
Activity: Finding a female

In this activity, students play a card game that models the journey of a male pea crab from his mussel host and back again at mating time. The card game emphasises the likely importance of pheromone signals (which help males to locate receptive females) in successful mating.

By the end of this activity, students should be able to:
· explain that pea crabs live within green-lipped mussels
· describe how male pea crabs must move between mussels to find a female to mate with and that this process is hazardous
· discuss the likelihood that pheromones are important in helping male pea crabs locate females
· use the card game as a model for understanding how pea crabs seek out a mate and for exploring the risks involved.

Introduction/background
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What to do
Discussion points
Extension activity
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Cards

[bookmark: intro]Introduction

The New Zealand pea crab (Nepinnotheres novaezelandiae) is a parasitic crab that lives within green-lipped mussels (Perna canaliculus, kūtai). Pea crabs lead a solitary life, with just one crab usually inhabiting a mussel. Female pea crabs never leave their mussel host, while males leave only at mating time to search for a female (inside another mussel) who is receptive (ready to mate). 

For male pea crabs, leaving their host mussel in search of a female is a hazardous activity. Crabs are at risk of being eaten by fish (such as snapper and spotties) when they are not protected by a mussel. There is also a substantial risk of being crushed between the mussel’s two shells as they close. This can occur as the crab is entering or exiting a mussel, and there is approximately a 15% crush risk with each entry or exit.

Oliver Trottier, a scientist at Leigh Marine Laboratory (University of Auckland), has proposed that female pea crabs emit a pheromone (chemical scent) when they are ready to mate, and that male pea crabs detect the pheromone and use it to guide them to the mussel that contains the receptive female. If male pea crabs did not have pheromones to guide them, they would have to enter several mussels before finding a female and would probably be killed by crushing or predation before they located a receptive female.

The card game in this activity acts as a model of male pea crab behaviour during mating. By playing it, and in particular by varying the conditions (such as the pea crab infestation rate) with which it is played, students have the opportunity to explore the likely importance of pheromones in pea crab mating. It is also an ideal way to introduce and discuss modelling and why scientists use models in their research.

[bookmark: need]What you need

· Access to the article Getting into and out of mussels and the video clips The risky life of a male pea crab, The long tickle, Oliver’s pheromone hypothesis, Testing the pheromone hypothesis and Pea crabs: male vs female
· Copies of Finding a female: the card game
· Copies of the prepared cards 

[bookmark: do]What to do

1. Prepare the playing cards. For one set of cards, print pages 5–32 double-sided or print them single-sided and stick pairs of pages together before cutting out and perhaps laminating.

2. Have students read the article Getting into and out of mussels and view the video clips The risky life of a male pea crab, The long tickle, Oliver’s pheromone hypothesis, Testing the pheromone hypothesis and Pea crabs: male vs female.

3. As a class, discuss how the (probable) release of pheromones by receptive female pea crabs helps male crabs. What might happen to male pea crabs if they didn’t have a pheromone signal to guide them? 

4. Explain that students will be playing a card game that models male pea crab behaviour. In the game, they will be taking the part of male pea crabs. They will be seeking out females, either with or without the help of pheromone signals from female pea crabs. Explain that the winner is the one who finds the most females, and ask students to predict which crab will win the game.

5. Group students into pairs and issue each pair with a full set of Crab, Mussel, Heading Out and Heading Home cards and a copy of Finding a female: the card game. Read and discuss the rules of the game.

6. After students have played several rounds of the game, encourage them to try playing the game with a different ‘pea crab infestation level’. See the game rules for details.

[bookmark: discussion]Discussion points

· How did playing the game change your understanding of how male pea crabs find mates?
· Which crab was more likely to locate a receptive female and return safely to his own host mussel?
· Do you think that the pea crabs could survive as a species without a method for locating female pea crabs within their mussel hosts?
· How does infestation rate affect the importance of pheromones in mate location?
· The card game is a model of mate location in pea crabs. In what ways does the model accurately reflect the behaviour of male pea crabs at mating time? What are some weaknesses of the model?
· Oliver Trottier has hypothesised that male pea crabs need a signal (such as a pheromone) from female pea crabs so that they can locate them within mussel shells. Can you think of signals other than pheromones that could be used?

[bookmark: extension]Extension activity

· Try varying the conditions of the card game further, for example, the risks of leaving a host mussel could be modified by removing some of the Heading Out and Heading Home cards.
· Research the role of pheromones in mating in other crustacean species. 

[bookmark: _GoBack][bookmark: game]
Finding a female: the card game

Materials

· 2 Crab cards
· 32 Heading Out cards 
· 32 Heading Home cards
· 100 Mussel cards
· Coin to toss
· Paper to record scores

Rules

1. The game is played in pairs. For the purposes of the game, both players are male pea crabs. One player, Pheromone Phil, is able to detect pheromones released by female pea crabs and can readily locate mussels that contain receptive females. The other player, Guessing Greg, cannot detect pheromones and must enter mussels at random to see whether they contain receptive females.

2. Each turn in the game represents a male pea crab’s journey from his own host mussel in search of a female to mate with. During each turn, players (crabs) are aiming to locate a female and return to their own mussel host before being killed by crushing (between the two shells of a mussel) or predation (eaten by a snapper or a spotty). Each turn ends when the crab is killed.

3. Crab cards are used to determine which player is Pheromone Phil and which is Guessing Greg. Heading Out cards are used to determine whether a male pea crab’s journey from his host mussel to a new mussel (or between two new mussels) has been successful. Mussel cards are used to determine whether a mussel that has been selected contains a receptive female crab. Heading Home cards are used to determine whether a male crab’s journey back to his home mussel after fertilising a female’s eggs has been successful.

4. Before play begins:
· Decide which crab is Pheromone Phil and which is Guessing Greg, either by mutual agreement or by allocating the two Crab cards at random.
· Shuffle the 32 Heading Out cards and place them face down in a pile between the two crabs. Do the same with the 32 Heading Home cards. Shuffle the 100 Mussel cards and give approximately half the pack to each crab.
· Pheromone Phil spreads the mussel cards that have been allocated to him face up in front of him, so that all images are visible. Guessing Greg also spreads his allocation of Mussel cards, but places them face down so that he cannot determine what each one shows on its face.
· Toss a coin to see which crab has the first turn.

5. Begin play. The first crab draws a Heading Out card from the top of the pack and looks at it. If it shows that the crab has died en route to the next mussel, the turn is over. If it shows that the crab has successfully entered a mussel, the crab picks a Mussel card from the array in front of him and retains the card. (Pheromone Phil should select a card that indicates that a receptive female pea crab is inside the mussel, whereas Guessing Greg must choose a card at random.) Crabs should retain all the Mussel cards that they draw throughout the game.

6. If a Mussel card showing a receptive female is selected (always the case for Pheromone Phil, but not necessarily for Guessing Greg), the crab picks a Heading Home card. This indicates that the crab, having located a female and fertilised her eggs, is now returning to his own host mussel (or perhaps another empty mussel). If no receptive female is present in the selected Mussel, the crab picks another Heading Out card. This indicates that the crab is continuing his search for a female pea crab by moving to another shell. 

7. Each turn continues in the same manner, with crabs picking Heading Out, Mussel and Heading Home cards as appropriate until the crab dies (as indicated on a Heading Out or Heading Home card). At this point, it is the turn of the other crab.

8. The winner of the game is the crab who has located the largest number of receptive females once all the ‘receptive female’ Mussel cards have been drawn from the array in front of Pheromone Phil. Players should note the number of females that have been located by each player.

9. Variation: Explore the effect of pea crab infestation levels by playing the game with some Mussel cards removed. When all cards are present, there are 50 cards showing mussels without pea crabs and 50 cards showing mussels containing pea crabs (45 receptive females and 5 males). This equates to a pea crab infestation level of 50%. Remove cards selectively to alter the ratio of mussels with and without pea crabs. For example, for a low infestation rate of 10%, play with 45 Mussel cards without pea crabs and 5 cards with pea crabs. For a high infestation rate of 75%, play with 15 Mussel cards without pea crabs and 45 cards with pea crabs.
[bookmark: cards]
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