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Introduction

● Riverine and rainwater inputs
● Urban waste water and 

aquaculture
● Hydrodynamic exchange 

with the sea
● Biological uptake and 

recycling processes

● Large human impact on marine ecosystems in general
● Ocean acidification
● Local nutrient loading

● We focus on fjordic systems as they have limited 
flushing and are thus more vulnerable

● Loch Linnhe is a large fjordic sea loch on the west coast 
of Scotland

● Here we construct a nitrogen budget taking into account:



Loch Linnhe

● Separated into two basins
● Up to 200m deep in 

places
● Very narrow, shallow sills 

connecting sections of the 
loch



Ecology of Loch 
Linnhe

● Complex planktonic food web
● Water samples collected for small organisms
● Plankton net with a mesh aperture of 200 

μm
● Samples were then counted for individual 

species and dry-weight analysis performed
● For our nutrient budget, we consider three 

categories: phytoplankton, zooplankton, and 
jellyfish (which have large blooms in summer)

● Excretion measurements for the zooplankton, 
and uptake of nutrients by phytoplankton, 
were performed in situ in 1991

● The effects of the jellyfish on the nutrient cycle 
were extrapolated from their biomass
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Data Sources

● Large survey carried out over the 
year on the RV Lough Foyle



Data Sources

● Besides that, moored instruments in the loch measured 
salinity and nitrate concentrations; ammonium 
concentrations from monthly water bottle samples

● Data on riverine inputs obtained from the Highland River 
Purification board; rainfall obtained from the Met Office

● Data on human inputs obtained from the sewage 
treatment plants as well as fish farms 

● Experiments were performed in 1991 measuring various 
processes:
● Uptake of nutrients by phytoplankton
● Mineralization occuring in sediment 

● (The above carried out by Plymouth Marine Lab)
● Excretion rate of zooplankton (Marine Scotland)



Data Processing

● From the excretion experiments, we focused on the 
main copepodite species in the loch
● Found a best-fit relationship between excretion rate, 

size, and temperature
● Combined this with assumptions from size-spectrum 

theory to get estimates of total ammonia production
● Used estimates of excretion rates from the literature to 

calculate excretion due to jellyfish blooms

● Salinity concentrations used to deduce mixing rates 
between basins and the sea

● For example for the inner loch 
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Nitrate production

● Solid lines are net production; crosses are uptake by 
phytoplankton



Nitrate production

● Positive numbers indicate that nitrification is outweighing 
the denitrification and uptake by phytoplankton



Ammonia production

● The processes generating ammonia are excretion and 
mineralization, while ammonia is being removed by 
nitrification and uptake by phytoplankton

● Dashed lines are from measured data – excretion from 
zooplankton and jellyfish, mineralization in sediment, 
uptake by phytoplankton



Unaccounted ammonia

● We suspect the unaccounted ammonia (the difference 
between the dashed and solid line) is mainly generated by 
mineralization in the water column

● Hence we compare it with the chlorophyll sedimentation rate



Conclusions and 
Future Work

● Successfully constructed a budget for nitrates and 
ammonia

● This gives us insight into which biological processes are 
dominant in different locations at different times of year

● Human impact not a big factor (as of 1991)
● Future work: 

● Reporting in more detail on the demography of the 
loch

● Comparing the mixing rates from the box model with a 
hydrodynamic model

● Particle tracking model for the ecosystem
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