ANSWERS TO ASSIGNMENT # 3

1) HO: The two shell morphs are equally prevalent in the population (p = 0.5)

    HA: The two shell morphs are not equally prevalent (p ≠ 0.5)

Note that the χ2 goodness of fit test would usually be appropriate for these

data (compare 6:2 to 4:4), but the sample size is too small (all of the expected

frequencies would be < 5). However, one can use the two-tailed binomial test.

Under HO, P = 2 × Prob(X ≥ 6)

P = (2)( 8!/6!2!(0.56 x 0.52)) + (8!/7!1!(0.57 x 0.51)) + (8!/8!0!(0.58 x 0.50))

P = 0.289

Since P >0.05, do not reject HO.

2a) HO: No preference (different categories of male are chosen with equal frequency by

females in the population)

      HA: One or more categories of male are chosen with greater frequency than others

by females in the population

	
	fi
	^fi

	Sibling
	2
	5

	Half sib
	3
	5

	First cousin
	5
	5

	Third cousin
	12
	5

	Unrelated
	3
	5

	
	25
	25


χ2 = 13.20, (G = 11.216)

df = k - 1 = 4

χ2.05,4 = 9.488

13.20 is greater than χ2.05,4, therefore P < 0.05. So we reject HO. We can reject

the null hypothesis of no preference by females on the basis of relatedness.

b) The assumption of independence would have been violated (also the assumption

of a random sample, since independence of observations is part of the definition of

random sample).

3a) 0.05

  b) Pr(at least 1 Type 1 error) = 1 - Pr(no Type I errors) = 1 - (.95)20 = 0.641

  c) Pr(at least 1 Type 1 error) = 1 - Pr(no Type I errors) = 1 - (.99)20 = 0.182

  d) To solve this we must find α such that 1 - (1- α)20 = 0.05. Trial and error will show

that α should be roughly 0.0025.

4a) 
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 = (total number of males)/(number of outcrops) = ∑ fiXi /22 = 1.00

      s 
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= s/√n = 0.6172/√22 = 0.132

 b) HO: The number of males on outcrops of 6 fish has a binomial distribution.

     HA: The number of of males on outcrops of 6 fish does NOT have a binomial

distribution. 

The problem requires a goodness-of-fit test to the binomial distribution. To

compute the expected frequencies we need to estimate p, the true fraction of males

in the population:

ˆp =(total number of males)/(total number of fish)= 22/(6 × 22) = 1/6

(or ˆp = 
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/6 = 1/6)

This ˆp is used to calculate the expected fraction of outcrops having X = 0, 1, 2, 3,

4, 5, or 6 males under the null hypothesis (i.e., binomial distribution). Using the

standard formula, and ˆp, these fractions are calculated as 0.335, 0.402, 0.201, 0.054,

0.008, 0.001, and 0.000. When multiplied by the sample size of n = 22 outcrops,

this leads to the ˆfi given below.
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χ2 = ∑ (|fi - ˆfi| - 0.5)2  = 3.86, df = 3 - 1 - 1 = 1 (use Yates correction)

      ˆfi

χ2.05,1 = 3.841, Since 3.86 > χ2.05,1, P <0.05, therefore reject HO.

c) Rejecting HO (i.e., concluding that the sex of an individual on a coral outcrop does

not have a binomial distribution) implies that “trials” are not independent – the sex

of an individual on a coral outcrop somehow is not independent of the sex of other

individuals on that same outcrop. The other possibility is that the probability of an

individual being a male is not the same for every outcrop. However, examination of

the frequency table reveals that the number of males is more even than expected:

too many outcrops have exactly one male, and too few have more or fewer. The

lack of independence explanation therefore seems to be the more likely.

d) Possible biological explanations include:

1. Males are territorial and distribute themselves over outcrops. The presence of

one male will tend to exclude other males.

2. Some coral reef fish change sex as they age (you don’t have to know this for

the final exam!). Sex change depends on the sex of neighbours. If there are 6

females alone on an outcrop, then one of them is likely to change to a male.

The presence of a male suppresses sex change of other individuals thereafter.

5a) H0: Child abuse is random with respect to relatedness between child and male

parent (biological vs step-children)

HA: Child abuse is nonrandom with respect to relatedness between child and male

parent (one group suffers greater risk than the other)

	
	fi
	^fi

	Biological children
	45
	57.8

	Stepchildren
	23
	10.2

	Total
	68
	68.0


ˆ f1 = .85 × 68; ˆ f2 = .15 × 68

Use Yates correction for continuity:

χ2 = 17.449, v = 1

From Table B1 in Zar, χ2.05,1 = 3.841

17.449 > 3.841 (or 13.73 > 3.841), therefore P < 0.05. Reject H0. Child abuse is not

random with respect to relatedness between male parent and child.

b) Stepchildren are at greater risk than biological children of male parent. This

can be seen from the table above: the observed frequency of biological children

in the sample is less than the expected frequency (based on their fraction in

the population) whereas the observed frequency of stepchildren is greater than

expected.
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