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Diversity of Organisms

What is a species”?

What patterns are seen in the diversity of genomes within and
between species”?

o biocode.co



No two individuals in a population are identical in their traits.
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There is amazing diversity.

Crimson Worm (Hermes ilicis) Picasso moth (Baorisa hieroglyphica)


https://www.pexels.com/photo/butterfly-perched-on-a-wood-8404038/
https://www.pexels.com/@leon-woods-24405/
https://www.nationalparks.nsw.gov.au/plants-and-animals/platypus
https://sco.m.wikipedia.org/wiki/File:Yellow-spotted_Rock_Hyrax.jpg
https://upload.wikimedia.org/wikipedia/commons/f/f0/Orycteropus_afer_175359469.jpg
https://commons.wikimedia.org/wiki/Commons:Wiki_Loves_Earth_2022/Winners
https://www.inaturalist.org/photos/247649538
https://commons.wikimedia.org/wiki/File:Scale_Insects_(Kermes_ilicis)_on_Holm_Oak_(Kercus_ilex)_(19551723743).jpg
https://www.pexels.com/@jana-guarini-1098633469/

Wikimedia Berenual SuviLinaturalist

Carl Linnaeus Twinflower Linnaea borealis


https://www.perenual.com/plant-database-search-guide/species/8967/guide
https://www.inaturalist.org/observations/305567981
https://commons.wikimedia.org/wiki/File:Carl_von_Linn%C3%A9,_1707-1778,_botanist,_professor_(Alexander_Roslin)_-_Nationalmuseum_-_15723_(cropped).tif%3Fpage=1

Strawberry early description: Fragaria foliis hirsutis, fructu parvo rubro
Translation: strawberry with hairy leaves and small red fruit


https://www.flickr.com/photos/vintage_illustration/50644042531/in/photostream/
https://www.flickr.com/photos/vintage_illustration/50644042531/in/photostream/

John Ray 1627 — 1705
Father of Natural History

John Ray was the first person to produce a biological definition of , in his
1686 History of Plants:

... no surer criterion for determining species has occurred to me than the
distinguishing features that perpetuate themselves in propagation from seed. Thus,
no matter what variations occur in the individuals or the species, if they spring from
the seed of one and the same plant, they are accidental variations and not such as
to distinguish a species... Animals likewise that differ specifically preserve their
distinct species permanently; one species never springs from the seed of another
nor vice versa.

Today his species concept would fit the genus or family level of classification.

A parson-naturalist was a cleric, who often saw the study of natural science as
an extension of his religious work. The philosophy entailed the belief that God, as
the creator of all things, wanted humans to understand the created order and
therefore to study them by collecting and classifying organisms and other natural
phenomena.

“Creator of elephants and atoms,
of whales and the living water dots!

I am amazed by the infinite diversity of designs your wisdom used to shape
every body of the animal, the bird, the fish, the insect, and the worm in a
different way!”

Pastor Johann August Ephraim Goeze 1773


https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/John_Ray

When does one population become a different species?

population one

Species A

less interbreeding I no interbreeding

interbreeding I

one species

population two
Species B

two species
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Should each of these fossils be in a different genus from matching species alive today?
If they are separated by millions of years it is often assumed that they must be very different species.


https://www.thegrandexperiment.com/book-series

Although chromosomes may appear ‘one armed’ in their condensed state - they actually consist of two chromatids which separate at anaphase.
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Genome Alignment Comparison

Chimpanzee
to
Human

Most protein coding genes are in
common and most are found in
the same location. Note
chromosomes 12 and 13 map well
to human chromosome 2.

Genome Alignment Comparison

Bonobo
to
Chimpanzee

lines are genes found at the
same locus.

lines are genes in common
but found in a different locus.


https://www.ncbi.nlm.nih.gov/cgv/

Evaluation of Evidence
Questions to consider:

is the quantity of evidence sufficient?

replication - has the method been repeated and tested
by other researchers to confirm results?

is the method reliable — size of error bars on readings?
is there any valid conflicting evidence”?

is there a logical explanation or is it a coincidence?
what money, fame, or worldviews are involved?



NOS Testable Fossil Evidence

Who or what made these bipedal tracks at Laetoli Site S?

The foot prints fall within the variation made by human foot prints with a clear heel strike, arch foot
and big toe in line with the foot for a big toe push off.


https://elifesciences.org/articles/19568

NOS Testable Fossil Evidence

The hominid fossil called Lucy (Australopithecus afarensis) was found in Ethiopia in 1974.
The name Lucy is sometimes used to refer to all A. afarensis skeletons.
No complete A. afarensis skeletons have been found — allowing much room for speculation.

Hominids are bipedal. Lucy has an interesting mix of features for tree climbing and walking upright on two legs.

Bones can be tested to see if they are male or female, juvenile or adult and for brain size.
Teeth can indicate diet.
Behaviour, creativity and language are more difficult to test for this species.

Lucy had:

long arms and a wrist that could lock in place for knuckle walking
balancing organs of the ear are aligned for climbing and partly bipedal
curved finger bones and shoulders made for swinging in the trees

femur slanted in towards the knee suggests an upright stance

long and curved toe bones for grasping trees — debate remains over big toe alignment
an isolated foot bone unattached to any skeleton reveals an arched foot?
a hyoid bone of the larynx indicates a voice box similar to an ape

a brain the same size and shape as a chimpanzee

a nose and muzzle like an ape, no chin, a sagittal crest in males

dental microwear reveal a diet of soft foods like fruit, leaves, insects
broken ribs suggest Lucy’s particular skeleton may have died from a fall

O OO0 OO0 O0OO0OO0OO0OOo

Some believe that A. afarensis made the Laetoli footprints 3.6MYA.
If assumptions behind dating methods are correct then habitual up-right walking evolved unexpectedly early.

The field of human evolution has attracted more funding, fame and interest than other fossils types.
Since Darwin’s time more than of ape-human intermediates have been overturned.

iStock


https://thegrandexperiment.vhx.tv/products/episode-4-nine-categories-of-overturned-ape-men
https://pmc.ncbi.nlm.nih.gov/articles/PMC3284127/

individual base sequences haplotypes

GATAITTCGTAC[GIGATIT)
GATGTTCGTACTIGAAT
GATATTCGTACGGATT AGT
GATIATTCGTACGGAAT ‘AGA
GATGTTCGTACTGAAT G T A
GATGTTCGTACITGAAT,

SNPs A/G G/T A/T


https://sg.idtdna.com/page/support-and-education/decoded-plus/genotyping-terms-to-know/

Eukaryotes are shown in
purple.

This visualization uses

a bee-swarm plot, which
shows each data point
separately, as well as
indicating the distribution.

An amphibian the axolotl has
one of the largest genomes
by size.


http://tom-e-white.com/datavision/05-genome-size.html

via John Mattick presentation



https://www.youtube.com/watch?v=WdltOXdwo4g

It is now realized that
non-coding regions
have an important
regulatory role to play in
the genome.


https://www.nature.com/articles/nrn.2017.90

From a zygote to 30
trillion adult body cells.

Each cell is directed by
non-coding RNA to
develop in the right
place at the right time
into the right cell.

Bone tissue is precisely
shaped — and can
adapt to local stresses
throughout the life of
the individual.


https://www.anatomystandard.com/ossa-et-juncturae/columna-vertebralis/vertebra-thoracica-typica.html
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Optional Extension (not required for IB exams)


https://www.pexels.com/@ganajp/

Optional Extension (not required for IB exams)

Dragonflies appear suddenly in the fossil record 250-300MYA — many existing species are also found largely unchanged in the fossil record.


https://scienceandculture.com/2022/07/fossil-friday-dragonfly-from-the-upper-jurassic/

Optional Extension (not required for IB exams)

Natural History Museum London

Some insects have gills as larva then
after metamorphosis the adult has
spiracles. How did this strange jump in
lifecycle development evolve gradually?

The pterostigma adds mass to act as a
damper to prevent wing vibrations and
fluttering.

The wings get lift on the down and up stroke.
The eyes have up to 30 000 individual sections.



Optional Extension (not required for IB exams) biomimetics - drawing inspiration

from nature to invent new technology

iStock

Ocelli (3 smaller eyes) have limited resolution but
very high contrast and processing speed to detect
the horizon during high speed flight.

From inspiration to design.

(A) An image of the dragonfly Acisoma panorpoides.
(B) Hind wing of the dragonfly. Rectangle shows area in (C).

(C) A SEM image showing vein joints. Rectangle shows area in (D).
(D) A SEM image of a flexible joint with a spike and a resilin patch.
(E) Designed joint consists of flexible filaments at the interval of the

reinforcing elements and two stiff spikes on the cross elements.

Scale bars: 15 mm (A), 10 mm (B), 2 mm (C), and 0.05 mm (D) Interception in humans is a learned behaviour,
in dragonflies however, it’s believed that it’s hardwired
into their nervous system and motor system directly.


https://www.researchgate.net/figure/From-inspiration-to-design-A-An-image-of-the-dragonfly-Acisoma-panorpoides_fig1_347074145
https://www.cell.com/iscience/fulltext/S2589-0042%2822%2900420-5

Optional Extension (not required for IB exams)

iStock



Optional Extension (not required for IB exams)

Also see


https://www.instagram.com/stories/highlights/17881815238865254/
https://www.richardlewington.co.uk/index.php

Optional Extension (not required for IB exams)


https://commons.wikimedia.org/wiki/File:Fossil_bird_Field_Museum.jpg

Optional Extension (not required for IB exams)

The temporal paradox identified by bird paleontologist Alan Feduccia is that early fossil birds are older than their
assumed theropod dinosaur ancestors. This is explained by a theropod ghost lineage — a large span of time
where species leave no fossil record. In due course the fossil evidence should be found. However, some bird
footprints appear to have been found even earlier in the fossil record than predicted making this paradox worse.

“These footprints are something of a mystery:
fossils for even the earliest bird ancestors don’t show up for another 60 million years.”
David Nield


https://www.sciencealert.com/mysterious-bird-like-footprints-in-africa-predate-the-existence-of-birds
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0293021

The Lamb — William Blake

Little Lamb who made thee
Dost thou know who made thee
Gave thee life & bid thee feed,
By the stream & o'er the mead;
Gave thee clothing of delight,
Softest clothing wooly bright;
Gave thee such a tender voice,
Making all the vales rejoice;
Little Lamb who made thee
Dost thou know who made thee

Little Lamb I'll tell thee,
Little Lamb I'll tell thee;
He is called by thy name,
For he calls himself a Lamb:
He is meek & he is mild,
He became a little child:
| a child & thou a lamb,
We are called by his name.
Little Lamb God bless thee.
Little Lamb God bless thee.


https://pixabay.com/photos/lamb-the-sheep-animal-mammal-cute-7831570/
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