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Comparing the flower structure of different angiosperms
The purpose of this activity is:

· to make observations of flowers

· to make measurements of stamens and pistils and to observe whether pollen is being produced in each flower

· to make hypotheses about mechanisms encouraging cross-fertilisation

· to make hypotheses about whether flowers are wind- or insect-pollinated

Procedure 

SAFETY: If you know you are sensitive to certain plants, ask your teacher if you can wear gloves before handling the flowers. If you notice any unexpected skin irritation, or other unusual reactions to the plant material, tell your teacher immediately. Wash your hands thoroughly at the end of the session.

There are four parts to this investigation. The first is an observation of a range of flowers, the second a closer look at the reproductive parts of one flower to see if you can discover any mechanisms that reduce self-pollination, the third involves studying pictures of other flowers to decide if they are pollinated by wind or insects, and finally you can dissect your original flower and laminate it to keep it for later study.

Investigation 1: Flower anatomy – observation 

a Examine several flowers of carefully, using a hand lens and a low power stereo binocular microscope.

b Describe common features of the flowers, such as the pistil (usually central, with the sticky stigma at the top, and the style leading down to the ovary), stamens (with anthers attached), petals, and sepals.

Investigation 2: Cross-pollination

c Select one flower to focus on. Make sketches to show the relative position of stigma and anthers. 

d Decide whether the anthers in the flower have opened to release pollen and whether the surface of the stigma has matured.

e Collate your class results so that for each species you have a record of whether the anthers or the stigma mature first, or if they appear to mature at the same time, or if it varies from flower to flower within the species.

f Measure the length of stamens and pistil in your flower. If there are several examples of any particular flower, collate the class results to see if the lengths are common across the examples, or if there is a noticeable variation.

g (Optional) If you have access to pin-eyed and thrum-eyed Primula sp, measure the length of style and stamens in each, and sketch the different arrangements of style and stamen. 

h Look at your sketches showing the relative position of stigma and anthers. Decide whether the arrangement favours or hinders cross-pollination. 

i Draw up a table to compare, in the plant species you have studied, any mechanisms that favour either cross-pollination or self-pollination.

Investigation 3: Pollinating agents

j Study the general structure of the flower for any evidence that may help you to decide whether the plant is wind-pollinated or insect-pollinated.

k Study the photographs provided, or any other images you can find of different flowers, and for each, decide whether you think it is wind- or insect-pollinated.

l Prepare another table comparing the general characteristics of wind-pollinated flowers with those of insect-pollinated ones.

Investigation 4: Flower dissection

m Dissect the flowers to isolate the pistil (usually central, with the sticky stigma at the top, and the style leading down to the ovary), stamens (with anthers attached), petals, and sepals.

n Set out the different parts on a clean piece of white paper, either in a grid or in whorls to represent the concentric layers of the flower structure.

o Place sticky-backed plastic over the dissected flower to maintain the display (note 2).

Questions

1 Describe the flower you have sketched.

2 What did you observe about the flower that could reduce its chance of being self-pollinated? 

3 What is the advantage to a plant species of increasing the chances of cross-pollination (and cross-fertilisation) in each growing season?

4 Self-fertilisation can produce offspring that are different in some ways from the parent. How could this happen?

5 Describe the general features of insect-pollinated flowers.

6 Describe the general features of wind-pollinated flowers.

Questions needing further research

7 Some flowers are pollinated by an abiotic (non-living) agent other than wind. What is this other pollinating agent? Give an example of a plant pollinated this way.

8 Some flowers are pollinated by biotic (living) agents other than insects. Find out about two other pollinating animals and examples of plants that they pollinate.

9 If you have a chance to read Charles Darwin’s work on flowers – Form of flowers – you can read about his work on Primula species and others.

· Describe, in outline, Darwin’s work on pin-eyed and thrum-eyed Primula (Form of flowers: Chapter 1).

· What steps did he take to make his investigations reliable?

· What examples can you find in this book of good scientific practice in Darwin’s work?

· Comment on your personal view of Darwin’s writing about flowers and how well you understood his reports of his work.
Answers

1 Descriptions should include form, size, colour, pattern and number of petals, position and description of stamens, anthers and pistil, information about pollen and the stickiness of the stigma.
2 Flowers reduce the chance of being self-pollinated if the anthers and stigma mature at different times, or are held far apart in the flower. Some flowers have only female parts, others have only male flowers. 
3 The advantage to a plant species of increasing the chances of cross-pollination (and cross-fertilisation) in each growing season is that there will be greater variability in the offspring. Combining the genetic material from two plants by sexual reproduction produces offspring with a range of characteristics. In times of change, more offspring are likely to survive.
4 Self-fertilisation can produce offspring that are different in some ways from the parent. This happens because of reassortment of the genes during gamete formation, so the offspring will be more alike than from a cross-fertilised flower, but could still vary from the parent.
5 Insect-pollinated flowers have usually large, showy, colourful petals, often with nectar and fragrance too. The stamens and anthers are usually enclosed within the flower and so insects will scramble past them to reach any nectar. Pollen grains are often large and clusters of pollen may stick to an insect. However, some insect-pollinated flowers are open-faced (for example daisies and other Compositae).

6 Wind-pollinated flowers usually have unobtrusive petals and their anthers and stigmas are exposed to the breeze. Anthers may wobble on the stamens and release copious quantities of small, light pollen grains.

Questions needing further research

7 Some flowers are pollinated by water, which is an abiotic (non-living) agent. An example of a plant pollinated this way is sea grass Halodule pinifolia.
8 Some flowers are pollinated by birds (such as hummingbirds) or mammals (such as bats) which are biotic (living) agents. Examples of these are certain passionflowers (pollinated by hummingbirds) and agave (pollinated by bats).
9 If you have a chance to read Charles Darwin’s book Form of flowers you can find out about his work on Primula species and others.

· Describe, in outline, Darwin’s work on pin-eyed and thrum-eyed Primula (from Form of flowers: Chapter 1).

· He made his investigations reliable by using large sample sizes, and by trying to control variables where possible (for example by planting a test bed of Primula veris in his garden rather than collecting samples in the wild). 

· In Form of flowers, there are examples of Darwin’s scientific practice being methodical and logical, looking for quantitative as well as qualitative measures, large numbers in samples, aware of weaknesses in protocol (acknowledging over-estimates and under-estimates in data), studying a wide range of examples rather than drawing conclusions from a single species, reference to other scientists’ work.

· This will vary from student to student, but some will find his writing clear and easy to understand – at least in terms of his methods and results if not in terms of his conclusions.
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