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The opportunity to revise the 
Crofting Forestry Handbook [1] 
has led me on a trail of research 

into the world of ecosystem nutrition, 
which has added a new dimension to 
my thinking about the current state 
of our uplands and the underlying 
causes of their dysfunction. This has 
helped to shape the approach of the 
new Highlands and Islands Woodland 
Handbook that explores concerns that 
need to be shared between livestock 
managers, ghillies, foresters and 
ecologists.

Over the years, no doubt like 
other readers of this Journal, I have 
often told a story of post-glacial 
deforestation in terms of the transition 
from hunter-gatherer to farmer, to 

the ‘coming of the sheep’, followed by 
the disastrous loss of control of deer 
species. Sometimes there has been 
time to describe loss of fertility, loss 
of species and the development of a 
simplified upland ecosystem that is 
failing at many different levels. It is 
failing to protect, let alone enhance, 
biodiversity, failing to capture rainfall, 
failing to provide fruit and vegetables 
to local communities, failing to 
provide local firewood, even failing 
to provide wild venison and healthy 
wild fruits to local markets, failing to 
deliver sufficient employment, failing 
to keep the young attached to the 
land. 

A broad and bleak analysis, on which 
I have been just comfortable enough 
to rely, in the knowledge of dots that 
do not always quite connect up and 

facts unquestioned or only partially 
understood.

The abundance of species and 
numbers of birds, mammals and 
fish that our predecessors describe 
around 1850 in many areas of the 
Highlands—and that they annihilated 
in what has been termed the Victorian 
Holocaust—is one such ‘fact’ that has 
long concerned me. The troubling 
part of the question has been, more 
specifically, why those populations 
have not recovered since that singular 
hunting effort has been largely 
removed. It raises questions about 
ecosystem recovery and what might 
have changed over the last 200 years. 
If the ecosystem is so unable to 
rebound, are there limits to the bigger 
vision of ecosystem restoration that the 
reforestation paradigm is based on?

Feeding an ecosystem: three 
stories of loss and dysfunction 
in our uplands
Familiar stories take on new significance when seen in terms of 
nutrient flows, as Bernard Planterose discovers.

Above: Coastal brown bear from Alaska with 
salmon. Photo copyright: Mark Hamblin.
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Other questions haunt me as I 
quarter my home territory of largely 
treeless and bird-less hills. I watch 
the lean pipits and minute wrens 
crouching low in what taller, unburnt 
heather they can find. I observe the 
few golden plovers pecking at the 
eroding peat and pool margins of 
the windswept plateau. Why so few? 
What is limiting their numbers? It 
cannot be nesting sites and is not 
likely to be predation. Clearly, it has 
to be food. But why then can a snow 
bunting survive and breed at 2,500 
feet amongst snow patches in acid 
quartzite hills? Looking more closely 
at the diet of upland birds started a 
train of discovery joining up a few of 
those dots, suggesting a hidden story 
that nourishes and extends the first, 
oft told.

Story one: broken eggs 
I had long been aware of the principle 
of limiting nutrients in ecosystems 
and the widely-held notion that 
phosphorous (not generally nitrogen) 
is the primary limiting nutrient in 
northern temperate ecosystems. 
Looking for an understanding of the 
biogeochemical mechanisms behind 
nutrient transfers, it was a paper 
about birds and calcium, malformed 
eggs and declining breeding success 
that provided the key.

Following leads from paper to paper, 
it did not take long to reach ‘Calcium 

availability limits 
breeding success 
of passerines on 
poor soils’ [2]. 
The title and six 
summary points 
in the Abstract 
were enough to 
stimulate hours 
of deliberation 
and to connect 
some dots, 
allowing me 
entry to the 
realm of what 
is known 
increasingly 
as ecosystem 
nutrition. One 
main conclusion 
of the paper may 
sound simple 

enough: “There are large areas in 
northern Europe…with acidic rock or 
soils where important calcium sources 
such as snails and calcareous grit are 
scarce”. As someone whose family 
has kept hens for over 30 years in an 
area of the Highlands notorious for 
acidic rocks and peat, and who has a 
lifelong interest in birds, you would 
hardly think this revelatory. By way of 
an excuse for failing to join the dots 
between hens and wild birds, I can 
only offer that the paper itself claimed 
to provide “the first experimental 
evidence that calcium availability may 
limit reproduction in wild birds”!

I learnt just how critically dependent 
passerines are on calcium in order to 
lay eggs and therefore to survive. I 
learnt how a female flycatcher needs 
to feed on heavy calcium sources after 
8 p.m. the night before in order to lay 
eggs of proper shell formation in the 
morning; how she dissolves a small 
part of her own skeleton to secure the 
necessary calcium. I learnt how the 
effort of seeking out that calcium in 
food sources will inevitably impact 
on her energy levels and ability to 
lay a full clutch, and survive through 
incubation followed by feeding the 
young. Imagine a pipit or a wren on 
a rainy, windswept moorland seeking 
insects with sufficient calcium in shells 
or exoskeletons: a desperate search for 
a specific element amongst the peat, 
the siliceous or granitic rocks, the 
acidic heather litter. Imagine having 
to eat grit and sand in the absence of 
suitable insects, and you are getting 
deeper into the problem. 

Story two: acid rain retold 
Another of my nagging questions has 
been about acidification—a process I 
knew was ongoing in the northwest 
Atlantic regions but the underlying 
chemistry of which I was only partly 
aware. Amongst the six summary 
points in the Graveland and Drent 
paper was, “possible adaptations to 
a limited calcium supply are not 
yet evident because the low calcium 
availability is a recent phenomenon 
caused by acid deposition…”. 
Another tentative line started to 
form between dots. My reading 
extended into freshwater fisheries 
across the northern temperate zone 
and I was becoming aware of how 
just tiny increases in acid (0.2 pH 
points) could make all the difference 
for the survival of a given diatom 
or crustacean species, and how that 
would then work up through the food 
chain to affect fish, thereby causing 
powerful interactions called trophic 
cascades that can disrupt entire 
ecosystems.
 
Following leads on acidification, I 
stumbled across a paper on freshwater 
crayfish (in France) and another 
of those paragraphs that brought 
me to a standstill. Obvious enough 
and yet, until that moment, not 
ready to be properly processed. 
An increase in CO2, enhanced by 
anthropogenic atmospheric CO2 
elevation, lowers the bioavailability 
of calcium carbonate essential 
to “biomineralization processes 
occurring in many phyla from 
bacteria, algae, higher plants to 
animals. Most of the skeletons 
(and shells) of non-chordate 
animals such as corals, crustaceans, 
molluscs (including gastropods) 
and echinoderms, comprise calcium 
carbonate.” [3]

And so we can imagine all these 
many types of organisms (bacteria, 
animals and plants from algae to 
trees) desperately scrabbling around 
for enhanced quantities of calcium in 
bursts of reproductive necessity. The 
passerines draw on their skeletons, 
the crayfish on their ‘gastroliths’—
yet with the increasing acidity 
of their environments, calcium 
availability is in decline. Already 
stretched in low pH ecosystems, they 
are finally defeated by shortages and 
die. 
 

Above and opposite: Trees planted c. 1990 
on Isle Martin on land that was knee-deep in 
rushes; Song thrush with snail. Photos: Bernard 
Planterose and Elizabeth Dack / Norfolk Wildlife 
Trust.
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Story three: of salmon and bears 
I was no stranger to the concept 
that freshwater systems are highly 
dependent for their productivity 
on leaf litter. I had spent many 
weekends over three summers 
measuring dipper territories and 
collecting invertebrate samples as 
a university research project that 
had convincingly demonstrated the 
shortest territories to be coincident 
with wooded, riparian zones. Now 
revisiting the links between leaf litter 
and freshwater productivity, 
I could hardly ignore the 
loss of salmon from rivers 
throughout the Scottish 
west coast. The way bears 
feeding on salmon in the 
Pacific rivers of the USA and 
Canada are responsible for 
the transfer of significant 
nutrients from marine to 
terrestrial ecosystems is well 
documented. Once more, a 
familiar enough story took 
on new significance when 
studied in terms of nutrient 
flows in a Scottish upland 
context.

Brown bear activity has 
been closely correlated with 
marine-derived nitrogen in 
Alaskan vegetation and it has been 
shown [4] that a female brown bear 
deposits about 37 kilograms of 
nitrogen per year into the terrestrial 
environment. One study in Alaska 
showed [5] that up to 17.8 per cent 
of the nitrogen in trees within 500 
metres of two burns was marine 
derived. Another showed that growth 
rates of Sitka spruce were more than 
three times greater adjacent to salmon 
spawning sites compared with non-
spawning sites. 

And we have all but lost this critical 
nutrient transfer pathway from 
marine to terrestrial environments in 
Scotland. In relatively recent times we 
have decimated the fish-eating eagles, 
raptors and sawbill ducks and have 
virtually lost the sea trout, the salmon 
and the eel. The salmon once fed the 
bears and their decomposing remains 
fed, in turn, terrestrial and freshwater 
scavengers such as the caddis and 
stonefly larvae. These fed the smolts 
that survived to return to the sea. 
The raptors and ducks transported 
decomposing salmon, their eggs or 
live smolts into terrestrial ecosystems, 

including at one time into the 
extensive forests.

Joining the dots 
We know the old story how 
(primarily) broadleaved trees in 
upland ecosystems have the power 
to literally transform acidic peats 
into brown forest soil over time by 
forming what is known as a mull 
humus. We know it is the tree roots 
and mycorrhizal fungi that secure the 
mineral nutrients, that feed the leaves 

of trees, that fall to the ground, that 
form the litter, that feeds the snails, 
that (should) provide the calcium to 
the female birds, that make the eggs, 
that turn into birds, that spread the 
calcium and phosphates far and wide 
into the growing soils, that the tree 
roots and mycorrhizae explore, in 
order to sequester the nutrients, that 
nourish the roots of the trees.

The much under-appreciated 
narrative of the last 50 years is how 
the ongoing and changing nature 
of acidification has influenced such 
processes. As reforesters we need to 
increase our understanding of whole-
ecosystem nutrition, of nutrient 
pathways and cycles as much as the 
more dramatic and visible trophic 
cascades. Stories about wolves and 
deer, salmon and bears make great 
videos but stories of the unseen, 
the underworld can be just as 
gripping and urgently require our 
attention. The way nutrients move 
mysteriously around ecosystems, the 
way they enter the play from rocks 
and in rainfall, are transformed by 
extraordinary symbioses of fungi, 

bacteria and plants, end up in snail 
shells and eggs; the way they leak 
from our ecosystems into the seas. In 
this context, the increasing acidity of 
the sea and the associated increasing 
acidity of precipitation, the dramatic 
loss of insects now being reported 
even within the northern temperate 
zone, the loss of wild salmon and 
sea trout from our burns—all these 
things in living memory—are cause 
for serious alarm. They are also 
cause for our continuing insistence 

on the centrality of trees and 
reforestation in the functioning 
of ecosystems through 
their ability to counteract 
acidification, to retain and 
recycle essential nutrition 
within their living parts above 
and below ground and to form 
soils. 

When the calcium-starved wild 
birds start to crush their own 
malformed eggs, it is time to 
recognise the seriousness of 
the ecosystem dysfunction that 
humans have largely caused. 
There is no justification for 
leaving the hills to the deer. 
Time to join the dots… end of 
story.
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