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3. Findings/Results 
 

3.1 Findings from Literature Review 

 

3.11 Current potato production and growing conditions 

Potatoes (Solanun tuberosum) are a staple component of the average British diet 

and so provide significant proportions of several nutrients.  The National Diet 

and Nutrition Survey (Henderson et al, 2003) estimated that potatoes provide 

15% of dietary vitamin C intakes with a medium potato providing almost half the 

recommended daily amount.  In addition to vitamin C, potatoes provide a good 

source of iron, potassium, fibre and B vitamins.  Figure 1 shows the nutrient 

content of boiled potatoes.  If potatoes are chipped or fried the fat content is 

increased but they retain more vitamin C, iron and other minerals than if boiled 

(Foods standards Agency, 2007, p.69). 

 

Figure 1: The nutrient content of potatoes (per 100 grams when boiled in 
skin). 
 

   
Figure taken from United States Department of Agriculture, National Nutrient Database as cited 

by the FAO (2008a). 

 
In 2007, the UK ranked 11th in the world of potato producing countries recording 

a harvest of 5.7 million tonnes.  However, with an annual per capita potato 
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consumption of 114 kg, demand for potato exceeds domestic supply (FAO, 

2008a).  In fact over the last decade potato production has decreased (see figure 

2).   

 
Figure 2: Potato areas and production in the UK 1997-2007 

 
Figure taken from (British Potato Council, 2007a).  Figures for 2007 were estimates.  Production 

was actually above expected at 5.7 million tonnes (FAO, 2008a).   
 

The trend over the last decade, and in fact last half a century, has been a 

reduction in the area used for planting potatoes by almost 50%.  This has led to a 

dramatic reduction in potato growers but the area per grower has increased (see 

figure 3). 
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Figure 3: Registered area of potatoes in the UK 1960 – 2007 

 

   
Figure taken from (British Potato Council, 2007b). 

 

Figure 4 shows the four counties that grow the greatest areas of potatoes in 

England (highlighted in blue).  These counties lend themselves to potato 

production mainly due to their soil type; soil pH is particularly important 

(Ministry of Agriculture, Fisheries and Food (MAFF), 2002).  Table 1 lists the 

optimum growing conditions for maincrop potatoes. 
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Figure 4: Counties with the greatest production of potatoes in England 

 

Production information retrieved from MAFF (2002).  Figure adapted from Jelsoft Enterprises 

(2008). 

 

Table 1: Potato growing conditions 

Soil (pH)* Temperature (0C)** Rainfall (mm)*** Type of 
potato Range Optimum Months Range Optimum Range 

/yr 
Optimum
Jun-Aug 

Maincrop 5.0-
6.5 

5.0-5.5 May-
Sept 

10-29 18-20 500-
1500 

250 

* Data retrieved from (VegetableExpert, 2008). 
** Data retrieved from (FAO, 2008a) 
*** Data retrieved from (British Potato Council, 2007b). 
 
 
In fact the growth of maincrop potatoes appears to be strongly affected by both 

summer temperature and rainfall and this could be the reason for the reductions 
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we have seen in production over the last decade.  Tuber growth is sharply 

inhibited by temperatures above 300C and below 100C (Tuck et al, 2006).  

Summer rainfall is equally as important and both excessively low and high 

rainfalls decrease yields (see figure 5). 

 

Figure 5:  Effect of June-August rainfall on potato yields in the UK 

  
             Figure taken from (Alder, 2008). 

 

 

 

3.12 Current situation regarding fish in the UK 

 

As this study is assessing the sustainability of “traditional” fish and chips in the 

UK, this literature review concentrates on information regarding white fish in 

waters surrounding the UK; in particular cod and haddock in the North Sea, 

which are the most common species of fish used today in fish and chip shops 

(Seafish, 2008).   
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The government recommend that two portions of fish be eaten each week (Food 

Standards Agency (FSA), 2008), due to the health benefits it provides.  The flesh 

of white fish contains very little fat; only 1-2%, it is a good source of protein and 

contains a well-balanced supply of essential vitamins and minerals; with good 

sources of iodine and selenium (FSA, 2007).  Despite government 

recommendations many people are eating too few portions of fish, in particular 

both men and women from younger age groups (Henderson et al, 2002). 

 

Cod (Gadus morhua) can be found in all waters surrounding the UK.  It is 

difficult to estimate changes in numbers over time apart from via fisheries 

capture data.  Figure 6 shows the capture of cod in the North Sea, Eastern 

English Channel and Skagerrak since 1963.  Figure 7 is a map of these areas. 

 
Figure 6: Capture statistics for Cod in the North Sea, Eastern English 
Channel and Skagerrak 
 

 
Taken from: The Centre for Environment, Fisheries and Aquaculture Science (Cefas, 2008a). 
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Figure 7: Map of the North Sea 
 

 
 

Taken from: Canterbury University (2007). 
 

It is evident that there has been a dramatic reduction since the 1980s and this is 

primarily due to over-fishing.  The Atlantic cod has been exploited ever since 

man began to fish in the seas of Europe (Food and Agriculture Organisation 

(FAO), 2008b).  However, when assessing the sustainability of cod and what 

level of fishing mortality the stocks can sustain we also need to take into account 

climate change.  In fact excessive fishing pressure is likely to have caused fish 

populations to become more vulnerable to changes in climate.  The effects of 

climate changes and other drivers such as fishing are interwoven.  

 

Fish, in particular poikilotherms such as cod, are likely to be greatly affected by 

changes in temperature through influences on their metabolic rates and changes 

in life history processes (Brett, 1979 as cited by MCCIP, 2008).  Many studies 

have been carried out that show temperature has a major influence on the 
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ecology and physiology of fish.  Temperature variation impacts almost all 

aspects of a fish’s ecology: hatching and development time of eggs and larvae 

(Rombough, 1997 as cited by MCCIP, 2008); distribution (Sundby 2000, as cited 

by MCCIP, 2008); and reproductive success (Planque and Fredou, 1999 as cited 

by MCCIP, 2008) to name a few.    

 

In general larger cod are found in colder waters, in most areas around 0-50C 

(FAO, 2008b), and the larvae and juveniles in warmer waters.  A study by 

Levesque et al (2005) found that the optimum temperature for the growth of cod 

larvae was experienced at 9.50C.  Larvae were significantly smaller when the 

temperature was 40C higher or lower than this optimum. 

 

Capture figures for Haddock (Melanogrammus aeglefinus) show similar patterns 

to that of cod (see figure 8).  Haddock is also affected by temperature and can 

usually be found at temperatures between 4 – 100C and at depths of 10 – 450m 

(FAO, 2008c).  

Figure 8: Capture statistics for Haddock in the North Sea, Eastern English 
Channel and Skagerrak 
 

 
Cefas (2008b) 
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3.13 Future climate change predictions for the UK 

 

Our climate is already changing.   Over the last century Central England 

temperatures rose by almost 10C and the decade of the 1990s was the warmest 

since records began in the 1660s.  Hot summer days with average daytime 

temperatures exceeding 250C occurred almost twice as often in the 1990s 

compared to the first half of the twentieth century.  Winters across the UK have 

been getting wetter, with a larger proportion of the rainfall falling in heavier 

downpours, whilst summers have been getting drier.  In addition, the warming 

over land has been accompanied by a warming of UK coastal waters (UKCIP, 

2002b).  Whilst there will always be natural variations with climate; in 2007, The 

Intergovernmental Panel on Climate Change (IPCC), the world’s most 

authoritative body on climate change, concluded that “most of the observed 

increase in global average temperatures since the mid-20th century is very likely 

due to the observed increase in anthropogenic greenhouse gas concentrations” 

(IPCC, 2007). 

 

The climate change predictions written here are taken from those modelled by 

the UK Climate Impacts Programme (UKCIP).  They have developed a set of 

four scenarios (low, medium-low, medium-high and high emissions) to predict 

the future climate in the UK (UKCIP, 2002b).  The four scenarios represent the 

uncertainty about the sensitivity of the climatic system to perturbation and about 

the level of future greenhouse gas emissions.  These scenarios were based on the 

global emissions scenarios published in 2000 by the IPCC (2000), and on a series 

of climate modelling experiments completed by the Hadley Centre (based in 

Exeter) using their most recently developed models (UKCIP, 2002b).  The 
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predicted carbon dioxide concentrations for these four models were calculated by 

the IPCC and are shown in Figure 9. 

Figure 9: Global carbon dioxide concentration (parts per million) from 1960 
to 2100 for each of the four emissions scenarios*. 
 

 
* Low emissions in green, medium-low in blue, medium-high in red and high in black. 
Figure taken from IPCC (2001). 
 

The predicted changes in climate are presented for three 30-year periods centred 

on the 2020s (2011 – 2040), the 2050s (2041-2070) and the 2080s (2071 – 2100).  

The changes in climate for each of these periods are calculated as the change in 

30-year average climate with respect to the baseline period of 1961-1990.  Table 

2 shows the average summer (June-August) and winter (December to February) 

temperatures and levels of precipitation for the baseline period (1961-1990). 

Table 2:  Mean summer and winter temperatures and precipitation for 
1961-1990. 

 Mean temperature range (0C) Mean precipitation 
(mm) 

Summer 13-21 220 

Winter 0-9 250 

Data taken from UKCIP (2002b) 
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3.131 Future changes in average temperature 

The annual rate of warming may vary from 0.10C-0.30C/decade for the low 

scenario to 0.30C-0.50C for the high.  Figures 10 and 11 show the projected 

changes in average annual and summer and winter temperatures for the low and 

high scenarios respectively.  This indicates that in both seasons and in both 

scenarios there is a north-west to south-east gradient in the magnitude of the 

climate warming over the UK. 
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Figure 10: Change in average annual and seasonal temperatures with 
respect to baseline (1961-1990) for the low emissions scenario (figure taken 
from UKCIP, 2002b). 
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Figure 11: Change in average annual and seasonal temperatures with 
respect to baseline (1961-1990) for the high emissions scenario (figure taken 
from UKCIP, 2002b). 
 

    

                         

                       

 

 

The main conclusions about changes in average temperature are therefore that: 

annual warming by the 2080s can be expected to be between 10C and 50C 
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depending on the region and scenario; there will be greater summer warming in 

the southeast than the northwest; and finally there will be greater warming in 

total in the summer than in the winter. 

 

3.132 Future changes in average precipitation 

The expected changes in patterns of rainfall are not as consistent.  Figures 12 and 

13 show that whilst winter precipitation is expected to increase, almost all 

regions in both scenarios are likely to experience reduced rainfall in summer. 
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Figure 12: Change in average annual and seasonal precipitation with respect 
to baseline (1961-1990) for the low emissions scenario (figure taken from 
UKCIP, 2002b). 
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Figure 13: Change in average annual and seasonal precipitation with respect 
to baseline (1961-1990) for the high emissions scenario (figure taken from 
UKCIP, 2002b). 
 

      

                                                   

                            

 

These figures indicate that winter rainfall may be up by over 30% in some 

regions by the 2080s, whereas summer rainfall may have reduced by as much as 

50%.  Even the low emissions scenario expects summer rainfall to decrease by 
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up to 30%.  Despite these quite dramatic seasonal changes, total annual 

precipitation is likely to only change very slightly. 

 

3.133 Predicted occurrences of climate extremes 

In addition to average annual and seasonal changes in climate UKCIP also 

attempt to model the expected occurrences of climate extremes.  Seasonal 

climate extremes can have a profound influence on crop production.  The hot, 

dry summer of 1995 led to a markedly decreased yield of potatoes.  The dry 

conditions led to a decrease in tuber size and an increase in common scab that 

affected the marketability of the crops (DEFRA, 2001).  Table 3 shows the 

changes in frequencies of selected seasonal climate extremes such as the hot, dry 

summer of 1995, demonstrating how they are expected to increase in likelihood.   

Table 3: The percentage of years experiencing various extreme seasonal 
anomalies across England and Wales.  Data has been produced using the 
medium-high emissions scenario. 

 

 2020s 2050s 2080s 

Mean temperature 

A hot “1995-type” August 
(+3.40C) 

1 20 63 

A warm “1999-type) year 
(+1.20C) 28 73 100 

Mean precipitation 

A dry “1995-type” summer (37% 
drier than average) 10 29 50 

A wet “1994/5-type” winter 
(66% wetter than average) 1 3 7 

Data taken from (UKCIP, 2002b) 
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Crops such as potatoes can also be adversely affected if they are subjected to 

climate extremes for just short periods (Krauss and Marschner, 1984).  UKCIP 

(2002b) also try to estimate the probability of exceeding a given maximum daily 

temperature that is useful in determining how often potatoes are likely to be 

affected by these kinds of occurrences.  Figure 14 shows the probability of 

exceeding daily summer temperatures in the 2080s compared with the baseline 

period. 

Figure 14: The probability of exceeding daily maximum summer 
temperatures for the Central England region in the 2080s (red) compared 
with baseline figures (grey). 

           
This figure has been produced using the medium-high emissions scenario model 

and is taken from UKCIP (2002b). 
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3.134 Predicted future changes in UK marine climate 

Changes in global temperature also affect the marine climate; of most interest to 

the possible availability of fish species such as cod are the expected sea-

temperature changes.  The temperature of all UK coastal waters is expected to 

increase, with again the greatest warming in the south.  The southern North Sea 

and the English Channel, due to their shallow depth, are expected to warm by 2-

40C by the 2080s (UKCIP, 2002b).  A warming of this degree is equivalent to 

about a 3-month extension of when these waters generally reach the present 

August-September average of 160C.  Therefore, by the 2080s, sea temperatures 

would exceed the current August-September maximum for the 5-month period 

from June-November (UKCIP, 2002b).  These temperature changes could 

therefore have great impacts on the cold-water species of fish, such as cod, found 

in these waters. 

 

3.14 The potential affects of climate change on UK potato production 

Farming Futures; a communications collaboration set up between organisations 

such as the National Farmers’ Union and the Department for Environment, Food 

and Rural Affairs (DEFRA), who provide information to farmers on how to cope 

with climate change, believe that potatoes may face considerable challenges from 

climate change (Farming Futures, 2008).  Figure 2 (above) shows that potato 

production has decreased in the UK over the last decade, but can this be linked to 

climate change?  The potato relies on temperature and soil water status to induce 

each developmental stage (DEFRA, 2002a).  Therefore, this next section of the 
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report details how the changes in temperature, precipitation and carbon dioxide 

directly may affect potato production in the UK.   

 

3.141 Changing temperatures and potato production 

It appears that the changes in temperature that are predicted to occur under future 

climate change scenarios will seriously affect potatoes in a number of ways, 

some of which are potentially beneficial, others carrying additional risks and 

uncertainties.  Average temperature increases alone will mean that earlier 

sowings can be made with less risk of frost damage, leading to higher potential 

yields (DEFRA, 2002b).  Allen and Scott (2001, as cited by MAFF, 2002) have 

shown that in current conditions an important cause of variability of potato yields 

is delays in canopy production caused by premature sowing of maincrop varieties 

when temperatures are too low.  This should therefore be considerably reduced 

by the warmer conditions predicted under future climate change.  There may also 

be an increase in area for growing early potatoes, which are currently 

predominantly grown in Cornwall and South Wales (MAFF, 2002).   

 

However, the principal impacts of climate change on potatoes will be a 

consequence of the increased temperature on growth and development of the 

crop.  Yields for maincrop potatoes are at their optimum at temperatures of 18 - 

200C (FAO, 2008a), which is in line with current UK summer temperatures.  A 

study by Wolf (2000a, as cited by MAFF, 2002) reported that yields can 

experience losses of 4 tonnes per hectare per degree Celsius rise in temperature 

above this irrespective of whether the crop is irrigated.   However, the increased 
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length in growing season is likely to balance out the reductions due to slight 

increases in average temperatures.  Other possible problems with increases in 

average temperature are the earlier and changing appearance of current and new 

pests and diseases.  Pests and diseases thrive in warmer weather, which is likely 

to lead to increases in populations that are more pesticide resistant such as aphids 

(DEFRA, 2002b). 

 

Despite these risks, it is unlikely that the average temperature of the UK will 

change sufficiently to cause significant temperature stress on potatoes.  The 

limiting factor under general climate change predictions is more likely to be 

water and the cost and availability of irrigation (Holden et al, 2003).   However, 

what is more of a concern regarding the effects of temperature on UK potato 

production is the increase in extreme climatic events and seasonal anomalies.  

Table 3 (above) shows the estimations by UKCIP that during the 2080s, 63% of 

years are likely to experience events such as the hot “1995-type” summer.   In 

addition, figure 14 indicates that by the 2080s, the probability of experiencing 

summer temperatures over 300C is over 20%.  This is particularly concerning as 

potato tubers appear to have an upper temperature threshold of development.  An 

experimental study by Reynolds and Ewing (1989) showed that high air 

temperatures of 30-400C inhibited the induction of leaves to tuberize and high 

soil temperatures of 27 - 350C blocked the expression signal required for 

tuberization.  An additional study by Krauss and Marschner (1984), looking into 

the effects of high temperatures on the growth rate and carbohydrate metabolism 

of tubers found that subjecting tubers to 300C for 6 days caused cessation of 

growth.  They also found that at 300C, the activities of some of the enzymes 
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involved in starch metabolism were depressed.  Therefore, it appears that under 

exposure to high temperatures for less than a week potato tubers will stop 

growing and if these temperatures are experienced at all during development it 

may result in a reduction in the starch content. 

 

3.142 Changing precipitation patterns and potato production 

Droughts, storms, heavy and prolonged rainfall and inter-seasonal variations are 

components of the weather that are already within the experience of most farmers 

(DEFRA, 2002a); but how will the agricultural industry, in particular potato 

growers, cope with the increased frequency of such events under future climate 

change? 

 

One of the biggest worries for potato growers concerning changing precipitation 

patters is the expected decrease in summer rainfall.  Figure 15, although 

incomplete, shows how annual average potato yields tend to be closely related to 

August rainfall. 
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Figure 15: Annual average potato yields in England and Wales shown in 
relation to August rainfall. 

 

Figure taken from United Kingdom Environmental Change Network (2007). 

The potato plant has a high water requirement and a shallow rooting system, 

making it vulnerable to drought (United Kingdom Environmental Change 

Network, 2007). Yields are markedly reduced after dry growing seasons, with 

particular problems from dry weather in the later stages of growth. During dry 

years, yields of non-irrigated potatoes are about 25% lower than in wet years. 

There is a particularly close relationship between the yield of non-irrigated 

maincrop potatoes and rainfall in August in England and Wales as can be seen 

from figure 15.  Many studies have shown that a shortage of water during the 

growing season is the most significant climatic limitation (Holden and Brereton, 

2004 and MacKerron, 2000 as cited by Holden and Brereton, 2006), with 

reductions in yield occurring at even moderate levels of water stress (Jeffries, 
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1993).  Water stress appears to primarily reduce potato canopy expansion and 

then in addition delay tuber initiation and bulking (Walworth and Carling, 2002).  

When water stress is combined with increasing temperatures this causes a high 

rate of evapotranspiration from the leaves, which further increases the water 

requirements of the crop (DEFRA, 2001).   

 

Two studies looking at whether it is going to be viable to continue to grow 

potatoes with future climate change predictions have been carried out in Ireland 

(Holden et al, 2003 and Holden and Brereton, 2006).  The data from these studies 

can be used here as the climate predictions used are those from UKCIP, which 

show a very similar situation with the same north-west south-east gradient in 

patterns of precipitation (Holden et al, 2003, UKCIP, 2002b).  The study by 

Holden et al (2003) used these climate change scenarios along with crop 

simulation models to predict the impact of climate change on potato production.  

They have estimated that with the expected fall in summer rainfall, yields of non-

irrigated tubers are expected to decrease dramatically.  They report that “The 

impact can only be regarded as a significant, almost catastrophic, loss of yield 

over most of the country by 2055” (Holden et al, 2003, p.193).  However, these 

figures are for non-irrigated crops.  The effects of climate change are therefore 

going to be very much dependent on the availability of irrigation water, 

especially in the drier east.  They conclude that: “there will be water stress in the 

summer due to climate change; a large irrigation requirement will develop if the 

crop is to continue to be grown; and that it is very likely that potato will cease to 

be a commercially productive crop in Ireland because of the reduced yield due to 

drought stress and possible increases in pest and disease problems” (Holden et al, 
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2003, p.195).  The simulations provided by the study by Holden and Brereton 

(2006) also reveal that irrigation is going to be essential in most areas where 

potatoes are currently grown. 

 

Currently, potatoes already use 57% of the water used for UK irrigated outdoor 

crop production (Downing et al, 2003) and research carried out by Cranfield 

University looking into the sustainability of water resources has estimated that 

compared to the 1961-1990 baseline, by 2050 early and maincrop potatoes are 

likely to need around 20% and 30% more irrigation water respectively 

(Weatherhead, 2007).  These are concerning figures as competition for water 

from other sectors is also rising (Downing et al, 2003), availability of summer 

water is declining and Gummer (2007, p.3) believes that “unless there are 

political steps to give some preferences to agriculture, agriculture will not get to 

use more water than it does currently”. 

 

3.143 Carbon dioxide concentrations and potato production 
 

The simulations detailed above did not include the effects of increased 

atmospheric CO2 on water use efficiency, which may partially offset the 

increased irrigation need.   

 

Several studies have shown that potatoes exhibit a positive response to elevated 

CO2.  Gallaher (2001 as cited by Downing et al, 2003) reported an increase in 

photosynthetic rate, growth and yield of approximately 30% with a doubling of 

CO2 exposure.   A study by De Temmerman et al (2002) that exposed potatoes in 

open-top chambers to elevated CO2 showed that a CO2 concentration of up to 550 
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and 680 μl/L increases the commercial yield on average by 20% with an ample 

water supply.   In addition, exposure to elevated CO2 had an impact on tuber 

quality; it increased the dry matter and starch content of the large tubers.  There 

are some exceptions to the trend though; Goudriaan and de Ruiter (1993 as cited 

by Fleisher et al, 2008) observed a slightly negative yield response to CO2 

doubling, 

 

However, despite the claims of these studies, the climate change predictions 

suggest water is likely to be the limiting factor and so it is important to put the 

effects of drought into the equation.   A study by Fleisher et al (2008), one of 

only a few to date that have looked at the interaction of drought and CO2 on 

potato growth and development, found that potato photosynthesis and dry matter 

production exhibited a positive response to CO2 enrichment at various levels of 

water stress.  Total biomass, yield, and water use efficiency increased under 

elevated CO2, with the largest percent increases occurring at the highest levels of 

water stress.   At moderate and more severe levels of water stress, CO2 

enrichment seemed to encourage the shifting of assimilate into tubers as opposed 

to additional vegetative growth.  

 

However, there is limited literature available on this and there is debate among 

researchers as to how much advantage this will provide under the estimated 

potential water stress of future climates (Finnan et al, 2002, as cited by Holden et 

al, 2003). 
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3.15 The potential affects of climate change on fish used in “traditional” fish and 
chips in the UK 

 

We have seen how since the 1950s, fishing has put pressure on cod and haddock 

stocks (figures 6 and 8).  In this section we will assess how future climate change 

predictions are likely to affect these stocks and their ability to withstand fishing 

mortality. 

As the evidence base continues to build, it is clear that the marine climate is 

already changing.  2006 was the second warmest year in UK coastal waters since 

records began in 1870; in fact seven of the ten warmest years have occurred in 

the last decade (MCCIP, 2008).  It is becoming clear that marine climate change 

will have huge impacts on the marine environment and therefore the dynamics of 

fish populations and fisheries.  These changes include: increases in sea 

temperatures, changes in salinity, alterations in ocean currents and more intense 

storm surges (Mieszkowska et al, 2007).  This report concentrates on the effects 

of temperature, as temperature has long been recognised as one of the main 

influences on the ecology and physiology of fish (MCCIP, 2008).  Both the 

direct and indirect effects of temperature will be assessed and then the impacts 

these have on fishing, fish farming and the appearance of new species will be 

discussed. 

 

3.151 The direct effects of increasing temperature on fish stocks 

Temperature impacts directly on all life stages of fish; juveniles and larger cod 

and haddock have specific optimal temperature ranges (Mieszkowska et al, 

2007).  Several studies have reported that juveniles are particularly sensitive.  A 
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study by Brander (2000) found that temperature strongly influenced the weight 

of cod during the first year of life.  A field study by Levesque et al (2005), 

looking into the factors influencing larval body growth, reports that water 

temperature explained up to 70% of the variability in body length at 20 days of 

age.  They estimated that temperatures of 9.50C were optimal for body growth. 

Sub/super-optimal temperatures could therefore have big impacts on fish stocks 

as if larval growth is slowed mortality rates via predators will be much higher.  

This study predicts that a 2-40C increase in water temperature could translate into 

a 1-5 day increase in larval stage duration.  With daily mortality rates of 10% at 

this life stage this could have significant effects on adult stocks.  

 

Older and larger cod have lower optimal temperatures for growth and the 

distribution of stocks will depend on this, as at higher temperatures cold-water 

species such as cod and haddock have been shown to experience metabolic stress 

as evidenced by slower growth rates and difficulties in supplying oxygen to body 

tissues (MCCIP, 2008).    Many observational studies since the early 1900s have 

seen changes in distribution of fish with climate fluctuations.  Warming of the 

North Atlantic during the 1920s and 1930s led to an increase of abundance of 

cod stocks in West Greenland at the northern end of their range (Mieszkowska et 

al, 2007).  A large recent study by Heath (2007, as cited by MCCIP, 2008) that 

looked at patterns in international fisheries landings data for the whole northeast 

Atlantic region from the 1970s to the 1990s, found that most species appeared to 

shift south between the 1970s and 1980s, when there was a cooling in sea and air 

temperatures, and north between the 1980s and 1990s when there was a 

warming.  Today, there appears to be strong evidence from surveys and fisheries 
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that cod have declined more rapidly in abundance in the southern North Sea than 

in the northern North Sea, and so this could represent a shift northwards with 

current warming (Fisheries Research Services, 2008). Figure 16 agrees with 

these claims and shows that the abundance of cod in the North Sea in 2007 has 

shifted north-east compared to the more spread distribution average of 1997 – 

2006.  With further warming this could affect the “catchability” of stocks to 

fishing fleets. 

Figure 16: Distribution of cod in the North Sea; comparing 2007 figures 
with averages from 1997-2006. 

 
Figure taken from: Cefas (2008a) 

 

3.152 The indirect effects of increasing temperature on fish stocks 

Recent data is showing that climate change is also affecting other levels of the 

food chain, which are in turn affecting fish stocks such as cod.  The Marine 

Climate Impacts Partnership in their annual report card 2007-2008 (MCCIP, 

2008) state that the distribution of plankton is shifting with warming of the seas 
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around the UK.  Beaugrand et al (2003) reports that since the 1980s there has 

been a decline in the abundance of the copepod Calanus finmarchicus, which 

was a major biomass component of zooplankton within the North Atlantic and is 

the major prey species for cod larvae in the northern North Sea.  It has been 

replaced by a closely related, but smaller species Calanus helgolandicus, but 

who are occurring in lesser amounts, at the wrong time of the year and are the 

wrong size to be of use to emerging cod-larvae (Mieszkowska et al, 2007).  

Figure 17 shows the changes in patterns of zooplankton and cod biomass since 

the 1960s. 

Figure 17: Changes in zooplankton (black line) and cod biomass (red line) 
from 1958-1997. 

 
Figure by Sir Alister Hardy Foundation for Science, taken from Mieszkowska et al (2007). 

 
This figure strongly suggests that changes in plankton are affecting the survival 

of cod larvae and juveniles.  However, more research is needed in this area to be 

certain. 

 

3.153 The effects of climate change on fishing 

Recruitment is the term used to define the number of juvenile fish of a given age 

surviving from the annual egg production to be exploited by the fisheries. It is 

the key measure used to determine the productivity of a fish stock (MCCIP, 
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2008).  In the case of cod, there is an established relationship between 

recruitment and sea temperature (MCCIP, 2008).  At the extreme northern end of 

their range, sea warming leads to greater levels of recruitment, whereas warming 

of the North Sea, close to the southern limits of the range, leads to a decline in 

recruitment (Clark et al, 2003).  These patterns have been shown throughout 

historical data; Brander and Mohn (2004, as cited by MCCIP, 2008) report that 

during the late 1960s and early 1970s recruitment of cod, haddock and whiting 

was greatly increased with the cooler conditions.  However, the warming over 

recent decades has led to a significant decrease in cod recruitment in particular, 

and the productivity of the stocks has therefore been weaker than average 

(MCCIP, 2008). 

 

If this trend in reduced recruitment continues, then the level of fishing mortality 

that can be sustained by a stock will decline correspondingly.  Cook and Heath 

(2005) have calculated that the North Sea stock could still support a sustainable 

fishery with a warming climate, but only at much lower levels of fishing 

mortality.   

 

As climate change seems to be pointing towards a decrease in wild cod stocks 

available for catching, is fish farming a potential alternative to ensure traditional 

fish is still available for fish and chips in the UK? 

 

3.154 Is fish farming of cod and haddock sustainable with climate change? 

In 2002, the UK was the third largest producer of farmed fish in the European 

Union, with Atlantic salmon being the predominant farmed species (Marine 
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Conservation Society (MCS), 2007).  Every year the fish farming industry is 

increasing and diversifying and species such as cod are now being farmed and 

trials are underway to see if farming haddock will be commercially successful 

(MCS, 2007).  Fish farming is thought to help relieve fishing pressures on ocean 

stocks and allow depleted wild stocks to recover.  However, this matter is hotly 

debated and some feel fish farming is not the answer (Tuominen and Esmark, 

2003). 

 

The sustainability of fish farming is debated as carnivorous species such as 

salmon, cod and haddock are grown on fish feed containing large proportions of 

fishmeal and fish oil derived from wild caught fish.   There are several examples 

where the fish species used in fish feed have suffered serious declines in 

numbers, as in order to produce for example 1kg of salmon, 4kgs of wild caught 

fish are required (Tuominen and Esmark, 2003).  In the North Sea blue whiting is 

widely used for fish feed.  Fisheries have been catching over the recommended 

quota from the International Council of Exploration of the Seas (ICES) and it is 

expected there will be a total collapse if this continues (Tuominen and Esmark, 

2003).  

 

In addition to the problems producing fish feed, which could potentially be 

solved if alternatives such as vegetable proteins and other oils are used 

(Tuominen and Esmark, 2003), the effects of climate change could have negative 

environmental impacts on fish farming.   Rising water temperatures could cause 

thermal stress to cold-water species such as cod and haddock (MCCIP, 2008).  

Farmed species may become more susceptible to a wider variety of diseases as 
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temperatures increase (MCCIP, 2008).  Also, increased storminess could increase 

the risk of escapes (Fisheries Research Services, 2008).  Although it is unlikely 

that climate change will have substantial impacts on fish farming in the near 

future (Fisheries Research Services, 2008), with potential increases of 40C by the 

2080s (UKCIP, 2002b) there are likely to be noticeable effects which will 

possibly make fish farming of cold water species in the UK unviable. 

 

3.155 Climate change and the appearance of new species 

Although traditional fishery target species in the UK, such as cod and haddock 

are expected to suffer continuing declines in recruitment and northward 

movements away from UK waters in the future, there is expected to be, and in 

some cases already are, increasing numbers of warmer-water fish species that 

fisheries and consumers can benefit from.  Abundances of warmer-water fish 

species, including John Dory, red mullet and sea bass, have been shown to be 

increasing in UK waters over recent decades (MCCIP, 2008).  Beare et al (2004, 

as cited by MCCIP, 2008) found that most species classified as having southern 

biogeographic affinities have exhibited sharp increases in numbers since the mid 

1990s.   Therefore, although there is not the amount of literature on these less 

traditional species, we can only expect that they are going to increase in numbers 

and importance to UK fisheries over future decades. 
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3.2 Survey Results 

3.21 Participant/sample summary characteristics 

Table 4: Summary statistics for study participants 

Gender Vegetarian Living arrangements Level of deprivation Total number of 
participants = 

140 Males Females No Yes Alone Shared 
House 

With 
parents 

With 
partner 

With dependent 
children Low Medium High 

18 - 24 17 18 35 0 0 16 10 9 0 5 8 9 

25 - 30 17 18 33 2 8 12 2 13 0 6 6 12 

31 - 50 17 18 35 0 3 0 1 16 15 8 12 5 

A
ge

 g
ro

up
 

51 + 18 17 33 2 7 0 0 24 3 13 8 4 
Totals 69 71 136 4 18 28 13 62 18 32 34 30 

Combined totals 140 140 139* 96* 
* Data is missing for 1 participant 
** Data is missing for 44 participants; 16 choose not to give a postcode, 28 gave postcodes but indices of deprivation scores were not available. 

Table 4 shows the summary statistics for the study sample.  There are 35 participants in each age category with 140 in total.  There are 

almost identical numbers of males and females (49.3% and 50.7% respectively) and they are spilt evenly between the age categories.  

The study sample is not split equally between living arrangement groups with 44.6% of the sample falling into the shared house 

category and only 9.4% living with parents, however the number of males and females are similar within several groups (27.8% and 

72.2% respectively living alone, 60.7% and 39.3% living in a shared house, 53.8% and 46.2% living with parents, 53.2% and 46.8% 

living with a partner, and 38.9 % and 61.1%  
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respectively living with dependent children).  There is limited data regarding 

groups of different levels of deprivation as details were only available for 68.6% 

of the study sample.  The majority of the study sample (97.1%) did not follow a 

vegetarian diet. 

 

3.22 Consumption of fish and chips 

For the consumption of foods each category was given a score in order to carry 

out statistical analysis.  These can be seen in the table 5 below.  All results will 

be presented in numerical format.  Although these values reflect categorical data, 

in many cases means have been calculated rather than modes or medians in order 

to see any trends.  This is possible due to the sample size. 

Table 5: Values assigned to frequency of consumption 

Phrase relating to frequency of 
consumption Assigned numerical value 

Never 0 
Less than once a month 1 

Once a month 2 
2-3 times per month 3 

Once a week 4 
Twice a week 5 

More than twice a week 6 
 

3.221 Consumption of takeaways 

130 (92.9%) of participants claimed to purchase takeaway meals.  The total 

consumption of takeaway meals was highest for the youngest age group; those in 

the 18-24 age group consumed 34% of the total takeaway meals consumed.  The 

relationship between total takeaway consumption and age was investigated 

further using the Spearman’s rank order correlation coefficient.  This test was 

used due to the ordinal level of the data.  There was found to be a significant, 
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medium strength (using the definition from Cohen, 1988, p.79-81 as cited by 

Pallant, 2007, p.132), negative correlation between the two variables; rho=-0.42, 

n=140, p<0.0005 with higher levels of takeaway consumption associated with 

those in lower age categories.   

 

Out of those that purchased takeaway meals, 106 (75.7%) consumed fish and 

chips.  In fact the most common takeaway meal was fish and chips (figure 18).   

Figure 18: Total consumption of different takeaway meals 
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* Sum of values assigned (table 5) 

 

Figure 19 shows the mean consumption of all takeaways across the four age 

groups. 
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Figure 19: Mean consumption of all takeaways with respect to age category 
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The relationship between fish and chip consumption and age showed a 

significant positive relationship; rho=0.22, n=130 and p=0.011.  Comparison of 

different age groups using the Kruskal-Wallis Test revealed a statistically 

significant difference in fish and chip consumption across the four different age 

groups: 18-24, n=35; 25-30, n=33; 31-50, n=33; 51+, n=29; χ2 (3, n=130) 

=8.61, p=0.035.  Differences between pairs of groups were tested for using the 

Mann-Whitney U Test (table 6). 
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Table 6: Differences in consumption of takeaway fish and chips according to 
age using the Mann-Whitney U Test 
 

N = 130 18 - 24 
(M=1.23, n=35) 

25 - 30 
(M=1.12, n=33) 

31 - 50 
(M=1.76, n=33) 

51+ 
(M=2.10, n=29) 

25 - 30 
U = 533.50 
z = -0.58 
p = 0.56 

  
  

U = 390.00 
z = -2.10 
p = 0.036 

  

U = 322.00 
z = -2.30 
p = 0.021 

  

31 - 50 
U = 448.00 
z = -1.68 
p = 0.09 

  
    

U = 429.00 
z = -0.72 
p = 0.47 

  

51+ 
U = 366.00 
z = -1.98 
p = 0.047 

  
      

 

Figure 20 represents total takeaway consumption and fish and chip consumption 

with age. 

 

Figure 20: Total takeaway and fish and chip consumption with age 
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Kruskal-Wallis tests for fish and chip consumption with living arrangements (χ2 

(4, n=129) =3.29, p=0.51) and level of deprivation (χ2 (2, n=88) =0.28, p=0.87) 

revealed no differences between groups for either variable.  Comparison of males 
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and females’ fish and chip consumption using the Mann-Whitney U Test also 

revealed no significant differences ((males: M=1.79, n=68 and females: M=1.29, 

n=62) U=1733.50, z= -1.83, p=0.067). 

 

Out of those that consumed takeaway fish and chips, 45.7% reported that they 

knew what type of fish was sold at their local fish and chip shop.  Out of these, 

cod was the most commonly sold fish at 62.5%, then haddock (20.5%), followed 

by plaice (14.0%), Whiting (1.5%) and other (1.5%). 

 

3.222 Fish consumption 

11 participants reported that they never ate fish.  Out of those that ate fish the 

most commonly consumed type was canned tuna (M=2.01), followed by oily fish 

(M=1.96) and then cod (M=1.58), the latter being the most commonly consumed 

white fish.  Spearman’s rank order correlation coefficient revealed that total fish 

consumption was positively correlated with age; rho=0.17, n=140, p=0.047, 

with higher levels of consumption associated with those in higher age categories.  

Total fish consumption was then tested for differences between age groups using 

a one-way between-groups analysis of variance (ANOVA) as preliminary 

analysis showed that total fish consumption followed a normal distribution 

(p=0.20), and Levene’s test for homogeneity of variances proved that this 

assumption has not been violated (p=0.22).  There was a statistically significant 

difference at the p<0.05 level in total fish consumption for the four age groups: F 

(3, 136) =3.51, p=0.017.  Post-hoc comparisons using the Tukey HSD test 

indicated that the mean score for the age group 18 – 24 (M=6.91, SD=4.15) was 
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significantly different from age group 31 – 50 (M=10.60, SD=5.62), p=0.009.  

Age groups 25 – 30 and 51+ did not significantly differ from any other group. 

 

Total fish consumption was also significantly different between males (Md=8.00, 

n=69) and females (Md=10.00, n=71); females consumed significantly more fish 

than males (U=1878.50, z=-2.39, p=0.017).   Figure 21 shows the mean 

consumption of all types of fish for each age group and figure 22 splits the 

results down into males and females. 

Figure 21: Mean consumption of all types of fish with respect to age 

category 
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Figure 22: Mean consumption of all types of fish with respect to age and 

gender 
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No significant differences of total fish consumption were found between groups 

of different living arrangements (χ2 (4, n=139) =2.74, p=0.60) or different levels 

of deprivation (χ2 (2, n=96) =4.50, p=0.11). 

 

A Kruskal-Wallis Test revealed a statistically significant difference in total cod 

consumption across the four different age groups: (18-24, n=35; 25-30, n=35; 

31-50, n=35; 51+, n=35); χ2 (3, n=140) =21.47, p<0.001.  The two older age 

groups recorded a higher median score (Md=2.00) than the younger age groups, 

which both recorded median values of 1.00.  Differences between pairs of groups 

were then tested for using the Mann-Whitney U Test (table 7). 
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Table 7: Differences in consumption of cod according to age using the 
Mann-Whitney U Test 
 

N = 140 18 - 24 
(M = 1.06, n = 35) 

25 - 30 
(M = 1.20, n = 35)

31 - 50 
(M = 1.77, n = 35)

51+ 
(M = 2.29, n = 35)

25 - 30 
U = 565.50 
z = -0.60 
p = 0.55 

  
  

U = 441.00 
z = -2.11 
p = 0.035 

  

U = 325.00 
z = -3.48 
p = 0.001 

  

31 - 50 
U = 394.00 
z = -2.70 
p = 0.007 

  
    

U = 476.50 
z = -1.64 
p = 0.10 

  

51+ 
U = 285.50 
z = -3.96 
p < 0.001 

  
      

 

Kruskal-Wallis analysis of cod consumption across different living arrangements 

also revealed a statistically significant result: (live alone, n=18; live in shared 

house, n=28; live with parents, n=13; live with partner, n=62; live with 

dependent children, n=18) χ2 (4, n=139) =11.95, p=0.018.  Those living alone 

recorded a higher median score (Md=3.00) than the other groups and consumed 

significantly more cod than those that lived in a shared house (Md=1.00, 

U=120.50, z= -3.12, p=0.002), lived with parents (Md=1.00, U=52.00, z= -2.78, 

p=0.005) or lived with dependent children (Md=1.50, U=97.00,  =- 2.13, 

p=0.033). 

 

Kruskal-Wallis tests for cod consumption with level of deprivation (χ2 (2, n=96) 

=0.64, p=0.73) and a Mann-Whitney U Test for cod consumption with gender 

(n=140, U=2221.50, z= - 0.97, p=0.32) revealed no significant differences 

between groups for either variable.   
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Descriptive statistics of the consumption of different fish dishes showed that 

across all four age groups and both genders fish was most commonly consumed 

with potatoes.  Consumption with either rice or pasta was lower and there was 

little difference in amounts between the two (figure 23). 

Figure 23: Mean consumption of fish dishes with respect to age and gender 
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3.223 Consumption of potatoes 

All 140 participants claimed to eat at least one form of potato.  The most 

commonly eaten form of potato was boiled/mashed with a median of 4.00 

(M=3.91).  Chips were the second most common (M=3.15) followed by roasted 

(M=2.82) and baked (M=2.78). 

 

Kruskal-Wallis analysis revealed a significant difference in potato consumption 

between age groups: (18-24, n=35; 25-30, n=35; 31-50, n=35; 51+, n=35); χ2 

(3, n=140) =9.65, p<0.022.  Differences between pairs of groups are reported in 

table 8. 

 

Table 8: Differences in total potato consumption according to age using the 
Mann-Whitney U Test 
 

N = 140 18 - 24 
(M = 13.57, n = 35)

25 - 30 
(M = 11.74, n = 35)

31 - 50 
(M = 14.57, n = 35) 

51+ 
(M = 13.49, n = 35)

25 - 30 
U = 465.00 
z = -1.75 
p = 0.081 

  
  

U = 370.00 
z = -2.86 
p = 0.004 

  

U = 419.00 
z = -2.28 
p = 0.022 

  

31 - 50 
U = 505.00 
z = -1.27 
p = 0.204 

  
    

U = 552.50 
z = -0.71 
p = 0.479 

  

51+ 
U = 543.50 
z = -0.82 
p = 0.420 

  
      

 

 

Kruskal-Wallis tests for total potato consumption with living arrangements (χ2 

(4, n=139) =8.78, p=0.067) and level of deprivation (χ2 (2, n=96) =4.57, 

p=0.102) revealed no differences between groups for either variable.  
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Comparison of males and females’ total potato consumption using the Mann-

Whitney U Test also revealed no significant differences ((males: M=14.01, n=69 

and females: M=12.69, n=71) U=2011.00, z= -1.84, p=0.066), although males’ 

mean consumption of potatoes was higher. 

 

3.224 Consumption of potato, pasta and rice dishes 

Descriptive statistics of the consumption of different staple dishes showed that 

across all four age groups and both genders potato dishes were the most 

commonly consumed, followed by pasta and then rice (figure 24). 

Figure 24: Mean consumption of staple dishes with respect to age and 

gender 
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The most commonly consumed potato, pasta and rice dishes were: potato with 

meat and vegetables (94.6% of participants ate this dish with a mean 

consumption of 3.45); pasta with meat and tomato sauce (94.3%, M=2.68); and 

stir-fry with rice (91.7%, M=2.24).   
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Kruskal-Wallis tests were performed to detect any differences in the 

consumption of staple dishes between different ages, living arrangements and 

levels of deprivation.  The results are presented in table 9. 

Table 9: Differences in staple dish consumption according to age, living 
arrangements and levels of deprivation using the Kruskal-Wallis Test 
 

 Potato dishes Pasta dishes Rice dishes 

Age 
χ2 = 2.49 

n = 140  
p = 0.478 

χ2 = 33.67 
n = 140  

p < 0.001 

χ2 = 6.08 
n = 140  

p = 0.108 

Living arrangements  
χ2 = 9.00 

n = 139  
p = 0.061 

χ2 = 21.97 
n = 139 

p < 0.001 

χ2 = 6.03 
n = 139 

p = 0.197 

Level of deprivation 
χ2 = 6.06 

n = 96 
p = 0.048 

  

χ2 = 3.35 
n = 96 

p = 0.188 
  

χ2 =2.67 
n = 96 

p = 0.263 
  

 

 

Differences between pairs of groups for where a significant result was reported 

were analysed using individual Mann-Whitney U Tests.  The youngest age group 

consumed the most pasta dishes (M=12.09) followed by the 25-30 age group 

(M=10.11), followed by the 31-50 age group (M=8.91), with the oldest age 

group consuming the least (M=7.06).  All age groups were significantly different 

from each other with the exception of the comparison between the age groups 25 

– 30 and 31 – 50 (see table 1A, appendix E for full results). 

 

The mean values of total pasta consumption for living arrangement groups were 

as follows: live alone (M=8.39); live in a shared house (M=12.21); live with 

parents (M=11.08); live with partner (M=8.53); and live with dependent children 
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(M=9.11).  Those living in a shared house had the highest mean consumption, 

which was significantly higher than those living alone, with parents or with a 

partner.  Those living with parents, the group with the second highest 

consumption, had significantly higher consumption of pasta dishes than those 

living alone or with a partner.  The group living with dependent children was not 

significantly different from any other group (see appendix E, table 2A for full 

results). 

 

Those ranked as medium level of deprivation had the highest potato dish 

consumption (M=16.26), followed by those of low deprivation (M=14.28).  

Those with the highest level of deprivation consumed the least potato dishes 

(M=13.60).  A significant difference of potato dish consumption was only seen 

between those of medium and high levels of deprivation (see appendix E, table 

3A for full results). 

 

Differences in the consumption of staple dishes between males and females were 

detected using the Mann-Whitney U Test (table 10). 

 
 
 
 
 
 
Table 10: Differences in staple dish consumption according to gender using 
the Mann-Whitney U Test 
 

N = 140 Potato dishes Pasta dishes Rice dishes 

Gender 

Males (n=69, M=15.45) 
Females (n=71, M=13.44)

U  = 1853.00 
z = -2.49 
p = 0.013 

Males (n=69, M=9.35) 
Females (n=71, M=9.73) 

U  = 2276.50 
z = -0.72 
p = 0.469 

Males (n=69, M=6.16) 
Females (n=71, M=6.52) 

U  = 2271.00 
z = -0.75 
p = 0.454 
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Males consumed significantly more potato dishes than females, but females had a 

higher mean consumption of both pasta and rice dishes, although the results were 

not significant. 

 

3.23 Nutritional Awareness 

Participants were given a total score (number of correct answers) out of the 9 

nutritional awareness questions asked.  The median score was 6 (M=5.34).  

Kruskal-Wallis tests for total score with age (χ2 (3, n=140) =3.00, p=0.392), 

living arrangements (χ2 (4, n=139) =3.31, p=0.507) and level of deprivation (χ2 

(2, n=96) =0.17, p=0.917) revealed no significant differences between groups 

for any of the three variables.  However, comparison of males’ (M=4.74, n=69) 

and females’ (M=5.92, n=71) total nutritional awareness score using the Mann-

Whitney U Test revealed there were significant differences between genders 

(U=1730.00, z= -3.03, p=0.002).  Table 11 below documents how participants 

answered each question. 

Table 11: Participants’ responses to the nutritional awareness questions 

Percentages of participants responding   
N = 140  

  
  

TRUE FALSE Don't Know 

Low in fat  87.9%  5.0% 7.1%  
Poor source of protein 5.7 %  77.1% 17.2%  

Good source of calcium  42.1% 22.9%   35.0% 
Good source of B vitamins  45.7% 4.3%  50.0%  

White fish 
questions 

Good source of vitamin C  8.6%  50.0%  41.4% 
Approx 15% of vitamin C in 

British diet 41.4%   15.7% 42.9%  

More vitamins and minerals 
than rice or pasta  67.1% 7.2%  25.7%  

Potato 
questions 

No fibre  5.7% 77.9%   16.4% 
  

  No minimum 1 portion 2 portions 3 portions Don't know 
Min number of 

portions of 
fish/week 

 6.4% 11.4%   42.2% 13.6%  26.4%  
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3.24 Opinions on climate change 

90.7% of participants believed that climate change is a fact and it is happening, 

or going to happen around the world.  5.0% of participants did not believe in 

climate change and 4.3% were not sure.  Table 12 shows how strongly the 

participants felt about certain statements regarding climate change and its effects. 

 

Table 12: Participants’ responses to statements on the effects of climate 

change 

Percentages of participants responding 
N = 140 Strongly 

agree Agree Neither agree 
nor disagree Disagree Strongly 

disagree 
Earth's climate 
changing more 
rapidly than before 

23.6% 40.0% 20.7% 8.6% 1.4% 

UK's climate is 
already changing 27.9% 61.4% 3.6% 1.4% 0% 

Climate change will 
have an effect on me 22.1% 51.4% 14.3% 5.6% 0.7% 

Climate change will 
have an effect on 
future generations 

57.9% 33.6% 2.9% 0% 0% 

Climate change will 
have an effect on 
types of food can 
grow in UK 

23.6% 50.7% 16.4% 2.9% 0.7% 

Climate change will 
lead to us eating 
different foods 

20.0% 45.0% 23.6% 5.7% 0% 

 
Total percentages for each row in table add up to 94.3%, because 5.7% (8 participants) did not 
answer these questions. 
 
 
In order to explore possible relationships between responses and different groups 

of age, living arrangements, level of deprivation and gender, Chi-square tests for 

independence were carried out.  It was expected, due to the possible number of 

responses, that the expected frequencies would not reach 5 for all cells and so the 

“strongly agree” and “agree” columns were grouped, as were the “disagree” and 

“strongly disagree” columns.  Despite this, none of the tests met this assumption 
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apart from gender and whether the Earth’s climate is changing more rapidly than 

ever before.  However, the test indicated no significant association between 

gender and response to this statement; χ2 (2, n =132) =0.41, p=0.814.  

 

Therefore, no further inferential analysis can be done on this data; instead figures 

25-28 graphically display the data so that any differences can be seen.  The mode 

was used in order to compare the most common answer from each group.  Each 

category on the Likert Scale was given a score in order to carry out these 

analyses.  These can be seen in the table 13 below.   

Table 13: Values assigned to the Likert Scale for opinions on climate change 

Phrase relating to frequency of 
consumption Assigned numerical value 

Strongly agree 1 
Agree 2 

Neither agree nor disagree 3 
Disagree 4 

Strongly disagree 5 
 

Figure 25: Mode response to climate change statements with respect to age 
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Figure 26: Mode response to climate change statements with respect to age 
and gender 
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Figure 27: Mode response to climate change statements with respect to 
living arrangements 
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Figure 28: Mode response to climate change statements with respect to level 
of deprivation 
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3.25 Fish farming and “non-traditional” fish and chips 
 
Out of the 106 participants that consumed takeaway fish and chips, 89.8% said 

they would be willing to try other varieties if traditional fish and chips were no 

longer available, 6.5% said they wouldn’t and 3.7% said they were not sure.    

 

68.8% of participants who ate fish and chips said they would be likely to support 

fish farming if traditional fish used in fish and chips were no longer available 

from wild stocks, whereas 11.9% said they wouldn’t and 19.3% said they didn’t 

know. 

 
 




