Species Definitions
1. Explain what is meant by the word species. (2 marks)



2. Match up the species definitions with the type of evidence that it is based on. 

1. Morphological species concept		A. 	Appearance.

2. Reproductive species concept		B.  	Ecological niche occupied.

3. Ecological species model 			C.	DNA evidence. 

4. Mate-recognition species model 		D.	Shared evolution between groups. 

5. Genetic species model			E.  	Fertilisation systems & mating behaviour.

6. Evolutionary species model			F.	Interbreeding to produce fertile offspring. 

3.	Each of the statements below is a limitation of a species definition model/concept. Identify which ones. 
(a) Sexual dimorphism (males/females of the same species have very different appearances). 
(b) Many organisms (e.g. bacteria, fungi, protoctists) reproduce asexually.
(c) Fossils do not reproduce. 
(d) Most fossils do not have molecular (DNA/proteins) evidence to analyse.
(e) Analysing molecular (DNA/protein) evidence is expensive and time-consuming.
(f) Different species can interbreed to produce fertile offspring. 
(g) Different species can have very similar appearances.
(h) Organisms do not interbreed as they are not in the same area. 
(i) Niche definitions vary.
(j) Species can occupy more than one niche. 
(k) Many species mate with or cross-pollinate other species. 
(l) Evolutionary pathways are not always clear for particular organisms. 
(m) Many living species have never been observed mating. 
(n) Breeding programmes are time-consuming and expensive. 
(o) Fertile hybrid species can be produced when two different plant species breed. 
4.	(a) Describe an example of a species that shows sexual dimorphism.

 (b) Explain why sexual dimorphism is a limitation of the morphological species concept. 

5.	Penicillium chrysogenum and Penicillium notatum are fungi that produce the antibiotic
penicillin. Neither fungus has been observed to reproduce sexually.
Explain why this was a problem for taxonomists when these fungi were originally classified.






6.	It is not always easy to distinguish two organisms as separate species. Criticise the morphological and the reproductive species concepts. (4 marks)







7.	Explain how observations of the genitalia of the Grey Dagger moth (Acronicta psi) and the Dark Dagger moth (Acronicta tridens) allowed them to be classified as separate species. 


8.	Some organisms/species are difficult to classify. For example: 
Euglena - single-celled organisms that have some confusing characteristics. Euglena has: chloroplasts, like a plant, no cell wall like an animal and  a flagellum to swim with, like some bacteria. https://www.biologycorner.com/worksheets/euglena_color.html 
Onychophora – it has it’s own peculiar features but also characteristics in common with three other large groups, Annelida (worms), Arthropoda (insects, spiders, crustaceans) and Mollusca (snails, mussels, octopus). http://www.biologydiscussion.com/invertebrate-zoology/onychophora/onychophora-anatomical-peculiarities-affinities-and-classification/33657 
Dendrogramma – look like a cross between a mushroom and a jellyfish. https://www.newscientist.com/article/dn26156-weird-creatures-may-be-relics-from-dawn-of-animal-life/#.VCdrfGccScw 
Xenoturbella – has a simple morphology, which lacks a central nervous system, main body cavity, anus, or reproductive organs. https://www.bbc.co.uk/news/science-environment-35482467 
Research your own example of an organism that is difficult to classify and explain why. 
Species Definitions
1. Explain what is meant by the word species. (2 marks)
Two organisms are said to be of the same species if they can interbreed to produce fertile offspring. 
2. Match up the species definitions with the type of evidence that it is based on. 

1. Morphological species concept		A. 	Appearance.

2. Reproductive species concept		B.  	Ecological niche occupied.

3. Ecological species model 			C.	DNA evidence. 

4. Mate-recognition species model 		D.	Shared evolution between groups. 

5. Genetic species model			E.  	Fertilisation systems & mating behaviour.

6. Evolutionary species model			F.	Interbreeding to produce fertile offspring. 
Answer: 1A, 2F, 3B, 4E, 5C, 6D
3.	Each of the statements below is a limitation of a species definition model/concept. Identify which ones. 
(a) Sexual dimorphism (males/females of the same species have very different appearances). Mo
(b) Many organisms (e.g. bacteria, fungi, protoctists) reproduce asexually. Re, Ma
(c) Fossils do not reproduce. Re, Ma
(d) Most fossils do not have molecular (DNA/proteins) evidence to analyse. Ge
(e) Analysing molecular (DNA/protein) evidence is expensive and time-consuming. Ge
(f) Different species can interbreed to produce fertile offspring. Re
(g) Different species can have very similar appearances. Mo
(h) Organisms do not interbreed as they are not in the same area. Re
(i) Niche definitions vary. Ec
(j) Species can occupy more than one niche. Ec
(k) Many species mate with or cross-pollinate other species. Re, Ma
(l) Evolutionary pathways are not always clear for particular organisms. Ev
(m) Many living species have never been observed mating. Re, Ma
(n) Breeding programmes are time-consuming and expensive. Re, Ma
(o) Fertile hybrid species can be produced when two different plant species breed. Re
4.	(a) Describe an example of a species that shows sexual dimorphism.
E.g. peacocks or any example of a species with big differences between the appearance of males/females. 
(b) Explain why sexual dimorphism is a limitation of the morphological species concept. 
The morphological species concept classifies organisms according to their appearance. But with sexual dimorphism, two individuals of the same species can have very different appearances. 
5.	Penicillium chrysogenum and Penicillium notatum are fungi that produce the antibiotic
penicillin. Neither fungus has been observed to reproduce sexually.
Explain why this was a problem for taxonomists when these fungi were originally classified.
· The criterion of a species being a group capable of interbreeding cannot be applied.
· So less clear-cut evidence of structural and biochemical similarity must be used.
· Difficult to distinguish between varieties and species.

6.	It is not always easy to distinguish two organisms as separate species. Criticise the morphological and the reproductive species concepts. (4 marks)
The morphological species concept relies on the observable differences between two organisms. This does not work very well in cases of sexual dimorphism, such as the peacock and peahen. In many species there is also enormous variation within individuals of the same sex. However, it is simple to use as you can decide what species an organism is just by looking at it. 
	The reproductive species concept relies on the idea that members of the same species can reproduce to produce fertile offspring. However, many plants of different species interbreed to give fertile offspring. The concept works well for animals but it does not apply so well to plants. Also, Organisms may not interbreed as they are not in the same place. Organisms that are different species can also sometimes produce fertile offspring e.g. lions and tigers.
7.	Explain how observations of the genitalia of the Grey Dagger moth (Acronicta psi) and the Dark Dagger moth (Acronicta tridens) allowed them to be classified as separate species. 
Grey Dagger males have two pronged genitalia that match the females. Dark Dagger males have three-pronged genitalia that match the females of that species. 
8.	Some organisms/species are difficult to classify. For example: 
Euglena - single-celled organisms that have some confusing characteristics. Euglena has: chloroplasts, like a plant, no cell wall like an animal and a flagellum to swim with, like some bacteria. https://www.biologycorner.com/worksheets/euglena_color.html 
Onychophora – it has it’s own peculiar features but also characteristics in common with three other large groups, Annelida (worms), Arthropoda (insects, spiders, crustaceans) and Mollusca (snails, mussels, octopus). http://www.biologydiscussion.com/invertebrate-zoology/onychophora/onychophora-anatomical-peculiarities-affinities-and-classification/33657 
Dendrogramma – look like a cross between a mushroom and a jellyfish. https://www.newscientist.com/article/dn26156-weird-creatures-may-be-relics-from-dawn-of-animal-life/#.VCdrfGccScw 
[bookmark: _GoBack]Xenoturbella – has a simple morphology, which lacks a central nervous system, main body cavity, anus, or reproductive organs.https://www.bbc.co.uk/news/science-environment-35482467  
Research your own example of an organism that is difficult to classify and explain why. 
