How to Use a Dichotomous Key

Curriculum Objectives:
Senior 4 Biology
S4B-0-P1 Demonstrate confidence in their ability to carry out investigations.
S4B-0-S1 Use appropriate scientific problem-solving or inquiry strategies when

answering a question or solving a problem.
S4B-0-G1 Collaborate with others to achieve group goals and responsibilities.
Unit 5 – Organizing Diversity
3. Describe the dynamic nature of classification.

Include: different systems, current debates
4.  Describe types of evidence used to classify organisms and determine

evolutionary relationships.

Examples: fossil record, DNA analysis, biochemistry, embryology,

morphology…

Introduction and Teacher Modeling:
Prior to this activity, students should have learned the meaning and purpose of classification of organisms.  They should be aware of the classification system (Domain, Kingdom, Phylum, Class, Order, Family, Genus, Species), and understand it.  Review this if necessary.  In this lesson, the students will learn what a dichotomous key is and how to use one to identify between different families of shark.  For this lesson, it is necessary to learn some of the basic morphology of sharks.  Each student will have the Student Handout (Part A and B) that follows, and you should make an overhead of the shark diagram to go through the features of the shark with them before they begin to try to use the key.

After the features of the shark have been explained and understood, it would be a good idea to go through the first two or three shark diagrams with the students to make sure they understand how to use the key.

Once the students have applied this skill, they will answer questions related to it and will then create their own dichotomous keys for given organisms.  For the next lesson the students will be asked to collect snails from a local pond, river, lake, etc, so that we can identify the different species in the classroom with a dichotomous key.  *Note: In order to be able to carry out the second part of this activity, the weather must be accommodating.  If not, it may be wise to collect a variety of snail shells for the students to use during this investigation.
Safety Concerns:
The portion of this activity that takes place in class had no relevant safety issues, although you may want to remind students to be careful when collecting snails for the investigation portion of the lesson (that will take place on their own time).

References

22.20 Introductory Invertebrate Zoology Course Information and Laboratory Manual, Department of Zoology, University of Manitoba 2005 http://www.umanitoba.ca/faculties/science/zoology/faculty/hann/z260/

Student Handout Part A: Using a Dichotomous Key
Name: _____________________________
As we have learned in previous lessons, all organisms on Earth are classified into Domains, Kingdoms, Phyla, Classes, Orders, Families, Genus, and Species.  In order to identify organisms, scientists use a tool called a dichotomous key.  The root of the word, which is dichotomy, means opposing or contrasting.  This relates to the key because it contains pairs of contrasting statements that increase in specificity gradually throughout.  These statements are a listing of specific characteristics, such as structure and behaviour that allow identification of the organism at hand.  Today, we will use a dichotomous key to identify between different families of shark.  It is first necessary to learn some basic features of the shark before we can use the key for identification.
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Using the Key:
Read sentences 1A and 1B of the key.  Determine which of the two statements apply to shark number one.  Follow the instructions given by the key (i.e. Go to statement 12).  Repeat this step with each pair of characteristics until the key identifies the shark family.  Use the key to identify each shark diagram on the following page.
Key:
1) A. Body kite-like in shape (when viewed from the top) ……………………Go to statement 12 

    B. Body not kite-like in shape (when viewed from the top)…........................Go to statement  2

2)  A. Pelvic fin absent and nose saw-like ………………………................Family Pristiophoridae

     B.  Pelvic fin present…………………………………………………………Go to statement  3 
3) A. Six gill slits present……………………………………………………..Family Hexanchidae
     B. Five gill slits present……………………………………………...............Go to statement  4

4) A. Only one dorsal fin……………………………………………………Family Scyliorhinidae

     B. Two dorsal fins…………………………………………………................Go to statement  5

5) A. Mouth at front of head rather than back along underside of head ....Family Rhinocodontidae 

    B. Mouth back along underside of head…………………………...................Go to statement  6

6) A. Head expanded on side with eyes at end of expansion…………………..Family Sphyrnidae

    B. Head not expanded……………………………………………….. ………Go to statement  7
7) A. Top half of caudal fin exactly same size and shape as bottom half………….Family Isuridae

     B. Top half of caudal fin different in size and shape than bottom half……….Go to statement 8   
8) A. First dorsal fin very long, almost half total length of body………….Family Pseudotriakidae

     B. First dorsal fin regular length………………………………………………Go to statement 9

9) A. Caudal fin very long, almost as long as entire body……………………….Family Alopiidae

     B. Caudal fin regular length…………………………………………………Go to statement 10

10) A. A long needle-like point on end of nose………………………..Family Scapanorhynchidae
       B. Nose without long point…………………………………………………Go to statement 11

11) A. Anal fin absent…………………………………………………………….Family Squalidae

       B. Anal fin present………………………………………………………….Go to statement 12

12) A. Small dorsal fin present near tip of tail……………………………………...Family Rajidae

       B. No dorsal fin present near tip of tail…………………………………….Go to statement 13

13) A. Front of animal with two horn-like appendages…………………………Family Mobulidae

       B. No horn-like appendages………………………………………………..Family Dasyatidae
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Answer the following questions before moving on with the activity:
1) What is a biological key and how is it used? ______________________________________________________________________________________________________________________________________________________________________________________________________

2) List four different characteristics or traits that were used in the shark key.  ____________________________________________________________________________________________________________________________________
3) What main trait could be used to separate shark 4 from shark 6?  Shark 12 from shark 8? ____________________________________________________________________________________________________________________________________

4) Although these sharks are all from different families, they fall into the same: (circle all that apply)

a) Order    b) Class    c) Kingdom
 d) Genus    e) Species    f) Domain    g) Phylum

Making a dichotomous key:
Prepare your own key in the space provided below for the fish pictured in Figure 3.  Use the same features that were used for the shark in Figure 1.  The family names for the fish will be replaced with Roman Numerals I, II, III, IV, and V.  Here is a suggestion for the first statements to help get you started: 
1) A. Fish with long tube-like body 
     B. Fish with regular body shape
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Now that you have completed today’s portion of the dichotomous key assignment, be sure to include your name before handing it in to the teacher.

*Note for teacher:  once all the students have completed Part A of the assignment, inform them of their responsibilities for next class ( every pair of students must bring aquatic snails or snail shells(at least three) collected over the weekend from a pond, lake, or river to Monday’s class.
Student Handout Part B: Identifying Unknown Collected Specimens
Names (both partners): ___________________________________

We will begin by visiting our classmates and obtaining two or three (preferably three) different snails or snail shells (trade between pairs to make it work out). Once every pair of students in the class has (preferably) three different kinds of snails, we will learn the features of a snail shell (below) used in the key that follows.  This key will first identify the Family of the snail, and will then continue on to identify the Genus and Species; make sure to make note of the Family name before continuing with the key.  This key is different from the last in a few ways: there are more contrasting statements, but not every statement needs to be read. Ex) Statement 5 may direct you all the way to statement 19.  So do not fear, although this key is longer, it shouldn’t take that much longer than the one in Part A.  This assignment should take most of the class period to complete, so work efficiently!!!
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Snails are considered to be invertebrate animals (animals without a back bone).  They belong to Phylum Mollusca (Class Gastropoda -snails and slugs), which is also the phylum to which squid and octopus belong (Class Cephalopoda).  

The spiral of a snail shell can either be sinistral or dextral (above).  When the apex (top)
of the shell is pointed upwards and the opening (aperture) of the shell is towards the left, the shell is sinistral in orientation.  When the apex is pointing up and the aperture opens towards the right, the shell is dextral.  The spire consists of the three topmost whorls (coils), and the bottom-most largest whorl is called the body whorl.  A suture is the line between two body whorls.  Note the inner and outer lips of the aperture.
We will now use a dichotomous key for common freshwater gastropods (Phylum Gastropoda) of Manitoba to identify the snails we’ve collected.
KEY:

1) A. Shell small, cap-shaped and saucer-like, with no whorls, a distinct apex or peak which is not near the margin (side) of the shell ……………………… ………………………Go to statement 2
    B. Shell with whorls (coiled), not saucer-like ……………………... ………...Go to statement 4

2) A. Apex of shell pointed and thorn-like (hooked) ………………………..Family Acroloxidae
                                                                                    ……………………...Acroloxus coloradensis
     B. Apex of shell blunt (not sharp or pointed) ……………………………….. Go to statement 3

3) A. Shell relatively long and narrow with straight or more or less……………Ferrissia parallela 

         parallel sides

    B. Shell oval, sides rounded and not parallel ………………………...............Ferrissia rivularis
4). A. Whorls of shell form a pointed spiral, may be a low spiral………………..Go to statement 5 

     B. Whorls of shell in one plane; pointed spire not apparent………………Family Planorbidae                             

                                                                                                   ...………………. Go to statement 9

5) A. Operculum present in living or preserved specimens …………………..... Go to statement 6
     B. Operculum absent in living or preserved specimens……………………..Go to statement 19
*NOTE: if you have reached this statement, please ask teacher for assistance
6) A. Shell in the form of a low spiral; shell wider than high…………………Family Valvatidae
                                                                                               ………………….....Go to statement 7
     B. Shell in the form of a high spiral; shell higher than wide………………….Go to statement 8

7) A. Whorls with very distinct ridges, usually three marked keels …………Valvata tricarinata
         (plateaus) on body whorl, spire flattened

     B. Whorls rounded, lacking keels on the body whorl…………………………..Valvata sincera 

8) A. Shell very small (less than 6mm)………………………………………Family Hyrobiidae

                                                         …………………………………………... Go to statement 34
     B. Shell moderate to large (up to 42mm)…………………………………Family Viviparidae
                                                                      …………………………………Campeloma decisum
9) A. With six tooth-like projections inside the aperture…………………….Planorbula armigera
     B. No tooth-like projections in aperture…………………………………… Go to statement 10

10) A. Mature specimens less then 9mm in diameter…………………………. Go to statement 11
       B. Mature specimens less than 9mm in diameter…………………………. Go to statement 16

*NOTE: It is impossible in this investigation to know the size of a mature specimen, so we will consider the specimen we have collected to be mature.

11) A. Shell very small (less than 3mm) with projecting ridges (costae)…………Armiger crista
      B. Shell without ridges ……………………………………………………..Go to statement 12
12) A. Spire sunken …………………………………………………….Promenetus umbilicatellus
       B. Spire not sunken ……………………………………………………….. Go to statement 13

13) A. Shell very much flattened, with a sharp outer edge (keel)…………….Promentus exacuous
       B. Shell not flattened, keel (sharp outer edge) is weak or absent…………..Go to statement 14

14) A. Shell up to 8mm, may have hair-like projections ……………………….Gyraulus deflectus
       B. Shell smaller (less than 5mm) …………………………………………..Go to statement 15

15) A. Shell transparent an flatly coiled …………………………………Gyraulus curcumstriatus
      B. Shell flatly coiled, not transparent …………………………………………Gyraulus parvus
16) A. Shell thin and fragile, with six whorls (less than 12mm)……………Planorbula campestris
       B. Generally large, thick shell, not fragile ……………………………...... Go to statement 17

17) A. Opening of aperture round ………………………………………………Go to statement 18 

       B. Opening of aperture diamond or cat’s eye shaped………………………..Helisoma pilsbryi
18) A. Mature specimens less than 15mm with aperture expanded……...Helisoma campanulatum

      to form bell-like opening

       B. Mature specimens large (up to 32mm wide), ……………………………Helisoma trivolvis
      lacking bell-like opening

*NOTE: It is impossible in this investigation to know the size of a mature specimen, so we will consider the specimen we have collected to be mature.

19) A. Shell sinistral or left-handed………………………………………………Family Physidae
                                                        ……………………………………………..Go to statement 20

       B. Shell dextral or right-handed …………………………………………Family Lymnaeidae
                                                           …………………………………………. .Go to statement 22

20) A. Spire elongate generating a long narrow shell with………………………Aplexa hypnorum
           shallow sutures, always glossy dark brown to black in colour

       B. Spire reduced producing a wider appearing shell……………………….Go to statement 21

21) A. Spire sharply pointed, with and inflated final body whorl……………………Physa gyrina
       B. Spire rounded and blunt; with a more flattened body whorl………………Physa jennessi
22) A. Shell of mature specimens large (more than 35mm)…………………….Go to statement 23

       B. Shell of mature specimens smaller (less than 35mm) …………………. Go to statement 24

*NOTE: It is impossible in this investigation to know the size of a mature specimen, so we will consider the specimen we have collected to be mature.

23) A.Large, rotund species with distinct striations (stripes) on the shell……Bulimnea megasoma
      B. Shell thin, with and elongate pointed spire……………………………....Lymnaea stagnalis
24) A.Shell small to medium (less than 15mm), with microscopic…………...Stagnicola caperata
      blade-like ridges on the surface
      B. Shell lacking ridges described above…………………………………… Go to statement 25

25) A. Shell thin, with a short spire, expansive body whorl …………...Pseudosuccinea columella

      and a large oval aperture

      B. Shell not with the above features……………………………………….. Go to statement 26
26) A. Shell of mature species less than 12mm…………………………………Go to statement 27

       B. Shell of mature species more than 12mm……………………………….Go to statement 32

*NOTE: It is impossible in this investigation to know the size of a mature specimen, so we will consider the specimen we have collected to be mature.

27) A. Six whorls, body whorl laterally flattened, up to 11mm in height………Fossaria decampi
      B. Five or five and one half whorls, body whorl not laterally flattened…… Go to statement 28

28) A. Apex of shell more rounded……………………………………………..Go to statement 29
      B. Apex of shell more pointed………………………………………………Go to statement 30

29) A. Shell larger (up to 11mm)………………………………………Bakerilymnaea bulimoides
      B. Shell very small (less than 6mm), thin………………………… ………Bakerilymnaea dalli

30) A. Small snail with a narrow attenuated form…………………………………Fossaria exigua
      B. Form more robust…………………………………………………….... Go to statement 31
31) A. Very small (less than 8mm), whorls very rounded, aperture rounded………Fossaria parva
      B.  Up to 9mm, whorls shouldered (less round), aperture oval…………….Fossaria modicella
32) A. Large shell with a low spire, broad aperture and inflated whorls….Stagnicola catascopium
       B. Shell more elongate with less inflated whorls……………………… ….Go to statement 33

33) A. Elongate with a long spire……………………………………………….Stagnicola reflexa
       B. Not as elongate, shell more robust……………………………………….Stagnicola elodes
34) A. Tip of spire distinctly flattened …………………………………….Probythinella lacustris
       B. Spire not flattened……………………………………………………. ...Go to statement 35

35) A. Apex of spire pointed…………………………………………...Cincinnatia cincinnatiensis
      B. Apex of spire blunt (not sharp)…………………………………………. Go to statement 36
36) A. Very small (up to 2.5mm), living specimens darkly pigmented……….…Amnicola walkeri
      B. Larger (over 2.5mm), living specimens whitish or pinkish……………......Amnicola limosa
The following is a bit of information on where each species from the key can be found.  This may help in making sure you have properly identified your snail. Be sure to locate the species you have identified and highlight it to show that you have read the statement.  The species are listed in alphabetical order.

Acroloxus coloradensis – (Pointed Lake Limpet) Found in Southeastern MB along shores of lakes and on the underside of rocks (rare).
Amnicola limosa – (Ordinary Spire Snail) All but northwest MB in all types of perennial habitats among aquatic vegetation.
Amnicola walkeri – (Small Spire Snail) Southeastern MB rare in dense stands of aquatic plants.

Aplexa hypnorum – (Polished Tadpole Snail) Widespread in vernal habitats.

Armiger crista – (Tiny Nautilus Snail) Found in dense vegetation in eutrophic ponds and rich slow moving streams.
Bakerilymnaea bulimoides – (Prairie Pond Snail) Extreme southwestern MB in a variety of habitats, ordinarily among dense aquatic vegetation.

Bakerilymnaea dalli – (Small Pond Snail) Extreme south western MB in a variety of aquatic habitats.
Bulimnea megasoma- (Showy Pond Snail) South Eastern MB in lakes, slow moving rivers, ponds and creeks.  Usually associated with aquatic vegetation.

Campeloma decisum (Brown Mystery Snail) Found in Southeastern MB in lakes and slow flowing rivers or creeks on mud or mud-sand bottoms.

Cincinnatia cincinnatiensis – (Campeloma Spire Snail) Rare in extreme southern MB on muddy or sandy bottoms in deeper water of lakes and rivers.
Fossaria decampi – (Shouldered Northern Fossaria) A cold water species found in large lakes and rivers in northern part of range.  All of MB except the southwest.

Fossaria exigua – (Graceful Fossaria) Eastern half of MB in vegetation, protected bays of lakes, ponds, river and stream backwaters and in muskeg pools.

Fossaria modicella – (Modest Fossaria) All of MB perennial lakes, ponds and streams also in vernal pools and ditches.
Ferrissia parallela – (Flat Sided Lake Limpet) Found in Southeastern MB in lakes and slow 
Fossaria parva – (Amphibious Fossaria) All of MB amphibious lives on wet mud flats, lake shores, river banks and on moist soil in marshes.

flowing waters; often on stems of aquatic plants like cattails or on the underside of lily pads.

Ferrissia rivularis – (Sturdy River Limpet) Found in flowing water or on wave washed areas of lakes attached to rocks or on other shells.
Gyraulus circumstriatis (Flatly Coiled Gyraulus) Found in small vernal habitats like woodland pools, roadside ditches, prairie ponds, and intermittent streams.

Gyraulus deflectus – (Irregular Gyraulus) Widespread in permanent eutrophic habitats.

Gyraulus parvus – (Modest Gyraulus) Very common species on submersed vegetation in all kinds of  permanent aquatic habitats.
Helisoma anceps – (Two-ridged Ramshorn) Widespread in perennial lakes, ponds, rivers, and streams.
Helisoma campanulatum – (Bell-mouthed Ramshorn) Found in eastern and north-central MB in lakes, ponds, and in slow moving portions of rivers and streams.

Helisoma corpulentum – (Capacious Manitoba Ramshorn) Found in extreme south eastern MB in exposed habitats in lakes and rivers.

Helisoma trivolvis – (Ramshorn Snail) Common and characteristic species in permanent well vegetated water bodies.  

Helisoma pilsbryi – (Greater Carinate Ramshorn) Widespread in lakes, ponds, and slow moving streams.

Lymnaea stagnalis – (Great Pond Snail) Widespread in well vegetated perennial aquatic habitats.
Physa gyrina – (Tadpole Snail) Extremely abundant and very common in almost all perennial habitats.

Physa jennessi – (Blunt Prairie Physa) In both vernal and perennial habitats; lakes and ponds and slow moving streams.

Planorbula armigera (Say’s Toothed Planorbid) Widespread in MB in perennial aquatic habitats, especially in stagnant, heavily vegetated habitats.

Planorbula campestris – (Praire-toothed Planorbid) Found in vernal ponds and in flooded edges of permanent water bodies in southern MB.

Promenetus exacuous – (Keeled Promenetus) Widespread in a variety of aquatic habitats, almost always with abundant vegetation. 

Promenetus umbilicatellus – (Umbilicate Promenetus) Uncommon in vernal ponds, marshes and margins of flood streams.

Probythinella lacustris – (Flat-ended Spire Snail) All of MB in lakes, ponds, and rivers.  Among vegetation or on muddy or sandy bottoms.

Pseudosuccinea columella – (American Ear Snail) Southeastern MB in lakes and ponds and sluggish streams on vegetation or at edges or these water bodies on vegetation or mud.

Stagnicola caperata – (Blade-ridged Stagnicola) Found in southern MB in temporary habitats such as ditches and shallow ponds.

Stagnicola catascopium – (Lake Stagnicola) Southern half of MB, usually in large lakes and large rivers.
Stagnicola elodes – (Common Stagnicola) All of MB, very common lymnaeid, ubiquitous in all kinds of aquatic habitats.

Stagnicola reflexa – (Striped Stagnicola) Southern half of MB in a wide range of perennial and vernal habitats.
Valvata sincera – (Ribbed Valve Snail) Occurs mainly in lakes, often at some depth.

Valvata tricarinata – (Three keeled Valve Snail) Common on vegetation in lakes, rivers, and streams; uncommon in ponds.

1) Draw a small sketch of the specimens you have identified in the space below and number them 1, 2, and 3.  Write the family name and scientific name (genus and specific epithet), as well as the common name below the sketch. If the family name was not given before the identification of the species, just include the scientific and common name.
2) Write the full classification for the snails you identified, beginning with the Kingdom and finishing at the scientific name (species level).  Identifying the order is not necessary, since it was not identified in the key or in the handout material.
Snail #1
Snail #2
Snail #3
3) Which snail (#1, 2, or 3) did you bring to class? Where did you retrieve your snails or shells from?  Be specific, provide a description of the habitat (temporary or permanent body of water, vegetation, depth of water, rough estimate of water temperature). 
Julie Navitka

