in the number of reinforcements earned in the first 

twenty sessions of the experiment, compared with the number earned 

in sessions 1 to 8, which were training sessions. In most cases, the 

rats earn more reinforcements per session for some or all of those 

twenty sessions than they earn at any time in the rest of the experiment. 

One possible reason for the gradual decline in the number of 

reinforcements earned per session is the time span of the experiment. 

The rats are not entirely dependent on the food they earn in the | 

box. The ration for each rat was calculated each day. The difference
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Table 11.11 Rates of responding for the control animals at the 

beginning and end of the experiment, and for the experimental 

animals which experienced the same ratio and change over delay. 

Rat Sessions Rate of responding 

21 19-28 9.059 

ean 19-28 10.53 

R 19-28 13.96 

25 19-28 9.998 

27 19-28 Ties 

21 75-84 8.11 

23b 75-84 9.836 

R 75-84 12.174 

25 75-84 9.748 

2th 75-84 8.74 

R 75-84 12.07 

3 19-28 14.178 

8 19-28 21.568 

10 19-28 18.194 

12 19-28 LAT 

17 19-28 15 .936
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between the amount of food earned in the box and the daily ration was 

given to the rat at the end of the day. Thus, if there was a slight 

decline in performance wee 2 long period the rat was not made aware 

of it in the same way that it would have been in the wild, that is, 

by hunger. 

3. To compare the results of the control animals with those of the 

experimental animals. 

The results of the control animals were compared with those of 

the experimental animals that experienced the same length of change 

over delay and ratio. Some of the rats in Group B had made a very 

long run, but rats 12 and 17 made a run that earned the same number 

of reinforcements as did rats 23, 25 and 27. Rat 11 earned fewer 

reinforcements per run than any of the other rats in this group. 

When the length of run is compared the control animals took a longer 

time than did the experimental animals for the same number of 

reinforcements. This would suggest that they are responding at a 

slower rate than the experimental animals. The rates of responding 

for both groups of animals are given in Table 11.11. The rats that 

made a longer run in the first experiment responded at a faster rate 

than did rats 12 or 17. The control rats respond more slowly than 

did the experimental animals. It is difficult to compare the total 

reinforcements per session for individual animals even though they 

may experience the same conditions. The total number of reinforcements 

that an animal is able to earn in a session appears to depend on 

a number of factors. The first is weight. Large rats, which were
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Figures 11.1, 11.2, 11.3 and 11.4 

Each figure gives information about every single session for 

rats 21, 23, 25 and 27 respectively. 

In each figure the following information is given 

a) total reinforcements earned in 

that session 

b) mean number of reinforcements per run 

earned on the left lever 

c) mean number of reinforcements per 

run earned on the right lever. 

Where there are gaps in the record the animal completed 

the session but there was a fault in equipment or an 

CrP Or.
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normally males, earned more reinforcements than did smaller rats. 

The second factor is the rate of responding. A rat that pauses a number 

of times in each run is responding more slowly, and earning fewer 

reinforcements per session, than a rat who does not waste time in 

pausing. 

It is not possible to compare the results for number of 

reinforcements per run, or length of run of the control rats at the 

end of the experiment with the results of any of the experimental 

animals because the latter are not experiencing the same programme. 

However, one interesting point emerges when the total number of 

reinforcements per session for the control rats for sessions 75 to 

84 are compared with the results of rats 8, 10 and 17 for sessions 

71 to 80. The data is given in Table 11.12. During sessions 71 

to 80 rats 8, 10 and 17 experience a change over delay of twenty 

seconds, but both ratio values are present in the environment. Thus 

their environment is poorer than that of the first experiment, in which 

only ratio one was present. As Table 11.12 shows, these rats are only 

able to earn 85% of the number of reinforcements they had earned 

on ratio one. When the rats experienced the repeat programme on 

ratio one after the programme on ratio four they earned 94% of their 

original total of reinforcements. The control rats, at the end of 

the experiment, are only able to obtain 87% of the number of 

reinforcements per session that they could get at the beginning. 

There is little difference in the decrease experienced by the 

experimental and by the control animals despite the large difference
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Table 11.12 Mean number of reinforcements per session earned 

by rats 8, 10 and 17 in the first programme and for the experiment 

in which both ratio values were present. Comparison of the number 

of reinforcements per session earned by control rats at the beginning 

and end of their experiment 

Mean no of reinf /session for Reinf for sessions 

Rat nos sessions sessions 75-84 as % of reinf 

19 - 28 75 -~ 84 for sessions 19-28 

controls 218.7 189.9 86.8 

sessions sessions Reinf for sessions 

19 - 28 71 -— 80 71-80 as % of reinf 

for sessions 19-28 

8, 10, 17 283.6 240.9 84.9
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in the programmes experienced by the two groups. One would have 

expected the control rats to have earned more reinforcements per 

session than they were doing at the end of the experiment because they 

were continuing to work on ratio one. The experimental animals were 

working in a poorer environment than the control animals, and were 

still able to earn the same percentage of their total on ratio one 

as the control animals. The experimental animals experienced a number 

of programmes during those eighty sessions. Could it be that they 

worked more efficiently because of the number and variety of programmes 

they had experienced? Where the experimental animals experienced the 

same ratio for a second time, after a programme on a different ratio, some 

of the animals changed their behaviour and appeared to work more 

efficiently. Perhaps the control rats lacked the opportunity to 

assess the value of the we ravavineuk in which they were working. 

It could be that the rat works most efficiently when it experiences 

changes in its environment, from time to time. 

4. To use two different methods to predict the time that an animal should 

spend in a patch, and the reinforcements that it should collect there. 

The inter-reinforcement intervals were calculated for each 

lever, for each rat, for both the beginning and end of the experiment. 

A graph of the cumulative gain with time was drawn for each lever, 

for each rat, for each set of results. There is unfortunately one 

important difference between these results and those of all experimental 

animals. In every case the results of ten sessions were used to 

give the mean inter-reinforcement intervals for the experimental
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Table 11.13 Comparison of the predicted values of TS with 
pt 

the actual time spent in the patch. The predictions were made 

using the mean rate of reinforcement in the environment 

Rat 

21 

all 

23 

23 

25 

20 

at 

27 

Sessions 

(incl) 

24-28 

78-84 

24-29 

79-85 

23-26 

75-81 

23-28 

79-83 

Actual length of run Predicted length of TS 

L R L R 

0 9.4 0 8.8 

0 14.02 0 123 

14.27 10.29 7.9 hoe 

10.59 9.29 8.1 9.1 

9.55 - 8.9 - 

9.68 8.9 9.3 Tis 

Week = feo - 

12.58 = 10.6 - 

pt
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animals. As explained at the beginning of the chapter, fewer sessions 

had to be used for each control animal. Two methods of predicting 

the time that an animal should spend in a patch were used. In the 

first method the mean rate of reinforcement for the environment was 

calculated, using the data from the sessions recorded on the event 

recorder. The line giving the mean rate of reinforcement for the 

environment was drawn on the graph for each rat, and tangents to 

the graph were drawn parallel to that line. The point where the 

tangent touched the curve gave the value of Aeptt and the number 

of reinforcements the animal should have collected in the patch could 

be read off from the y axis. These two values were then compared 

with the actual length of time spent in a patch, and the number of 

reinforcements per run. The predictions and the actual values are 

given in Tables 11.13 and due sie 

Using computer procedures the length of time the animal should 

spend in the patch was predicted, as was the maximum possible number 

of reinforcements the animal could have collected per session. These 

two sets of data are in Tables 11.15 and 11.16. 

Discussion 

The predictions made using the mean rate of reinforcement in 

the environment show that the rats all spend longer in the patch 

than they should do if they are foraging optimally. The difference 

is small in the case of rats 21 and 25 but is large for rats 23 and 

27 at the beginning of the experiment. The results for the rats
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Table 11.14 Comparison of the number of reinforcements per run 

and the predicted value of the optimal break point. The predictions 

were made using the mean rate of reinforcement in the environment. 

Rat Sessions Mean Reinf/run Predicted value of opt.bk.pt. 

(incl) L R Ls R 

21 24.28 0 1255 0 17.0 

Zi 78-84 0 14.58 0 17.0 

23 24-29 16.84 16.45 16.0 1760 

23 79-85 13):95 14.54 16.0 19.0 

25 23-26 13.32 8.45 ly 0 - 

25 75-81 13.24 1053 Ve0 14.0 

27 23-28 TPG - 15.0 - 

ot 79-83 14.33 15.14 18.0 - 

N.B. No predictions could be made for the right lever for rats 

25 or 27 when there were too few runs on that lever to allow a 

graph to be constructed.
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Table 11.15 Comparison of the predicted value of Tope with the 

actual time spent in a patch, for each lever and each rat. 

The predictions were made using computer procedures. As 

explained in chapter the predictions made in this way 

make no allowance for pauses made by the rat in the course 

of a run. Therefore the mean length of pause per run has been 

deducted from the length of run 

Rat Sessions Predicted length of Fst Mean length of run —- pauses 

(incl) L R L R 

21 24-28 0 9.39 0 Sint 

21 78-84 0 10.02 0 9.42 

23 24-29 8.19 6.19 8.2 6.93 

23 79-85 6.67 8.03 6.2 6.29 

25 23-26 744 ? 6.49 L 

25 75-81 9.38 5.62 6.58 52 

27 23-28 8i.50 - 8.99 = 

27 79-83 8.22 - 9.49 =
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experiencing the same length of change over delay and ratio value in the 

first experiment were similar. The predictions of the number of 

reinforcements that an animal should collect in a patch were close 

to the actual values for all. In contrast, the control animals collect 

fewer reinforcements per run than predicted, with only two exceptions. 

The predictions made using the computer programmes are closer 

to the actual length of run than were those using the mean rate of 

reinforcement in the environment. The predictions of the number 

of reinforcements per session that each rat could collect are interesting. 

The predictions for sessions 19 to 28 show the rats achieving from 

80 to 94% of the possible total. This is similar to the percentages 

achieved by the experimental animals working under the same conditions 

in the first experiment. Here they achieved from 82 to 90%. Three 

of the rats show a drop in the percentage achieved in the last ten 

sessions of the experiment, compared with sessions 19 to 28. This 

confirms the suggestion already made, that the rats are working less 

efficiently at the end of the experiment than they were at the 

beginning.
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Table 11.16 Comparison of the mean total reinforcements per 

session and the predicted maximum possible number of reinforcements 

per session. The predictions were made using computer procedures. 

The percentage of possible reinforcements that the animal achieved 

is calculated. 

Rat Sessions Total reinf/session 2 aehiered 

(incl) Actual Predicted 

21 24-28 210). 3 241.37 87.13 

21 78-84 139.7 187.42 75.54 

23 24-29 223.0 276.28 80.72 

23 79-85 21287 271.6 78.31 

25 23-26 2i2.i 247.82 85.59 

25 75-81 els a0 240. 39 88.81 

27 23-28 229.7 242.16 94.86 

27 79-83 193.8 235.11 82.43
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Summary of findings in Chapter 11 

1. The differences between individual rats in number of 

reinforcements per run, length of run and number of 

reinforcements per session were not significant, in most 

cases. 

2. The differences between the results of sessions 19 to 

28 and the last few sessions of the experiments, for each 

rats, were, for the most part, significant. 

3. Comparison with the results of experimental animals 

suggest that the control rats did not continue to work 

efficiently. 

4. Predictions of the number of reinforcements per session 

made using computer procedures also suggest that the control 

rats are working less efficiently at the end of the experiment 

than they were at the beginning.
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inforcement during the change over delay. This was possible if, 

having started the change over delay by pressing the second lever, 

they immediately returned to the first lever. They could obtain 

reinforcements due on the first lever, while the change over delay 

was in operation on the second lever. When the change over delay 

ended the ratio started again at one. and the rats returned to the 

second lever. Needless to say, the rats discovered this mistake 

much more quickly than I did. Eventually Mr. D. D. Dickens of the 

Psychology Department in the University came to my aid and kindly 

redesigned the wiring so that the apparatus did what it was meant 

to do. 

The change over delay wasnot signalled in any way. The only 

way that a rat would know that it had ended would be when the first 

reinforcement arrived at the end of the change over delay. The decision 

not to signal the change over delay was based on the fact that a rat 

will eventually cease to respond during a signalled period of non-reinforce- 

ment. In addition, the change over delay was the equivalent of the search 

time in the wild. During the search time an animal would be using energy 

in order to find a new patch, therefore the experiment was designed in 

such a way as to ensure that the rat responded at a fast rate during 

the change over delay. Lights on the pulse formers were activarca 

during responding and other lights on the timer came on during the 

change over delay so that it was possible for me to see which lever 

the animal was working on, and also whether or not it was being re- 

inforced without opening the box. 

House lights, tray lights and the top panel light were on 

continuously when the rat was working. The light over each lever 

was activated as the rat pressed the lever. This was useful during



333 

CHAPTER 12 

Discussion 

An animal that forages optimally would be expected to show certain 

characteristics. The first is that its discriminatory abilities must 

be good. It is easy to see the role of the sense organs in perceiving prey 

in the wild, but it is not so easy to decide which sense organs might be 

involved in foraging optimally in a Skinner box. The rats showed themselves 

to have a very precise sense of time. This was shown in the experiment 

in which the length of the change over delay was increased. The rats did 

not change levers again during the change over delay. The rats did show 

a tendency to move between levers during the change over delay in the 

sessions in which the change over delay was increased. In general, they 

moved to the other lever after a time interval approximately equal to the 

length of the change over delay in the previous session. This would suggest 

that they had remembered the length of the change over delay in the previous 

session. 

A second characteristic is that the animal should be able to respond 

quickly to changes in its environment. The situation in the wild will 

change and the animal must spend some of its time in sampling if it is 

to be aware of changes as they occur. Such changes may occur daily or 

they may be seasonal. Orian's work on the Yellow-headed Blackbird showed 

that the birds foraged in different areas at different times of day. They 

showed little evidence of sampling at times when there was little change 

in the environment. At times when the quality of patches in the environment 

was changing rapidly they sampled a number of areas in turn. Krebs, 

Kacelnik and Taylor investigated the sampling process in Great tits. 

They found that the amount of time the bird spent on sampling the two 

patches provided was related to the difference in quality of the patches.
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If the patches were very different in quality the bird spent comparatively 

little time in sampling. Where the patches were not very different the 

bird spent longer in sampling both. 

In this work the need to sample different patches was avoided 

because the experimental design did not allow for choice of patches by 

the rat. The rats showed the ability to respond quickly to changes in 

their environment eae either the ratio or the length of the change over 

delay were altered. In chapter 10 I discussed the changes occurring from 

one session to the next as the ratio was increased from one to four at 

the end of the first experiment. 

Thé rat responds to the change in ratio almost immediately. This 

may be because the rat is aware of the changes but it can also be explained 

by the fact that the rat continues to make a particular number of responses. 

In the first few runs in the session on ratio two each rat earns approximately 

half the number of reinforcements per run that it had earned in the previous 

session on ratio one. This is exactly what it would be expected to do if 

it were continuing to make the same number of responses per run. Changes 

in the length of the change over delay also produced a rapid response, 

but in this case the explanation is different. The length of the search 

time is one of the factors controlling the length of time spent in a patch. 

The rat is responding toa change in the length of the change over delay 

by changing the length of time spent in a patch. 

A third characteristic is that the animal must have some memory 

of its foraging success. This is implicit in Charnov's prediction that 

an animal should leave the patch in which it is at present foraging when 

the capture rate is equal to the mean capture rate for the environment 

as a whole. From the large number of tests made of this statement Ties 

possible to say that the animals do show a close association between the 

length of time they spend in a patch and the predicted length of toe"
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One further piece of evidence supports the view that the rats 

remember their mean rate of reinforcement. Four rats experienced an 

increase in the length of the change over delay as part of experiment 

four. Three of the four rats were able to maintain the mean number of 

reinforcements per session for most or all of the sessions in which the 

change over delay was increased. This is a remarkable achievement for 

the rat when you consider that the change over delay increased from five 

to 100 seconds in the course of those sessions. 

The fourth characteristic is given by Menzel and Wyers in the 

following terms. 

<fajeeeh = 3s . the patterns of behaviour involved in the acquisition 

of certain goal objects are characterised not only by the precise nature 

of the objects themselves, but also by virtually always involving specific 

patterns of dealing with those objects, with space, with intervening 

objects and obstacles." 

The use of specific patterns of behaviour in hunting prey is expected. 

Part of the pattern is instinctive, and part is modified by the experience. 

The specific pattern used by any one animal to capture a particular kind 

of prey is such that the animal makes the best possible use of its resources. 

One animal may show the potential for a faster burst of speed than another, 

while a third may be more efficient at stalking. In the situation in this 

experiment this is paralleled by the strategies used by individual rats 

when working in the Skinner box. Each rat developed its own pattern of 

responding which allowed the animal to work efficiently within the limits 

of its own phenotype. 

The fact that rats experiencing different conditions had learnt to 

respond in a slightly different way was shown by the results of the 

experiment in which the length of the change over delay was changed. 

The rats that had originally experienced the short change over delay
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had developed a fast rate of responding. When they experienced the 

100 second change over delay at the end of this experiment they responded 

at a faster rate and earned more reinforcements per session than had the 

rats working under the same conditions in the first experiment. It would 

appear that they had learnt to respond in this way in the first experiment. 

If this is so we might expect the rats that experienced the 100 second 

change over delay in the first experiment to continue to show a slow rate 

of responding. When these rats experienced the five second change over 

delay they responded more slowly than did the group working under these 

conditions in the first experiment. They also earned fewer reinforcements 

per session than the rats experiencing the five second change over delay 

in the first experiment. 

The extent of the differences between individuals in their patterns 

of foraging behaviour has not been appreciated previously. The rats showed 

differences in degree of handedness and rate of responding which showed 

as differences in the use of the two levers. Differences in the level of 

persistence resulted in differences in the length of run, and possibly 

also in the amount of time spent in pausing. Smith and Sweatman (1974) 

commented on the variability of the responses of individual birds. They 

made the point that their birds had been hand reared and therefore had 

not been tested for feeding efficiency in the wild. The same criticism 

ean be levelled at the use of the laboratory rat. The animals used in 

these experiments had not had to make any effort to obtain food until 

they were placed in the Skinner box. The differences between individuals 

in Smith and Dawkins work and in my own could be due to the fact that 

the animals had never had to forage under natural conditions. Another 

explanation is that such differences between individuals do occur normally. 

Smith and Dawkins queried whether all birds had the capability to respond 

efficiently. Some of the birds might be more efficient at foraging in one
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set of conditions and some in another. There is no way of testing this 

statement except by using wild caught animals in a series of experiments. 

There are certain points to be considered in favour of the existence of 

such differences between individuals. The fact that all members of the 

species do not forage in an identical manner would allow the species to 

exploit the environment to the full. 

The existence of differences between individuals would suggest that 

some rats might be able to forage more efficiently than others in any 

particular set of conditions. There is some evidence that this might be 

so. Rat 6 was part of the group that experienced the five second change 

over delay in the first experiment. In that experiment it earned the 

second highest total in the number of reinforcements per session. In 

the experiment in which the length of the change over delay was increased 

rat 6 fared badly when working at the new value of change over delay. It 

earned fewer reinforcements per session than any of the other rats working 

under the same conditions. In experiment 5 the rat encountered two types 

of patch in the same environment. Rat 6 scored the highest number of 

reinforcements per session of all the rats working at the same length 

of change over delay. Rat 6 had also been able to earn more reinforcements 

per session on ratio four, in the second experiment, than had other rats 

in the same group. As I mentioned earlier, rats 2, 6 and 7 all earned 

more reinforcements per session on ratio four alone than they did in 

experiment five in which two types of patch were present. The latter 

is the better environment of the two, but presumably it is more difficult 

to work efficiently in an environment with two types of patch than in one 

with only one type of patch. It is of interest to note that all three 

rats that responded on both levers in experiment five earned fewer re- 

inforcements than the rats that responded on only one lever, for the five 

second change over delay. Where rats use both levers in this experiment
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they are in effect dealing with four different patches, and this is a 

very complex situation. It is reflected in the lower totals achieved 

by these rats. 

The differences between rats in degree of handedness, rate of 

responding and level of persistence can all be explained by the fact that, 

in Will's experiments, members of the same litter showed a tendency to 

use the same, rather than different strategies. The rats are each using 

their own particular method of resolving the problem of obtaining food in 

a particular environment. Thus, each rat is responding in the way for 

which it is best fitted by its phenotype, and which is most efficient in 

that particular environment. 

This study set out to test if it was possible to predict the length 

of time that an animal should spend in a patch when one knew the rate of 

gain with time in that patch. The previous attempts to predict Tot in 

this way were made by Cowie. He did not find it possible to predict the 

behaviour of the great tits he was using. I think that the reason for 

this lies in the length of the test he was able to give his birds. It 

is not possible to build up a curve of cumulative gain with time unless 

there are the results of a great many tests available. In most cases in 

this study the curve is built up of the mean of several hundred runs. 

In each run the animal obtains a number of reinforcements. Both factors 

allow a much more accurate measure of the rate of gain with time than 

was possible with the great tits. The results show that it is possible 

to predict Topt using the direct tangent method providing the currency 

is knowm. Predictions made using the mean rate of reinforcement in the 

environment also showed a close association with the actual results. 

I compared the variance shown by individual rats and by the group 

of rats experiencing the same conditions. I calculated the mean inter- 

reinforcement intervals for all the rats in the group that had experienced
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the twenty second change over delay. From that I obtained the curve of 

rate of gain with time. I calculated the mean rate of reinforcement for 

all the rats in the group, and from that got a prediction of Toot - For 

each rat I found the difference between the actual and the predicted 

value of Toot » using the results of the individual rats. I also found 

the difference between the actual value for each rat, and the predicted 

mean for the group. I calculated the variance for each of the two sets 

of results. When the results of individual rats were compared with the 

group results the variance was 7.99. When the actual value was compared 

with the predicted value of Typ¢ for each rat the variance was only 4.65. 

(If the results of rat 10 are omitted the variance show by the results 

of individual rats drops to 1.74.) The fact that the variance is less 

for the results of individuals than for the group results shows that 

each rat is relating to its ow particular rate of reinforcement in the 

environment. This confirms the importance of the mean rate of reinforcement 

oe a factor controlling the length of time spent in a patch. 

The process of natural selection implies that animals that are able 

to feed efficiently will have an advantage. I set out to investigate 

the feeding behaviour of rats. Many of the experiments carried out con- 

firmed the hypothesis, but there were also some unexpected results. Within 

the limitations of a laboratory experiment it proved possible to predict 

the behaviour of the animal, under certain conditions. It remains to be 

seen whether we can predict the behaviour of the animal in a stochastic 

situation.
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The reinforcer provided were small pellets, each weighing 

0.045 gm., and made in a basic diet. The rats accepted them 
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time. The firm found it difficult to get a steady supply of guaranteed 

quality. One batch of pellets, although of the same weight as usual, 

were slightly smaller, so that two pellets would fit into the space 

intended for one in the pellet dispenser, and jam it. Another batch 

of pellets disintegrated into powder as soon as the pellet dispenser 

began to rotate. The pellets seemed to contain some sugar, for the 

tube leading from the dispenser to the tray had to be washed every 

night if it was not to become sticky and cause the pellets to stick 

in it. 

b) The Animals 

Rats of the Sprague Dawley strain were used. The animals came from 

stock in the Animal House in the Zoology Department. They were housed 

in the Animal House throughout the study, being taken up to my room 

for the morning or afternoon on the days on which they went in the 

Skinner Box. They were individually housed and each was identified 

by a number, males being given even numbers and females odd numbers. 

I started the initial training when each rat was about eight 

weeks old. At this stage there was no attempt to control body weight. 

During the initial training programme the rats were on continuous 

reinforcement until they showed a good rate of responding. Most of 

the rats tended to use only one lever at this stage, so they were then 

given three sessions of reinforcement on alternate levers in successive 

minutes. This was an attempt to ensure that all the rats were using 

both levers. I had been prepared to omit any rats that showed a strong
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Appendix 

1 dirineediasten 

2. Computer programme giving the curve of best hiv for 

data. 

3. Computer programme giving the predictions of Aae and 

the maximum possible number of reinforcements, for rats 

using one lever. 

4. Computer programme giving the predictions of tere for each 

lever, and the maximum possible number of reinforcements, 

for rats using both levers.
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2. Computer programme giving the curve of best fit for 

data. 

ANAL2 @9:5@ G6~Jan~82 
26 INFUT "INPUT DATA FILE NANE" 701% 
40 OPEN Dis FOR INFUT AS FILE 12 
6@ DIM RCL@@), TUG), 7C4@O) ,L C1ea) 
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3. Computer programme giving the predictions of aot and 

the maximum possible number of reinforcements, for rats 

using one lever. 

B4-Janm-82 

  

SB YNPUT "OC"; 
Si INPUT "R°$ K 

(2 INPUT "NO OF RAT"3 Ne 
if © # @ THEN 998 

78 INPUT "SEARCH TIME"; § 
7a Ve By 
7? Ta-9, PP9999 E~2 
166 TeT4+V 

| EXE CORT) ~ (OK CTHS) 41) 
A < @ THEN 100 

    
      

  

    

  

ig? iF Y > 1E=8 THEN 108 
145 PRINT £12, "RATS “3 NS 
1S@ PRINT £12, "C= ms 
L52 PRINT £12, UGING “£££, £££££", Cy 
i6@ PRINT £12, TAB(2@)3"T OFT = "3 
162 PRINT £12, UGING "£££,£££££", Ts 
L7a CRINT £1X,TABCS2)3"SL MAX = "3 
L72 PRINT £18, UGING "“£E£,ERERE", (NKCREXF (CAT) D 
L8G PRINT £12, TAB (7@)3 "MAX REINE = "3 
182 PRINT £12, USING "LEE, £E££E", (RKCHEXP (~CAT))*182 88 
185 PRINT £1%,TAB(7S)3 "S= "3 
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preference for one lever at this stage, but that was not necessary. 

The second stage of training involved the progressive ratio 

and change over delay. All rats experienced a ratio of one during 

this stage and also the whole of the first programme. The change 

over delay was set at one second in the first session and increased 

at each session until it reached the level at which the rat was to 

work. The increments were one second up to ten seconds, and ten 

seconds between from that point up to one hundred seconds. Each 

rat was given a further eight training sessions at the value of change 

over delay at which it was going to work. 

Each programme consisted of twenty sessions with the same ratio 

and change over delay. The number of sessions per programme was 

determined by examination of the results of the first set of rats 

to reach this stage. 

The results of the first ten sessions were recorded on a cumulative 

recorder. "Step" was used to record all responses and reinforcements 

on the left lever, and "reset" was used for the right lever, but in 

this case only reinforcements were shown. Thus it was possible to 

differentiate between runs on the left and on the right levers. See 

Figure 2.3. This information was used to calculate the mean number 

of reinforcements received per run on the left and right levers in 

each session. The motor in this recorder had a speed of twelve inches 

per hour and thus the trace was not sufficiently large to allow any 

measurement of inter-reinforcement intervals. The results of the 

last ten sessions of each programme were recorded on a Campden event 

recorder with a motor giving a speed of seventy two inches per hour. 

One pen was used to record all responses on the left lever, and a 

second pen recorded all responses on the right lever. A third pen 

recorded all reinforcements earned on both left and right levers.
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Figure 2.4 is an example of a trace from the event recorder. It 

1s easy to see which lever has been used by the sequence of responses 

on it. On this scale it proved possible to measure inter-reinforcement 

intervals to 0.1mm, using a graticule and stereo microscope. All 

time measurements were recorded as the lengths measured in cms. 

Using this trace it was possible to measure accurately the length 

of time spent on each lever and the times of switching from one lever 

to the other, as well as the inter-reinforcement intervals. Care was 

taken at the beginning of each day and also if the pens had been moved 

for any reason, that the three pens were in line. The same event 

recorder was used for all traces so that it was possible to compare 

results for different rats and different times. The speed of the 

motor was checked at intervals by checking the length of the twenty 

second change over delay. 

In order to keep motivation constant the rats were fed at the 

same time each day when they were not working. Each rat also went 

into the Skinner box at the same time of day in each session. In 

order to remove any element of choice on my part I started with low 

numbers early in the day and worked through them approximately in 

order. There was one exception to this rule. I found that not all 

rats worked well at 9.00 a.m. Some rats were very reluctant to work 

at that time, although they worked well later in the day. The four 

or five rats, (all females) that would work at 9.00 a.m. were always 

used at that time. 

Each rat was weighed early every morning and on the basis of that 

weight its ration for the day was calculated. The body weight was 

calculated as 80% of the free feeding weight. The weight of each rat 

had been reduced to this level slowly, before the rat started the 

first programme, i.e. after completing training. As a further measure
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Figure 2.3 Part of two traces from the cumulative recorder 

a) Part of a trace of rat 15, which responds only on one lever. 

The rat 
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b) Part of a trace of rat 6, which uses both levers, but not equally. 
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Figure 2.4 Part of two traces from the event recorder. 

a) Part of a trace of rat 2, which responds on two levers, equally. 
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b) Part of a trace of rat 17, which obtains all reinforcements from 

one lever 

atx At CONDO 

This rat uses the right 
lever as a change over 

lever, i.e. to initiate 
the change over delay. 

Note that it makes only 
one or two responses on 

this lever. 

 



CHAPTER 1 

Introduction 

The feeding behaviour of animals first aroused interest 

less than twenty years ago. The theory of optimal foraging theory 

seeks to predict how an animal should behave if it is feeding 

efficiently. An animal that is able to feed efficiently will 

obviously be able to produce more young. A male that is well fed 

will be able to spend more time in courtship or chasing off intruders 

than one that is hungry. There is some evidence that the number 

of eggs that a female produces is directly related to the amount 

of food available to her as she is producing the eggs. Once 

having established the principle, the next step was to produce 

a set of rules by which to test if animals were feeding efficiently. 

Emlen and McArthur and Pianka were the first workers to attempt 

to predict how animals should behave when feeding, by mathematical 

models, and others followed. In 1976 Charnov published a paper 

in which he suggested that it was nossible to predict the time 

that an animal should spend in a patch, using the mean rate of 

gain from the environment as a whole. In the same year Parker 

and Stuart suggested that it was possible to predict the optimum 

time that an animal should spend in a patch by the direct tangent 

method. 

At the time that I started this work, in 1977, there were 

very few published accounts of practical investigations of optimal 

foraging theory. The work of Smith (1974) on blackbirds and
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to keep motivation constant rats were only used for experimental 

work if their weight was within four grams, either way, of the 

calculated value. At first I experienced some difficulty in keeping 

some rats to this value, but practice made it much easier. After each 

session the weight of food consumed in the Skinner Box was calculated, 

and the difference between that and the daily ration was fed to the rat. 

After completing one programme each rat was rested for two to 

three weeks and fed ad lib. At the end of that time its weight was 

re-assessed. 

In order to maintain a regular schedule of work and to minimise 

disturbances caused by my return to teaching, each rat was used either 

two or three times in each week. Care was taken that the last ten 

sessions of each programme were not interrupted. Where interruptions 

were unavoidable, such as holidays, as many rats as possible were brought 

to the completion of a programme before the break. There were some 

unscheduled interruptions. During the winter of 1979-80 there were 

problems with fuel supplies and there was no heating in my room, although 

the Animal House temperature was maintained normally. No rats were 

tested at all during this time. 

In all, twenty two rats started the training programme, but not 

all at the same time. The history of each rat is given briefly in 

Table 2.5. The rats were allocated to four groups, A, B, C or D. 

Group D is the control and is the only group to consist of all females. 

At the time when this group started their initial training there were 

no young male rats in the Animal House, as most of the rats were bred 

for other experiments for which males were not needed (and therefore 

not kept ). The control group continued to work at the same ratio and 

change over delay until the end of the experiment. In all, this 

amounted to eighty three to eighty six sessions. Group A experienced
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a change over delay of five seconds, Groups B and D of twenty 

seconds and Group C of one hundred seconds.
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Table 2.5 

Rat Time of starting Sex Group to Comments 

no. initial training which 

allocated 

1 January, 1977 A 

2 a A 

3 n B Died near end of 
second programme 

h Never at any time 
responded in the box 
therefore not used. 

3s May, 1977 A 

6 " A 

T : A 

8 " B 

9 tt 6 

10 " B 

11 uw B Died at end of 
second programme 

12 W B 

13 September, 1977 C 

14 : C 

1 5 w C 

16 B Cc Died during first 
programme 

17 f C then B 

18 " Became ill, thus 
not used. 

21 3 May, 1978 D
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Terms used in this thesis 

RUN The run is the sequence of responses made on the same lever 

which result in the animal obtaining a number of reinforcements. 

This is the equivalent of a patch. 

REINFORCEMENT One reinforcement is one pellet of food. In this 

case each pellet was of a food concentrate, and weighed 0.045gm. 

CHANGE OVER DELAY The change over delay is the time interval 

during which no reinforcement is possible. The change over delay 

is initiated by the rat moving to the second lever after a period 

of responding on one lever. Thus, the change over delay is the 

equivalent of the search time. 

SESSION Fach rat was in the Skinner bod for one hour at a time. 

The term session has been used for the time available for feeding, 

that is, the hour spent in the box. 

PROGRAMME A series of twenty sessions under the same experimental 

conditions was termed a programme. This may be thought of as the 

environment in which the rat is currently working. 

RATIO The factor of increment in the number of responses required 

for successive reinforcements was termed the ratio. A ratio of one 

means that the rat presses the lever once for the first reinforcement, 

twice for the second, three times for the third, and so on. A ratio 

of four causes the rat to press the lever four times for the first 

reinforcement, eight times for the second, etc. 

STRATEGY The pattern of responding varied from rat to rat. Some rats 

used both levers to obtain food and others used only one. The use of 

one or two levers to obtain food, and the way each lever was used, was 

termed the strategy used by the rat in responding.
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CHAPTER 3 

Experiment 1. To investigate the effect of different lengths of 

search time on feeding behaviour. 

Method 

Three groups of rats were used. Each group experienced a 

different change over delay and neither the ratio nor the change 

over delay were altered during the programme. Group A included 

five rats, numbers 1, 2, 5, 6 and 7, and they experienced a change 

over delay of five seconds. The six rats inuproe B, numbers 3, 8, 

10, 11, 12 and 17 all had a change over delay of twenty seconds. The 

rats in group C had the longest change over delay, one hundred seconds. 

Rats 9, 13, 14 and 15 formed group C but rat 17 also completed one 

programme with this group before being moved to group B. This is 

the only occasion when a rat was transferred from one group to another. 

It was necessary to do this because of the death of rat 3 after the 

first programme. 

Each rat completed a programme of twenty sessions in the Skinner 

Box at the appropriate change over delay and with a ratio of one. 

The first ten sessions of each programme were recorded on the cumulative 

recorder and the last ten sessions on the event recorder. For each 

session the number of reinforcements received in each run on each lever 

was recorded and from this the mean number of reinforcements per run 

on the left and on the right lever was calculated. If a run was 

incomplete at the end of a session this was treated in one of two 

ways. If the rat had only obtained a few reinforcements and had been 

prevented from obtaining more by the end of the session that run was 

ignored in calculating the mean number of veinbancenents per run. 

Where the rat had rested for a minute or more after obtaining some
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reinforcements the run was included in the calculations. The total 

number of pellets earned on the left and right levers were added 

together to give the total number consumed in that session. Although 

the mean number of reinforcements per run on each lever and the total 

number of pellets consumed were calculated for every session in the 

box, only the data for the last ten sessions of the programme were 

used when assessing the effect of the different lengths of change 

over delay. The length of each run, from the first reinforcement 

on that lever to the first response on the other lever, was measured 

for each rat for each of the last ten sessions. This data was used 

to calculate the mean length of run on each lever for each rat. 

Results 

Using the mean number of reinforcements per run for each rat 

the mean number of reinforcements per run for the group was calculated. 

In the same way the mean number of reinforcements per session and the 

mean length of run were calculated for each group. These values for 

each group are given in Tables 3.1 and 3.3. Tables 3.2 and 3.4 show 

the results of analysis of variance of this data. The differences 

between the groups are quite clear, both for the number of reinforcements 

per run and for the length of run. In both cases the differences are 

significant. The differences between rats are not significant. The 

results for each rat are set out in Table 3.5 and Figure 3.1. Two 

things become apparent on examining this table. One is the fact that 

some rats are using two levers and others are only using one lever to 

obtain reinforcement. The other is the wide range of results within 

the same group. As there was apparently a difference between the rats 

that used two levers equally and those showing a preference for one 

lever I compared these two categories within the same group, using a
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Table 3.1 The mean number of reinforcements per run for both 

levers and for all the rats in each group, ?S.D. 

Group A Group B Group C 

Length of 
C.0.D. 5 secs 20 secs 100 secs 

Mean no. of a + + rasan 6.8 *3.1 16.00 + 5.91 25.34 = 6.31 

Table 3.2 Analysis of variance of number of reinforcements per 

run at three different values of change over delay. 

Source of variation g af ean Variance Significance 
square ratio 

Between rats 66.979 4 16.745 TT n.s. 

Between groups GPE. FI .2 . -337 «355 9.612 .01 

Error 280.768 8 35.096 

Total 1022.46 14
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Table 3.3 Mean length of run for both levers and for all the 

rats in each group + S.D. 

Group A Group B Group C 

Mean length of 

run in cms 2.86 + 1.72 8.29 + 3.76 24.21 + 4.99 

Mean length of 4 oy 4 9.56 2.72 + 1.23 7.94 + 1.6 
run in mins 

In table 3.3 the length of run is first given in cms as it was 

measured from the event recorder traces. The second line gives 

these values translated into minutes. 

Table 3.4 Analysis of variance of length of run at three different 

values of change over delay. 

Source of variation é df er Pea Significance 
square ratio 

Between rats 142.96 4 35.74 2.074 N.S. 

Between groups 1056.09 2 528.0h7 30.642 01 

Error 137.863 8 17.232 

  

Total 1336.92 14
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Table 3.5 The mean number of reinforcements per run on each lever 

for each rat + s.d. 

C.0.D\ Rat Mean number of reinforcements per run 
in sees no left lever right lever 

5 1 7.89 + 1.75 5.15 + 1.63 

2 2 4.95 + 0.72 5.82 + 0.69 

5 5 9.48 + 1.97 5.37 + 3.15 

5 6 12.34 4 3.76 2.8% 

5 T 10.44 + 1.9 3.8 41.2 

20 3 24.82 + 8.69 Ta5* 

20 8 19.95 4 2.64 To1™ 

20 10 9.0% 22.57 + 5.83 

20 11 8.77 + 1.32 9.18 + 1.35 

20 12 16.3 + 2.26 15.1 #12677 

20 17 15.0 + 2.79 1.0% 

100 9 0 31.53 + 6.57 

100 13 24.63 + 2.96 0 

100 14 14.95 4 2.0h 0 

100 15 27.27 + 2.6 0 

100 17 28.33 + 6.42 0 

* where no standard deviation is given the rat is using that lever 

only occasionally and therefore the mean is calculated from a small 

number of results.



Royama (1970) on great tits were two such investigations in the 

field. The laboratory investigation by Krebs, Ryan and Charnov 

(1974) tested three different hypotheses of criteria used in 

making the decision to leave a patch. Smith and Sweatman (1974) 

also used laboratory investigations of the foraging behaviour of 

great tits to attempt to predict the time that a bird should 

spend in patches containing different numbers of prey. Zach 

and Falls (1976) carried out similar experiments on oven birds. 

There seemed to be a need for a laboratory investigation that was 

not necessarily a replica of the normal foraging situation, but 

in which a precise control of the variables was possible. Operant 

conditioning techniques, with which I was already familiar, appeared 

to be suitable for such an investigation. Using such techniques 

it was comparatively easy to control precisely some of the variables, 

for example, the length of the search time, the energy cost of 

each food item and the precise nature of each patch encountered. 

Such an investigation would be deterministic in nature, 

rather than stochastic. Much criticism has been levelled at 

experiments in optimal foraging that are deterministic because, 

it is claimed, all foraging in the wild must of necessity be 

stochastic. A strong case can be made for a deterministic investigation 

because the results of such a test should make clear the relationship 

between the different factors controlling feeding behaviour. 

The main purpose of the investigation was to produce a situation 

where the predictions of both Charnov and of Parker and Stuart
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Table 3.6 Comparison of number of reinforcements per run earned 

by rats using both levers equally, and by rats showing a preference 

for one lever. 

Group COWL 

in secs 

A » 

B 20 

Mean no of reinf/run af t significance 

rats using rats using 
1 lever both levers 

1O> 5.95 5 2.01 st 

20.59 12.34 6 2.86 .05 

Table 3.7 Comparison of the number of reinforcements per session earned 

by rats using both levers equally, and by rats showing a preference for 

one lever. 

Group C.O.D. 

in secs 

A 5 

B 20 

Mean total reinf/session df t significance 

rats using rats using 
1 lever 2 levers 

352.5 342.42 3 0.2h5 n.s. 

254.33 290. 1h 4 §=60.66 n.S.
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Table 3.8 Comparison of the number of reinforcements per run for rats 

showing a preference for one lever in Group A. 

  

PeunGe OF g af ean square variance Significance 
variation 2 que, ratio & oie 

between 43.473 9 4.83 0.5759 n.s. 

sessions 

between 46.3212 23.161 2.762 n.s. 
rats 

error 150.961 18 8.387 

total 240.756 29 

Table 3.9 Comparison of the number of reinforcements per run for rats 

showing a preference for one lever in Group B. 

  

sOureS Of g af square variance significance 
variation é a get Ra ratio Bn 

between 
seek 532.632 9 59.181 eT n.S. 

between 690.201 +3 230.067 8.229 .01 
rats 

error 754.856 27 27.958 

total 1977.69 39 

Table 3.10 Comparison of number of reinforcements per run for rats in Group C. 

(All rats in Group C use only one lever). 

Source of g variance 
Pett tion af mean square enti significance 

peieen 173.308 9 19.256 0.931 n.s 
sessions . ; . iL 

between 
rath 1588.37 Jy 397.092 19.199 .01 

_error THY. 56 36 20.682 

Heenan ERE eT a TT 

total 2506.23 49
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Figure 3.1 

Mean number of reinforcements per run + s.d., 

earned by each rat on each lever. 

In all figures where information relates to 

left and right levers the two levers are 

distinguished as follows 

a left lever 

Pe right lever 

* indicates that the rat responds on this lever 

only occasionally and therefore no standard 

deviation is given.
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t test. The results are given in Table 3.6. In both Group A and in 

Group B the differences are significant. Table 3.7 shows the results 

of t tests comparing the total number of reinforcements per session 

earned by rats using one lever or two. In both groups there is no 

significant difference between the rats using one lever and those 

using two. This would appear to suggest that the rats are merely 

using two different atpateptae to solve the same problem. However, 

there were still differences between rats showing a Lperepence for 

one lever, within each group. I tested the results of the rats showing 

a preference for one lever, in the same group, by analysis of variance. 

The results for the three groups are set out in tables 3.8, 3.9 and 

8. lis 

In groups B and C the differences between the rats showing a 

preference for one lever is significant. It was at this stage that 

I went back to the cumulative recorder traces in an effort to solve 

the problem of the differences between rats of the same group. When 

I looked at the traces for the rats in group C I was struck by the 

differences in the number of responses made during the change over 

delay. Figure 3.2 shows sections of traces of rats 13, 14 and 15. 

The change over delay can be distinguished from the run by the 'pecks' 

marking reinforcement. Individual responses cause the pen to move 

across the paper in steps but in most cases the rats are responding 

so rapidly that the steps are blurred. The segments of trace of 

each of the three rats shows clearly the difference in length of run 

for each rat and also the difference in number of responses made 

during the change over delay. Figure 3.2 shows quite clearly that 

rat 14 makes the shortest run and also makes least responses during 

the change over delay. Rat 15 makes a very long run and also makes 

the largest number of responses during the change over delay. Rat 13
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Table 3.11 Comparison of the mean number of responses made during 

change over delay and the number of reinforcements per run, for all 

rats in group C. 

Rat no. 9 13 14 15 17 

Mean no of 
res /COD 168 83 39 103 146 

Mean no of | reint/rin 35 25 14 26 28.5 

r = 0.78483 which is significant at better than .1% 

Db = On1853 n= 20 

e =11.5849 

y = 11.5849 + .1333x 

Table 3.12 Comparison of the mean number of responses made during 

change over delay and the number of reinforcements per run, for all 

rats in group A. 

Rat no. 1 2 5 6 7 

Mean no of TG 8.2 7.0 7.5 9.8 
res /COD 

Mean no of 

reinf/run 
T.2 5.4 8.5 12.9 10.8 

yr =0.27123 this is not significant 

n-=25 

b = 0.48331 

e = 5.06098
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Table 3.13 Comparison of the mean number of responses 

made during change over delay and the number of reinforcements 

per run, for all rats in Group B 

Rat no 3 8 10 11 12 

Mean no of 
26. 0.8 ro 22.8 23.2 

res /COD 2 3 a E 3 

Hag Gee 24.2 26.6 21.6 17.6 20.8 
reinf /run 

r = 0.87997 which is significant at 1% 

n = 30 

b = 0.67497 

ene 19 25 

kf 

16.07
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Table 3.14 Mean number of reinforcements ner session for each 

lever and in total, 

COD 

in secs 

20 

20 

20 

20 

20 

20 

100 

100 

100 

100 

100 

Rat 

No. 

for each rat 

Mean no. of reinforcements per session + s.d. 

left lever 

180. 

184. 

254. 

367. 

ater 

165. 

301. 

pit. 

139. 

295. 

116. 

140. 

190.3 

181. 

i as 

e+ 

33+ 

30 

Zi 

31 

54 

49 

36 

5) 

32 

Bie 

22 

30. 

56 

69 

64 

-03 

-99 

99 

85 

34 

.69 

84 

37 

2 

right lever 

114.29 + 43. 

214.1 + 24 

97-1 + 37 

16.5 * 

40.3 +19. 

eee 

22.9% 

224.7 + 41 

159.89 + 46 

129.8 + 35. 

O72)" 

188.7 + 13 

4g 

71 

oto 

81 

.06 

245 

total 

296.14 + 53.58 

388.2 + 49.03 

350.7 + 63.61 

383.8 + 49.63 

323.0 + 44.71 

166.4 + 44.71 

324 + 62.66 

231.5 + 39.69 

310.67 + 30.43 

269.6 + 9.44 

295.4 + 22.34 

188.7 + 13.45 

116.7 + 11.69 

140.9 + 15.84 

190.3 + 19.37 

181.8 + 30.2
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Figure 3.3 

Seattergraph of the number of responses made during 

the change over delay and the number of reinforcements 

earned in the run that follows, for all rats experiencing 

a change over delay of one hundred seconds. The 

regression line is shown.



could be tested. In addition, the role of the three factors 

each of which play some part in controlling feeding behaviour, 

was investigated. The three factors were the length of the search 

time, the handling cost of each food item, and the types of patch 

available in the environment. Finally I attempted to assess 

the response of animals to different environments. In particular, 

I wanted to know if the animal was responding only to the conditions 

it experienced at that moment, or if it was influenced by its own 

previous experience.
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Figure 3.4. Scattergraph of the mean number of responses made 

  

     

   
   

  

during the change over delay and the mean number of 

reinforcements per run, for all rats. The regression lines 

for the change over delay values of twenty and one hundred 

seconds are shown. 
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Table 3.16 Mean length of run, in cms, for both levers for 

each rat, +5.D. 

Rat C.0.D. Mean length of run, in cms, + S.D. 

te (secs) Left lever Right lever 

ee 5 5.56 + 1.79 1.14 + 0.14 

2 5 1.56 + 0.57 2.54 + o.4d 

? 2 3.73 * 0.82 1.74 * 0.43 

6 5 4.01 + 0.52 0.72 * 0.21 

if 5 4.97 * 1.19 2.3% 

3 20 22,57: 3.19 0 

8 20 10.47 * 3.25 0 

10 20 0 14.51 $6.18 

11 20 3.23 * 0.96 4.32 * 1.35 

12 20 9.28 * 1.65 g.42 + 2.25 

17 20 7.86 * 1.88 0 

9 100 0 26.14 + 9.71 

13 100 34.4 * 6.76 0 

1h 100 14.52 * 1.95 0 

15 100 22.87 * 5.02 0 

17 100 21.86 * 9.36 0
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is intermediate between the other two rats on both 1 oie The 

question then arose 'Were the rats relating the length of their 

run to the number of responses made during the change over delay?' 

I took the cumulative recorder traces for sessions 6 to 10 inclusive 

for each rat in Group C and recorded the number of responses made 

in each change over delay and also the number of reinforcements 

earned in the run that followed. When that was tested by regression 

analysis it proved significant. I tested the data for rats in Groups 

A, and B, that showed a preference for one lever, in the same way. 

The mean length of run on each lever for each rat was calculated. 

These are set down in table 3.18 and Figure 3.7. 

The individual results show that rats spend a longer time on 

one lever when they experience a long change over delay. The 

differences between animals in the same group are large in some 

cases, for example rats 3 and 11. A further difference becomes 

apparent when this table is compared with table 3.5. The rat which 

has the longest run (in any group) is not necessarily the rat which 

earns the largest number of reinforcements per run. Rat 6 earns more 

reinforcements per run than rat 7, but spends a shorter time on the 

lever. The same point can be made about rats 9 and 13. The reason 

for such differences is probably a difference in the rate of responding, 

although this is not the only reason. Rat 1 shows a marked difference 

in the length of run on the left and right levers, which is out of 

all proportion to the number of reinforcements per run on the two 

levers. In this case the difference in the length of run on the two 

levers is caused by the rat pausing when responding on the left lever. 

A pause can be counted as any interval grater than four times the 

mean inter-reinforcement intemal at that particular point in the run. 

During the last five sessions of this programme rat 1 paused only once
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while responding on the right lever, but twenty four times on the 

left lever. The single pause on the right lever was only 1.3 cms 

in length, but the pauses on the left lever were longer, some as 

long as 20 cms. When the pauses are no longer included in the 

length of run the mean length of run on the left lever is reduced 

to 4.04 ems + 0.38. This would suggest that the rat is also 

responding more slowly on this lever. When the lengths of run 

of rats 9 and 13 are calculated without the pauses the new values 

are 23.78 and 26.79 cms respectively. 

The difference between the two rats is now less marked, but rat 

13 is still responding more slowly than rat 9. This will be dealt 

with in chapter 8. 

Discussion 

Parker and Stuart suggest that the optimal strategy for the 

animal to adopt is one that maximises the net rate of gain. This 

is described by the rule given below 

G 

ST 
  Rate of gain = 

In Fig. 3.2 the line SLmax gives the maximum possible rate of 

gain in the conditions shown. This line is the tangent drawn from 

the point P to the curve. The abscissa is extended by a distance S 

to give point P. The optimum time for the animal to leave the patch 

iss given by Topt: If the animal stays in the patch beyond that time 

its rate of gain must fall below the maximum. 

Different lengths of search time will give different values df 

Tope for the same curve, as is shown in figure 3.2.b. 

The same conclusion can be draw by observation of the formula 

for the rate of gain. If S is increased and the animal behaves in
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such a way as to maximise its rate of gain, then the amount of food 

it collects in the patch must increase and this will mean spending 

longer in the patch. 

The overall results for the three groups of rats show both 

effects very clearly. The rats in group B earn more reinforcements 

than those in group A before they turn to the other lever and start 

the change over delay. The rats in group C earn more reinforcements 

per run than those in groups A or B. The rats which experienced a 

short search time took the reinforcements that were easily obtainable. 

As the search time increases the animal is prepared to collect re- 

inforcements which require more effort to obtain. This can be seen 

in table 3.17. 

Table 3.17 The mean number of responses per run for all the rats 

in each group. 

Group A Group B Group C 

Length of C.O.D. 

(in secs) 

Mean no. of reinf/run 6.8 16.09 25.34 

Mean no. of resp/run 26.0 144.0 33.40 

A rat in group C obtains on average, four times as many reinforce- 

ments as a rat in group A before initiating the change over delay. 

Group C rats make more than twelve times as many responses as Group 

A rats in order to obtain those reinforcements. 

A number of workers have investigated the effect of increasing 

the search costs on the behaviour of the animal. My results show the 

need to distinguish between the time and the energetic costs of the 

search time.
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Figure 3.2. Graph of cumulative gain with investment for the 

same patch type, with two different lengths of search time 

Figure 3.2.a 

  

Figure 3.2.b 

  

Fi. 5 I opt Investment I
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Figures 3.5, 3.6, 3.7 

Comparison of the effects of the three values of 

change over delay. 

Figure 3.5 shows the mean total reinforcements 

per session + s.d., earned on each lever by 

each rat. 

Figure 3.6 shows the mean number of runs per 

session made by each rat on each lever + s.d. 

Figure 3.7 shows the mean length of run made 

by each rat, on each lever, + s.d. 

In each case data referring to the left lever 

is stippled, that for the right lever is left 

plain.
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CHAPTER # 

As Review of literature on optimal foraging theory. 

The theory of optimal foraging states that an animal should 

obtain the maximum possible net gain from its resources in the time 

available to it, taking into account all other constraints. 

A number of different aspects of feeding behaviour are included 

under the general heading of optimal foraging theory. 

a) Optimal Diet 

The first authors to attempt to predict the feeding behaviour 

of animals by means of mathematical models were Emlen (1966) and 

‘McArthur and Pianka (1966). These workers were interested in the 

problem of the choice of items of food from those available in the 

environment. The net gain to the animal for a particular prey item 

will be the total energy gain, minus the energy expended in finding 

and eating that item. Thus not only is the overall size or energy 

content of a prey item important, but the cost of finding and eating 

it must make the net gain worth having. Schaller (1972) reports that 

lionesses hunting singly concentrate on small prey such as Thompson's 

gazelles, but lionesses hunting in groups hunt larger prey. A single 

lioness would find it difficult to catch a zebra on her own. The 

effort required to pull down and kill such a large prey item is 

considerable. As lions do not cache their prey scavengers would 

take the rest of it. Thus the behaviour of the animal when hunting 

alone, in concentrating on smaller prey items, might be said to be 

an unconscious assessment by the animal of the costs and benefits of 

the two types of prey. 

A number of studies in both the field and in the laboratory 

confirmed that the choice of prey items depended on the net gain to
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Cook and Cockrell worked with two different insect predators, 

Adalia bipunctata and Notonecta glauca. I shall refer to the work 

on Notonecta. This predator was fed fourth instar larvae of Culex 

pipiens. One part of the enquiry established that the longer the 

water boatman fed on a larva the greater the amount of food extracted 

from it. The curve of dry weight of food extracted with time is 

similar to that shown by Parker and Stuart foradepleting patch. In 

this case each larva can be regarded as a patch. Notonecta that had 

been starved were exposed to different densities of Culex larvae. 

Intercatch intervals and time spent feeding on individual prey items 

were recorded, and the weight of food extracted from each larva was 

calculated. The predator spent longer feeding on each larva, and there- 

fore extracted more food from it, as the mean intercatch interval 

increased. It would have been interesting to know what the predator was 

doing in the interval between catching prey. Was it swimming actively 

in search of prey, or were the prey sufficiently numerous for it to 

wait until they appeared? 

Cowie, working with Great tits, overcame the problem of providing 

different lengths of search time in a very neat way. The patches 

consisted of pieces of plastic drainpipe filled with sawdust and 

containing pieces of mealworm. He used two types of lid. One type 

just rested on top of the drainpipe and could be flipped off quite 

easily. This he called the easy environment. The other type fitted 

just inside the rim and the bird had to expend more energy in removing 

it, so providing a hard environment. Thus the energetic costs of 

the travel time for the two types of patch were quite different. 

Some of his results are quoted below.
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Table 3.18 Comparison of search time and time spent in a patch 

for two types of environment, taken from Cowie, 1977. 

Hard Easy 

environment environment 

Travel a 
ares 21.03 + 3.65 4.76 + 0.80 

Time in 
mane 73.67 + 8.06 45.8 + 6.77 

Thus his birds responded to the longer travel time (or greater 

expenditure of energy) by spending longer in the patches of the hard 

environment. The same amount of food was available in both types of patch 

and there was no significant difference in mean intercatch interval in 

the two patch types. This would indicate that the foraging behaviour 

within the two types of patch did not differ other than the difference 

in exploitation times. 

Cowie used the curve of cumulative gain with time spent in the 

patch, together with the travel times of the two types of patch, to 

predict the time that the bird should spend in the patch. He found that 

the birds spent longer in the patch than expected. When he recalculated 

the costs of the travel time in terms of energy expenditure, instead 

of just time spent, he found a closer fit. Thus the birds were using 

the energy costs of the travel time as a factor affecting the length 

of time spent in a patch. 

Kanarek (1976) investigated the weight of food consumed per meal 

by rats when the rat had to work to gain access to food. He used a 

fixed ratio as the deterrent. Each animal lived in the Skinner box 

all the time. In order to initiate feeding the rat had to complete 

the fixed ratio that was in operation. The meal was taken to last 

until the rat had ceased to eat for a period of ten minutes. A light 

beam was interrupted when the rat was collecting food from the food
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cup. The animals collected the whole of their daily requirement 

\ 
in this way. The data in Table a ate the mean food intake per 

meal for the normal diet (he also investigated the effects of 

diluted and concentrated diets) for eight different values of 

ratio. 

Ratio size Food intake per meal in gms 

1 4.0 

10 4.5 

20 ; 5.0 

ho 6.0 

80 8.0 

160 9.5 

320 10.0 

64.0 1235 

ad lib feed 0 3.0 

The immediate effect of the increasing ratio is to increase the 

amount of food collected at any one meal. 

The initial experiment of Killeen (1974) showed that the distance 

travelled by a rat from a food lever to a food tray had an effect on 

the number of pellets of food that were collected in one load. In 

this case the lever and the tray were at opposite ends of an alley. 

Killeen comments on the variability in the data and explains some of 

it by changes in energy expenditure on the part of the rat. On some 

occasions the rat would make a run part of the way to the lever from 

the food cup and back again without having pressed the lever. The 

speed of movement of the rat in different parts of the journey varied. 

After eating the food the rat usually paused and then walked back to 

the lever. The rat ran to the food cup after a bout of lever pressing.
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Thus, Killeen is emphasizing the energy costs of the movement involved 

in collecting food. 

The later experiment by Killeen, Smith and Hanson (1981) set out 

to investigate this in more detail. By using two different "barriers' 

that had to be overcome before the rat had access to the food cup these 

workers were able to compare the effects of increasing energy expenditure 

with those of increasing time. Rats collected a larger number of food 

pellets when they had to increase their energy expenditure by pressing 

the door lever more times. This result would appear to be directly 

comparable to my ow, the only difference being that in my experiments 

the rat had to work for each pellet, and tended to eat one at a time. 

Killeen states that ‘load size increases with distance to food, whether 

that distance is expressed as travel down an alley or as presses on an 

operandum'. This is in effect a statement of optimal foraging theory. 

The energy costs incurred in the search for another patch will determine 

the length of time spent in a patch, and the amount of food collected 

from it. The number of pellets collected in one load bears a striking 

similarity to the number of pellets collected in one run in my ex- 

periments, when the number of responses made either on the door lever, 

or during the change over delay, ave taken into account. The two sets 

of data are given in table 3.20. 

The minimum number of responses made in Killeen's work is sixteen, 

so that it is not possible to make any comparison between his results 

and the data from Group A. The rats in this group made, on average, 

only eight responses during the change over delay. 

The second experiment by Killeen et al. used a time delay instead 

of lever Be cusicn as an obstacle to access to the food cup. Although 

there is a relationship between the length of the interval and the 

number of pellets collected the actual number of pellets in a load
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Table 3.20 Comparison of the data of Killeen, Smith and Hanson 

with my own. 

Results of Killeen, Smith and Hanson 

Rat Ry R3 R2 Rh R3 Re 

No. of res. on 128 128 128 32 32 Se 
door lever 

No. of pellets/ 41.6 19.3. 19.5.-- 21.2 9.2 1863 
load 

My results 

Rat 9 13 15 8 10 17 

Mean no. of 168 83 +03 30.8 — 25.6 - 25.7 
res/C.0O.D. ; 

Mean no. of 35 25 26 26.6 21.6 16.1 
reinf/run
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is much smaller than in the previous experiment. The difference 

between their results and my ow is much more marked in this experiment 

than in the previous one. Rats in Killeen's study which experienced 

a delay of twenty seconds before the door would open, collected on 

average, 4.9 pellets per load. Rats experiencing a delay of eighty 

secondscollected 9.4 pellets per load. In my work the rats which 

experienced a twenty second change over delay collected 16.1 pellets 

per run, on average, and those in Group C, with a hundred second change 

over delay collected 25.3 pellets. The larger number of pellets collected 

by Killeen's rats in the first experiment, and by my animals would appear 

to be related to the energy the rats expended before they could obtain 

access to food. 

Baum introduced the element of travel into his experiment by 

forcing his pigeons to walk round a barrier and to climb over a hurdle. 

He considers travel to be different from the change over delay - 

‘Travel differs from the changeover delay in that it penalizes the 

organism during changeover, but not after, whereas the changeover 

delay penalizes the organism only after changeover'. 

The point I think he is trying to make is that the animal has 

to move to a different lever in order to make a response that will 

initiate the change over delay. During the change over delay the 

animal has to expend energy but is not reinforced. Surely this is 

exactly the same situation that faces an animal as it leaves one 

patch in search of another? The animal has to use energy in travelling, 

but cannot take in food until it finds a patch where food is available. 

When the animal has found another patch it can start to collect food 

from it. tA one sense the departure from a patch is the equivalent 

of the change over. Baum appears to be attaching more importance to 

the actual position of the animal in space than to the expenditure



Le 

of energy before the animal can obtain access to food. Baum uses 

the term deterrent in relation to both the travel and the change 

over delay so he is aware of their similarity in that respect. If 

he was trying to introduce a more natural process into the laboratory 

it seems to me that forcing pigeons to walk between patches, or to 

climb over hurdles is just as open to criticism as is lever pressing. 

The evidence quoted above confirms my own findings on the effect 

of the length of the search time on the time spent in a patch, and 

the number of reinforcements collected in it. In each case the animal 

ene longer in a patch if the length of the search time is increased. 

My results show that the animal is not merely responding to the length 

of the search time imposed on it, but to the cost of responding during 

the search time. That is, the animal is responding to the energy cost 

of the search time. A number of the studies have shown the importance 

of considering the cost of the search time in terms of energy, rather 

than just time. The work of Killeen, Smith and Hanson made clear the 

difference in the effects of energy expenditure and the passage of time 

without the expenditure of energy. In the wild, the search for a 

new patch must normally require energy to be expended, and the costs 

involved will have an effect on the behaviour of the animal while 

feeding. Unless that cost is taken into account the animal will find 

it impossible to forage optimally.
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Summary of findings from Chapter 3 

ic With increasing length of search time the animal spends longer 

in a patch, and collects more food items from that patch. This 

confirms the predictions of Parker and Stuart (1976). 

aie Individual animals showed very different results, for the same 

length of search time. This was explained by the fact that the length 

of time spent in a patch is related to the number of times that the 

animal has pressed the lever during the search time. Thus the animal 

is using the energy costs of the search time, rather than the actual 

length of the search time, as a factor controlling the length of time 

spent in a patch. 

Bs Differences in the use of the two levers became apparent. Some 

rats used only one lever to obtain reinforcement, using the other lever 

as a change over lever, whilst others used both levers to obtain food.
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CHAPTER 4 

Experiment 2. To investigate the effect of increasing the ratio, 

while keeping the search time constant. 

Aims 

ils To investigate the effect of increasing the ratio. I used a ratio 

of four for this experiment. This meant that the rat had to press 

four time for its first reinforcement, eight times for the second, 

twelve for the third, and so on. Thus the rat had to use more energy 

to obtain the same size of food pellet. The change of ratio was 

brought about in three sessions. In the first session following 

the end of the first experiment the ratio was increased to two. In 

the next session the ratio used was three, and in the following session 

a ratio of four was in operation. This session was counted as the 

first session of this programme. As previously, the first ten sessions 

were recorded on the cumulative recorder and the last ten on the 

event recorder. The data from the last ten sessions are used in 

calculating each of the means. 

Cn To see if the behaviour of the rat was affected by its previous 

experience. Immediately following the programme on ratio four the 

rat had a short programme consisting of five sessions on ratio one, 

followed by five sessions on ratio four. There was no gradual change 

of ratio, sessions 1-5 were on ratio one and sessions 6-10 were on 

ratio four. There was no break between the end of the programme 

on ratio four and the beginning of this programme. All the sessions 

on this programme were recorded on the event recorder.
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the animal from that type of prey. 

b) Optimal Patch 

Food items are not normally randomly distributed over the whole 

environment. The term 'patch' is used to describe the unit of space 

in which one or more items of food are to be found. Patches vary in 

size. The pine cone in which a tit hunts for insect larvae is a patch. 

On a larger scale, so is the laden fruit tree in my garden that the 

birds plunder. 

The two examples just quoted are both examples of depleting 

patches. The longer the animal feeds in the patch the less food 

there is left in it. 

The profitability of a patch depends on a number of factors. 

The energy costs of finding and eating the prey in that type of patch, 

as well as the costs of finding the patch in the first place, must be 

set against the total gain from the patch. Thus the factors controlling 

the choice of patches by an animal are very similar to those governing 

the choice of individual food items. 

ec) Time Spent in a Patch 

The two examples of patches quoted above are both examples of 

depleting patches. The longer the animal feeds in a patch the less 

food is left in it. As the food in the patch becomes harder to find 

there comes a time when the animal would gain more by leaving that 

patch and going in search of another. Charnov (1976) and Parker and 

Stuart (1976) both used mathematical models to predict the length of 

time that an animal should spend in a patch. 

Charnov 

Charnov's paper of 1976 suggested that it should be possible to 

predict the time at which an animal would leave a patch. He assumes
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The rats used in this experiment were the same rats that were used 

in the first experiment, with two exceptions. Rat 3 died during 

this experiment and rat 11 died after completing the programme on ratio 

four. 

Results 

Tables 4.1, 4.2 and 4.3 compare the results for the mean number 

of reinforcements per run, the mean length of run, and the mean number 

of reinforcements per session for the three groups of rats on the two 

ratio values. Table 4.4 gives the results of t-tests comparing those 

results for each group. It is quite clear that the rats collect 

fewer reinforcements per run in ratio four than they did in ratio one. 

There is a significant difference between the length of run on ratio 

one and on ratio four for groups B and C but not for group A. There 

are significant differences for all three groups between the number 

of reinforcements per session on ratio one and on ratio four. In every 

case the rats earn fewer reinforcements per session on ratio four. 

Tables 4.5, 4.6 and 4.7 give the individual results for the mean 

number of reinforcements per run, the mean length of run and the 

mean total reinforcements per session. 

The results of the two repeat programmes are given in Tables 4.8, 

4.9 and 4.10. The mean number of reinforcements per run for each rat, 

for each lever if the rat used both levers on ratio one was compared 

with ratio four, and also with the result for the repeat programme 

on ratio one, using a t-test. The mean number of reinforcements 

per run on ratio four was compared with the result for ratio four repeat 

programme, again using a t-test. These results are given in table He ins
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Table 4.1 Comparison of the mean number of reinforcements per run 

for ratio one and ratio four, for each group of rats. 

Group COD in secs 

A 5 

B 20 

C 100 

Mean number of reinforcements per run + S.D. 

Ratio 1 Ratio 4 

Od, eel 4.01 + 1.38 

16.46 + 5.91 5 Fit 2.55 

25.34 + 6.31 12.25 + 4.08 

Table 4.2 Comparison of the mean length of run for ratio one and 

for ratio four for all rats in each group. 

Group COD in secs 

A 2 

B 20 

C 100 

Mean length of run in cms + S.D. 

Ratio 1 Ratio 4 

2.86 + 1.72 2.13 + 1.05 

8.29 + 3.76 4.23 + 2.47 

24.21 + 4.99 17.24 + 4.99 

Table 4.3 Comparison of the mean total number of reinforcements per 

session for ratio one and ratio four, for each rat + S.D. 

Group COD in secs 

A 5 

B 20 

c 100 

Mean number of reinforcements per session 

Ratio 1 Ratio 4 

351.7 + 60.59 275.02 + 34.13 

259.41 + 69.32 199.81+ 30.13 

163.68 + 35.16 96.85 + 22.99
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Table 4.4 Results of t-tests comparing the mean numbers of reinforcements 

per run, the mean length of run and the number of reinforcements per 

session for each group, under ratio one and ratio four. 

Group t df significance 

Mean no of reinf/run A 4.025 16 -001 

B 10.128 13 -001 

Cc 8.666 7 -001 

Mean length of run A 12.185 5 nis. 

B 5.754 13 001 

C 3.396 it 0.01 

Mean total reinf/session A 20.657 8 -001 

B 17.379 9 -001 

C 18.641 7 -001
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Table 4.5 The mean number of reinforcements per run for each rat, 

on ratio four + Sin bis 

COD in Rat Mean no. of reinforcements per run 

secs No. Left lever Right lever 

5 1 5.14 + 0.94 6.41 + 0.61 

5 2 2.37 + 0.44 3.11 + 0.48 

5 5 4.69 + 0.59 _ 

5 6 4.35 + 0.28 — 

5 7 3.29 + 0.26 2.71 + 0.23 

20 8 8.68 + 1.54 =< 

20 10 0 6.84 + 1.02 

20 11 4.06 + 0.46 3.69 + 0.27 

20 iW 3.9 + 0.72 4.32 + 0.31 

20 17 9.86 + 2.55 _ 

100 9 0 16.93 + 2.94 

100 13 10.78 + 2.12 0 

100 14 7-42 + 0.82 0 

100 15 13.87 + 0.78 0
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Table 4.6 Mean length of run for each rat on ratio four + S.D. 

COD in Rat Mean length of run, in cms. + S.D. 

ne ee Left lever Right lever 

5 1 2.89 + 1.17 3.95 + 0.98 

5 2 0.99 + 0.28 1.18 + 0.27 

5 5 2.86 + 0.6 - 

5 6 2.16 + 0.28 - 

5 7 1.96 + 0.26 1.08 + 0.15 

20 8 5.18 + 1.63 = 

20 10 = 5.52 + 0.78 

20 11 2.35 + 0.44 1.62 + 0.34 

20 12 2.16 + 0.65 2.89 + 0.42 

20 17 8.44 gi 2.41 - 

100 9 - 22.48 + 7.65 

100 13 20.01 + 7.31 - 

100 14 11.29 + 2.13 - 

100 15 15219 +/7.13 -
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Table 4.7 Mean number of reinforcements per session on ratio four 

for each lever and in total, for each rat + S.D. 

Rat Mean no. of reinforcements per session + S.D. 

No. Left lever Right lever Total 

1 107.5 + 24.14 144.7 + 24.66 252.0 + 39.32 

2 124.7 + 14.42 164.5 + 22.69 289.5 + 17.62 

5 248.7 + 27.43 6.4% 255.1 + 28.36 

6 307.7 + 23.08 0.1 307.8 + 22.98 

7 181.8 + 22.37 88.9 + 15.69 270.7 + 26.0 

8 238.5 + 28.0 0 238.5 + 28.0 

10 1.0 V2 .0n 11.74 173.0 + 11.74 

11 123.9 + 16.47 77.0 + 15.51 200.9 + 23.49 

12 87.5 + 9.57 102.1 + 10.2 189.6 + 9.86 

17 193.8 + 27.05 0 193.8 + 27.05 

9 0 109.2 + 9.99 109.2 + 9.99 

13 72.5 + 7.82 0 12.5 + 7.82 

14 80.0 + 6.18 0 80.0 + 6.18 

15 125.7 + 3.92 0 125.7 + 3.92
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Figure 4.1.a. To show that an animal should spend the same 

length of time in 2 different patches such that one patch 

is n times as profitable as the second patch. In this case 

the patches occur in different environments. 
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Figure 4.1.b. Graph of cumulative gain with time for rat 8, 

for ratio 1 and for ratio 4. The predicted line of the graph 

for ratio 4 is also given 
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Figure 4.1.c. Graph of cumulative responses with time 

for rat 8, for ratio 1 and ratio }. 

200 

150 

100 

C
U
M
U
L
A
T
I
V
E
 

NO
. 

OF
 
R
E
S
P
O
N
S
E
S
 

  
TIME (cms ) 

Ratio 1 
  

  
K woe 

Ratio 4 — 96 ——- 6 ——



84 

In the same way the mean length of run and the total number of 

reinforcements per session were compared for each rat for the four 

programmes. The results of the analysis are given in Tables 4.12 and 

4.13. 

The results of the four programmes are given in figures 4.2 

to 4.12 inclusive. 

Discussion 

The work of Parker and Stuart (1976) suggests that if an animal 

experiences two different types of patch, one being n times as profitable 

as the other in two different environments, the animal should spend 

the same length of time in each patch, but will obviously collect fewer 

reinforcements from the poorer patch. This is shown diagrammatically 

in figure 4.1.a. Figure 4.1.b shows a curve of cumulative gain with 

time for rat 8. The curve for ratio one and for ratio four are both 

shown. As the rat has to make four times as many responses for each 

reinforcement on ratio four as it did on ratio one it is possible to 

predict the form of the curve in ratio four. This was calculated by 

dividing the number of reinforcements earned on ratio one at any 

point in time by four. If the rat responded at the same rate on 

ratio one and on ratio four this is the form the curve on ratio four 

would be expected to take. This expected curve on ratio four has also 

been plotted on the graph. Figure 4.1.b shows quite clearly that the 

rat is earning more reinforcements in the time than is expected. 

The most likely explanation for this is that the rat is not responding 

at the same rate on ratio one and on ratio four. Figure 4.1.c shows 

the rate of responding of rat 8 on ratio one and on ratio four for



Figure 2.1. Two different patches types present 

in the same environment 
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the first part of the graph of cumulative gain. This was calculated 

by working out the number of responses the rat would have made for each 

reinforcement, and plotting this against the time taken to obtain 

that reinforcement. The graph shows clearly that the rat is responding 

at a faster rate on ratio four than on ratio one. Table 4.14 gives 

the rate of responding for each rat for ratio one and for ratio four. 

Every rat responds at a faster rate on ratio four than it did on ratio 

one, although some of the differences are large and others small. 

It might seem a contradiction in terms that the rat can respond 

more rapidly on a higher ratio but when we examine the behaviour of 

the rat while it is responding this difference can be explained. The 

time interval between successive reinforcements is made up of three 

different patterns of behaviour. The rat has to make a number of 

responses on the lever, it has to turn from the lever to the tray 

when the reinforcement has been delivered, and finally, it has to 

eat the pellet. The time taken in collecting the pellet and eating 

it may vary a little with motivation but not with different schedules. 

The rat is able to respond at a fast rate. Each lever press is not 

a separate event, but is part of a burst of responses as is shown 

in Figures 1.1 and 1.2. If a rat collects on average, nine reinforcements 

per run on ratio one, but only four reinforcements per run on ratio 

four we can see where the difference lies. The run, on ratio one, is 

made up of nine bursts of responding, each quite short, and nine pauses 

for collecting and eating the pellets. The run on ratio four includes 

only four bursts of responding and four pauses for collecting and
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eating the pellets. The total number of responses per run is almost 

the same in each case. The rat has to make 45 responses in order 

to collect nine reinforcements on ratio one, and 40 responses on ratio 

four, where it only earns four reinforcements. Thus the rat is able 

to collect four reinforcements on ratio 4 in a shorter time than it 

took to collect nine reinforcements on ratio 1. 

Reference to Figures 4.2 to 4.12 inclusive shows how each animal 

behaves in the four successive conditions it encounters in this experiment. 

By repeating each condition twice it should be possible to see if 

the animal responds to a particular condition in the same way whenever 

it meets it, or whether its behaviour is modified after it has encountered 

other conditions. 

If we look first at the two programmes on ratio one we can see 

that some rats did auparestty continue to earn the same number of 

reinforcements per run. Other rats showed a marked change in the 

number of reinforcements per run in the repeat programme compared 

with the original programme on ratio one. Rats 5, 17, 9 and 15 all 

earned more reinforcements per run on the repeat programme but rat 6 

earned fewer reinforcements per run on the repeat programme. Rat 10 

changed strategy and beganto use both levers, having used only one lever 

for the first two programmes. Only rats 2 and 14 showed no significant 

difference in the number of reinforcements per runin the two programmes 

on ratio one. 

The results for the two programmes on ratio four are much more 

consistent. Ten out of the thirteen rats show no significant difference 

in the number of reinforcements per run for the two programmes on
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Table 4.8 Mean number of reinforcements per run for each rat 

for the repeat programmes of ratio one and ratio four + S.D. 

Ratio 1 repeat Ratio 4 repeat 

Rat Left Right Left Right 
No. lever lever lever lever 

1 7-114 1.65 9.17 + 2.38 3.84 + 0.1 5.49 + 

2 5.25 40.4 5.51 + 0.25 2.214 0.37 3.63 + 

5 14.69 + 1.96 0 3.86 + 1.26 0 

6 8.72 + 0.74 0 3.83 + 0.54 0 

7 7.34 + 0.65 3.56 + 1.03 3.56 + 0.39 1.95 + 

8 22.64 + 4.03 0 9.7 + 1.16 0 

10 11.12 + 3.08 14.09 + 2.36 3.2 + 1.35 6.98 + 

12 7-7 + 0.85 7-53 + 1.79 3.82 + 0.21 3-41 + 

17 17.35 + 3.54 0 8.98 + 1.08 0 

9 0 4H 42 + 4.81 ) 17.5 + 1 

+ 0.68 0 13 21.78 + 6.32 0 10.52 + 

15 39.3 + 4.83 0 14.47 + 0.91 0 

0.96 

0.8
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Table 4.9 Mean length of run for each rat for the repeat 

programmes for ratio one and ratio four + S.D. 

Ratio 1 repeat 

Rat Left Right 

No. lever lever 

1 3-43 + 1.1 3.76 + 1.07 

2 1.97 + 0.85 2.04 + 0.12 

5 7.35 + 1.13 0 

6 3.14 + 0.43 0 

7 3.29 + 0.28 1.09* 

8 12.07 + 4.62 a 

10 _ 7.52 + 2.25 

12 3.28 + 0.23 4.31 + 1.32 

17 12.51 + 4.32 ~ 

9 = 44.79 + 8.21 

13 26.37 + 8.59 _ 

14 13.79 + 1.01 a 

Le 

lev 

1630 

0.84 

1.87 

1.58 

2.65 

6.89 

20.48 

1-59 

13.64 

Ratio 4 repeat 

ft 

er 

+ 

+ 

[+
 

I+
 

|+
 

I+
 

|+
 

I+
 

wei 

- 36 

-26 

- 36 

~52 

-96 

213 

-65 

Right 

lever 

2.21 + 0.33 

1.6 + 0.2 

5.27 + 1.29 

2.07 + 0.25 

27-37 + 4.84 |
+
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Table 4.10 Comparison of the number of reinforcements per 

session earned by each rat for the two repeat programmes, + S.D. 

Rat Mean Total Reinforcements per session + S.D. 

No. Ratio 1 repeat Ratio 4 repeat 

1 219.8 + 21.75 221.6 + 21.79 

2 324.2 + 28.58 261.8 + 15.22 

5 285.4 + 36.59 248.5 + 18.34 

6 413.6 + 27.67 283.6 + 37.16 

7 269.4 + 34.46 261.6 + 25.58 

8 315.0 + 34.05 221.0 + 11.47 

10 262.2 + 41.21 165.6 + 45.83 

12 255.4 + 7.23 154.2 + 34.72 

17 220.4 + 43.17 200.8 + 24.43 

3 175.2 + 16.53 100.4 + 6.15 

13 129.4 + 7.57 77.0 + 6.63 

14 147.6 + 12.22 85.2 + 7.05 

15 201.6 + 17.77 138.8 + 5.45
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Table ,,.1) Comparison of the rate of responding on ratio one and on 

ratio four, for each rat. 

Rate of responding (responses per cm) 

Rat Ratio 1 Ratio 4 

No. Left lever Right lever Left lever Right lever 

1 6.375 14.035 21.799 24.05 

2 9.554 7.874 16.161 22.033 

5 13.661 9.77 18.881 - 

6 20.759 6.944 21.759 = 

7 12.072 ~ 15.306 19.444 

8 21.568 - 32.625 - 

10 - 18.194 - 19.565 

11 132312 10.879 17-446 21.604 

12 te 112 12.777 17.592 15.916 

17 15.936 25.592 

9 - 19.625 - 27.001 

Hes 9.186 - 12.693 Z 

14 8.38 - 11.071 S 

15 17.412 - 27.123 -
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