Life Mode Characteristics of Organisms

GLY-4025 Principles of Paleontology

Dept. of Geology, Appalachian State University
The ability to take a fossil from an inert specimen in your hand to a conceptual reconstruction of the environment in which the organism lived and its role in that ancient ecology is one of the most valuable tools that paleontology has to offer to broader fields of geology.

A comprehensive knowledge of every detail is not a prerequisite for you to use fossils to transform your interpretation of ancient environmental conditions based on the rock record.  For example a knowledge of which phyla are exclusively marine or exclusively terrestrial can easily change your interpretation of the significance of an otherwise non-descript sedimentary layer.

The more you know about the details of how and where various organisms lived, the more refined your interpretations of ancient environmental conditions can be. Do not underestimate the predictive value that even a basic knowledge (you later in your career as an earth scientist?) carry with ability to recognize even partial life modes of broad groups of fossil organisms.

For the student of (ancient) life, a classification of life mode characteristics provides a standard context with which to organize and interpret the similarities and differences within the potentially overwhelming diversity of life.

For any taxonomic group (species to phylum) the following features can serve as a characterization of the life mode of the group.  When presented with a new organisms, you should address these as questions, “what is the …”

1. Nature of the Skeleton


a. Position relative to tissue


b. Number parts and its construction


c. Composition


d. Style of growth
2. Body Plan


a. Standard orientation (sketch and label)


b. Symmetry (soft and hard parts separately)
3. Habitat & Life Position


a. Standard sedimentary environments/geography


b. Position within and relationship to the environment.
4. Feeding Mode and Behavior


a. Standard trophic descriptions:


b. Behavior and other

The primary assignment of this exercise is for you to learn this classification of Life Mode Characteristics (where and how organisms make their living).

The second assignment is to learn examples of these life modes based on the specimens you already know.  At this point you do not have to have comprehensive knowledge of every life mode possible for every subgroup of organisms (e.g. do not have to know every possible life mode exhibited with the phylum Mollusca), but, you should be able to provide the classification given above and an example for  each of the possible life mode characteristic (e.g. sponges are an example of suspension feeding). 

One way to address these questions is to have a printed check list of possible character states, such as the one presented on the following pages.  Then for each taxon (specimen) you can check off which life mode character states are present.  We will do this.

The second approach is to write a paragraph that to characterize the life mode either a group (e.g. phylum) or individual specimen.  We will do this.

The following is the list of numbered and labeled specimens that we will use as examples in this exercise. You should be familiar with most these from previous courses and life experience. Use the available books and on line resources if you need review/introduction.

Specimens

1- mammoth

2- (insect inclusions)

3- graptolites

4- radiolarians

5- siliceous sponge

6- inarticulate brachiopods

7- shark

8- agnostid trilobite

9- ostracodes

10- barnacles

11- calcareous sponge

12- calcareous sponge

13- cystoporate bryozoan


14- fenestrate bryozoan

15- cheilostome bryozoan

16- rugose coral

17- blastoid

18- crinoid

19- irregular echinoid

20- articulate brachiopod

21- scleractinian coral

22- pelecypod

23- gastropod

24- ammonite

25- belemnite

26- green algae

27- tabulate coral

28- ammonite

30- gastropod

31- ammonite

32- seed fern

34- whale

36- dinosaur

37- articulate brachiopod

38- articulate brachiopod

39- pelecypod

40- gastropod

41- trilobite

42- demo-sponge 

Classification of life mode characteristics, with commonly encountered states (conditions/options) listed in italics under each character.
1.  Nature of the Skeleton:


a. Position relative to tissue



• internal



• external



• none


b. Number parts and its construction



• single element


– multiple elements: (fused or not)

 


• bivalved,  two parts
  


• multivalved,  several parts (3 to ~15)
  


• plates, ossicles or bones,  many parts (10’s to 100’s)
  


• spicules,  very many small parts (1,000’s +) 


c. Composition of skeleton
(> 30 minerals)



• proteinaceous organic



• silica, hydrated opal



• apatite



• calcite, low magnesium



• calcite, high magnesium



• aragonite



• bone, calcium phosphate and organics



• chitin, mineralized



• chitin, unmineralized



• cuticle



• soft tissue, hydrostatic

d. Style of growth



• accretionary, add new skeleton at margin (growth lines)


• modification,  resorb old parts and reshape with growth


• molting, discard old, grow new


• addition of new elements
2. Body Plan


a. Standard orientation (sketch and label)
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• Dorsal-back


• Posterior-tail 
 • Anterior-head

•Ventral-front


• potentially:  distal, proximal, frontal, reverse, oral, aboral, axial, lateral
b. Symmetry (soft and hard parts separately)

=  number of imaginary planes that cut the organism


    so that each cut is a mirror image of the other.


- not absolute = perfect geometry


- provides a foundation for biological classification


- organisms always classified by the highest symmetry possible

• bilateral, symmetry across a single plane (coffee mug)


- effective way of arranging active organism



- locomotory and sensory organs can be placed efficiently


• pentameral,  five planes


- compromise between bilateral and radial


• hexagonal, six planes


- approximates radial


• octagonal,  eight planes


- approximates radial


• radial, symmetry about an axis (dinner plate)


- tend to be slow or sessile organisms



- must respond equally to stimuli from all directions


• spherical, symmetry about a point (ball, globe)


- organisms in open water



- must respond equally to stimuli from all directions


• asymmetrical, no symmetry


- typically sessile organisms that conform to their substrate

3. Habitat & Life Position


a. Standard environments/geography

• Non Marine, continental


• terrestrial,  land



• aquatic,  fresh water




• lacustrine,  lake




• fluvial,  river, stream




• paludal,  wetland

• Transitional, saltwater, freshwater, brackish 



• esturine


• lagoonal


• paludal,  salt marsh

• Marine, saltwater



• littoral,  area between tides


• neritic,  continental shelf


• bathyal,  continental slope


• abyssal, ocean basin



• hadal,  deep sea trench


b. Position within and relationship to the environment

• sessile, not moving


• attached, cemented or rooted



• unattached, free lying

• motile, ability to move


----------------------------------------------

Marine habitats

• benthic,  live on the bottom


• infaunal,  live beneath the substrate



• burrowing, soft substrate




• boring, hard substrate



• epifaunal, live on substrate surface


• pelagic, live in the water column


• planktic, float passively in water column




zooplankton = heterotrophs




phytoplankton =  autotrophs



• nektic, swim in the water column


----------------------------------------------


• photic zone,  depth of light into water sufficient for photosynthesis





= 20 m (effective)






= 200-250 m perfect conditions




• aphotic zone, water column below photic zone
4. Feeding Mode and Behavior

a. standard trophic descriptions

• suspension feeding, collects small particles from water column


• deposit feeding, ingests sediment and digests nutrients


• herbivore, ingests only plant material or graze on bacterial film


• carnivore, predators, capture and kill prey

• scavenger, feed on dead material


• omnivore,  regularly ingests varied food types


• direct absorption, absorb nutrients from sea water.


• photosynthesis, use sunlight, water and CO2 to generate energy


• chemosynthesis,  use N, S, others to generate energy.



• fermentation, anaerobic conversion of sugar to energy.


b. Behavior and other



• sexual vs. asexual  reproduction





• solitary vs. colonial  arrangement


• larval longevity (if present) 



• metabolic rate, relative high vs. low



• dormancy, (if present)


• coloration, (if relevant)


• related ichno taxa



• other
Exercise:  

1. The following pages provide examples of life mode characteristics from our specimens. Review these, learn examples and answer the questions.

2. Complete the check list pages for Specimens A & B.

3. Review the example for a written characterization of the Phylum Bryozoa and Class Echinoidea.

   Use available references to write a characterization of the cnidarian Order Tabulata and the brachiopod Class Articulata. 

Questions: 

1. At the time of death, which type of skeleton would

you expect to be smoother and less blemished (internal vs. external) and why. 




Describe examples you 

see of this in your collection.  









2. Complete specimens of vertebrates and many echinoderms are prized by collectors ($) and relatively rare for scientific study.  Assuming that there were equal numbers of individuals originally alive (available for preservation), why are complete crinoid specimens more rare than complete bryozoan specimens?


What does this mean for scientific studies of these groups?

Which marine invertebrate groups

have skeletons primarily of calcite:  









Which marine invertebrate groups

have skeletons primarily of aragonite:  









If presented with a specimen new and unknown to you, what features would you look for to decide its type of growth (accretion vs. modification vs. molting vs. addition).
What is the likely life mode of an organism with bilateral symmetry:

feeding:


position relative to environment:


What is the likely life mode of an organism that is colonial and asymmetrical:

feeding:


position relative to environment:


Characterization of the Phylum Bryozoa (stenolaemate):


“External skeleton, typically calcite, of a single element (some with mixed aragonite/calcite or no skeleton). Growth is accretionary. Individuals (zooids) are bilaterally symmetrical, but colonies are typically asymmetrical. Marine sessile, typically attached, benthic epifaunal, suspension feeding and colonial.”

Characterization of the Class Echinoidea:


“Internal skeleton of many plates of calcite (fused or not). Growth by addition of plates and accretion on plate margins. Marine epibenthic scavenger or infaunal deposit feeder, motile, solitary.”

Use available references to write a characterization of the cnidarian order Tabulata:

Use available references to write a characterization of the brachiopod Class Articulata. 

Classification of life modes with examples for each. Numbers correspond with labeled specimens in the exercise.  Review theses specimens and become familiar with them as examples of these life mode characteristics.
1.  Nature of the Skeleton:

a. Position relative to tissue



• internal skeleton

1-  mammoth

4- radiolarians

5- siliceous sponge

7- shark

11- calcareous sponge

12- calcareous sponge

17- blastoid

18- crinoid

19- irregular echinoid

25- belemnite

26- green algae

34- whale

36- dinosaur



• external skeleton

2-  Amber (insect inclusions)

3- graptolites

6- inarticulate brachiopods

8- agnostid trilobite

9- ostracodes

10- barnacles

13- cystoporate bryozoan

14- fenestrate bryozoan

15- cheilostome bryozoan

16- rugose coral

20- articulate brachiopod

21- scleractinian coral

22- pelecypod

23- gastropod

24- ammonite

27- tabulate coral

28- ammonite

30- gastropod

31- ammonite

37- articulate brachiopod

38- articulate brachiopod

39- pelecypod

40- gastropod

41- trilobite



• none

32- seed fern

42- demo-sponge


b. Number parts and its construction



• single element

3- graptolites

4- radiolarians

13- cystoporate bryozoan


14- fenestrate bryozoan

15- cheilostome bryozoan

16- rugose coral

21- scleractinian coral

23- gastropod

24- ammonite

25- belemnite

27- tabulate coral

28- ammonite

30- gastropod

31- ammonite

40- gastropod



– multiple elements: (fused or not)

 


• bivalved,  two parts
6- inarticulate brachiopods

9- ostracodes

20- articulate brachiopod

22- pelecypod

37- articulate brachiopod

38- articulate brachiopod

39- pelecypod

  


• multivalved,  several parts (3 to ~15)
no specimens

  


• plates, ossicles or bones,  many parts (10’s to 100’s)

1- mammoth

7- shark

8- agnostid trilobite

2- (insect inclusions)

10- barnacles

17- blastoid

18- crinoid

19- irregular echinoid (fused)

26- green algae

32- seed fern

34- whale

36- dinosaur

41- trilobite

  


• spicules,  very many small parts (1,000’s +) 

5- siliceous sponge

11- calcareous sponge

12- calcareous sponge (fused)

c. Composition of skeleton
(> 30 minerals)



• proteinaceous organic





3- graptolites



• silica, hydrated opal





4- radiolarians





5- siliceous sponge



• apatite





6- inarticulate brachiopods





7- shark teeth




• scleritized chitin, calcite, phosphate





8- agnostid trilobite





9- ostracodes





10- barnacles





41- trilobite




• calcite

11- calcareous sponge

12- calcareous sponge

13- cystoporate bryozoan


14- fenestrate bryozoan

15- cheilostome bryozoan

16- rugose coral

17- blastoid

18- crinoid

19- irregular echinoid

20- articulate brachiopod

27- tabulate coral

37- articulate brachiopod

38- articulate brachiopod




• aragonite
21- scleractinian coral

22- pelecypod

23- gastropod

24- ammonite

25- belemnite

26- green algae

28- ammonite

30- gastropod

31- ammonite

39- pelecypod

40- gastropod




• bone, calcium phosphate and organics




1- mammoth





34- whale





36- dinosaur



• chitin, mineralized





2- (insect inclusions)



• chitin, unmineralized





no specimen




• cuticle/cellulose




32- seed fern





42- demo-sponge



• soft tissue, hydrostatic




No specimen
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d. Style of growth



• accretionary, add new skeleton at margin (growth lines)

3- graptolites

4- radiolarians

6- inarticulate brachiopods

13- cystoporate bryozoan


14- fenestrate bryozoan

15- cheilostome bryozoan

16- rugose coral

20- articulate brachiopod
21- scleractinian coral

22- pelecypod

23- gastropod

24- ammonite

25- belemnite

27- tabulate coral

28- ammonite

30- gastropod

31- ammonite

37- articulate brachiopod

38- articulate brachiopod

39- pelecypod

40- gastropod



• modification,  resorb old parts and reshape with growth

1- mammoth

7- shark

34- whale

36- dinosaur



• molting, discard old, grow new
2- (insect inclusions)

8- agnostid trilobite

9- ostracodes

10- barnacles

41- trilobite



• addition of new elements
5- siliceous sponge

11- calcareous sponge

12- calcareous sponge

17- blastoid

18- crinoid

19- irregular echinoid

26- green algae

32- seed fern

42- demo-sponge

2. Body Plan


a. Standard orientation (sketch and label)


• Dorsal-back


• Posterior-tail 
 • Anterior-head

•Ventral-front


• potentially:  distal, proximal, frontal, reverse, oral, aboral, axial, lateral

b. Symmetry (soft and hard parts separately)

=  number of imaginary planes that cut the organism


    so that each cut is a mirror image of the other.


- not absolute = perfect geometry


- provides a foundation for fossil identification


- organisms always classified by the highest symmetry possible

• bilateral, symmetry across a single plane (coffee mug)


- effective way of arranging active organism



- locomotory and sensory organs can be placed efficiently

1- mammoth 

2- (insect inclusions)

7- shark

8- agnostid trilobite

9- ostracodes

34- whale

36- dinosaur

37- articulate brachiopod

38- articulate brachiopod

39- pelecypod

6- inarticulate brachiopods

20- articulate brachiopod

22- pelecypod

24- ammonite

25- belemnite

28- ammonite

31- ammonite

41- trilobite

13- cystoporate bryozoan (individual soft part)

14- fenestrate bryozoan ((individual soft part)

15- cheilostome bryozoan (individual soft part)

10- barnacles (soft part)

3- graptolites

• pentameral,  five planes


- compromise between bilaterial and radial





17- blastoid





18- crinoid





19- irregular echinoid (bilateral superimposed)

• hexagonal, six planes


- approximates radial





21- scleractinian coral (individual soft part)

• octagonal,  eight planes


- approximates radial




(no specimen, some corals)


• radial, symmetry about an axis (dinner plate)


- tend to be slow or sessile organisms



- must respond equally to stimuli from all directions





27- tabulate coral (individual soft part)





10- barnacles (hard parts)





(regular echinoids)


• spherical, symmetry about a point (ball, globe)


- organisms in open water



- must respond equally to stimuli from all directions





4- radiolarians

• asymmetrical, no symmetry


- typically sessile organisms that conform to their substrate

5- siliceous sponge

26- green algae  (colony)

27- tabulate coral (colony)

21- scleractinian coral (colony)

32- seed fern (tree)

42- demo-sponge 
11- calcareous sponge

12- calcareous sponge

13- cystoporate bryozoan (colony)

14- fenestrate bryozoan (colony)

15- cheilostome bryozoan (colony)

16- rugose coral (colony)
Label the following symmetry patterns.    (DRAFT figures)

3. Habitat & Life Position


a. Standard environments/geography

• Non Marine, continental


• terrestrial,  land
1- mammoth -only

2- (insect inclusions) - primarily

23- gastropod - possible

30- gastropod - possible

36- dinosaur -only

40- gastropod - possible


• aquatic,  fresh water

7- shark  -possible

9- ostracodes - possible

22- pelecypod - possible

23- gastropod - possible

30- gastropod - possible

39- pelecypod - possible

39- pelecypod - possible

40- gastropod - possible



– lacustrine,  lake




– fluvial,  river, stream




– paludal,  wetland

• Transitional, saltwater, freshwater, brackish 

7- shark  -possible

22- pelecypod - possible

23- gastropod - possible

30- gastropod - possible

39- pelecypod - possible

40- gastropod - possible


• esturine


• lagoonal


• paludal,  salt marsh

• Marine, saltwater 

3- graptolites -only

6- inarticulate brachiopods  -only

7- shark  -probable

8- agnostid trilobite  -only

9- ostracodes - possible

10- barnacles  -only

13- cystoporate bryozoan  -only

14- fenestrate bryozoan  -only

15- cheilostome bryozoan  -only

20- articulate brachiopod  -only

22- pelecypod - possible

23- gastropod - possible

24- ammonite  -only

25- belemnite  -only

28- ammonite  -only

30- gastropod - possible

31- ammonite  -only

34- whale  -only

37- articulate brachiopod  -only

38- articulate brachiopod  -only

39- pelecypod - possible

41- trilobite  -only

42- demo-sponge  -only

40- gastropod - possible



• littoral,  area between tides


• neritic,  continental shelf


• bathyal,  continental slope


• abyssal, ocean basin



• hadal,  deep sea trench


b. Position within and relationship to the environment

• sessile, not moving


• attached, cemented or rooted

5- siliceous sponge

10- barnacles

11- calcareous sponge

12- calcareous sponge

13- cystoporate bryozoan


14- fenestrate bryozoan

15- cheilostome bryozoan

16- rugose coral

17- blastoid

18- crinoid

21- scleractinian coral

26- green algae

27- tabulate coral

32- seed fern

42- demo-sponge



• unattached, free lying



- no specimen


• motile, ability to move

1- mammoth

2- (insect inclusions)

3- graptolites

6- inarticulate brachiopods

7- shark

8- agnostid trilobite

9- ostracodes

20- articulate brachiopod

22- pelecypod

23- gastropod

24- ammonite

25- belemnite

28- ammonite

30- gastropod

31- ammonite

34- whale

36- dinosaur

37- articulate brachiopod

38- articulate brachiopod

39- pelecypod

40- gastropod

41- trilobite


----------------------------------------------

Marine habitats

• bethic,  live on the bottom


• infaunal,  live beneath the substrate



• burrowing, soft substrate





19- irregular echinoid




22- pelecypod





39- pelecypod



• boring, hard substrate






no specimen



• epifaunal, live on substrate surface





5- siliceous sponge





6- inarticulate brachiopods





9- ostracodes





10- barnacles





11- calcareous sponge





12- calcareous sponge





13- cystoporate bryozoan





14- fenestrate bryozoan





15- cheilostome bryozoan





16- rugose coral





17- blastoid





18- crinoid




20- articulate brachiopod




21- scleractinian coral




23- gastropod




24- ammonite




27- tabulate coral




30- gastropod




37- articulate brachiopod




38- articulate brachiopod




40- gastropod




41- trilobite




42- demo-sponge


• pelagic, live in the water column


• planktic, float passively in water column





3- graptolites



zooplankton = heterotrophs





4- radiolarians



phytoplankton =  autotrophs






no specimen (ex. diatoms)



• nektic, swim in the water column





7- shark





8- agnostid trilobite





25- belemnite




28- ammonite




31- ammonite




34- whale



----------------------------------------------


• photic zone,  depth of light into water sufficient for photosynthesis





= 20 m (effective)






= 200-250 m perfect conditions





26- green algae (restricted to)









• aphotic zone, water column below photic zone
4. Feeding Mode and Behavior


a. standard trophic descriptions

• suspension feeding, collects small particles from water column

3- graptolites

5- siliceous sponge

6- inarticulate brachiopods

7- shark (some)

10- barnacles

11- calcareous sponge

12- calcareous sponge

13- cystoporate bryozoan


14- fenestrate bryozoan

15- cheilostome bryozoan

17- blastoid

18- crinoid

20- articulate brachiopod

22- pelecypod

34- whale (some)

37- articulate brachiopod

38- articulate brachiopod

39- pelecypod (some)

42- demo-sponge

23- gastropod (few)

30- gastropod (few)

40- gastropod (few)


• deposit feeding, ingests sediment and digests nutrients

19- irregular echinoid

22- pelecypod (some)

39- pelecypod (some)

23- gastropod (some)

30- gastropod (some)

40- gastropod (some)


• herbivore, ingests only plant material or graze on bacterial film

1- mammoth

2- (insect inclusions) (some)

36- dinosaur (some)

23- gastropod (some)

30- gastropod (some)

40- gastropod (some)


• carnivore, predators, capture and kill prey
7- shark

16- rugose coral

21- scleractinian coral

24- ammonite

25- belemnite

27- tabulate coral

28- ammonite

31- ammonite

36- dinosaur (some)

23- gastropod (some)

30- gastropod (some)

40- gastropod (some)


• scavenger, feed on dead material

7- shark

8- agnostid trilobite

9- ostracodes

36- dinosaur (some)

41- trilobite

23- gastropod (some)

30- gastropod (some)

40- gastropod (some)


• omnivore,  regularly ingests varied food types

36- dinosaur (some)


• direct absorption, absorb nutrients from sea water.

4- radiolarians


• photosynthesis, use sunlight, water and CO2 to generate energy

26- green algae

32- seed fern


• chemosynthesis,  use N, S, others to generate energy.

no samples



• fermentation, anaerobic conversion of sugar to energy.

no samples


b. Behavior and other



• sexual vs. asexual  reproduction





• solitary vs. colonial  arrangement


• larval longevity (if present) 



• metabolic rate, relative high vs. low



• dormancy, (if present)


• coloration, (if relevant)


• related ichno taxa



• other
Work sheet - Specimen A
Group name: 
       trilobite

1. Nature of the Skeleton



a. Position relative to tissue





b. Number parts and its construction 





c. Composition




d. Style of growth



2. Body Plan


a. Standard orientation

    
   (sketch & label) 



b. Symmetry (hard parts) 





(soft parts)


3. Habitat & Life Position


a. Standard sedimentary environments/geography




b. Position within and relationship to the environment. 



4. Feeding Mode and Behavior


a. Standard trophic descriptions: 





b. Behavior and other:




sexual vs. asexual  reproduction




solitary vs. colonial  arrangement 




larval longevity




metabolic rate




dormancy potential




relevant coloration




related ichnotaxa




other



Work sheet - Specimen B
Group name: 
        pelecypod (clam)

1. Nature of the Skeleton



a. Position relative to tissue





b. Number parts and its construction 





c. Composition




d. Style of growth



2. Body Plan


a. Standard orientation

    
   (sketch & label) 



b. Symmetry (hard parts) 





(soft parts)


3. Habitat & Life Position


a. Standard sedimentary environments/geography




b. Position within and relationship to the environment. 



4. Feeding Mode and Behavior


a. Standard trophic descriptions: 





b. Behavior and other:




sexual vs. asexual  reproduction




solitary vs. colonial  arrangement 




larval longevity




metabolic rate




dormancy potential




relevant coloration




related ichnotaxa




other








