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Abstract 

The Ythan Estuary in Aberdeenshire is a Site of Special Scientific Interest due to the 

numerous protected species which incorporate it into their ecosystem. In recent years algae 

growth in the estuary has been seen to increase, causing concern over the integrity of the 

estuary as a habitat for wildlife. By examining sediment, river flow, nutrient levels and 

temperature it is possible to identify the driving factors behind this increased algal growth. 

Using data gathered in the field as well as historical climate data the contribution of each of 

these factors to algae growth can be determined. 
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Chapter 1. Introduction 
 
The problem of algae growth and eutrophication in British waters is being acknowledged as 

a much more pressing issue as the environmental impact on protected and controlled 

waterways is understood. This rise in the amount of algae observed as well as its impact on 

the environments they inhabit can be attributed to human changes in watersheds. 

Groundwater and overland flow from agricultural areas, as well as direct outputs from 

industry and urban areas, lead to increased concentrations of nutrients in the waterways 

(notably nitrates and phosphates) which facilitate algae growth. In order to introduce 

legislation which will protect these areas from excess algae growth, the links between 

nutrient input, transport, deposition and output must be understood. This paper considers 

only the growth of macroalgae in the estuary, and not that of microscopic microalgae, and 

hypothesises that this growth is controlled by a mixture of natural and anthropogenic 

factors and the interactions between them, notably sediment type and size; river flow; air 

temperature and water nutrient concentrations. This study aims to gain a better 

understanding of how these processes interact, affecting the growth of algal blooms within 

the environment of the Ythan Estuary in Aberdeenshire. This site was chosen due to its 

designation by Scottish Natural Heritage (SNH) as a Special Protection Area owing to its use 

as a nesting ground for protected wildfowl including Terns, Eider and Pink-Footed Geese, 

and the increased presence of algae in recent years. A map of the site area can be seen in 

Figure 1.1.  
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Figure 1.1-Site map of the Ythan Estuary, Aberdeenshire (57
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                            Image 1.1- View of the Sleek of Tarty, looking upstream from the A975 Road Bridge 

 

 

                       Image 1.2- View of upper estuary, looking upstream from the bridge at Kirkton of Logie Buchan 
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                                                        Image 1.3- Macroalgae growth in the Sleek of Tarty 
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1.1- Aims 

Through analysis of sediment samples this study aims to examine each of the above factors 

individually. This analysis will provide an understanding of the distribution of sediment 

throughout the Ythan Estuary and the controls on the grain size of sediment deposits. These 

sediment samples were collected from inter-tidal areas during two separate surveys of the 

Ythan estuary. Firstly, surface sediment samples were collected by the Scottish 

Environmental Protection Agency (SEPA) during a survey of algal growth on the estuary in 

August 2014. Secondly, deep cores were taken during fieldwork in November 2014. Dating 

of the sediment cores will provide an in-depth understanding of varying deposition rates 

through the different depositional environments of the estuary. Water samples will be 

taken to provide an understanding of the nutrient concentrations of water entering, 

circulating and exiting in the estuary, as well as an understanding of the nature of mixing 

between freshwater and seawater inputs in the Ythan. Finally, climate data in the form of 

discharge rates and temperature for the surrounding area will be collected to better 

understand the impact that changes in seasonal and annual climate have on the year to year 

algae growth in the Ythan.  
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1.2- Site Introduction 

The Scottish Natural Heritage (SNH) review of the Ythan provides a good description of the 

physical characteristics of the estuary. The following information on the site is taken from 

SNH (1996) unless otherwise stated. The total size of the catchment area of the River Ythan 

and its tributaries is approximately 650 km². The tidal Ythan estuary extends to Waterton, 

11km upstream from the mouth of the Ythan river, while the intertidal area covers 

approximately 1.85 km² (Balls et al,1995). The largest intertidal mudflat is found at the Sleek 

of Tarty on the right bank of the estuary, seen in Image 1.1. A spring tidal range of 3.1m 

means that the Ythan estuary is classified as mesotidal. The main land use of the catchment 

is agriculture, covering approximately 95% of the total area. The physical estuary 

characteristics include a sheltered beach composed of coarse dune sand at the mouth, and 

ŀƴ ŜƭƻƴƎŀǘŜŘ ǘƛŘŀƭ ōŀǎƛƴΦ ! ǇŜƴƛƴǎǳƭŀ ŀǘ WƻƘƴΩǎ IƻƭŜ tƻƛƴǘ ǇǊƻǘŜŎǘǎ ǘƘŜ ŜǎǘǳŀǊȅ ǎŜŘƛƳŜƴǘǎ 

from most incoming wave energy, as evidenced by the presence of large areas of intertidal 

mud.  The estuary along with the Sands of Forvie at the mouth are designated as nature 

reserves due to breeding fowl, and as such it remains one of the least modified estuaries in 

Scotland. The main channel in the estuary has migrated very little during in the documented 

history. This is believed to be due to a trench or buried channel in glacial deposits which 

controls the alignment (SNH, 1996). 

The sedimentary inputs to the estuary control the characteristics of the intertidal zones. A 

large, protected dune system, the Sands of Forvie, exists on the left bank near the mouth of 

the estuary. There is also a system of spit bars at the coast, formed from longshore drift 

caused by prevailing winds. From these two sources, coarse sediment is spread by aeolian 

processes over the lower courses of the estuary. As a result, the supratidal and intertidal 

sediments near the mouth of the estuary are observed to be much coarser than those found 
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further upriver. Tributary inputs from the Tarty Burn and Burn of Forvie create gravelly lag 

deposits in deltaic formations which prograde onto the intertidal mudflats. From these 

inputs finer sediments are also deposited in upstream segments of the estuary. Figure 1.2 

shows the sedimentary layout of the Ythan estuary. 

 

  Figure 1.2-Sedimentary map of the Ythan Estuary (University of Hull, via SNH, 1996) 
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Winds have a limited impact on the Ythan estuary. This is due to the channel running 

perpendicular to the prevailing wind direction, which data from the nearest weather station 

at Dyce indicates as WSW. Additionally, the average width of the estuary is around 300m 

which means there are very few internally generated waves due to a short fetch length, 

causing minimal redistribution of sediments. However, these winds do lead to the creation 

of spits, bars and near shore banks at the estuary mouth which act as an important 

sediment source as they are then redistributed to the estuary and Sands of Forvie.  

Though human disturbances to the physical estuary are minimal due to its protected status, 

it has been designated as a Nitrate Vulnerable Zone (NVZ) due to the growing problem of 

eutrophication (Domburg et al, 1998). From 1959, grazing on the Sands of Forvie has been 

prohibited, allowing growth of anchoring flora. There is also an on-going issue with siltation, 

leading to channel constriction, upstream of the Waterton Bridge, where sediment flow is 

obstructed by the bridge supports. Inputs in the water of the estuary include sewage 

treatment works at Ellon which have been using the Ythan River as an output since 1978. An 

upstream poultry factory also releases liquids and organic waste which are transported into 

the estuary.  During periods of high slack water, the sewage outputs and poultry effluent 

combine in the upper reaches of the estuary. These inputs result in the addition of nitrates, 

silicates and phosphates into the estuary, with concentrations for each peaking at different 

times of year depending on their time of application. Pugh (1993) created a nutrient budget 

for the estuary, stating that 48% of P and 2% of N input to the estuary occurred as a result of 

the sewage treatment works at Ellon. This figure in 1967 was 10% for P and 1% for N. The 

budget also stated that the majority of N sources were diffuse, from atmospheric and 

terrestrial inputs. Figure 1.3 below, from Balls et al (1995), shows the increasing nutrient 
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concentrations in the estuary over time. These increases coincide with the national increase 

in the use of chemical fertilisers over that time, including a 6 fold increase in nitrogen 

fertilisers across the UK (Balls et al 1995). 

 

 

 

 Figure.1.3- Nutrient concentrations in the Ythan estuary 1955-1995 from Leach (1969)-     -  and NERPB- + -(Balls et al, 

1995) 

 

 

 

 



11 | P a g e 
 

Rafaelli (1999) and Balls et al (1995) are authors of two papers which describe the current 

state of eutrophication and algae growth in the Ythan estuary. Balls et al (1995) state that, 

due to the agricultural nature of the catchment, the River Ythan has some of the highest 

concentrations of nitrate in any major Scottish river. Organic N concentrations in the Ythan 

river ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ άΧca 100-15µM in the late 1960s to ca 500-550 µM in the early 

мффлǎΦέ (Balls et al. (1995). Surveys conducted by SEPA on the estuary, as well as the paper 

by Rafaelli (1999) describe άΧthree main types of green macro-algae on the Ythan estuary 

mudflats: Enteromorpha spp., Ulva lactuca and Chaetomorpha ƭƛƴǳƳέΦ Enteromorpha is 

explained to occur throughout the estuary, while the other two types are found mainly in 

the middle-to-upper reaches. The findings in Rafaelli (1999) regarding the location and 

extent of macroalgae in the estuary are examined by Green (2005) who uses geospatial 

analysis of the colour photographs used by in the original study to confirm these, though he 

does state that density and species data need to be collected by field studies.  This 

distribution is explained in the paper as being a result of mixing of fresh and sea water, 

along with the tolerances of each type of algae. In the Ythan, algae in the upper reaches are 

exposed to freshwater and its associated high nutrient concentrations for a much longer 

period over the tidal cycle, while algae closer to the estuary mouth will experience 

freshwater contact for much less time, varying from day to day according to tidal and 

weather conditions (Figure 1.4). 
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Figure 1.4-Nutrient concentrations versus Salinity for 1967- x - and 1991/92- o - (Balls et al, 1995) 
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Rafaelli (1999) states that the algae begin to grow in April, while peak algal biomass in the 

estuary occurs around August. The study concludes by stating that άΧthe three most 

frequently cited explanations for blooms of macro-algae in shallow waters are excess 

ƴƛǘǊƻƎŜƴΣ ŜȄŎŜǎǎ ǇƘƻǎǇƘƻǊǳǎ ŀƴŘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŜǎǘǳŀǊȅϥǎ ōŀǘƘȅƳŜǘǊȅ ŀƴŘ ƘȅŘǊƻƎǊŀǇƘȅΦέ 

However, there is little evidence of large-scale phosphorous change in last 30 years, while 

the bathymetry has remained unchanged since the earliest recordings in the 1880s. The 

paper states that the most likely scenario for the observed increase in algal biomass would 

be a shift in farming practices towards more N-demanding crops, with a greater rate of 

application of N to these crops. This would then result in an increase in N levels in the river 

and the estuary which would explain the increase in the biomass and distribution of macro-

algal mats. One anomalous season detailed in the study occurred during 1996, where 

occurrences of algal mats were much depleted from the previous year. Rafaelli (1999) 

hypothesises that flooding in the previous autumn removed much of the algal material in 

the estuary that, while in decline, would provide the basis for the algal blooms in the coming 

spring.  
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Chapter 2- Literature Review 

2.1-Estuaries 

The term estuary describes an environment where marine and fluvial processes mix, so in 

order to understand the active effects in the Ythan estuary, this environment must be better 

understood. Estuaries are defined as semi-enclosed and coastal bodies of water which can 

communicate freely with the ocean, and in which the ocean water is diluted by freshwater 

of a terrestrial origin (Cameron and Pritchard, 1963). However, within this definition, 

estuaries vary greatly and thus can be further categorised based on their water balance, 

geomorphology, vertical salinity structure, and hydrodynamics (Valle-Levinson, 2010). The 

morphological changes in estuarine environments are described in Karunarathna et al 

(2007), who state ǘƘŜȅ ŜȄƛǎǘ ŀǎ άŎƻƳǇƭŜȄ ǇƘȅǎƛŎŀƭ ǎȅǎǘŜƳǎέ ǿƘŜǊŜ ǎŜŘƛƳŜƴǘǎ ŀǊŜ ǎǳōƧŜŎǘ to 

waves, tides and river flow. As such, the morphology is controlled by the response of the 

shore and sea bed to these mixed forces, as well as the local sediment characteristics and 

geology.  

Time scales of evolution in estuaries can vary from hours to millennia. The post-glacial Ythan 

estuary has been altered due to changing conditions over varying time periods. A 

bathymetric study in Karunarathna et al (2007) shows alternating periods of accretion and 

erosion in outer and middle regions of the estuary, which is important to consider when 

observing rates of deposition in the Ythan during this study. Temmerman et al (2012) also 

provide insight into short-term changes in estuarine evolution. The paper describes the 

effect that changes in platform vegetation can have on flow rates and transport in estuaries. 

Results in this article describe how removal of platform vegetation led to a 2-4 times 
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increase in flow velocities across the platform, while channel velocities were seen to reduce 

by a factor of 3. As a result, platform sedimentation drops while channel infilling increases. 

The results of Temmerman et al (2012) are relevant to this study as changing vegetation 

would be expected to impact upon the deposition of sediment, and therefore nutrients, in 

the estuary. 5Ω!ƭǇŀƻǎ et al (2007) model the changing morphologies of estuarine systems. 

This model relies on rates of sediment erosion and deposition and the presence of 

vegetation as well as tidal forces and changing sea levels. Longer term scales of evolution in 

the estuary, as a result of post-glacial recovery, should also be considered. The first factor to 

acknowledge would be sea level rise. Since the end of the last ice age (16kY BP), sea levels 

have risen steadily. Shennan et al (2002) describe known relative sea levels around Britain 

since the last glaciation. The site with the nearest and most relevant available data to the 

Ythan estuary is Wick. The Wick graph from Shennan et al (2002) is used in this instance due 

to the long time period shown as well as the similarities between sea levels at Wick and 

Aberdeen observed in recent measurements, as shown in Rennie and Hansom (2011). The 

data show that there has been a near-steady rise in relative sea level since 16kY BP at Wick 

(Figure 2.1). This is due to the greater availability of water being released from terrestrial 

sources such as ice caps and glaciers. This rise has slowed and can be seen to be in decline 

since 4k ya as isostatic rebound has caught up to and overtaken rising sea levels. 
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Maier et al (2008) state that estuaries are among the marine systems most at risk from 

eutrophication as they have very little interaction with the adjoining pelagic waters. Due to 

this, many studies have tried to quantify the rate of change in nutrient concentrations in 

global water bodies. Jaworski et al όмффтύ ŜǎǘƛƳŀǘŜ ǘƘŀǘ άΧhuman activities have increased 

N fluxes to coastal rivers of the NE United {ǘŀǘŜǎ ōȅ р ǘƻ мп ǘƛƳŜǎ ǘƘŜƛǊ ƴŀǘǳǊŀƭ ǊŀǘŜǎΦέ 

Heathwaite et al (1996) state that N and P levels of water bodies in many areas of Europe 

and the UK are now greater than 20 times the background concentrations while Conley 

(2000) estimates that P loading to estuarine systems has increased by 2-6 times since 1900. 

Retrospective analyses are further discussed in Conley (2000), showing that a first wave of 

the coastal eutrophication problem may have occurred during the 19th century, when 

industrial activities increased the input of N and P into river systems in Western Europe. 

Nitrogen loading is examined in conjunction with algal biomass and is found to account for 

only 36% of variance, therefore the paper concludes that N loading alone cannot be used as 

a predictor of algal growth. An example used in this paper is the case study of the 

Figure 2.2-Sea level rise at Wick (16k ya-present) 


