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for flies that carry either the tim mutation or the per 
mutation (Beaver and Giebultowicz 2004): 

Mean Standard 
copulation deviation of 
duration copulation Sample 

Mutation (min) duration size,n 

per 17.5 3.37 14 
tim 19.9 2.47 17 

a. Do these two mutations lead to different mean 
copulation durations? Carry out the appropriate 
test. a 

b. Do the populations carrying these mutations 
have different variances in copulation duration? 

19. Researchers studying the number of electric fish 
species living in various parts of the Amazon 
basin were interested in whether the presence of 
tributaries affected the local number of electric 
fish species in the main rivers (Fernandes et 
al. 2004 ). They counted the number of electric 
fish species above and below the entrance 
point of a major tributary at 12 different river 
locations. Here's what they found: 

Upstream Downstream 
number of number of 

Tributary species species 

,~a 14 19 
Jutaf 11 

.. 
18 

Japura 8 8 
Coari 5 7 

Purus 10 16 
Manacapuru 5 6 

Negro 23 24 

Madeira 29 30 

Trombetas 19 16 
Tapaj6s 16 20 

Xingu 25 21 
Tocantins 10 12 

a. What is the mean difference in the number of 
species between areas upstream and down
stream of a tributary? What is the 95% confi
dence interval of this mean difference? 

b. Test the hypothesis that the tributaries have no 
effect on the number of species of electric fish. 

c. State the assumptions that you had to lllake 
10 complete parts (a) and (b). 

20. Assignment Problem 21 ~om Chapter 11 discusSC<I 
the relatedness of subordmate males_ to breeding 
females in the Seychelles warbler. Five subordin ,A. ff . a,q. that did not help feed the o spnng of the older birds 
were measured for their re~atedness to the off spring 
of the breeding females, with a mean relatedness 
of-0.05 and a standard deviation of 0.45. Another 
eight subordinates that did help feed younger off. 
spring were also measured fo~ their relatedness to 
the younger birds. For these eight, the mean related. 
ness was 0.27, with a standard deviation of0.45. 
a. Are helpful and unhelpful subordinates differ

ent in their mean relatedness to the younger 
birds? Carry out an appropriate hypothesis test. 

b. Find the 95% confidence interval for the differ
ence in mean relatedness for the two classes of 
subordinates. 

21. A baby dolphin is born into the ocean, which is 
a fairly cold environment. Water has a high heat 
conductivity, so the thennal regulation of a newborn 
dolphin is quite important. It has been known for a 
long time that baby dolphins' blubber is different 
in composition and quantity from the blubber of 
adults. Does this make the babies better protected 
from the cold compared to adults? One measure of 
the effectiveness of blubber is its "conductance." 
This value was calculated on six newborn dolphins 
and eight adult dolphins (Dunkin et al. 2005). The 
newborn dolphins had an average conductance of 
10.44, with a standard error of the mean equal to 
0.69. The adult dolphins' conductance averaged 
8.44, with the standard error of this estimate equal 
to 1.03. All measures are given in watts per square 
meter per degree Celsius. 
a. Calculate the standard deviation of conductance 

for each group. 
b. Test the null hypothesis that adults and newboms 

do not differ in the conductance of their blubber. 

22. Weddell seals live in the Antarctic and feed on 
fish during long, deep dives in freezing water. The 
seals benefit from these feeding dives, but the food 
they gain comes at a metabolic cost. The dives are 
strenuous. A set of researchers wanted to know 
whether feeding per se was also energetically 
expensive, over and above the exertion of a regular 
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d've (Williams et al. 2004). They determined the 
1 
etabolic cost of dives by measuring the oxygen 

:Se of seals as they surfaced for air after a dive. 

Tuey measured the metabolic cost of 10 feed-

ing dives and for each of these also measured a 

nonfeeding dive by the same animal that lasted the 

same amount of time. The data, in (ml 0 2 kg- 1 
), are 

as follows: 

Oxygen Oxygen 
consumption consumption 

after nonfeeding after feeding 

Individual dive dive 

1 42.2 71.0 

2 51.7 77.3 

3 59.8 82.6 

4 66.5 96.1 

5 81.9 106.6 

6 82.0 112.8 

7 81.3 121.2 

8 81.3 126.4 

9 96.0 127.5 

10 104.1 143.1 

a. Estimate the mean change in oxygen 
consumption during feeding dives compared 

with nonfeeding dives. 
b. What is the 99% confidence interval for the 

population mean change? 
c. Test the hypothesis that feeding does not 

change the metabolic costs of a dive. 

23• Hyenas, famously, laugh. (The technical term 

used by hyena biologists is "giggle.") Mathevon 

et al. (2010) investigated the information 
content of hyena giggles. In one analysis, they 

:otpared the giggles of pairs of hyenas, in 
ich one member of each pair was the more 

Assignment Problems 
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dominant and the other sociaJly subordinate. 

They measured the spectral variability of _th~ 

hyena giggles using the coefficient of vanauon 

(CV) of sound spectrum features. Here are the 

data with these measures for each member of 

the pairs: 

Spectral CV of Spectral CV of 

dominant individual subordinate individual 

0.384 0.507 

0.386 0.569 

0.252 0.235 

0.226 0.415 

0.323 0.436 

0.287 0.451 

0.303 0.399 

0.317 0 .220 

0.277 0.338 

Do dominant and subordinate individuals differ in 

the means of giggle spectral CV? 

24. Does holding a weapon increase your aggres

siveness afterward in other situations? Klinesmith 

et al. (2006) investigated this question by 

assigning 30 male college students to one of 

two groups. One group of 15 men were given 

a facsimile handgun to hold for 15 minutes, 

whereas the 15 men in the other group were 

given a toy instead. All men were then asked to 

participate in a test of taste sensitivity. Each was 

given a glass of water with a single drop of hot 

sauce to taste. Each man was also asked to add 

as much hot sauce as he wanted to a new glass 

of water to be given to the next person. (These 

were not actually used on the next person.) The 

researchers measured how much hot sauce each 

man added, as a stand-in for aggression, because 

it correlates with the amount of pain inflicted on 

the next person. Do the two groups differ in the 

mean amount of hot sauce they add to the water? 

Here is a summary of the results: 

Sample Mean hot SD hot sauce 
Group size sauce added added 

Gun handlers 15 13.61 8.35 
Toy handlers 15 4.23 2.62 
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Show the data in a graph. What trend is sug-
8· sted? Comment on other differences between 

ge d. .b . f the frequency 1stn utlons o the two samples. 
fest whether the mean total time to drink the 

b. t,eer differs depending on beer-glass shape. 
f{oW much difference does it make? Provide a 

c. confidence interval of the difference. 
d. A second test of the s~~ hypotheses but using 

the data from male part1c1pants yielded the fol
lowing results: 

straight glass: Y 1 = 7 .987, St = 2.459. 

curved glass: Y 2 = 6.930, s2 = 3.748. 

t = o.746, df = 18, P = 0.466. 

Is the following conclusion from the tests valid? 
"There is a significantly greater effect of beer-glass 
shape on mean time to drink in women than in 
men." Explain. 

zs. Spinocerebellar ataxia type 1 is a neurodegenerative 
disease marked by the gradual loss of motor skills 
and culminating in early death. It is caused by an 
expanded CAG repeat in the coding region of the 
Ataxin-1 gene. Fryer et al. (2011) investigated the 
possible beneficial effects of exercise in treating 
the disease. They used a mild exercise regimen in 
a mouse model of the disease ( a mouse strain in 
which an expanded CAG repeat was "knocked in" 
to the mouse version of the same gene, and that had 
similar symptoms). The life spans (in days) are given 
below for six exercised mice and six mice not given 
the exercise regimen. The data and 95% confidence 
intervals are shown in the accompanying graph. 

No exercise: 240, 261, 271 , 275,276,281 

Exercise: 261, 293, 316, 319,324,347 

340 

320 
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ftl 

300 ~ 
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• • • 

• 
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. 1 •• • 
• 
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a. What type of graph is shown? 
b. Using only the graph, is it possible to predict 

the outcome of a formal test of whether mean 
life span differs between the two treatments? 
Explain. 

c. Test whether exercise affects life span in mice 
affected by the disease. 

d. By how many days does exercise increase life 
span on average? Use a confidence interval to 
answer this question. 

29. Females of many animals can recognize their 
own offspring by voice. But how long does this 
vocal memory last? Briefer et al. (2012) tested the 
responses of mother goats to their offspring 11 
to 17 months after the kids were independent of 
their mothers. They scored the behavioral response 
of each of nine mothers (based on how fast her 
response was, how often the offspring called in 
return, and how long the mother looked at the 
loudspeaker) when played a recording of one of 
her former kids. The researchers also scored her 
behavioral response to recordings of unrelated kids 
of the same age. The scores are below. 

Mother Response score Response score to 
goat to former kid unrelated kid 

1 -3.23 - 3.26 

2 -1.78 - 2.71 

3 --0.72 -0.13 

4 --0.57 - 3.24 

5 0.32 - 2.56 

6 0.46 --0.62 

7 1.07 0.12 

8 1.77 1.12 

9 2.22 1.74 

a. Calculate a 95% confidence interval for the 
mean difference in response score for former 
kids compared to unrelated kids . 

b. Test the null hypothesis that there is no differ
ence between the response scores of mothers to 
former kids compared to unrelated kids . 

30. Rising atmospheric CO2 and higher tree mor-
tality associated with climate change have been 
hypothesized to drive increases in the abundance 
of lianas (climbing woody vines) in tropical for
ests. Laurance et al. (2014) counted the number 
of lianas in a series of 1-ha plot sites located in 
primary Amazonian forest in two surveys. The first 
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366 Chapter 12 Comparing two means 

survey was conducted between 1997 and 1999 and 
the second survey was an average of 13.6 years 
later, in 2012. A plot of the results is shown. The 
data from 12 sites are provided in the table. 
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1997-99 2012 
Year 

Abundance Abundance 
Site 1997- 1999 2012 

1 549 576 
2 525 626 
3 366 394 
4 595 682 

5 322 376 

6 429 469 

7 444 570 

8 494 502 

9 255 316 

10 445 481 

11 274 327 

12 385 434 

a. Compute the mean abundance of lianas on the 
dates of the two surveys. 

b. Did the abundance of lianas change 
significantly between the two surveys? Carry 
out the appropriate test. 

c. How large was the increase? To decide, 
calculate the 95% confidence interval for the 
mean change in liana abundance between the 
two survey dates. 

d. In addition to random sampling, what assump
tion(s) are you making in (b) and (c)? 

31. Individuals with sleep apnea have pauses in th . 
breathing while sleeping that disrupt their no e1r 
sleep. A didgeridoo instructor noticed that sefillal . verai 
of his students reported sleepmg better after 
ticing with this instrument. This led to a ranctl)rac. 
ized clinical trial to determine whether playi:m
the didgeridoo would improve sleep (Puhan e~ al 
2006). Twenty-five volunteers with sleep apnea · 
were recruited for the study. Didgeridoo lessons 
were randomly assigned to 14 subjects, whereas 
the remaining 11 subjects formed the control grou 
without didgeridoo playing. All subjects were p 
assessed before the trial and after 8 weeks using 
the Epsworth scale, which gives values of O for no 
daytime sleepiness to >11 for excessive daytime 
sleepiness. The change in Epsworth scales for each 
patient over the course of the experiment is below. 
A negative change in score indicates improvement. 

Didgeridoo group: -10, -10, -7, -1, -3, -4, -9, 
-2, -6, - 7,0, -2,0,-l 

Control group: -5, 0, -4, - 1, - 1, 4, -2,-5,-1, 
-1, 0 

a. Use an appropriate method to test whether 
means of the two treatment groups differ 
significantly in their change in Epsworth scale. 
Which group improved more? 

b. Calculate a 95% confidence interval for the differ
ence between the means of the didgeridoo-playing 
and control groups for Epsworth scale change. 

c. How big is the effect of didgeridoo playing on 
sleepiness score? Consider a true difference lower 
than-5 (or greater than 5) to be a large effect, 
and a true difference between - 1 and 1 to be a 
small effect. Based on the confidence interval you 
calculated in (b ), can we say that the effect size is 
large, small, or uncertain (i.e., the data aren't con
clusive, and it might be large or small)? 

32. Spot the flaw. A recent paper in the research publi
cation Nature examined how fungi cause negative 
density dependence in plants-the tendency for . 
high plant density to negatively affect plant survival. 
The hypothesis was that a higher plant density . 
attracts more fungal pests, causing reduced survtval. 
The figure below compares the strength of ~ e d 
density dependence in experimental plots with_an 

· without fungicide (a coefficient less than 1 indicates 
density dependence, whereas a coefficient equal 
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