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10.20    Welcome and introduction. Dr Michael Aitchison (Chair, WRFT); Dr Sue Ward (Administrator, WRFT)

10.30    Malnourished nursery streams? Are surplus salmon eggs a vital food source for pre-smolt parr in some rivers in Wester Ross? 
Peter Cunningham (Biologist, WRFT)

10:50    Short introductions from local groups and researchers

11.10    Break

11.30    Rediscovery of a herring spawning ground near Gairloch. Dr Michelle Frost (West of Scotland Herring Hunt)

11.50    Still too many sea lice in coastal waters? Future prospects. Peter Cunningham (WRFT Biologist) 

12.10    Inshore Fisheries Management group update. Alastair Hamilton (North West Coast Regional Inshore Fisheries Group)

12.30    Short introductions from local groups and researchers 

12.40    Lunch

13:30    Introduction to discussion groups: how heathy are our waters for wild salmon and sea trout populations? What can be done 
to improve them?

13:40    Discussion groups (A) freshwater habitats, (B) coastal marine habitats . . .

14:30    Report back and sum up

14:40    end of workshop

15:00    WRFT AGM (please see other notice) 

Programme 



Malnourished nursery 

streams? 

Are (were) surplus salmon eggs 

a vital food source for pre-smolt 

parr in some rivers in Wester 

Ross? 

Peter Cunningham 

(Biologist, WRFT)

info@wrft.org.uk
Nic Butler and Dr Shraveena Venkatesh by 
the Little Gruinard River, 22nd August 2023 

mailto:info@wrft.org.uk


How many adult 
salmon return from 
the sea to freshwater?

Returning adult salmon 

Releasing an adult salmon, 
September 2022

photo by Connaire Cann



0

100000

200000

300000

400000

500000

600000

700000
Ye

ar

1
9

5
4

1
9

5
7

1
9

6
0

1
9

6
3

1
9

6
6

1
9

6
9

1
9

7
2

1
9

7
5

1
9

7
8

1
9

8
1

1
9

8
4

1
9

8
7

1
9

9
0

1
9

9
3

1
9

9
6

1
9

9
9

2
0

0
2

2
0

0
5

2
0

0
8

2
0

1
1

2
0

1
4

2
0

1
7

2
0

2
0

N
u

m
b

e
r 

o
f 

fi
sh

 
Reported combined net and rod catches of wild salmon 

in Scotland, 1952 to 2022
(source, Scottish Government catch statistics)

rod & line fixed engine net and coble
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Kishorn and Carron area
salmon and grilse rod catches

msw salmon

grilse

Produced from data provided by Marine Scotland. Crown Copyright.
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Badachro to Applecross area
reported rod catches of salmon and grilse 

msw salmon

grilse

Produced from data provided by Marine Scotland . Crown Copyright
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Little Loch Broom, Gruinard and Ewe area
reported rod catches of salmon and grilse 

msw salmon

grilse

Produced from data provided by Marine Scotland . Crown Copyright
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Kanaird, Ullapool & Broom area
reported rod catches of salmon and grilse 

msw salmon

grilse

Produced from data provided by Marine Scotland . Crown Copyright



Wester Ross Marine Protected Area 

Canaird 
Badachro 

Balgy  
Torridon  

Kerry  
Ullapool

Broom 

Gruinard  
Little Gruinard  

Ewe 
Dundonnell

Applecross 

Major salmon rivers in the Wester Ross Fisheries Trust area                viable populations?            native salmon endangered 



How many juvenile 
salmon in our rivers?

Juvenile salmon 

photo by Connaire Cann

Juvenile 
fish survey 
team by 
Torridon 
River, 20th 
September 
2019.



WRFT Juvenile fish surveys 2023

Nic Butler and Dr Shraveena Venkatesh en 
route to NEPS e-fish site in Little Gruinard 
River  SAC headwaters, 10th August 2023 



WRFT Juvenile fish surveys 2023

WRFT juvenile 
fish survey, 

River Kanaird, 
24th August 

2023





National Electrofishing Programme of Scotland [NEPS]
reporting has focussed on estimated numbers of fry and parr / m2

However growth and biomass of fry and parr / m2 

are important for assessing health and estimated 
smolt production and smolt size

Big fat smolts have higher rates of marine survival 
than small skinny ones (c. Armstrong, et al 2018)



River Runie, tributary of the River Canaird,  24th August 2023

Ullapool

Isle Martin

survey site 



River Runie (Canaird)
24th August 2023

• 3-run NEPS site

• estimated production of 
>25 smolts per 100m2 

The minimum density of juvenile salmon was 152.2 juvenile salmon / 100m2, 

and total biomass: 501.27grams / 100m2. 

These figures are much higher than for some sites in other rivers in Wester 

Ross, including sites in the Gruinard and Little Gruinard River reported below.



Gruinard River
  
  North

survey site 



The total estimated minimum density of juvenile salmon 
was just 39 juvenile salmon / 100m2, and total estimated 
biomass 110 grams of juvenile salmon / 100m2. 

In addition to juvenile salmon, two juvenile trout and two 
eels were recorded. 

Gruinard River
7th September 2023

• 1-run NEPS site

• estimated production 
of <5 smolts per 100m2

malnourished parr? 



Allt Beith parr

Gruinard parr

Huusko et al (2011) found that juvenile salmon may shrink when subject to harsh 
living conditions, with shortening of the spine.

Gruinard River: malnourished salmon fry?

Big differences in Wester Ross between size and condition of juvenile salmon 
in different rivers 



survey site 

Little Gruinard River, 22nd August 2023
  
  North



The minimum density of juvenile salmon was 
124 juvenile salmon / 100m2, with a total 
estimated biomass of 241 grams of juvenile 
salmon / 100m2. 

The fish were mostly small salmon fry, with just a 
minor proportion of parr big enough to become 
smolts in 2024. 

Little Gruinard River
22nd Aug 2023

• 1-run WRASFB site

• estimated production 
of ~6 smolts per 100m2

malnourished parr? 
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Food of salmon parr (stocked as eggs), River Bran and tributaries (River Conon system)
Number of food organisms expressed as % of the total organisms eaten by parr; from Mills (1964) 

Note: no wild spawning salmon in study area (so no salmon eggs available 

Oligochaeta Cladocera Flat-bodied mayfly nymphs Other mayfly nymphs

Stonefly nymphs Caddisfliy larvae Water beetles Chironomid midge larvae

Simulium (black flies) Other insects nymphs & larvae Snail Winged aquatic insects

Terrestrial insects Salmon fry Trout eggs

Source of data: Mills, D. H. (1964). The ecology of the young stages of the Atlantic salmon in the River Bran, Ross-shire. Sci. Invest. Freshw. Fish. Scot. 32, 1-58

Mayfly and 
stonefly larvae

Winged insects 
including terrestrials 

Caddisfly larvae

What do salmon parr eat at different times of year (if they can find it . . . )?



Juvenile salmon food 

Mayfly and 
stonefly larvae

In Wester Ross, numbers of aquatic insects 
are usually higher where rivers have some 
additional nutrient sources



Little Gruinard River, 22nd August 2023

survey site 

Banks of sediment where salmon have spawned
(‘ancestral redds’)  may be hundreds of years old?
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Food of salmon parr (stocked as eggs), River Bran and tributaries (River Conon system)
Number of food organisms expressed as % of the total organisms eaten by parr; from Mills (1964) 

Note: no wild spawning salmon in study area (so no salmon eggs available 

Oligochaeta Cladocera Flat-bodied mayfly nymphs Other mayfly nymphs

Stonefly nymphs Caddisfliy larvae Water beetles Chironomid midge larvae

Simulium (black flies) Other insects nymphs & larvae Snail Winged aquatic insects

Terrestrial insects Salmon fry Trout eggs

Source of data: Mills, D. H. (1964). The ecology of the young stages of the Atlantic salmon in the River Bran, Ross-shire. Sci. Invest. Freshw. Fish. Scot. 32, 1-58

Mayfly and 
stonefly larvae

Winged insects 
including terrestrials 

Caddisfly larvae

Fish eggs . . . 

What do salmon parr eat at different times of year (if they can find it . . . )?

No wild spawning of salmon in study area, so no salmon eggs available for parr to eat  



In autumn and early winter, salmon parr can eat many salmon eggs 

What is the importance of salmon eggs as a food for pre-smolt salmon parr 
in oligotrophic streams?

 



Juvenile salmon food can include salmon eggs and alevins 



Girnock Burn, Aberdeenshire Dee, Scotland

where Alan Youngson and colleagues monitored wild salmon 

Upstream-downstream fish traps to 
record adult salmon moving into the 
burn (upstream) and juvenile salmon 
moving out of the burn (downstream)



Girnock Burn review paper, just published! 

Soulsby, Chris & Tetzlaff, Doerthe & Malcolm, I.A.. (2023). Six decades of ecohydrological 
research connecting landscapes and riverscapes in the Girnock Burn, Scotland: Atlantic salmon 
population and habitat dynamics in a changing world.. 10.22541/au.170067435.59383187/v2. 

https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105

https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105
https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105


Hydrological Processes, Volume: 38, Issue: 3, First published: 17 March 2024, 

DOI: (10.1002/hyp.15105) 

(left) Figure 4  Girnock burn female numbers (Glover & Malcolm, 2015b) (c), Ova 
deposition (d), Fry (0+) and Parr (>0+) production

In 1970, 100 female salmon returned to 
spawn depositing 500,000+ eggs, 
producing 100,000 fry by day 240 of year; 
with potentially 200,000+ surplus eggs, 
food for 4,000 pre-smolt parr.
 
In 2022, less than 20 adult female 
returned, depositing less than 50,000 
eggs; with virtually no surplus eggs (not 
enough eggs to sustain juvenile 
production).

https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105

From: Six decades of ecohydrological research connecting landscapes and riverscapes in the 
Girnock Burn, Scotland: Atlantic salmon population & habitat dynamics in a changing world

https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105
https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105


From: Six decades of ecohydrological research connecting landscapes and riverscapes in the 
Girnock Burn, Scotland: Atlantic salmon population & habitat dynamics in a changing world

Hydrological Processes, Volume: 38, Issue: 3, First published: 17 March 2024, 

DOI: (10.1002/hyp.15105) 

(left) Figure 4  Girnock burn female numbers (Glover & Malcolm, 2015b) (c), Ova 
deposition (d), Fry (0+) and Parr (>0+) production (e), and production of emigrants (Glover 
& Malcolm, 2015c) (f). Fry and Parr production estimates are for day of the year 240, 
following Glover et al., 2018.

In 1970, over 4000 juvenile salmon 
(including smolts) emigrated from the 
Girnock Burn 
 
By 2018, only around 2000 juvenile 
salmon (including smolts) emigrated from 
the Girnock burn

https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105

https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105
https://onlinelibrary.wiley.com/doi/10.1002/hyp.15105


Adult salmon provide marine nutrients for other wildlife . . .
Some trophic pathways from salmon to smolt 

How important 

were (are) 

surplus salmon 

eggs as food 

for salmon 

parr?

Research over past 

20 years has 

focussed on 

instream indirect 

trophic pathways via 

streambed flora and 

fauna.

For some rivers in 

Wester Ross 

surplus ‘washed 

out’ eggs may 

have provided 

many vital meals 

for pre-smolts. 



Little Gruinard River

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

Wee green island 



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 



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?

How many surplus eggs were there for 
salmon parr?

How important was this for pre-smolts?



Length ~8000m

Wet width <10m to >25m 

For purposes of model – assume 100,000m2 of nursery habitat for juvenile salmon  

Gruinard River salmon eggs as food for parr model
  
  North



Salmon eggs as winter nutrition model for the Gruinard River how many 
surplus eggs are needed for pre-smolt salmon?

1. Assume river length 8,000m and wet width 12.5m, so river wetted area of 100,000m2. At 
smolt production of 10 smolts per year per 100m2 of river area, annual smolt production of 
10,000 smolts. 

2. At high marine survival rate of 10% (of 10,000 smolts), return of 1000 adult salmon. If sex 
ration of adult salmon is 50%:50% males to females, then 500 adult female salmon (assume 
all 500 survive and spawn).

3. If each female salmon is of average mass 2.5kg, then total mass of 1,250 kg of female 
salmon. If 1,200 eggs per kg, then total transfer of eggs to river is 1,500,000 eggs. To produce 
average fry density at swim up of 1 fry per m2 of stream habitat, just 100,000 eggs are 
needed. So over 1,400,000 surplus eggs.

If just 50% of surplus eggs are eaten by salmon parr before they smolt in late autumn early 
winter, then each pre-smolt has (700,000 eggs / 10,000 pre-smolt salmon).

4. That is an average of 70 eggs (or alevins) per pre-smolt salmon. Potentially the most 
important winter food source for pre-smolt salmon parr in the Gruinard River?  Salmon parr 
are known to be able to eat from 12 – 15 eggs in a meal (Youngson, 2014); then they take 
many days to digest the eggs. 



Low marine survival rate scenario

5. However, if the marine survival is only 2% (of 10,000 smolts) then return of only 
200 adult salmon; or 100 female salmon. At 2.5kg per female salmon, 250kg of 
female salmon. If 1,200 eggs per kg, then total transfer of eggs to river is only 
300,000 eggs.  

6. To produce average fry density of 1 fry per m2 of stream habitat need just 100,000 
eggs. So only 200,000 surplus eggs. 

7. If 50% of surplus eggs are eaten by large salmon parr before they smolt in late 
autumn early winter, then each pre-smolt has (100,000 eggs / 10,000 pre-smolt 
salmon), so just 10 eggs per pre-smolt salmon.



What is the energy value of a salmon egg to a salmon parr?

8. A salmon egg (wet mass) weighs from 0.05g to 0.14g (variation in egg size), with an 
energy content of 0.4kJ to 1.0kJ, mostly as protein and lipid (Berg et al, 2001). 

9. A fasting salmon needs 30kJ – 80kJ of energy per kg of salmon per day (Kaushik & 
Medale, 1994), so 0.03kJ to 0.08kJ per g of salmon per day. 

10. Therefore, a 10g parr (of length ~100mm) would need 0.3kJ to 0.8kJ per day; a 20g 
(~120mm) parr would need 0.6kJ to 1.6kJ per day, and so on (energy requirements also 
vary according to water temperature).  

11. Therefore, during winter months, one salmon egg would provide approximately the 
energy requirements of a salmon parr of 100mm – 120mm for a day. 



Conclusions from this model

• Until the 1970s, surplus salmon eggs may have be able to provide 

pre-smolt salmon with their minimum energy requirements for 

about 70 days during the early winter . . . 

• However in recent years, surplus salmon eggs may have been able 

to provide food requirements for pre-smolt salmon of only 10 days 

or less

Are (were) surplus salmon eggs a vital food source for pre-smolt 

parr in some rivers in Wester Ross? 

Malnourished nursery streams? 



Wester Ross juvenile salmon production report for 2023 

• To sustain salmon populations, what matters most is how many smolts are produced 
per unit wetted area and how big and strong the smolts are. We need to focus on this.

• What can be done to enhance food supply for juvenile salmon in Wester Ross? 

Big salmon 
smolts from 

Badachro River, 
21st April 2021



Thank you to:

 and to estates, members, other supporters, 
and many volunteers for lots of in-kind help 

in 2023
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