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ANSWER ALL THREE QUESTIONS
37 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
Useful relationships: percentage = part ÷ total × 100; free-running period = 24 h + daily shift in the time activity
begins; Pr (inactive) � Pfr (active): red light (about 660 nm) converts Pr to Pfr, far-red light (about 730 nm)
converts Pfr to Pr.

Question One (14 marks)

(a) A hamster was kept in constant darkness with constant temperature and food available at all
times. The time of day at which its activity began each day was recorded and is shown in the table.
Before the experiment the animal was kept in a 12 h light / 12 h dark cycle.

(i) Calculate the length of the animal's free-running period (in hours and minutes) and state how
much its activity onset shifts each day.

(ii) Predict the time at which its activity will begin on day 20.

(iii) Explain what these results show about the animal's biological clock, and how a light–dark
cycle keeps the clock set to 24 hours.

Day in constant darkness 1 4 7 10

Time activity begins 06:00 07:48 09:36 11:24

[7 marks]

(b) A choice chamber has two halves with different conditions: one dark and one light. 60 flatworms
were placed in the middle and after 10 minutes 52 were in the dark half and 8 in the light half. The
mean speed of movement of the animals was 1.5 mm per second in the dark half and 1.5 mm per
second in the light half.

(i) Calculate the percentage of the animals in the dark half, and the ratio of the mean speeds.

(ii) State whether the behaviour is a kinesis or a taxis, giving a reason.

(iii) Explain how this behaviour increases the animals' chances of survival.
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[7 marks]

Question Two (15 marks)

(a) Lettuce is a long-day plant: it flowers only when the length of the continuous dark period is
shorter than 12 hours (the critical night length). Five groups of lettuce plants were grown for several
weeks in the treatments shown in the table.

(i) State which treatments will result in flowering, and justify each decision by using the longest
continuous dark period.

(ii) Explain how the plant detects the length of the dark period, referring to phytochrome.

(iii) Explain why a short flash of light in the middle of the night has such a large effect on
flowering in a long-day plant.

Treatment Each 24-hour cycle

A 18 h light, then 2 h dark, a 1 h flash of light, then 3 h dark

B 6 h light, then 10 h dark, a 1 h flash of light, then 7 h dark

C 8 h light, then 8 h dark, a 1 h flash of light, then 7 h dark

D 12 h light, then 7 h dark, a 1 h flash of light, then 4 h dark

E 10 h light, then 11 h dark, a 1 h flash of light, then 2 h dark

[8 marks]
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (14 marks) [Biological clocks and behaviour]

(a) A hamster was kept in constant darkness with constant temperature and food available at all times.
The time of day at which its activity began each day was recorded and is shown in the table. Before the
experiment the animal was kept in a 12 h light / 12 h dark cycle. (i) Calculate the length of the animal's
free-running period (in hours and minutes) and state how much its activity onset shifts each day. (ii)
Predict the time at which its activity will begin on day 20. (iii) Explain what these results show about the
animal's biological clock, and how a light–dark cycle keeps the clock set to 24 hours.

(a) Answer: (i) 24 h 36 min, shift 36 min per day; (ii) 17:24; (iii) endogenous clock reset by
light

• Evidence level: Excellence (free-running period = 24 h + daily drift in activity onset; predict by adding
the drift for each further day).

• (i) Between day 1 and day 10 (9 days) the onset moved from 06:00 to 11:24, a shift of 36 min per
day, so the free-running period = 24 h + 36 min = 24 h 36 min.

• (ii) Onset on day 20 = onset on day 1 + 19 × 36 min = 17:24.

• Achievement: (iii) States that the rhythm continues without light cues, so it is endogenous.

• Merit: Links to the clock: the period is close to but not exactly 24 hours, so the cycle is free-running,
and light resets it.

• Excellence: Full explanation: the activity rhythm continued in constant conditions with a period (24 h
36 min) that was not exactly 24 hours, showing that an internal (endogenous) biological clock – in
mammals the suprachiasmatic nucleus – generates the rhythm; in a normal light–dark cycle, light (the
zeitgeber) is detected by the retina and resets the clock each day (entrainment), so the 24-hour
environmental cycle makes the rhythm exactly 24 hours.

KEY TAKEAWAY
Biological clocks: in constant conditions the rhythm free-runs with a period close to, but not exactly, 24
h (so activity onset drifts each day); light (the zeitgeber) entrains the clock to 24 h.

(b) A choice chamber has two halves with different conditions: one dark and one light. 60 flatworms were
placed in the middle and after 10 minutes 52 were in the dark half and 8 in the light half. The mean speed
of movement of the animals was 1.5 mm per second in the dark half and 1.5 mm per second in the light
half. (i) Calculate the percentage of the animals in the dark half, and the ratio of the mean speeds. (ii)
State whether the behaviour is a kinesis or a taxis, giving a reason. (iii) Explain how this behaviour
increases the animals' chances of survival.

(b) Answer: (i) 86.7% in the dark half, speed ratio 1.00 : 1; (ii) taxis; (iii) survival value
• Evidence level: Excellence (percentage = number ÷ total × 100; kinesis changes the speed or turning
rate without direction; taxis is directed movement).

• (i) 52 ÷ 60 × 100 = 86.7% in the dark half; speed ratio (1.5 : 1.5) = 1.00 : 1.

• (ii) It is a taxis: the animals moved directly away from the stimulus at the same speed (a directed
movement in response to the direction of the stimulus).

• Achievement: (iii) States that the animals end up in a better place.

• Merit: Links to survival: the behaviour keeps them where they lose less water or avoid predators.

• Excellence: Full explanation: Planarians move away from light (negative phototaxis), which keeps
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them under stones where they are hidden from predators.; staying in the better conditions raises
survival and so reproductive success, so the behaviour is adaptive and the alleles that cause it are
favoured by natural selection.

KEY TAKEAWAY
Behaviour: a kinesis changes the rate of movement or turning with the stimulus intensity (no direction);
a taxis is movement towards or away from a stimulus; both help animals end up in favourable
conditions.

LOS: Biological clocks and behaviour (91603)

Question 2 (15 marks) [Light and plant development]

(a) Lettuce is a long-day plant: it flowers only when the length of the continuous dark period is shorter
than 12 hours (the critical night length). Five groups of lettuce plants were grown for several weeks in the
treatments shown in the table. (i) State which treatments will result in flowering, and justify each decision
by using the longest continuous dark period. (ii) Explain how the plant detects the length of the dark
period, referring to phytochrome. (iii) Explain why a short flash of light in the middle of the night has such
a large effect on flowering in a long-day plant.

(a) Answer: (i) A flowers; B flowers; C flowers; D flowers; E flowers; (ii) Pr/Pfr ratio measures
night length; (iii) the flash converts Pr to Pfr and splits the night

• Evidence level: Excellence (find the longest uninterrupted dark period in each treatment and
compare with the critical night length).

• (i) A: longest dark = 3 h → flowers; B: longest dark = 10 h → flowers; C: longest dark = 8 h →
flowers; D: longest dark = 7 h → flowers; E: longest dark = 11 h → flowers.

• Achievement: (ii) States that phytochrome senses light and dark.

• Merit: Links to Pr and Pfr: red light converts Pr to Pfr; in darkness Pfr slowly changes back to Pr.

• Excellence: Full explanation: phytochrome exists in two forms, Pr (absorbs red light) and Pfr
(absorbs far-red light); in daylight (which contains more red than far-red) Pr is converted to Pfr, and in
darkness Pfr slowly reverts to Pr (and is broken down), so the ratio of Pfr to Pr at the end of the night
measures the length of the night; a low Pfr level after a long night allows the production of the
flowering signal in a short-day plant.

• Achievement: (iii) States that the flash converts Pr to Pfr.

• Merit: Links to the dark period: it interrupts the dark period so no uninterrupted night longer than the
critical length occurs.

• Excellence: Full explanation: a flash of (red) light in the night converts Pr back to Pfr, so the night is
effectively split into two shorter dark periods, each shorter than the critical night length, so a long-day
plant treats the night as short and flowers, although the total dark time is unchanged; it is the length of
the uninterrupted night, not the length of the day, that the plant measures.

KEY TAKEAWAY
Photoperiodism: short-day plants flower when the continuous night is longer than the critical length,
long-day plants when it is shorter; a flash in the night interrupts the night; phytochrome Pr (red
absorbing) � Pfr (far-red absorbing).
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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 91603 Responses 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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