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ANSWER ALL THREE QUESTIONS
46 marks in all

Answer in full sentences where the question asks you to explain, discuss or compare. Use biological
vocabulary correctly, link cause and effect, and refer to the data given. Show all working for
calculations.

Formula sheet
Relationships: p + q = 1; p² + 2pq + q² = 1; mean fitness W = 1 − q²(1 − w) for selection against the recessive
homozygote; q′ = (pq + q²w) ÷ W; gene flow p′ = (1 − m)p + m·p(migrants); percentage DNA difference =
differences ÷ bases × 100.

Question One (15 marks)

(a) In a population of 400 individuals, 20.3% are people with the condition (the recessive phenotype
of one gene; the population is assumed to be in Hardy–Weinberg equilibrium).

(i) Calculate the frequency of the recessive allele (q) and the dominant allele (p).

(ii) Calculate the expected number of heterozygous individuals in the population.

(iii) The environment changes so that individuals with the recessive phenotype have a relative
fitness of 0.20 compared with 1.00 for the other genotypes. Calculate the frequency of the
recessive allele in the next generation, and explain how natural selection changes the allele
frequencies.

[8 marks]

(b) The table shows the number of individuals in each size class of the shell thickness of a snail in
a population before and after a change in the environment.

(i) Calculate the mean value of the trait before and after the change.

(ii) Name the type of natural selection that has occurred.

(iii) Explain how the selection pressure produced this change in the population.

Shell thickness (mm) 3 4 5 6 7 8 9

Number before selection 5 19 38 62 39 20 8

Number after selection 1 5 30 91 30 6 2
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[7 marks]

Question Two (17 marks)

(a) DNA was sequenced for a gene in 4 related species of New Zealand insects. The table shows
the number of base differences per 100 bases between each pair of species. The two lineages
together accumulate 2.00 base differences per 100 bases per million years of divergence
(molecular clock).

(i) State which two species are most closely related and explain how you can tell.

(ii) Draw a phylogenetic tree (in words, or by listing the order of branching from the most recent
to the oldest) for these species.

(iii) Calculate how long ago each pair or group last shared a common ancestor (the divergence
time for each branching point).

(iv) Explain why a species that shares a more recent common ancestor with another is not
necessarily more similar in appearance.

Species A Species B Species C Species D

Species A – 14.0 6.00 2.00

Species B 14.0 – 14.0 14.0

Species C 6.00 14.0 – 6.00

Species D 2.00 14.0 6.00 –

[9 marks]
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (15 marks) [Allele frequencies and selection]

(a) In a population of 400 individuals, 20.3% are people with the condition (the recessive phenotype of
one gene; the population is assumed to be in Hardy–Weinberg equilibrium). (i) Calculate the frequency of
the recessive allele (q) and the dominant allele (p). (ii) Calculate the expected number of heterozygous
individuals in the population. (iii) The environment changes so that individuals with the recessive
phenotype have a relative fitness of 0.20 compared with 1.00 for the other genotypes. Calculate the
frequency of the recessive allele in the next generation, and explain how natural selection changes the
allele frequencies.

(a) Answer: (i) q = 0.450, p = 0.550; (ii) 198 heterozygotes; (iii) new q = 0.344
• Evidence level: Excellence (q² = frequency of the recessive phenotype; p + q = 1; 2pq =
heterozygotes; selection changes the gene pool).

• (i) q² = 0.203, so q = √0.203 = 0.450 and p = 1 − 0.450 = 0.550.

• (ii) 2pq = 2 × 0.550 × 0.450 = 0.495, so the number of heterozygotes = 0.495 × 400 = 198.

• (iii) After selection, the mean fitness = 1 − q²(1 − w) = 1 − 0.203 × 0.80 = 0.8380. New q = (pq + q²w)
÷ mean fitness = (0.248 + 0.0405) ÷ 0.8380 = 0.344 (a fall from 0.450).

• Achievement: States that selection reduces the recessive allele frequency.

• Merit: Links to survival and reproduction: individuals with the recessive phenotype have a lower
chance of surviving and reproducing, so fewer recessive alleles are passed on.

• Excellence: Full explanation: the phenotype of the recessive homozygotes reduces their fitness, so
they contribute fewer offspring to the next generation; the proportion of recessive alleles in the gene
pool falls (from 0.450 to 0.344), though not to zero because recessive alleles carried in heterozygotes
are hidden from selection; this is natural selection changing allele frequencies, the basis of evolution.

KEY TAKEAWAY
Hardy–Weinberg: p + q = 1 and p² + 2pq + q² = 1; q = √(frequency of the recessive phenotype);
selection against a genotype lowers its alleles' frequency by an amount found from the mean fitness.

(b) The table shows the number of individuals in each size class of the shell thickness of a snail in a
population before and after a change in the environment. (i) Calculate the mean value of the trait before
and after the change. (ii) Name the type of natural selection that has occurred. (iii) Explain how the
selection pressure produced this change in the population.

(b) Answer: (i) 6.06 and 6.03 mm; (ii) stabilising selection
• Evidence level: Excellence (compare the means and the spread (standard deviation) before and
after).

• (i) Mean before = 6.06 mm; mean after = 6.03 mm. (Spread: standard deviation 1.35 then 0.891.)

• (ii) Stabilising selection: the mean is unchanged but the spread has decreased (the extremes have
been lost).

• Achievement: (iii) States which phenotypes survived and reproduced.

• Merit: Links to inheritance: the favoured individuals pass their alleles to the next generation in greater
numbers.

• Excellence: Full explanation: individuals with intermediate values had the highest fitness, while
extremes were less likely to survive or reproduce, so alleles for extreme phenotypes were selected
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against and the population became more uniform around the mean

KEY TAKEAWAY
Types of selection: directional (mean shifts), stabilising (extremes lost, mean unchanged), disruptive
(extremes favoured, two peaks). Calculate the mean as Σ(number × value) ÷ total.

LOS: Allele frequencies and selection (91605)

Question 2 (17 marks) [DNA evidence and relationships]

(a) DNA was sequenced for a gene in 4 related species of New Zealand insects. The table shows the
number of base differences per 100 bases between each pair of species. The two lineages together
accumulate 2.00 base differences per 100 bases per million years of divergence (molecular clock). (i)
State which two species are most closely related and explain how you can tell. (ii) Draw a phylogenetic
tree (in words, or by listing the order of branching from the most recent to the oldest) for these species.
(iii) Calculate how long ago each pair or group last shared a common ancestor (the divergence time for
each branching point). (iv) Explain why a species that shares a more recent common ancestor with
another is not necessarily more similar in appearance.

(a) Answer: (i) Species A and Species D; branching: Species A + Species D; Species C +
Species A and Species D; Species B + Species A, Species C, Species D; times (Myr): 0.500,
1.50, 3.50

• Evidence level: Excellence (smallest difference = most recent common ancestor; cluster step by step
(UPGMA) and use time = difference ÷ clock rate).

• (i) Species A and Species D have the smallest difference (2.00 per 100 bases), so they share the
most recent common ancestor.

• Branch point 1: Species A and Species D joined; mean difference = 2.00 per 100 bases, so
divergence time = 2.00 ÷ 2.00 = 0.500 million years ago.

• Branch point 2: Species C and Species A and Species D joined; mean difference = 6.00 per 100
bases, so divergence time = 6.00 ÷ 2.00 = 1.50 million years ago.

• Branch point 3: Species B and Species A, Species C, Species D joined; mean difference = 14.0 per
100 bases, so divergence time = 14.0 ÷ 2.00 = 3.50 million years ago.

• Achievement: (iv) States that DNA and appearance can differ.

• Merit: Links to selection: a species may have changed greatly in appearance because natural
selection acted on it in a different environment.

• Excellence: Full explanation: the number of DNA differences reflects time since divergence, but
appearance (morphology) depends on selection; one lineage may evolve quickly because it has
adapted to a very different habitat (divergent evolution), while a more distant relative may look similar
because it lives in a similar environment (convergent evolution), so appearance alone can mislead and
DNA evidence is more reliable.

KEY TAKEAWAY
Phylogenetics: fewer DNA differences means a more recent common ancestor; build the tree by joining
the closest pair then recalculating averages; time = differences ÷ rate.

(b) Scientists compared the DNA of two lineages of tuatara that are thought to have diverged 3 million
years ago. They sequenced 2000 bases of mitochondrial DNA (mtDNA) and 2000 bases of nuclear DNA
(nDNA) from each. They found 120 differences in the mtDNA and 4 differences in the nDNA. (i) Calculate
the percentage difference in each type of DNA, and the rate of change per lineage in % per million years

TEST PAPERS HUB. For personal / single-household use only. Do not copy, share, or resell. Page 9 of 11

https://testpapershub.com/collections/ncea-level-3-biology-91605-speciation/?utm_source=free-sample&utm_medium=pdf&utm_campaign=ncea-level-3-biology-91605-speciation


LIKED THIS SAMPLE?

The full paper is the real thing.

THIS FREE SAMPLE

A short extract: the opening questions of Paper
1, then their worked answers. 3 pages in all.

THE FULL PAPER

Three questions made of several multi-part
problems answered in writing (constructed
response, no multiple choice), with a worked
solution for every part that shows whether it is
aimed at Achieved, Merit or Excellence. 11
pages, with a worked solution for every question.

What you get with each paper

A complete, timed paper in the real exam layout, not just a taste of it.

A worked solution for every question: numbered steps, why each wrong option is wrong, and a key
takeaway.

20 different papers in this set. Every one uses new questions, so each extra paper is new practice,
not a repeat.

An A4 PDF emailed straight after payment, made for printing.

Get Paper 1 now
A$11.99 one-off, instant PDF download. Tap or click here.

Or see all 20 NCEA Level 3 Biology 91605 Speciation papers:
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Getting the most from a practice paper

1 Print it and set the timer shown on the cover. Answer every question before looking at any
solution.

2 Mark it against the worked solutions and note the topics that cost you marks.

3 Retry the questions you missed a day later, then use the next paper to check the fix held.
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