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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? 
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In Wester Ross, 
soils are thin and 
generally infertile: 
 
Land of glaciated 
mountains, lochs and 
short, swiftly flowing 
salmon rivers . . .  
 
 
 
 
 
 
 



 
Picture by Ben Rushbrooke Torridon and Liathach by Lulu Strader, Sept 2010 
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. . . underlain by  
Torridonian sandstone 
and Lewisian Gneiss. 

 

 

hard, resistant to 
weathering,  

un-yielding rock. 
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Barren mountains . . .  
 

Beinn Eighe NNR: how natural? 



Sparsely vegetated slopes 

Beinn Damh forest: where are the trees? 



Trees cling to 
inaccessible ledges 

Abhainn Dearg 



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

 

Unstable rivers 
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Fionn loch and Dubh loch 
from Beinn Airigh charr 

Uninhabited ‘wilderness’ . . .  
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with ‘near pristine’ oligotrophic lochs . . . 

Loch Maree . . . .  
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unproductive grazing areas . . .  



 
Picture by Ben Rushbrooke 

Sundew Bog asphodel 
Narthecium ossifragum 

"bone breaker " 

. . . a naturally infertile, nutrient deficient, unproductive landscape? 
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1. What is fertility? 
 

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



A fertile soil has the following properties: 
 
•It is rich in nutrients necessary for basic plant nutrition, including 
nitrogen, phosphorus and potassium; 

 

•It contains sufficient trace elements for plant nutrition, including 
boron, chlorine, cobalt, copper, iron, manganese, magnesium, 
molybdenum, sulphur, and zinc; 

 

•It contains soil organic matter that improves soil structure and soil 
moisture retention; 

 

•It contains a range of microorganisms that support plant growth. 
 
https://en.wikipedia.org/wiki/Soil_fertility 
 

https://en.wikipedia.org/wiki/Soil_fertility
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Phosphorus 
 

 

 

Assorted bones, Aultgrishan shore 3rd April 2016 

Phosphorus is essential to all 
life forms.  



https://en.wikipedia.org/wiki/Composition_of_the_human_bod 

Humans are approximately 1% Phosphorus 
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Too much phosphorus causes eutrophication 

 

 

 

http://lawncarecompanymn.com/blog/minnesota-lawn-and-yard-lawn-care-fertilizing-services-mn/ 
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One of our greatest government-led achievements for the 
environment, to date, has been the cleaning-up of 'eutrophied' waters.  



However, there are many parts of the world where levels 
of fertility have fallen as a result of human impacts. 

www.sacredsites.com 



https://www.youtube.com/watch?v=RNUSgY2NbFM 

 

https://www.youtube.com/watch?v=RNUSgY2NbFM


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

 

(refs: e.g. McVean’s fertilisation trials at Beinn Eighe NNR) 



How does phosphorus availability vary across Wester Ross? 
 

Is the distribution and availability of phosphorus in the 
landscape entirely natural? 
 
 



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

2. Some fertile places in Wester Ross 
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Islands around Loch Ewe 

have also been fertilised by 

sea birds 
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Eilean 
Furadh mor 
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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 



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



Why is this rock green? 

Otter spraint with fish bones. 



The Little 
Gruinard River 

 

(Special Area of 
Conservation for 
Atlantic Salmon) 

Special Area of 
Conservation 
(SAC) for the 
Atlantic salmon. 



Little Gruinard River 

Most Atlantic salmon return to freshwater only once to spawn . . .   
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Salmon jaw and primroses, 
as found, May 2010 



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? 

 



photos by Amy Gulick 

"…what 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  



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 fry 

At loch outlet 
fewer big fry 

Juvenile salmon 2006 



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

Lower Flats of 
Little Gruinard 



Below Fionn Loch outlet 

Big, faster growing, one 
year old parr 



•Where juvenile salmon densities are high, 
growth tends to be slower. 

•Where juvenile salmon densities are low, growth 
tends to be faster. 

•Juvenile salmon production is determined by habitat 
area, food availability and stream fertility 



Food for trout and juvenile salmon  



Beannach lochs 

Fionn Loch 

from Beinn Airigh charr 
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Fionn Loch islands, Little Gruinard catchment.  

Trees!  

(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  



A forest on a boulder? 
 

May, 2010 

September, 2016 



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

Succession: a forest on a boulder 
 
Q.  Where does the phosphorus come from? 

Lichen, moss;  
meadow pipit. 
 
 
 
 
Bird droppings.  
 
 

Lichen, moss, grass, 
heather, rowan tree; 
spider’s web, meadow 
pipit 
 
 
Bird droppings, spider 
droppings, trapped 
midges . . . 
 
 

Lichen, moss, grass, 
heather, blaeberry, 
rowan tree;  
spider’s web, crow perch 
 
 
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, 
stonechat, bird’s nest . . .   
 
Bird droppings; Pine 
marten droppings; spider 
droppings, dead insects . . . 
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Isolated oak tree, North Erradale (where 
crows and a buzzard often perch) 
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kenyatravels,.com 

Leopard with antelope in acacia tree 
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Fertile places can be found 

around houses 

Glen Torridon September 2010 
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nettles 



http://www.mountainbothies.org.uk/cust_images/bothy%20image

s/Shenavall---Alan-Bellis.jpg 

(big) Gruinard River 
headwaters  

Sheneval bothy at the 
foot of An Teallach is 
popular with hill 
walkers (and salmon 
poachers!) . . . 

 

Nearby soils are richer 
in earthworms and 
support a (?healthy) 
population of moles . . . 

http://www.mountainbothies.org.uk/cust_images/bothy images/Shenavall---Alan-Bellis.jpg
http://www.mountainbothies.org.uk/cust_images/bothy images/Shenavall---Alan-Bellis.jpg
http://www.mountainbothies.org.uk/cust_images/bothy images/Shenavall---Alan-Bellis.jpg
http://www.mountainbothies.org.uk/cust_images/bothy images/Shenavall---Alan-Bellis.jpg
http://www.mountainbothies.org.uk/cust_images/bothy images/Shenavall---Alan-Bellis.jpg
http://www.mountainbothies.org.uk/cust_images/bothy images/Shenavall---Alan-Bellis.jpg


Sheneval bothy at the 
foot of An Teallach is 
popular with hill 
walkers (and salmon 
poachers!) . . . 

 

Nearby soils are richer 
in earthworms and 
support a (?healthy) 
population of moles . . . 

 

The stream is green and 
mossy . . . 



Dundonnell 
Estate plankton 
sample analyses 
training 
Hugh Richards 
(WRF) and  
Jim Raffell 
(FRS) 

. . . and supports fat, healthy salmon parr . . 
. 



These are oak trees!!  

Sheneval 
bothy 



 Break – any questions? 

Succession . . . sustained by P imports? 



Why is there a greener patch in the bog . . .? 

Bog near Redpoint (2002) 

3. Ecosystems and nutrient flow 
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There is a lot 
of bog in 
Wester Ross! 
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Temperate rainforest 
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Temperate 
rainforest . . . 

 

 

 

 

 

 

[. . . or rainwood (Fenton, 
2016) . . .] 
 

. . . can be found 
around Loch Gairloch . 
. . supporting a high 
diversity of epiphytes.   
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Fallen Douglas fir in Flowerdale 

 

 

 

This decomposing tree now supports a 
diverse assemblage of lichens, mosses, 
ferns, grass, blaeberry, cotoneaster, a 
small rowan tree, and a birch tree.  
 

Look: no soil! (except the 

birch) 
 

Nutrients are being 
obtained almost entirely 
from the decomposing tree.  
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Ecosystem fertility: the ability of an 
ecosystem to circulate life-sustaining 
nutrients to its component parts (?) 
 
(from ‘Refertilising Scotland’ presentation at ‘Reforesting Scotland’ meeting in 
Torridon Community Centre, September 2010)  

 

Soil fertility: the ability of a soil to 
supply plant nutrient 

?Fertile & productive ecosystems need not be 
dependent upon fertile soils if nutrients can be 
recycled and circulated within the biota 
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http://www.tandfonline.com/doi/full/10.
1080/00380768.2015.1017439 
 

http://www.tandfonline.com/doi/full/10.1080/00380768.2015.1017439
http://www.tandfonline.com/doi/full/10.1080/00380768.2015.1017439


Figure 2 The Ecosystem Fertility scheme for humid tropical ecosystems. 

Published in: Tadakatsu Yoneyama; Toshiaki Ohkura; Naruo Matsumoto; Soil Science and Plant Nutrition  2015, 61, 698-703. 

DOI: 10.1080/00380768.2015.1017439 

Copyright © 2015 Japanese Society of Soil Science and Plant Nutrition 

http://www.tandfonline.com/doi/full/10.1080/00380768.2015.1017439 

http://www.tandfonline.com/doi/full/10.1080/00380768.2015.1017439


Phosphorus availability is dependent upon ecosystem processes 
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Simplified Phosphorus budget model! 
 

P cycling 

Soil / 
Sediment    
(P ‘bank’) 

Biota P 

Ecosystem 

P imports P exports 

(can be what ever scale you choose) 



Phosphorus budget 

Ecosystem 

Anthropogenic 
(livestock, crops, 

timber, effluents, etc.) 

P exports 

Physical and chemical 
(erosion and leaching) 

Biological 
(wild plant and animal 

materials) 

Anthropogenic 
(food, fertiliser, 

detergents, etc.) 

P imports 

Physical and chemical 
(atmospheric deposition, 

rock erosion) 

Biological 
(wild plant and animal 

materials) 

P cycling 

Soil (P ‘bank’) 

Biota P 



Tropical rainforest 

Rainforests are forests  
characterized by 
high rainfall, with 
between 2500mm and 
4500mm of rain per year. 



Tropical Rainforest 

Ecosystem: highly 
evolved & biodiverse 

Anthropogenic 

P exports 

Physical and chemical 
(erosion and leaching) 

Biological 
(wild plant and animal 

materials) 

Anthropogenic 

P imports 

Physical and chemical 
(atmospheric deposition, 

rock erosion) 

Biological 
(wild plant and animal 

materials) 

P cycling 

Soil (P ‘bank’) 

Biota (P in biomass) 



Deforested hills in Madagascar . . .  



Jungle clearance Sarawak 

Cleared tropical Rainforest 



Cleared tropical rainforest 
(e.g. for oil palm) 

Ecosystem: 
biodiversity collapses 

Anthropogenic 
(carcasses, crops, 

timber, effluents, etc.) 

P exports 

Physical and chemical 
(erosion and leaching) 

Biological 
(wild plant and animal 

materials) 

Anthropogenic 
(food, fertiliser, 

detergents, etc.) 

P imports 

Physical and chemical 
(atmospheric deposition, 

rock erosion) 

Biological 
(wild plant and animal 

materials) 

P cycling 
much 

reduced 

Soil (P ‘bank’) 

Biota P 



Andy Hay (rspb-images.com) 

Intensive agricultural area 



Intensive agricultural area 

Ecosystem? 

Crops 

P exports 

Physical and chemical 
(soil erosion and 

leaching) 

Biological 
(e.g. geese) 

Fertiliser 

P imports 

Physical and chemical 

Biological 
(e.g. geese!) 

P cycling  

Soil (P ‘bank’) 

Biota P 



Traditional agriculture 
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Crofting townships around the coast 

Melvaig and Alltgrishan in 2004 



Traditional agricultural area 

Agricultural Ecosystem: people 
are a part of the system 

Anthropogenic 

P exports 

Physical and chemical 
(erosion and leaching) 

Biological 

Anthropogenic 

P imports 

Physical and chemical 

Biological 

P cycling 

Soil (P ‘bank’) 

Biota P 



Ecosystem nutrition: forest strategies for limited phosphorus resources 

https://www.bodenkunde.uni-freiburg.de/forschung/SPP1685 

 

https://www.bodenkunde.uni-freiburg.de/forschung/SPP1685
https://www.bodenkunde.uni-freiburg.de/forschung/SPP1685
https://www.bodenkunde.uni-freiburg.de/forschung/SPP1685


 Break – any questions (or answers)? 



 
Picture by Ben Rushbrooke http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm 

 

4. Loss of vegetation, fire & 
phosphorus export 
 

http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm
http://www.ross-shirejournal.co.uk/News/Fresh-spate-of-Ross-wildfires-spark-muirburn-warning-01042013.htm


Hillsides are burnt to promote fresh growth. 
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Little Gruinard River, May 2010 (inside fenced enclosure) 
   Wildfire in 2007 
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Vegetation on this boulder survived 
the fire.  



How much phosphorus is lost in a moor burn? 

25% of the P in vegetation and leaf litter was lost on burning 
and not recovered within 10 years, representing a loss of over 
2kg of P per ha. 
 
(2kg P is the equivalent to that in about 4 sheep) 

Nutrient Balance Sheet for an Area of Lowland Heath (expressed as kg per ha)

from Webb, 1986

Sodium 

(Na)

Potassium 

(K)

Calcium 

(Ca)

Magnesium 

(Mg) 

Phosphorus 

(P)
Nitrogen 

(N)

Vegetation (heather heathland) 4.7 34.3 33 13.4 4.1 107.7

Leaf litter 0.7 5 15.2 3.8 4.2 74.5

Total 5.4 39.3 48.2 17.2 8.3 182.2

Soil (0-20cm) 84 288 229 236 37 2210

% [of P] in veg. and leaf litter lost on burning 28% 21% 26% 23% 26% 95%

amount remaining after burning 3.9 31 35.7 13.2 6.1 9.1

amount lost 1.5 8.3 12.5 4 2.2 173.1

Nutrient content of 1 years rainfall 25.4 1.2 4.7 5.6 0.01 5.2

Nutrient content of 12 years rainfall 305 14 56 67 0.12 62

Nutrient balance after 12 years +303 +5.7 +43.5 +63 -2.08 -111

Figures are in kg per ha
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Beinn Eighe National Nature Reserve 
(now core nature conservation area in Wester Ross Biosphere) 



How ‘natural’? 



 Refertilising Wester Ross, Beinn Eighe NNR, 7th April 2016  

 

 http://www.wrft.org.uk/downloads/files.cfm?id=39 Link to meeting reports: 

http://www.wrft.org.uk/downloads/files.cfm?id=39
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Beinn Eighe NNR field excursion 7th April 2016  
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Beinn Eighe NNR field excursion 7th April 2016  
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Beinn Eighe NNR field excursion 7th April 2016  
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Beinn Eighe NNR field excursion 7th April 2016  
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Picture by Ben Rushbrooke 



‘Naturalness 
 
Below about 400 m the vegetation has evidently been 
modified by a combination of woodland clearance, 
grazing by sheep and deer, and moor-burning.  
 
The vegetation of much of the higher ground, above the 
natural upper limit of woodland, appears to be unburnt 
and so lightly grazed that it may well be in a near-
natural state.’ 

Beinn Eighe NNR  



Fertilisation trials were carried out on Beinn Eighe NNR in 
the 1960s by Donald McVean to find out how to enhance 
soil fertility and establish tree seedlings.  

Details are sketchy, but 50 yrs on, 
results could still be clearly seen. 

 

Looks like the trial was successful?? 

Unfertilised area 

Fertilised area 



Outside area fertilised 

• ~50% soil cover 

• Patchy vegetation 

• Club moss 

 

Inside area fertilised 

• 100% soil cover 

• Thicker vegetation 
including all plants seen 
outside area except club 
moss. 

• Scabious and tormentil 
also present. 

• Spiders seen. 

• Grouse droppings. 

 



‘In June 1961 D.N. McVean applied phosphate fertiliser at 3 oz to the square 
yard to two small rectangular plots within M15c(ii) Trichophorum-Erica wet 
heath on quartzite at NH 003 621.’  

•‘The treated vegetation is now more continuous than the surrounding sparse M15c(ii) 
heath.  

•It has a noticeably greater cover of the moss Racomitrium lanuginosum (50-75%) and 
the lichens Cladonia portentosa, C.arbuscula and C.uncialis (30-50%) than does the 
surrounding heath.  

•The heather is better-grown and supports a richer epiphytic flora, chiefly of the lichens 
Hypogymnia physodes, Platismatia glauca and Peltigera sp. and the liverwort Frullania 
tamarisci.  

•The lichen Cetraria islandica is noticeably well-grown. ‘ 

‘One cannot say for sure whether the vegetation in the plots 
which were examined in this survey has become more natural or 
less natural in the last 36 years.’ (?!) 

Beinn Eighe NNR  



Beinn Eighe NNR hillside 

Ecosystem 
impoversihed 

Anthropogenic 

P exports 

Physical and chemical 

Biological 

Anthropogenic 

P imports 

Physical and chemical 
(unyielding quartzite) 

Biological 

P cycling 

Soil (P ‘bank’) 

Biota P 



Inside fertilised area 
 (50+ years following fertiliser application) 

Ecosystem enriched:  
higher productivity and higher biodiversity  . . .  

Anthropogenic 

P exports 

Physical and chemical 

Biological 
(e.g. insects) 

Anthropogenic 
(2008) 

P imports 

Physical and chemical 

Biological 
(e.g. grouse droppings) 

Biota 

Soil (P ‘bank’) 

P cycling 



. . . c. green knoll 
( . . . more or less natural than the surrounding area?)  



 
Picture by Ben Rushbrooke 

Beinn Eighe NNR field excursion 7th April 2016  



 
‘The intensity of grazing at Beinn Eighe before the arrival of humans 
is not known; it might have been no less intensive than at present, 
and it may well have varied over the 7500 years since the 
establishment of the vegetation in the Boreal period. It is possible 
that the current grazing intensity (outside the exclosures) is at a more 
or less "natural" level. Even if this is the case it is evident that the 
low-altitude heathlands will not readily develop back into woodland.  
 
The previous woodland clearance means that there are now far fewer 
sources of seeds and the impoverished soils are deficient in the 
nutrients needed for trees to establish strongly.’ 

Beinn Eighe NNR  



 
 
‘. . . Any saplings which do survive soon become conspicuous 
in a bare landscape and are preferentially grazed.  
 
Grazing might need to be reduced to an unnaturally low 
level for long enough to allow trees to regenerate and soils 
to recover. This process might take several tens or even 
hundreds of years.’ 

Beinn Eighe NNR  



5. Animal export  
 
•The removal of deer, sheep or cattle from 
upland catchment areas represents an unnatural 
loss of phosphorus from the ecosystem. 
 
•How many cattle sheep and deer have been 
removed from headwater catchment areas over 
the past 100++ years? 
 
•How much phosphorus does this represent? 
 
•How much phosphorus has been returned to the 
areas where the animals grazed?  
 



 
Picture by Ben Rushbrooke 

Human populations were higher in the past in some areas 



Have fertility levels changed as a result of land 
use and wildlife management practices? 



How have fertility levels and patterns changed 
as a result of land use and wildlife management 

practices? 



http://www.gov.scot/Publications/2010/11/01153620/13 

http://www.gov.scot/Publications/2010/11/01153620/13


 
Picture by Ben Rushbrooke 

Fires, peat cutting, 
grazing and 
trampling by cattle, 
sheep and deer 
have denuded large 
parts of Wester Ross 
with loss of 
vegetation, soil and 
loss of ecosystem 
fertility. 
 
Inverasdale grazings 

area.  
 
 
 



 
Picture by Ben Rushbrooke 

School 

(closed)  

In some areas there is 
very little soil, peat, 
or organic material 
left. 
 
 
 
 



 
Picture by Ben Rushbrooke 

Peat cut and 
removed? 
 
Over 50% of the soil 
has been eroded and 
washed away. 
 
What does this 
represent in terms of 
lost fertility?  
 
 
 
 



 
Picture by Ben Rushbrooke 

How much less fertile are grazing areas in Wester Ross now than 
they were in the past?  



November 2015 

http://www.crofting.scotland.gov.uk/userfiles/file/Act_and_Policy/Crofting-Commission-Policy-Plan.pdf 

Vision for crofting  . . . 

‘ . . . Increased production of livestock and food 
from crofts . . .’ 
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November 2015 

http://www.crofting.scotland.gov.uk/userfiles/file/Act_and_Policy/Crofting-Commission-Policy-Plan.pdf 

‘ . . . Increase, where appropriate, stocking levels, 
crofting activity and related activity on crofts. . .’ 
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November 2015 

http://www.crofting.scotland.gov.uk/userfiles/file/Act_and_Policy/Crofting-Commission-Policy-Plan.pdf 

? . . Is there an objective for restoring and maintaining 
the fertility of croft land (?).  

http://www.crofting.scotland.gov.uk/userfiles/file/Act_and_Policy/Crofting-Commission-Policy-Plan.pdf
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 Break – any questions (or answers)? 

How is soil fertility managed in crofting 
townships elsewhere? 



Why is there a greener patch in the bog . . .? 

Bog near Redpoint (2002) 

Animal export (continued) . . .   



Where nutrients are 
recycled . . . 

. . .from vegetation to 
sheep, and back to 
vegetation . . .  

 

 

•growth of plants - and 
insects - can be prolific  

•more insects: more food 
for trout , salmon, birds  . . . 

 



Andy Hay (rspb-images.com) 

If deer carcasses are taken off the hill and phosphorus is not replaced. . 
.  

http://www.thefield.co.uk/stalking-2/where-to-go-stalking-in-scotland-in-2016-29934 
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http://img.myswitzerland.com/mys/7398/images/buehne/STS2740-1.jpg 

 

https://www.graubuenden.ch/sites/default/files/styles/grf_global_s/public/story

_image/natur-essvm-rothirsch-nationalpark.jpg?itok=vc9uv8I9 

 

https://www.graubuenden.ch/en/discover-our-regions/swiss-national-park-and-

further-parks 

 

Fertility studies of grazing areas in the SNP 
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http://www.fs.fed.us/rm/pubs_other/rmrs_

2006_schutz_m001.pdf 

 

Shultz et al (2006) 
demonstrated that 
within the Swiss 
National Park [SNP]  
red deer move 
phosphorus by 
defecating in different 
areas from where they 
graze.   
 
They recognised a long 
term nutrient depletion 
from grazed areas 
within the SNP. 

http://www.fs.fed.us/rm/pubs_other/rmrs_2006_schutz_m001.pdf
http://www.fs.fed.us/rm/pubs_other/rmrs_2006_schutz_m001.pdf


 
Picture by Ben Rushbrooke 



http://www.fs.fed.us/rm/pubs_other/rmrs_2006_schutz_m001.pdf 

http://www.fs.fed.us/rm/pubs_other/rmrs_2006_schutz_m001.pdf


http://www.fs.fed.us/rm/pubs_other/rmrs_2006_schutz_m001.pdf 

In this study, the soil P pool over 
much of the study area was typically 
between 200 and 300 kg P /ha. 
 
Across much of Wester Ross (e.g. 
Inverasdale grazings area; Beinn 
Eighe NNR)  it is probably usually 
much less than that . . .   

http://www.fs.fed.us/rm/pubs_other/rmrs_2006_schutz_m001.pdf


Andy Hay (rspb-images.com) 

www.mdpi.com/2071-1050/1/2/104/pdf 
Subsequently, Flueck (2009) produced 
much larger estimate of 0.32 kg/ha/yr of P 
transfer from out of the Swiss National 
Park on the basis that most deer die or are 
killed by hunters outside the park during 
autumn and winter months. 
 
Is this the sort of analyses that could be 
repeated for individual estates, Beinn Eighe 
NNR & Deer Management Group areas to 
understand long term changes in P 
availability, and the size of the P deficit?  
 

 

 

 

http://www.mdpi.com/2071-1050/1/2/104/pdf
http://www.mdpi.com/2071-1050/1/2/104/pdf
http://www.mdpi.com/2071-1050/1/2/104/pdf


Andy Hay (rspb-images.com) 

Phosphorus loss of ~0.1 kg /Ha/yr of P . . . = 10kg /km2/yr of P  

http://www.thefield.co.uk/stalking-2/where-to-go-stalking-in-scotland-in-2016-29934 
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Hypothetical annual P budget  example for 1km2 of uninhabited unfertilised 
Wester Ross deer forest (i.e. open hill) burned every 40 years and stocked at 8 

deer per km2 where 1 deer is culled and carcass removed each year 

Ecosystem: possible net loss of >9kg  P  per km2 per year? 

Anthropogenic 6kg 
(Exported deer carcasses 1kg;  
smoke and ash if burned every 
40 years, 5kg [based on loss of 

200kg P with each fire]) 

P exports 13kg  

Physical and chemical 4kg 
(soil erosion and leaching 4kg, 

possibly very much more 
where soil poached) 

Biological (wild) 3kg 
(deer faeces in run-off 2kg 

when soils and vegetation thin; 
blown grass, leaves, etc. 1kg) 

Anthropogenic 1kg 
(Feed block 0.2kg; other 

humans & dogs . . . 0.8kg) 

P imports 4kg 

Physical and chemical 2kg 
(Rain 1kg P; Rock 1kg P) 

Biological (wild) 1kg 
(Fish, otter and birds 1kg or 

more if sea birds come inland) 

P cycling 

Soil (P ‘bank’) 

Biota 
P 

9+kg 



Deer Management 
Groups in Scotland 
have been 
preparing a series 
of management 
plans . . . 
 
Partly, this has been 
in response to 
concerns expressed 
about the impact of 
the deer population 
in Scotland.  
 



http://www.reforestingscotland.org/what-we-do/influencing-
policy/the-impact-and-management-of-deer-in-scotland/ 
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The Deer Management 
plans follow guidance from 
SNH. 

http://wsutherlanddmg.deer-
management.co.uk/ 
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http://wrossdmg.deer-
management.co.uk/ 
 

The plans present detailed 
information about the number 
of deer within respective areas 
and set targets for deer 
numbers and harvest levels for 
future years. 

http://wrossdmg.deer-management.co.uk/
http://wrossdmg.deer-management.co.uk/
http://wrossdmg.deer-management.co.uk/


http://nwsutherlanddmg.deer-management.co.uk/wp-
content/uploads/2015/12/NWS-DMP-Background-
Information.pdf 

. . . detailed targets for deer populations 
and stocking densities and culls are 
presented. 
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http://nrossdmg.deer-management.co.uk/wp-
content/uploads/2016/06/Deer-Management-Plan-2014-2019.pdf 
 

However, I can’t find any targets 
for maintaining the P fertility of 
deer pasture areas, to sustain 
levels of deer production?  
 

Has this been investigated?  
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Andy Hay (rspb-images.com) 

If deer carcasses are taken off the hill and phosphorus is not replaced. . 
.  



 Break – any questions (or answers)? 

Do any estates manage the fertility and productivity of the areas 
where deer may graze? 

 



A salmon carcass represents about 15g of 
phosphorus, enough fertiliser to produce 
5kg to 7.5kg of dried plant material.  

Phosphorus budgets: what 
else can we quantify? 



200 salmon carcasses contain roughly the same 
amount of phosphorus as three red deer or 

about 1,000kg – 1,500kg of dried plant material 

x 200 x 3 

Phosphorus budgets  

x 1,000kg 

=  ~ 3kg of 
Phosphorus 

or or 



balanced ‘biological’ P budget model, e.g. 

catchment area 

P exports 

Biological 
6 deer removed from 

catchment area (many 
others can be cycled 

within it) 
 

P imports 

Biological 
400 salmon / year 

(6kg P) 

Biota 

P cycling 

Soil (P ‘bank’) 



 
Picture by Ben Rushbrooke 

What would happen 
to deer populations 
if they were not 
culled? 

 

 

 

Trees for Life: 
Dundreggan 

 

July, 2010 



 
Picture by Ben Rushbrooke 

Locations of deer carcasses after winter 2010 



 
Picture by Ben Rushbrooke 

No traces of highest carcasses 
(search error or completely scavenged?) 



 
Picture by Ben Rushbrooke 

Only tufts of skin from middle carcasses 



 
Picture by Ben Rushbrooke 

Picked skeleton of lower carcasse – 
knawed bones strewn around 



 
Picture by Ben Rushbrooke 

Maggot infested remains of 
carcasses nearest path 



 
Picture by Ben Rushbrooke 



 
Picture by Ben Rushbrooke 

How would wolves and bears affect carcass location and 
recycling of nutrients in more natural situation? 

elite-view.com 



Where predators are present, nutrients from carcasses are 
recycled back into the ecosystem. 

In the low resource environment of the 
Arctic tundra, the impact of a muskox 
(Ovibos moschatus) carcass on 
surrounding vegetation was still dramatic 
after 10 years (Danell et al. 2002), which 
emphasizes that carcass effects may last 
longer in some systems. 

http://www.indefenseofplants.com/blog/2015/12/11

/arctic-bone-nurseries 
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 Break – any questions (or answers)? 

Green knoll: phosphorus & biodiversity hot spot? 
 



6. How to conserve and replenish phosphorus . . . 

? 

http://www.sunfrost.com/images/compost

_toilet_full_size.jpg 

 

http://www.sunfrost.com/images/compost_toilet_full_size.jpg
http://www.sunfrost.com/images/compost_toilet_full_size.jpg


Some human factors which affect 
the fertility of ecosystems 

•extirpation of top predators 

(wolves, bear) 

•destruction of forests  

•burning vegetation  

•continuous grazing pressure 

(cattle, sheep, deer) 

•export of phosphorus in animal 

carcasses 

= cultural oligotrophication ? 

Recap  
Recap: 



 
Picture by Ben Rushbrooke 



Ground Rock Phosphate fertiliser 
applied initially at 125g / tree 

Note grass growth 

Gairloch Estate: Balle Mor 
native woodland restoration 

Solution: apply P fertiliser? 



Many estates have developed enclosed woodlands to 
stabilise streams and enhance food availability. 

WGS enclosure, Coulin Estate (headwaters of River Ewe) 



Gairloch Estate: Balle Mor 
native woodland restoration 



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

Sand Woodland Grant Scheme 
(last Sunday – 18th June 2017) 



Many trees have died after about 10 years . . . 
 

due to exposure, desiccation & starvation ?  







Gairloch Estate: Balle Mor native woodland 
restoration – photos taken October 2016 

Thank you to Colin Simpson. 

However, this tree was planted on a 
whole bag of fertiliser (1.5kg) to see 
what would happen . . .  

Fertiliser was  applied initially at 
only ~10g Multicote fertiliser / 

tree.  

Most trees are still small. It is now over 3x the height of all the other 
rowan trees that were planted nearby at 
the same time! 

Trees were planted in ~2006 



Filamentous algal matt below WGS scheme, 
Balgy catchment, Sept 2010 

However; note that 
application rates 
should be carefully 
considered . . !! 



 
Picture by Ben Rushbrooke 

http://seekingalpha.com/article/182522-taking-stock-of-phosphorus-and-biofuels 

 

We may run short of phosphorus in future years. 
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http://www.sciencedirect.com/science/article/pii/S0958166912000481 

Phosphorous deficiency in Groundnut 

http://agropedia.iitk.ac.in/content/p

hosphorous-deficiency-groundnut 

 

http://www.knowledgebank.irri.org/images/sto

ries/phosphorus-deficiency-field.jpg 

 

Phosphorous  & rice production 
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http://www.humanurehandbook.com/ 
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http://bioscience.oxfordjournals.org/content/61/2/117.short 
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Figure 1. Three stages of the food system in a 
circular economy. Circular economy regarding 
the food system implies reducing the amount 
of waste generated in the food system, reuse 
of food, utilization of byproducts and food 
waste, and nutrient recycling. The measures 
must be implemented both at the producer 
and consumer levels, and finally in the food 
waste and surplus management. 

http://www.mdpi.com/2071-

1050/8/1/69/htm 
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Picture by Ben Rushbrooke 

Conclusions 1 

•There is considerable variation in the fertility  of 
ecosystems across Wester Ross in space and time. 

•Human impacts have greatly affected ecosystem 
fertility and phosphorus availability; both directly 
(e.g. via harvesting of trees, sheep and cattle) and 
indirectly (e.g. extinction of top carnivores, 
settlement patterns, moorburn, . . .).  

 

(agree / disagree?) 

 



Conclusions 2 

•Some parts of Wester Ross were more fertile, 
more biodiverse, and more productive in the 
past than they are at present.  

•Phosphorus deficits may be as much as 100kg 
P/ha in some areas, especially where vegetation 
has been lost and soils have been eroded away.  

•We should focus more on restoring fertility and 
conserving phosphorus to sustain production of 
livestock, deer and other wildlife, and rebuild 
&/or strengthen our rural economy. 

 



Proposal 
If fertility levels have fallen . . . 

. . . a case can be made for ‘ecological 
fertilisation’: the gradual restoration of 
nutrients to areas from where nutrients 
have been lost, to restore fertiltiy, 
enhance biodiversity and biological 
productivity. 

Ecological fertilisation could mimic the 
natural patterns and rates of nutrient 
transfer that would have existed within 
the Wester Ross landscape in the past. 

 
or other P rich 
fertiliser . . . ? 

http://www.actionhub.com/news/2012/10/2
4/electricity-to-power-vermont-ski-lift-will-be-
generated-from-cow-manure/ 
 
 

http://honest-
food.net/2009/07/17/six-
days-of-salmon/ 
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Larachantivore woodland (upper Gruinard) . . 
.  

A little fertiliser, fairly often (not a lot of fertiliser all 
at once) . . ?  

 

A bit like feeding the birds . . ?  

http://l7.alamy.com/zooms/db5ee27981cc

47e59486d73529045ff4/bush-toilet-loo-

with-a-view-s15x3n.jpg 
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Ecosystem nutrition in Wester Ross: conserving & replenishing phosphorus    

DRAFT 1 



Picture from Gairloch Heritage 
Museum Calendar, 2015 

Refertilisation 
can help to 
support and 
revive fragile 
communities. 

Inverasdale school 

http://www.ross-
shirejournal.co.uk/imagelibrary/Client_Images/Client00007/02001000/02001802.jpg 
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Opportunities for new 
Wester Ross Biosphere? 

 

• Develop a clearer 
understanding of ecosystem 
nutrition; 

•  Ecosystem fertility 
restoration and management 
studies; 

•  Demonstration projects to 
learn and extend information 
about managing fertility.  

•  ‘Think globally . . . 
(productive landscapes), . . . 
act locally’. 

Beinn Eighe NNR 

http://www.hutton.ac.uk/sites/default/files/images/research/Hare4Web
_345x250.jpg?1344266952 
 
 

https://www.rspb.org.uk/Images/1019686_tcm9180321.jpg?width=118
4&height=493&crop=auto 
 

http://wild-scotland.org.uk/wp-content/uploads/2011/05/Black-

Grouse-lekking-HRM.jpg 
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Thank you 

http://www.thevitruvianman.org/metaphor-on-a-wild-

raspberry/ 
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