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What is fertility?

Fertile places in Wester Ross
Ecosystems and nutrient flow

Deforestation, fire and loss of
fertility

Animals and phosphorus export

How to conserve and replenish
phosphorus?
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Marine nutrient seminar, Freshwater Lab, 2000
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Wester Ross

Land of glaciated
mountains, lochs and
short, swiftly flowing
salmon rivers.. . .
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N .. .. underlain by
Torridonian sandstone
andLewisianinelss.
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Legend
- Basall dolerlle and allled 1ypes

~ | Durness Limestone (partty Cambrian)
D Epidiorite and allied types

- Amphibolte and allled types

:l Intermediate and basic rock

Durness Limestone

Lower Lias

| Moine schists

0,000 maps wilh th permission of the controller of Her Majesty’
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hard, resistant to
weathering,

Open Water

Permian and Triassic sandstones
"~ | Pipe-Rock and Basal Quartzite
- Porphyrite and allied types

Moine Quartz-feidspar-granuiite

Quartzite

un-yieldingrock.

Rhyolite, trachyte and aled types
Torridontan Sandstone and grit

Serpulite Grit and Fucoid Beds

Loch Maree Group melasediments

Uitrabasic rock

Includes material based on Ordnance Survey 1

— Lewisian undifferentiated gneiss

‘Geology. BGS 1,625,000, © NERC




Fionn loch and Dubh loc
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e Unstable rivers

Strath na Sealga, upper Gruinard: note alder woodland along floodplain
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... a naturally infertile, nutrient deficient, unproductive landscap

VDY T~y
Bogasphodel

Narthecium ossifragum
"bone breaker "
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ExampleThelittle GruinardRiver

Special Area of Conservation for Atlantic Salmon . . .

Saimon Specal Areas

UTTLE GRUINARD RIVER
FISHERIES MANAGEMENT PLAN 2011+
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Juvenile salmon survey

Plenty of salmon fry
andparrin the main
river . ..

. but many of them
are very small . . .



S 1LGOT30
Cl

o

Locham 1,
annach Mox

1608 |

T Littl
Gruinard
River

LGDT2ILGD 1

LGoT37 &

CG 0;

Explanation

no fish

0.1 - 0.5 fish/min
0.6 - 1.0 fish/min
1.1- 1.5 fish/min
1.6 — 2.0 fish/min
= 2.1 fish/min

K\/

0 w.mmu
—— C—

N
1
~ L6D127
_AenTs?
()
-
S,
U -
n D 16014 ‘
AT S ) o
3
=
SRR Vet ) R
2% C DY
Lcn_rsghcon_q j
i tORTe2 '  LGDT26 3
. LGDT3S ) Dnblg_th’t - : \‘x\
LGDT36 [ B ’~.LGDD5 _,)
& ) fa

3000 4000,
1Mpters

2000

)
2
S
£
(S
S
@
Q
<
2
5
O

Juvenile salmon
abundance

Little Gruinard River in
2006
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Small fry and small parr
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At top of Little Gruinard River belowionnLoch
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Growth and
production of
juvenile salmon
depends upon
food availability

Stonefly and Mayfly larvae




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

ANhere juvenile salmon densities are low,
growth tends to be faster.
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Biological productivity in Wester Ross is primarril
limited by the availability of phosphorus, P

(refs: e.ga O * S ffexfil@ation trials aBeinnEigheNNR)
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Phosphorus

Phosphorus is essential to all
life forms.

Assorted bones\ultgrishanshore 3 April 2016
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Fionn Loch islands, Little Gruina d catchme
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Fionn Loch Trout (caught by Ala MacKenzie)
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Boulders with berries the
Little Gruinard River




the

e

Little Gruinar

| -
| -
©
O
&
=
=
"
| -
O
O
S
o
0

d River




Boulders by the Little Gruinard Rive
September 2016




Succession: ecosystem development
A boulder by the Little Gruinard River
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Succession: ecosystem development

Q. Where does the phosphorus come from?
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Lichen, moss;
meadow pipit.

Bird droppings



Succession: ecosystem development

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

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

Q. Where does the phosphorus come from?l
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A rainforest
ecosystem
on a
boulder?
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Most Atlantic salmon return to freshwater only once to spawn . .

Little Gruinard RiVera:
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Adult salmon provide food for juvenile salmon
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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 conditions important (e.g. Armstrong et al, 2018)
What iS the importance Of Sa|m0n This little trout had 11 salmon eggs in its

stomach. Possibly its best meal of the year!

eggs as a food for pre-smolt salmon oy
parr in oligotrophic streams? —d

The Lives of
T NACYN\T

S From: Alan Youngson [mailto:alan.youngson@bti - _
BNl Sent: 19 November 2018 16:47 photo by Bén Rushrooke
RIS To: Peter Cunningham
Subject: Re: salmon eggs and salmon parr

:

Hi Peter

| hope you are well.

8 The egg-eating question is an interesting one. As you know lots of the parr (and trout) contain eggs at

{ spawning time. You don't have to open them up to see this because the eggs are so packed into the

| fish that the mass in the stomach bulges characteristically on the fishes' underside. A parr of 120mm
can hold 12 to 15 eggs if offered them and parr down to 70mm can (somehow) get them down. As far

as | can discover, eggs are the only thing that captive wild parr will eat.




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.

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).




"éwhat i f | told youlg
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

g

photos by Amy Gulick



Soils, ecosystem fertility & salmon smolt production in Wester Ross

\—-‘
1. Much of Wester Ross is ‘
underlain by hard, insoluble
Lewisian gneiss, Torridonian
sandstone or Moine granulite,
yielding very little nutrients.

w 7. Look for wee green knolls
in the peatlands where birds
and mammals have enriched

= “the soil: note the increased
the ground, acidifying the it

soil and preventing aerobic
decomposrtron

-~ & walar green patches ag‘_

w fl & found along river banks where
otters defecate. In the autumn,

*  these otter ‘spraint sites” may
contoin salmon bones.

DS

14. Increasingly heavy rain leaches nutrients
from soils and washes away ash from fires.
Spates erode away the richest riparian soils

notably where alder trees have died back.

13. Heather burning is carried
out to convert woody matter to
ash, thereby releasing nutrients

to promote the growth of grasses

i and other leafy matter for
2. Soil fertility is therefore grazing deer or livestock.
dependent upon the retention 3. Unlike many rivers in the east
and cycling of nutrients, o _ of Scotland, there is little human &
particularly phosphate, habitation within the catchments i
through the ecosystem. of local rivers so little added - f > 18 .

\ nutrient from human sources. “———— ARG

4. In the past there were .= '« ! /\ T v

|~ el L&
et B %5 10. Given sufficient phosphate - = A o
i > O (e.g. bone meal in mammal
y'l"’-_;‘l_,“-s\ faeces), alder trees growin . *; _'ﬂ A
T — symbiosis with symbiotic
.l_,_.a-LAL--—s =% nitrogen-fixing bacteria, further
B . - W, enriching riparian soil fertility.
M L4 4 "

15. Growth of periphyton is faster
where the streambed is stabile and
stream fertility is naturally high.

17. Salmon parr growth rates are p "
- highest where the food supply is : ; ’
richest. Over-winter survival and smolt A8, Fiat-headed Heptogenid
ooy production may depend upon the mayfly larvae scrope periphyton
Lo Bvkey supply of mayfly and caddisfly larvoe from the streambed. Other mayfly
- =< e ’/ R R o Ehed crolts s and caddisfly larvae gather or fifter
> s - —-\;:.vc BRRRE re better prepared for ife at o s organic detritus including leaf and
< 4 - o riphyton fragments.
9. Adult salmon deliver sea than emaciated smolits. 24 g f" s yt frog
nutrients of marine origin to e g 3

headwater streams especially if
their carcasses are scavenged
by other animalks.

;¢ more people living in river RN ¢
. catchment areas. Without |

modern sanitation, they

contributed to nutrient

- ﬁ.' recycling and fertility. \ “-.\,,\. 5/ s

11. Most plan!s develop myco:hyza
networks with symbiotic fungi which
deliver phasphate to plant roots in {1

exchange for carbohydrate.

o

Y
12. Earthworms help to recycle and |
retain organic matter and increase
the porosity of riparian soils.

In some areas invasive

New Zealand flatworms have
reduced earthworm populations,
displacing moles with adverse
consequences for soils.
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Its not just salmon that move nutrients about

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




Islands around Loch Ewe ..
have also been fertilised by
sea birds



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

Seagull pellet

5.
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Rocks and knolls in prominent positions in upland areas have bee
enriched with nutrients delivered by birds and mammals.
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' Eagle pellet (containing fur) and grouse

dropping from a green knoll in thdollie Hills




Isolated oak tree, NortlErradale(where
crowsand a buzzard ofteiperch)




Leopard with antelope in acacia tree
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Global nutrient transport in a world of giants

Christopher E. Doughty™’, Joe Roman®*, Seren Faurby®, Adam Wolf®, Alifa Haque®, Elisabeth S. Bakker',
Yadvinder Malhi®, John B. Dunning Jr.%, and Jens-Christian Svenning®
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Edited by John W. Terborgh, Duke University, Durhar reduced by 92%
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zommememrs - much depleted

wndespteadpopdaounrewmommgmatwhde
past few centuries. These losses are likely to have
sequences for broad-scale nutrient cycling, becau

-
suggests that large animals disproportionately di g
ment. We estimate that the capacity of animals v
away from concentration patches has decreased 1

pmexurmonvaheonlandandaboms% of histo

For phosph (P). a key nutri rd moven

mannemamma!srsahmnn%dmformercapacr ~
340 million kg of P per year). Movements by seabir PO
fish provide important ransfer of nutrents fo ' 140 million
totalling ~150 million kg of P per year globally in
that has declined to less than 4% of this value

decimation of seabird colonies and anadromou - 4 reduced by 96%
We propose that in the past, marine mammals, se
fish, and terrestrial animals likely formed an i o
recyding nutrients from the ocean depths to 1 Seab el
teriors, with marine mammals moving nutrie Soladudit
sea to surface waters, seabirds and anadromoi

trients from the ocean to land, and large anin 6.3 m l | l 'O n

ents away from hotspots into the i 1

biogeochemical cycling | extinctions | megafauns | wh
anadromous fish

There were giants in the world in those days.

Genesis 6:4, ‘

he past was a world of giants. with abunc
oceans and terrestrial ecosystems teeming |

However, most ecosystems lost their large ani 3 40 mi I I on
150 mammal rncbdmuml (here, defined as >44
species going extinct in the late Pleistocene ailf reduced by 77%

(1, 2). These extinctions and range declines corlB8
huomal times and, in many cases, into the pre X 3 3 p .
extinctions are known for any marine whales. b - {
might have declined between 66% and 99% (
largest species have experienced severe decling
the Southern Hemisphere, blue whales (Balae
have been reduced to 1% of their historical nur
commercial whaling (4). Much effort has be
termining the cause of the extinctions and declis
focusing on the ecological impacts of the ext
focus on the ecological impacts. with a spec
nutrient dynamics may have changed on land
Quaternary megafauna extinctions, and in the s¢
historical hunting pressures.

Most biogeochemists studying nutrient cyclir]
production, such as weathering or biological nit
largely ignoring lateral fluxes h\y animals becaw:
ered of secondary importance ( ?) The tradition;
biogeochemistry is that “rock-derived” nutrients
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What is fertility?

Soll fertility. refers tothe abllity of a
soll tosupport plant growth



