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Summary 
ÅJuvenile salmon growth 
ÅPhosphorus budgeting 
ÅRestoring and managing 
ecosystem fertility 
 

Kinlochewe River from top of Meall Ghuibhais (Beinn Eighe NNR) 



Feed the land . . . 
(Grazing, Trees & Trout, Aultbea June 2017 

[with The Woodland Trust]) 

www.wrft.org.uk 

1. What is fertility?  

2. Fertile places in Wester Ross 

3. Ecosystems and nutrient flow 

4. Deforestation, fire and loss of 
fertility 

5. Animals and phosphorus export 

6. How to conserve and replenish 
phosphorus? 

 

http://www.wrft.org.uk/


Marine nutrient seminar, Freshwater Lab, 2000 



 
Picture by Ben Rushbrooke 

Wester Ross 
 
Land of glaciated 
mountains, lochs and 
short, swiftly flowing 
salmon rivers . . .  
 
 
 
 
 
 
 
 
 

 



 
Picture by Ben Rushbrooke Torridon and Liathach by Lulu Strader, Sept 2010 



 
Picture by Ben Rushbrooke 

. . . underlain by  
Torridonian sandstone 
and Lewisian Gneiss. 

 

 

hard, resistant to 
weathering,  

un-yielding rock. 

 

 



 
Picture by Ben Rushbrooke 

Fionn loch and Dubh loch 
from Beinn Airigh charr 

¦ƴƛƴƘŀōƛǘŜŘ ΨǿƛƭŘŜǊƴŜǎǎΩ Φ Φ Φ  



Strath na Sealga, upper Gruinard: note alder woodland along floodplain 

 

Unstable rivers 



 
Picture by Ben Rushbrooke 

ǿƛǘƘ ΨƴŜŀǊ ǇǊƛǎǘƛƴŜΩ oligotrophic lochs? 

Loch Maree . . . .  



 
Picture by Ben Rushbrooke 

Sundew Bog asphodel 
Narthecium ossifragum 

"bone breaker " 

. . . a naturally infertile, nutrient deficient, unproductive landscape? 



What limits 
juvenile 
salmon 
production 
in Wester 
Ross? 



Example: The Little Gruinard River 

Special Area of Conservation for Atlantic Salmon . . . Atlantic 
salmon. 

https://www.wrft.org.uk/downloads/files.cfm?id=29 

https://www.wrft.org.uk/downloads/files.cfm?id=29


Juvenile salmon survey 

 

 

 

 

 

Plenty of salmon fry 
and parr in the main 
river  . . . 

. . . but many of them 
are very small . . . 



Gairloch Primary 6 

and 7 pupils on a 

Life in Lochans 

fieldtrip. 
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Near redds: 

lots of small 

fish 

Juvenile salmon 

abundance 

Little Gruinard  River in 

2006 

Little 

Gruinard 

River 

 



Gairloch Primary 6 

and 7 pupils on a 

Life in Lochans 

fieldtrip. 
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Near redds  

lots of small 
fry  

At loch outlet  

fewer big fry  

Juvenile salmon 2006 Little Gruinard 

River 

 



Small fry . . . . . . . . . and small parr 

Lower Flats of 

Little Gruinard 

E-fish survey 23 August 2006 

Near redds  

lots of small 
fry  



Stepping stones (below Fionn Loch) 

Big one year old parr 

At top of Little Gruinard River below Fionn Loch 

fewer big fry 



Gairloch Primary 6 

and 7 pupils on a 

Life in Lochans 

fieldtrip. 
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Near redds  

lots of small 
fry  

At loch outlet  

fewer big fry  

Juvenile salmon 2006 Little Gruinard 

River 

 



Why is there such 

variation in growth 

rates?  

photo by Nick Benge 



Growth and 

production of 

juvenile salmon 

depends upon 

food availability 

Stonefly and Mayfly larvae 



ÅWhere juvenile salmon densities are high, 

growth tends to be slower. 

ÅWhere juvenile salmon densities are low, 

growth tends to be faster. 



What 
determines 
food 
availability? 



Biological productivity in Wester Ross is primarily 
limited by the availability of phosphorus, P 

 

(refs: e.g. aŎ±ŜŀƴΩǎ fertilisation trials at Beinn Eighe NNR) 



Phosphorus 
 

 

 

Assorted bones, Aultgrishan shore 3rd April 2016 

Phosphorus is essential to all 
life forms.  



Kinlochewe River from top of Meall Ghuibhais (Beinn Eighe NNR) 

Most river catchment areas in Wester Ross have very 
limited phosphorus availability. 

Quartizite (c. glass. . .). 



Beannach lochs 

Fionn Loch 

from Beinn Airigh charr 

What determines phosphorus availability? 



 
Picture by Ben Rushbrooke 

Fionn Loch islands, Little Gruinard catchment.  

Trees!  

(no fires, no grazing) 

Fionn Loch Trout (caught by Ala MacKenzie) 



Boulders with berries in the 
Little Gruinard River  



Boulders with berries in the 
Little Gruinard River  



Boulders by the Little Gruinard River, 
September 2016  



May, 2010 September, 2016 

A boulder by the Little Gruinard River   

Succession: ecosystem development 
 



A deer carcass 
contains ~1 kg of 
phosphorus, 
mainly in bones. 
 
 

Lichen, moss;  
meadow pipit. 
 
 
 
 
Bird droppings.  
 
 

Succession: ecosystem development 
 
Q.  Where does the phosphorus come from? 



A deer carcass 
contains ~1 kg of 
phosphorus, 
mainly in bones. 
 
 

Lichen, moss;  
meadow pipit. 
 
 
 
 
Bird droppings.  
 
 

Lichen, moss, grass, 
heather, rowan tree; 
ǎǇƛŘŜǊΩǎ ǿŜōΣ ƳŜŀŘƻǿ 
pipit 
 
 
Bird droppings, spider 
droppings, trapped 
midges . . . 
 
 

Succession: ecosystem development 
 
Q.  Where does the phosphorus come from? 



A deer carcass 
contains ~1 kg of 
phosphorus, 
mainly in bones. 
 
 

Succession: ecosystem development 
 
Q.  Where does the phosphorus come from? 

Lichen, moss;  
meadow pipit. 
 
 
 
 
Bird droppings.  
 
 

Lichen, moss, grass, 
heather, rowan tree; 
ǎǇƛŘŜǊΩǎ ǿŜōΣ ƳŜŀŘƻǿ 
pipit 
 
 
Bird droppings, spider 
droppings, trapped 
midges . . . 
 
 

Lichen, moss, grass, 
heather, blaeberry, 
rowan tree;  
ǎǇƛŘŜǊΩǎ ǿŜōΣ ŎǊƻǿ ǇŜǊŎƘ 
 
 
Bird droppings: crow, 
thrushes, pipits, wren; 
spider droppings; dead 
insects . .  



A deer carcass 
contains ~1 kg of 
phosphorus, 
mainly in bones. 
 
 

Succession: ecosystem development 
 
Q.  Where does the phosphorus come from? 

Lichen, moss;  
meadow pipit. 
 
 
 
 
Bird droppings.  
 
 

Lichen, moss, grass, 
heather, rowan tree; 
ǎǇƛŘŜǊΩǎ ǿŜōΣ ƳŜŀŘƻǿ 
pipit 
 
 
Bird droppings, spider 
droppings, trapped 
midges . . . 
 
 

Lichen, moss, grass, 
heather, blaeberry, 
rowan tree;  
ǎǇƛŘŜǊΩǎ ǿŜōΣ ŎǊƻǿ ǇŜǊŎƘ 
 
 
Bird droppings: crow, 
thrushes, pipits, wren; 
spider droppings; dead 
insects . .  

Lichen, moss, grass, 
heather, blaeberry, rowan, 
birch, juniper, crowberry, 
bearberry, juniper, willow; 
spiders web; wren, 
ǎǘƻƴŜŎƘŀǘΣ ōƛǊŘΩǎ ƴŜǎǘ Φ Φ Φ   
 
Bird droppings; Pine 
marten droppings; spider 
droppings, dead insects . . . 



A rainforest 
ecosystem 
on a 
boulder? 

out of reach of fires 
and grazing animals 



Little Gruinard River 

Most Atlantic salmon return to freshwater only once to spawn . . .   



 
Picture by Ben Rushbrooke 

Salmon jaw and primroses, 
as found, May 2010 



Adult salmon provide food for juvenile salmon  



In the past, many more 
salmon returned to 
Scottish rivers from the 
sea each year. 

 

 

How much marine 
nutrient was 
transferred to 
terrestrial ecosystems 
in Scotland in the past? 

 



Smolt condition is important (e.g. Armstrong et al, 2018) 
What is the importance of salmon 

eggs as a food for pre-smolt salmon 

parr in oligotrophic  streams? 

 

 

  



To what extent does food availability affect the reproductive 

success of freshwater pearl mussels in Wester Ross? 

Freshwater pearl mussels, in situ, in the 

River Kerry. Note the green periphyton 

growing on the mussels.  

 

Population healthy with plenty of young 

ones. 

 
(GoPro Video still) 

Freshwater pearl mussel, in situ, in the 

Little Gruinard River. Note the lack of 

green periphyton growing on the 

mussels and streambed. 

 

Just a few starving old mussels here? 

No recent recruitment (to my 

knowledge).  

 



photos by Amy Gulick 

"éwhat if I told you that the trees are here, 

in part, because of salmon? That the trees 

that shelter and feed the fish, that help 

build the fish, are themselves built by the 

fish?"  

      -- Carl Safina, essayist for Salmon in 

the Trees  



 
Picture by Ben Rushbrooke See www.wrft.org.uk 

 

http://www.wrft.org.uk/


The Island of Longa (Loch Gairloch) is enriched with 
nutrients from nesting sea birds, and provides good winter 
grazing for sheep. 

Its not just salmon that move nutrients about  



 
Picture by Ben Rushbrooke 

Islands around Loch Ewe 

have also been fertilised by 

sea birds 



 
Picture by Ben Rushbrooke 

Isle of Ewe: breeding area for Greylag geese 
and herring gulls  

Seagull pellet 



Upland areas in Wester Ross are not uniformly infertile . . .  

Watching an eagle above Beinn Eighe NNR 



Rocks and knolls in prominent positions in upland areas have been 
enriched with nutrients delivered by birds and mammals. 

Raptor perch in Beinn Eighe NNR 



Why is this rock green? 

Otter spraint with fish bones. 



Eagle pellet (containing fur) and grouse 
dropping from a green knoll in the Tollie Hills 



 
Picture by Ben Rushbrooke 

Isolated oak tree, North Erradale (where 
crows and a buzzard often perch) 



 
Picture by Ben Rushbrooke 

kenyatravels,.com 

Leopard with antelope in acacia tree 



http://www.pnas.org/content/113/4

/868.full.pdf 

 

Phosphorus transfer is 
much depleted 
compared to the past 

There is a need to 
restore and manage 
fertility more carefully? 

http://www.pnas.org/content/113/4/868.full.pdf
http://www.pnas.org/content/113/4/868.full.pdf


 
Picture by Ben Rushbrooke 

What is fertility? 
 

Soil fertility: refers to the ability of a 
soil to support plant growth 
 


