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Fish influence mountain ranges (January 2018) 

When asked if he would like water in his whisky W.C Fields famously remarked that he 
didn’t drink water because fish procreate in it. Migratory salmon do so in their millions with 
a great deal of energy, specifically in the gravel beds of high-energy streams. Before 
spawning, females lash the stream bed with their tails to create a pit or redd in the gravel, in 
which they lay their eggs to be fertilised  by males. Then she fills-in the redd with more 
gravel excavated from upstream. Salmon spawning grounds are thus easily recognised as 
pale patches of freshly overturned gravel on a stream bed that also contain lower amounts 
of fine sediment and are thereby loosened. As well as discouraging bibulous old men from 
diluting their liquor, it occurred to Alexander Fremier of Washington State University and 
other American colleagues that here was a noteworthy example of an active part of the 
biosphere physically intervening in the rock cycle. Not that it comes even close to what 
humans have become capable of since the Industrial Revolution, but it might be an object 
lesson in the fragility of what are otherwise the robust processes of erosion. Moreover, 
since salmon emerged at some time in the past, their actions might help demonstrate that 
evolutionary events – speciation, adaptive radiations, mass extinctions etc – play a role in 
transforming geological processes. 

 

Pacific Sock-eye salmon that die shortly after spawning (credit: Wikipedia) 

Fremier and colleagues (Fremier, A.K. et al. 2017. Sex that moves mountains: The influence 
of spawning fish on river profiles over geologic timescales. Geomorphology online 
publication; doi.org/10.1016/j.geomorph.2017.09.033) modeled the consequences of 
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salmon spawning habits for the critical stress needed to set grains in motion, theoretically 
and in a flume tank. Based on a significant reduction of the critical stress, models for the 
evolution on various river profiles in the vicinity of salmon spawning grounds suggest that 
river beds may cut deeper at rates up to 30% faster than they would in the absence of 
salmon. Were salmon to be reduced or extirpated through dam construction or overfishing 
then sedimentation in channels would increase. In some areas of extensive farming of 
salmon in offshore pens, escape and colonization of rivers would eventually change 
sedimentation and erosion patterns. The findings vary from species to species, but salmon 
may have had a significant effect on generally rugged landscapes following their appearance 
in local ecosystems. 

The terrestrial-marine-terrestrial migratory habits of salmon, including the return of adults 
to their birth rivers to spawn, are uncommon if not unique. Their forbears must have 
evolved to this behaviour at some time in the geological past, separately in the case of 
North Atlantic and North Pacific species. The authors suggest that adaptive radiation of 
salmon may have been favoured by orogenic events in western North America around 100 
Ma ago that created the system of fast flowing rivers that salmon favour. In turn, salmon 
may have significantly influenced Western Cordillera landscapes of Alaska, Canada and the 
conterminous Unites States. A nice example of the inseparability of cause and effect on the 
scale of the Earth System. 

 

Evolution of the River Nile (August 2018) 

The longest river in the world, the Nile has all sorts of riveting connotations in terms of 
archaeology, Africa’s colonial history, the romance of early exploration and is currently the 
focus of disputes about rights to its waters. The last stems from its vast potential for 
irrigation and for hydropower. It is probably the most complex of all the major rivers of our 
planet because it stretches across so many climatic zones, topographic systems geological 
and tectonic provinces. Mohamed Abdelsalam of Oklahoma State University, who was born 
in the Sudan and began his career at the confluence of the White and Blue Nile in its capital 
Khartoum, is an ideal person to produce a modern scientific summary of how the Nile has 
evolved. That is because he has studied some of the key elements of the geology through 
which the river and its major tributaries travel, but most of all because he is a leading 
geological and geomorphological interpreter of remotely sensed data. Only space imagery 
can let us grasp the immense span and complexity of the Nile system. His recent review of 
its entirety (Abdelsalam, M.G. 2018. The Nile’s journey through space and time: A geological 
perspective. Earth Science Reviews, v. 177, p. 742-773; doi: 10.1016/j.earscirev.2018.01.010) 
is a tour de force, many years in the compilation, and it makes fittingly compulsive reading. 

Abdelsalam lays out the geomorphology, underlying geology and regional tectonics of the 
Nile drainage basin, synthesized from publications over the last century, including his own 
work on the evolution of the Blue Nile in Ethiopia. On the regional scale elements of its 
complexity can be ascribed to the upwelling of mantle plumes beneath the Ethiopian 
Highlands and Red Sea, and under the Lake Plateau centred on Kenya, Tanzania, Rwanda 
and Burundi. These plumes are part of a much larger mantle mass rising from the core-
mantle boundary beneath the African continent. Their influence on the lithosphere of north-
east Africa began over 30 million years ago, producing vast outpourings of flood basalts 
followed by regional doming, the formation of large shield volcanoes and rifting to 
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transform a once muted surface to one with a topographic range of up to 5 kilometres in 
the Nile’s two main source regions in Ethiopia and the Lakes Plateau. 

 

The geological underpinnings of the Nile system (Credit: Abdelsalam 2018; Fig. 5) 

The basin can be divided into six distinct provinces, from south to north the Lakes, Sudd, 
Central Sudan, Ethiopia – East Sudan, Cataract and Egyptian Niles. Each of them has had a 
different history; in fact, the making of the Nile system as we know it has taken at least 6 
million years and probably longer. For instance, the Lakes Nile basin, founded mostly on 



Precambrian crystalline basement, seems original to have drained westward through the 
Congo system to the Atlantic Ocean. Sometime between 20 and 12 Ma the western branch 
of the East African Rift System began to form along with slow, broad uplift, hindering 
westward flow to create the forerunners of the Great Lakes. The flow was reversed around 
2.5 Ma ago by the rise of the Rwenzori and Virunga massifs on the western rift flank and 
eventually forced northwards into the low-lying Sudd, breaching a major divide in Northern 
Uganda. The vast swamps there have acted as a buffer for sediment supply, other than the 
finest silts and clays, into the northern stretches of the White Nile. The Blue Nile’s tortuous 
trajectory evolved as the Ethiopian flood basalt province rose after 30 Ma, rifted to form the 
Lake Tana Basin and drained to initiate erosion into the rising plateau with the interference 
of huge shield volcanoes that formed as uplift proceeded. 

Other events are recorded along the Nile’ general trajectory by huge, abandoned alluvial 
fans, relics of now vanished lakes and evidence from satellite radar of palaeo-drainages with 
reversed flow beneath the surface of the eastern Sahara. The system evolved episodically, in 
five or more steps, at the whim of broad tectonic processes that affected flow direction and 
erosive capacity. The Cataract Nile that cuts through hard basement rocks perhaps records 
the increase in energy added by the Blue Nile which, which in turn may have encouraged 
the drainage of the huge Sudd swamps that established the White Nile’s course. Even the 
Mediterranean Sea played a role: the Egyptian Nile may have formed when the sea vanished 
to expose a deep saline basin during the Messinian Salinity Crisis 5.5 Ma ago. This reduction 
in the regional base level of erosion possibly directed drainage into the present course of 
the Nile. The various provinces only became a unified drainage system during the last half 
million years, and that emerged in its present form as recently as 15 thousand years ago. 
 But as Abdelsalam points out, there is a great deal to learn about the fabled river system. 
Hopefully his review will encourage others to take investigations forward and into 
previously unstudied regions. 

 


