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Baikal Provocation

Can the same survival strategy of the Lake Baikal fauna during regional ecological chaos operate in marine systems during global chaos? 

The BP stems from the supposition that the deep water Baikalian fauna, 

   1) functions as a refugium fauna during repetitive 
ecosystem chaos (e.g., glaciation/regression), and

   2) recolonizes the littoral coastal zones via 
sublacustrine canyons. 

· This pattern, associated with rifting, leads to increased familial and species diversity with high endemism.

· Post-chaos marine ecesis must seed the freshwater habitat. 

· Colonization cycle (lotic sense) could apply to shallow water marine colonization and freshwater colonization.

Current Thesis for the Origin of Freshwaters

Freshwaters have had a uniformitarian (Lyell) existence that recapitulates (Haeckel) 1000 million years of invertebrate evolution, being only rarely and slightly punctuated by distractions such as ephemeral waters and solitary events as glaciation.

The underlying premises:

· The marine-freshwater transition was gradual, allowing adaptation to an uninterrupted but decremental salt distribution.

· Freshwaters have existed on earth since before life itself, but each body is temporally and spatially highly transitory and thus invertebrate distribution success between ephemeral freshwaters is critical for taxon survival and long-term perpetuation over geological time-scales.

Has the contemporary freshwater fauna been bouncing, for example from lake to lake, for 1 billion years? 

Did Lyell-Darwinian uniformitarianism elevate the saline gradient hypothesis to an irrefutable level with regard to the origin of freshwater fauna?

What chronology led to this perception of the invertebrate marine/freshwater transition? 

Why the Uniformitarian-recapitulation Thesis Fails

1. The evolution of ion & osmoregulation-excretion is not gradual but appears to be highly punctuated adaptations.

2. Transitional gradations of salt content only established the estuarine fauna and a minor freshwater faunal component but can not be holistically applied to the freshwater fauna.

3. Momentous community change is driven by habitat catastrophes.

4. Habitat catastrophes are episodic.

5. Why “king-of-the-hill” favors the king: excess energy expenditure is required to overthrow the king.

6. Fauna distributional success is meaningless on a global catastrophic scale.
The obvious: A global event could precipitate pangaeal mass extinction in freshwaters. 

The Immigration Corridors
Sea ( “Terrestrial” ( Freshwater Corridor

Invasion was accomplished by a suite of animals already adapted to “terrestrial” conditions. In fact, “terrestrial” is really a microaquatic habitat for this genre of invertebrates.

Sea ( Freshwater Complex

Sea ( Land ( Freshwater 

(evidence: pulmonate snails, insects, mites)

Sea ( Estuary ( Freshwater 

(evidence: zebra mussels)

Sea ( Psammolittoral ( Phreatic ( Freshwater

(evidence: protozoa; micrometazoans)

Sea  ( Marsh ( Freshwater
(evidence: amphipods)

The Routes

Equatorial Continental Von Martens, 1857
Shotgun approach: 

Typical r-strategists. Large pool of tropical species with pelagic larvae. 

Polar Continental de Guerne & Richard, 1892
Finesse approach: 

Typical k-strategists. Small pool of polar species with brood representing a pre-adapted life cycle to freshwater.

· The presence or absence of a pelagic larval stage or brood in the life cycle dictates the route.

· The route depends largely on whether the time period is “catastrophically driven”.  A catastrophic period is dominated by the polar continental route; non-catastrophism is characterized by the polar and equatorial continental routes.

Theorem 1. A de novo freshwater fauna emerged after the K-T mass-extinction event.
1. K-T extinction event effectively disposed of the entire fresh water fauna and much of the marine fauna (85%).

2. High coastal speciation results in lavish diversity in the shallow seas.

3. This extensive shallow water fauna is most liable to extirpation during anoxic conditions developed during the chaos of mass extinction’s.

4. Primal origin of the contemporary fw fauna was prompted by the K-T global mass extinction.

5. The often restricted, low diversity deep fauna is strategically positioned to be unaffected by surface extinction events (impact winter).

6. Taxa moving toward extinction are restricted to deeper waters.

Theorem 2. The deep-water habitat provides a refugium during global mass-extinction events.

The deep-water marine fauna serves as an important contributor to re-seeding the post-extinction (e.g., K-T extinction) marine and fw communities. 

The deep fauna launches post-extinction ecesis of freshwater.  

The deep-water refugium fauna is a cold-water fauna.

The shallow marine fauna is thoroughly denuded and the few fauna is fully eliminated during global mass-extinction events.

Sea floor spreading hydrothermal communities are supported by deep cold water down-wellings and could be an important contributor to post-extinction re-seeding.

Theorem 3. The origin of the new fauna involved a rapid marine/few transition from the northern (high latitude) front.

The prevailing opinion is gradualism via southern psammolittoral, coastal wetlands, and estuary transitional zones.  The idea is that the marine to few transitional adaptations must have been slow to evolve and were not rapid. 

The post-extinction cold marine fauna is pre-adapted for survival in a cold and dilute few medium.

Most high latitudinal marine species brood their young (85%) while few low latitudinal species brood  (15%).

Most few fauna do not have pelagic larval stages. (If they do, their invasion was from the south) 

The dilute medium is energetically hostile to pelagic larvae because of dilute salts affecting osmolarity, dilute salts affecting buoyancy, and dilute food. Brooded larvae have much yolk while pelagic larvae have essentially no yolk and must find food immediately. 

Four Great Marine Faunas

· Pre-Cambrian Fauna (640 - 570 mybp) 

Ediacara fauna:

Cnidaria & Softbodied Vermiforms

· Cambrian/Ordovician Fauna (570 - 435 mybp)
Trilobites & early arthropods

Inarticulate brachiopods

Monoplacophoran mollusks

· Ordovician/Permian Fauna (435 - 240 mybp)  

Shelled cephalopods

Crinoid echinoderms

Articulate brachiopods

Stenolaemate ectoprocts

(Various early vertebrates)
· Mesozoic/Caenozoic Fauna (240 mybp - present)

Gastropod mollusks

Bivalve mollusks

Malacostracan crustaceans

Echinoid echinoderms

Gymnolaemate ectoprocts

(Vertebrates)

The Great Mass Extinctions

 Marine mass extinctions have largely been a shallow water drama.

1. Late Ordovician (22%)

2. Late Devonian  (21%)

3. Late Permian (57% : 95%)

4. Late Triassic (20%)

5. Late Cretaceous (15% : 75%)

Ocean Temperature

Polar (60( Lat)

· Warmest months at Z = 0 m: 10( C

· Coldest months at Z = 0 m: 10( C

· At Z = 2000 m: 3.5( C

· Thermocline Highly Unstable

· No Permanent Thermocline

· Arctic Down-welling of cold water

Equatorial (0( Lat)

· 0 m: 26( C

· 200 m: 13( C

· 400 m: 7.5( C

· 1000 m: 4.5( C

· 2000 m: 3.3( C

· Permanent Thermocline (highly stable)

· Summer Thermocline (superimposed upon the permanent thermocline) 

· Oceanic Up-welling to Permanent Thermocline 

(Arctic-Antarctic down-wellings drive equatorial up-wellings.)
Ocean Oxygen

· Source: 

Surface Diffusion (Ds)

Photosynthetic Diffusion (Dp)

· Sink:

Neritic & Epipelagic Respiration (Rn+e)

Mesopelagic Respiration (Rm)

Bathypelagic Respiration (Rb)

· Non-catastrophic Period

Global Surface Water Oxygen: 4.5 to 7.5 mg/l

(Epipelagic, Ds+Dp/Rn+e > 1)

Global Bathypelagic Water Oxygen: ( 5 mg/l
(Bathypelagic via downwelling, Ds+Dp/Rb > 1)

· Catastrophic Period

Polar Surface Water Oxygen: 4.5 mg/l

(Epipelagic, Ds+Dp/Rn+e > 1)

Equatorial Surface Water Oxygen: 0 mg/l

(Epipelagic, Ds+Dp/Rn+e < 1)

Polar Bathypelagic Water Oxygen: ( 4.5 mg/l
(Bathypelagic via downwelling, Ds+Dp/Rb > 1)

Equatorial Bathypelagic Water Oxygen: ( 4.5 mg/l
(Bathypelagic via downwelling, Ds+Dp/Rb > 1)

Ocean Currents

Currents are the arteries of the earth on an enormous scale.

The horizontal currents form the gyres of the world’s three great oceans.

Deep-water currents are generally forgotten about unless Peruvian anchovy fishing rights are involved.
Benthic Distribution

· Benthon abundance is very great in the neritic littoral and decrease in numbers with depth until only scattered individuals are found in the deepest abyssal zones.

· The epifauna decreases in variety toward the Poles.

· The infauna remains about the same in equatorial and Polar Regions.

· Pelagic larval producing forms are abundant (85%) in the equatorial region and pauperate (15%) in the Polar Regions.

· Benthon without pelagic larvae are abundant (85%) in the Polar Regions and pauperate (15%) in the equatorial region.

Primal Origin

This thesis suggests the metazoan freshwater fauna to have reinvented itself at least twice since its archaic origin 750 mybp. 

(The Mesozoic-Cenozoic 240 mybp and the Cretaceous-Tertiary 65 mybp) 

1) K-T extinction included a thorough extinction of both marine (75%) and freshwater fauna (ca. 100%).

The destructive mechanism was anoxia due to lack of photosynthesis (P/R ratios shifted); atmospheric impact temperatures of  250( F; cold temperatures; smothering dust and soot; acid rain; deadly hot greenhouse temperatures that diminished over the next 1000 years.  

2) Deep water marine fauna served as an effective “refugium fauna”.

3) Deep water fauna re-established pelagic larvae that re-colonized the oceans.

4) Pelagic larval forms colonized freshwaters primarily from the south.

5) Benthic fauna colonized freshwaters primarily from the north.

Chronology

James Ussher, (b. 1581- d. 1656) Anglo-Irish Bishop.  Earth created in 4004 B.C.

James Hutton, (1785) Theory of the Earth. Earth was enormously ancient.

Charles Lyell, (1830) Principles of Geology. Uniformitarinism: Earth’s history was gradual.

Charles Darwin, (1831-1836)  Made Lyellian gradualism a key tenet of his theory of evolution. 

T. H. Huxley,  ((1860s) To Darwin,  “You have loaded yourself with an unnecessary difficulty in adopting natura non facit saltum so unreservedly” (nature does not make sudden jumps).

P. Bert (1867) Death by immersion.

P. Pavesi (1880) Freshwater Relict Fauna

J. Harlen Bretz, ((1920s) Spokane scablands. 

Joseph Thomas Pardee ((1940s) Missoula beach terraces & Spokane flood.

NASA (1965) Mariner 4.

International Team (1965) “We are now all catastrophists.”

Wegener (1915); Hess (1962); Galapagos Rift (1977)

Polar Immigration 

Gurjanova (1939): Three Groups of Arctic Fauna

1. Autochthonous deep water Arctic Fauna

2. Immigrants from North Atlantic

3. Immigrants from North Pacific

Djakonov (1945): Arctic Ocean Echinoderms

1. Autochthonous Arctic fauna, 28%

2. N. Atlantic Immigrants, 23%

3. N. Pacific Immigrants, 45%

4. Cosmopolitan, 4%  

Djakonov (1945): During ice ages Arctic fauna 
perished except for those moving to deep 
waters.

Gorbunov (1946): Abyssal fauna from the Tertiary genesis.

Freshwater Vertical Immigration

Gorbunov (1946): Bathyfauna risen to 100 - 200 m in Siberian Sea; 40 to 50 m in the Novosibrisk shallows where species richness attains 800.

The Arctic (& Antarctic) is the only site on earth where the Abyssal, Bathyl & Sublittoral faunas blend together.

Submarine canyons connect the depths with the shallows, similar to Baikal.

Age of Arctic Basin 

Du Toit (1939): Formation in Mesozoic & Tertiary

Ionic Regulation

Earth leaches K+ : Na+ = 1; K+ is readily absorbed to soil particulates and thus there is less K+ than Na+ in sea water (K+ : Na+ = 0.021) and freshwater   (K+ : Na+ = 0.028).

Marine invertebrate K+ & Na+ levels are similar to sea water medium:


Sea water = 470.2 mM/l versus inverts = 481 mM/l

Sea water = 9.96 mM/l versus inverts = 11.56 mM/l
Freshwater invertebrate K+ & Na+ levels are much higher than the freshwater  medium:



Freshwater = 1.04 mM/l versus inverts = 111.8 mM/l

Freshwater = 0.03 mM/l versus inverts = 4.75 mM/l
So the questions become, 1) how can salty marine invertebrates adapt to a freshwater environment that is low in salts? 2) Why do freshwater forms lack pelagic larvae?

Freshwater forms must obtain a large portion of their salts through diet. Where are the salts? In the sediment! Benthophagic forms adapt well to sediment detritus high in salts. Pelagic larvae (especially prior to feeding) have no access to high salt levels in the dilute freshwater environment.

Some salts are evolutionarily more important for ionic regulation than in osmoregulation. Why were the primordial invertebrates benthic? High salt levels in the sediment, especially K+, were required for evolution of early metazoan nervous & muscle function. Later, K+ predation leads to pelagic forms. K+ predation is the fundamental origin of general predation.

Protozoans do not have nervous or muscle tissue requiring large amounts of K+. Thus, protozoans should be equally adapted to freshwater as they are to seawater.  Protozoans are as diverse in freshwaters as they are in seawater. 

