


 “Consequently, if my theory be 
true, it is indisputable that before 
the lowest Silurian stratum was 
deposited, long periods elapsed, 
as long as, or probably far longer 
than, the whole interval from the 
Silurian age to the present day; 
and that during these vast, yet 
quite unknown periods of time, 
the world swarmed with living 
creatures. To the question why 
we do not find records of these 
vast primordial periods, I can 
give no satisfactory answer.” 

 Origin of Species, 1859 





 “In the Cambrian geological strata there occurs a 
sudden, great outburst of fossils of animals on a highly 
developed level of complexity.  In the Cambrian rocks 
are found billions of fossils of animals so complex that 
the evolutionists estimate they would have required one 
and a half billion years to evolve. Trilobites, 
brachiopods, sponges, corals, jellyfish, in fact every one 
of the major invertebrate forms of life are found in the 
Cambrian.  What is found in rocks supposedly older 
than the Cambrian, that is in the so-called pre-
Cambrian rocks? Not a single indisputable fossil!  
Certainly it can be said without fear of contradiction, the 
evolutionary predecessors of the Cambrian fauna have 
never been found.”  

(ICR Impact 4)  



 “[S]ome organisms appear with 

adaptational packages intact at the 

Cambrian boundary where multicellular 

life first “flowers,” with no evidence 

whatsoever of fossil ancestors… only an 

intelligent designer has the ability to 

coordinate the design requirements of 

multifunctional adaptational 

packages.” (71-72) 











Jonathan Wells 



Jonathan Wells 























!! Fossil succession 

!! Homology 

!! Embryology 

!! Biogeography 

!! Natural Selection 

!! Mutation 

!! Molecular Machines 























Gondwana 











 An irreducible gap in 
phenotypic space [i.e. 
morphology] cannot be 
taken to imply that there 
is a similar gap in 
genotypic space [i.e. 
genetics].  

Darwinism Defeated? (1999), pp. 141 – 154. 





!! Cambrian Explosion – the geologically sudden 

appearance of many of the Metazoan phyla. 

!! Metazoan – multicellular organisms  

!! Protostomes and Deuterostomes – two superphyla 

within the Bilateria differentiated by embryonic 

cleavage patterns. 



!! Morphological branch of the tree of life 

!! Group of organisms sharing a “major body 
plan” 

!! Number of extant phyla differ depending on 
source, but generally taken to be in the low 
to mid thirties. 

!! Therefore, we should be careful of “essentializing” 
them. 











!! Was there a Pre-Cambrian fauna? 

!! What happened in the Cambrian? 

!! Is the explosion real? 

!! How did it happen?  













Early Trace Fossils Late Trace Fossils 

Pre-Cambrian Trace Fossils 







“Small Shelly” Fauna 
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Marella 

(arthropod) 



An arthropod 





Waptia 

Canadapsis 









Ottoia 

(priapulid) 





An onychophoran 















Urochordates (sea squirts) 

Hemichordates (acorn worms) 

Cephalochordates (amphioxus) 





!! Wells: “Why don’t textbooks discuss the 
Cambrian explosion, in which all major 
animal groups appear together in the fossil 
record fully formed instead of branching 
from a common ancestor – thus 
contradicting the evolutionary tree of life?” 

!! Reply: Fish, amphibians, reptiles, birds, and 
mammals all are post-Cambrian - aren’t 
these “major groups”? 

!! Wells: “Fish DID make their first appearance 
in the Cambrian explosion.” 



 Jun-Yuan Chen, Di-Ying Huang and Chia-Wei Li, “An early 

Cambrian craniate-like chordate,” Nature 402 (1999), 
518-522. 



 “Here we describe a recently discovered craniate-like 
chordate, Haikouella lanceolata, from 305 fossil 
specimens in Haikou near Kunming. This 530 million-
year-old fish-like animal resembles the 
contemporaneous Yunnanozoon from the Chengjiang 
fauna (about 35 km southeast of Haikou) in several 
anatomic features. … These findings indicate that 
Haikouella probably represents a very early craniate-like 
chordate that lived near the beginning of the Cambrian 
period during the main burst of the Cambrian 
explosion. These findings will add to the debate on the 
evolutionary transition from invertebrate to vertebrate” 



















!! “The Cambrian explosion gave rise to most of 

the animal phyla alive today, as well as some 

that are now extinct.” (p. 39). 

!! Chart gives 18 “major living animal phyla” 

!! “One phylum (the sponges) and possibly two others 

appeared just before the Cambria; two worm phyla 

appeared much later, in the Carboniferous … and one 

[phylum] in the Ordovician.” 

!! Therefore, claim is that 12 of 18 (66%) phyla 

appeared in the Cambrian 





"! Placozoa 

"! Mesozoa 

"! Platyhelminthes 

"! Gnathostomulida 

"! Gastrotricha 

"! Acantochephala 

"! Loricifera 

"! Kinorhyncha 

"! Pogonophora 

"! Sipuncula 

"! Phoronida 

"! Urochordata 



Pre Cambrian (5+4) 

!! Echinodermata 

!! Cnidaria 

!! Porifera 

!! Mollusca 

!! Arthropoda 

!! Chordata (?) 

!! Annelida (?) 

!! Platyhelminthes (?) 

!! Echiura (?) 

Cambrian (6) 

!! Brachiopoda 

!! Onychophora 

!! Tardigrada 

!! Priapulida 

!! Chaetognatha 

!! Hemichordata 



Extant Phyla with a Fossil Record 

Pre-Cambrian 

Cambrian 

Post-Cambrian 



Well’s version 

Pre-Cambrian 

Cambrian 

Post-Cambrian 



 Pre Cambrian (5) 

!! Dickinsoniids 

!! Sprigginids 

!! Trilobozoans 

!! Proarticulates 

!! Petalonamaeids 

 Cambrian (17) 

!! Dinomischids 

!! Eldoniids 

!! Rotadiscids 

!! Paropsonemids 

!! Cambroclaves 

!! Conodonts 

!! Protoconodonts 

!! Microdictyonilids 

!! Anomalocariids 

!! Amiskwiids 

!! Banffids 

!! Palaeoscolecidians 

!! Chancelloriids 

!! Sachitids 

!! Siphogonocuchitids 

!! Halkieriids 

!! Hyloliths 



All Phyla with a Fossil Record 

Pre-Cambrian 

Cambrian 

Post-Cambrian 



!! Was there a Pre-Cambrian fauna? 

!! What happened in the Cambrian? 

!! Is the explosion real? 

!! How did it happen? 







!! Talking of pre-Cambrian cnidarian (sponge) 
embryos: 

!! “If you can preserve an embryo, you can preserve 
an animal. If those animals were there, we should 
have found them. And they’re not there.” 

!! Ignores: 

!! Special conditions required for preservation 
!! We haven’t found pre-Cambrian adult sponges 
!! Pre-Cambrian specimens create a problem for the 

“explosion”! 



 “Under conditions that prevent 
autolysis, embryos within the 
fertilization envelope can be 
preserved with good morphology 
for sufficiently long periods for 
mineralization to occur. The 
reported fossil record exhibits size 
bias, but we show that embryo size 
is unlikely to be a major factor in 
preservation. Under some 
conditions of death, fossilized 
remains will not accurately reflect 
the cell structure of the living 
organism. Although embryos 
within the fertilization envelope 
have high preservation potential, 
primary larvae have negligible 
preservation potential. Thus the 
paleo-embryaological record may 
have strong biases on 
developmental stages preserved.” 

Raff  EC, Villinski JT, Turner FR, Donoghu PCJ, Raff  RA (2006) Proc Nat Acad Sci USA 103(15):5846-5851.  

Fossil forms 



 Perhaps fossilized 
sulfur-oxidizing 
bacteria of the genus 
Thiomargarita  

 Bailey JV, Joye SB, Kalanetra KM, Flood 
BE, Corsetti FA (2007) Evidence of giant 
sulphur bacteria in Neoproterozoic 
phosphorites. Nature  



The importance of Lagerstätten 





!!Metazoans certainly originated 
significantly earlier than 570my. A 
date of 700my would not conflict 
with the evidence currently to hand.  

!!We thus see an approximately 170 
million year period for the evolution 
of the Cambrian fauna. 

Valentine et al  (1999) 



!! Pre-Cambrian Fauna (soft-bodied) 

!! 3,500 my – Stomatolites (Australia) – bacterial remains 
!! 1,100 my – Trace fossils (India) 
!! 600 my – Early bilaterans 
!! 575 my – Edicarian Fauna – Unknown affinities (?) 
!! 570 my – Possible Metazoan embryos (China) 
!! 555 my – Kimberella (early mollusk) 
!! 545 my – “Small shelly” metazoan fauna 

!! Cambrian Fauna (soft and hard-bodied) 

!! 540 my – Treptichnus worm marks beginning 
!! 535 my – Sirivs Passet Fauna (Greenland) 
!! 535 my – Increasing mineralized skeletons 
!! 530 to 520 – Start of “Explosion” 
!! 520 my – Chenjiang Fauna (China) 
!! 510 my – Burgess Shale Fauna (Canada) 

“Exponentially” 

increasing 

diversity 

See Valentine et al. Development 126:851 (1999) 



 “The basal animal phyla 
(Porifera, Ctenophora 
and Cnidaria) diverged 
between about 1200 – 
1500 MYA. This suggests 
that at least six animal 
phyla originated deep in 
the Precambrian, more 
than 400 million years 
earlier than their first 
appearance in the fossil 
record.” 

Wray, Levinton & Shapiro (1996) Wang, Kumar & Hedges (1999) 



!! Bromham et al.(1998) 

!! 1,500 mybp (Meyer gives this as 680 my) 

!! Ayala, Rzhetsky & Ayala (1998) 

!! 670 mybp for Protostome / Deuterostome split 

!! Still 130my before the start of the Cambrian 



 “The fossil record has long supported the view that most animal 
phyla originated during a brief period approximately 520 MYA 
known as the Cambrian explosion. However, molecular data 
analyzed over the past 3 decades have found deeper divergences 
among animals (~800 to 1,200 MYA), with and without the 
assumption of a global molecular clock. Recently, two studies 
have instead reported time estimates apparently consistent with 
the fossil record. Here, we demonstrate that methodological 
problems in these studies cast doubt on the accuracy and 
interpretations of the results obtained. In the study by Peterson 
et al., young time estimates were obtained because fossil 
calibrations were used as maximum limits rather than as 
minimum limits, and not because invertebrate calibrations were 
used. In the study by Aris-Brosou and Yang, young time 
estimates were obtained because of problems with rate models 
and other methods specific to the study, and not because 
Bayesian methods were used. This also led to many anomalous 
findings in their study, including a primate-rodent divergence at 
320 MYA. With these results aside, molecular clocks continue to 
support a long period of animal evolution before the Cambrian 
explosion of fossils.” 

Blair & Hedges, 2005 





!! Major branches on the Tree of Life (e.g. fungi, 
bacteria and other groups) actually pre-date 
the Cambrian. 

!! All plants post-date the Cambrian, and 
flowering plants, by far the dominant form of 
land life today, only appeared about 140 mya 

!! None of the animal groups that people think of 
as major taxonomic groups, such as mammals, 
reptiles, birds, or insects, appeared in the 
Cambrian.  







!! Paleozoic (510 – 245my) 
!! Origin of plants, insects, bony fish, amphibians, reptiles, 

mammal-like reptiles,  
!! Permian (marine) extinction 

!! Mesozoic (245 – 65 my) 
!! Radiation of dinosaurs, early mammals & birds 

!! Appearance of flowering plants 
!! Cretaceous extinction 

!! Cenozoic (65 my – present) 
!! Major radiation of mammals, birds & insects 
!! Origin of primates and humans 



Extinction of   

Dinosaurs 

Hominids 

Cenozoic 







!! Was there a Pre-Cambrian fauna? 

 Yes – including multicellular ancestors of Cambrian 
forms. 

!! What happened in the Cambrian? 

 A geologically rapid morphological diversification  

!! Is the explosion real? 

 Yes, but it was phenotypic rather than genotypic. 

!! How did it happen?  

















!! Environmental changes 

!! Opening of new niches 

!! Development of 
predator/prey systems 

!! Development of visual 
systems 

!! Ecological feedback 

!! Activation of genetic 
pathways (see next 
week) 


