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ABSTRACT

Environmental history can be defined as the study of past relationships between people and natural
environments. Descriptions of ecosystems prior to their anthropogenic degradation (reference
conditions) and their past degradation are increasingly used to set conservation goals. To a much
lesser extent environmental history has been used to evaluate past environmental management.

This thesis evaluates the potential of historical information to describe an ecosystem’s reference
conditions, degradation and recovery and the interrelated social, economic, technological and
legislative factors which drove these changes. It also assesses the potential for the dissemination of
historical information to influence public perceptions of an ecosystem’s present conditions and their
predictions for its future. It uses the River Don as a case study of a system that has been both highly
valued and severely degraded by local people over centuries and has seen substantial restoration
over recent decades.

The key findings are: 1) historical biological records are of limited value in describing historical
community composition due to recording biases; 2) historical newspaper articles provide much
information on past relationships between people and the river but neglect some important
environmental degradation issues; 3) local people’s historical knowledge of the river influence their
perceptions in ways which may foster support for its restoration; 4) reading historical rather than
current information on the River Don under experimental conditions leads participants to hold more
negative views about the river’s current environmental state but does not affect their expectations
regarding the river’s future or their intentions to visit it.

This research provides further evidence that historical information is valuable for planning
environmental restoration but is often limited by sparsity and bias. It indicates that historical
knowledge has the potential to foster support for conservation but further research is needed to
better understand the relationship between historical knowledge and support for conservation.
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1 INTRODUCTION
1.1 AN INTRODUCTION TO ENVIRONMENTAL HISTORY
1.1.1 What is Environmental History?

Environmental history can be defined as “the history of the mutual relations between humankind
and the rest of nature” (McNeill, 2003). The Oxford English Dictionary (OED) defines nature as “The
phenomena of the physical world collectively; esp. plants, animals, and other features and products
of the earth itself, as opposed to humans and human creations” (OED, 2016). Interactions between
people and nature include: direct exploitation; indirect adverse effects of human activities on
wildlife for example through habitat degradation; human efforts to actively conserve and restore
wildlife; and the adverse effects of nature on people such as natural hazards (Nash, 1967, LeRoy
Ladurie, 1974 and Henk van Zon, 2002 all cited in McNeill, 2003; Clapp, 1994; Simmons, 2001;
McNeill, 2003; Mauch, 2009). They are mutual because frequently the natural environment shapes
human actions which aim to maximise the extent to which society benefits from and minimise the
extent to which society is adversely affected by the natural environment; and these actions often
modify the natural environment which in turn modifies the effects of the natural environment on
society both in intended and unintended ways.

The documentation of historical relationships between people and nature and their long term
effects on nature is by no means new, with written sources dating back at least as far as the early
19" century. Famously, William Blake lamented Britain’s pastoral past in contrast with its industrial
present with clear reference to pollution, using the phrase “dark satanic mills” in his poem, And Did
Those Feet In Ancient Time (Simmons, 2001). In his book “Man and Nature; or, Physical Geography
as Modified by Human Action” Marsh (1864) used examples from across the world to describe
national and regional changes in the abundances and distribution of species together with physical
and chemical changes in the natural environment since Roman times, most of which he attributed to
the actions of people. Topics covered in his book included: the effects of changes in land use on the
hydrological cycle and the fertility of soils; the extirpation, extinction and introduction of species;
and the preservation and restoration of the natural world. On a more local scale Holland (1843)
wrote “The wood-crowned hills surrounding Sheffield, once abounded in objects of interest to the
Ornithologist; but the destructive axe, and the more destructive strolling grinder, have caused the
rarer birds to disappear, whilst the formerly common are now equally scarce”.

However, the increasing demand for informed conservation over recent decades has fuelled a rapid
expansion of the field of environmental history and a desire for increasingly accurate and detailed
information in order to set restoration goals which reflect an ecosystem’s previous degraded state
and describe environmental degradation with the aim of reversing it (Nash, 1972; McNeill, 2003).
The use of historical data to describe environmental degradation may be particularly important to
identify environmental degradation which is not obvious from current observations (Harding et al.,
1999). For example, a river which has been historically affected by agriculture may have a higher
level of biodiversity than one which has not which could indicate that it has not been degraded to a
great extent. However, a comparison between the composition of its current community and its
community prior to changes in land use may reveal the extent to which it has been degraded.



1.1.2 Applications of Environmental History

Given the current severe threats to wildlife and ecosystem service provisioning globally there is high
demand for effective environmental management (Millenium Ecosystem Assessment, 2005a; Wilson
et al., 2007; Meyer et al., 2015). For the purpose of this thesis | will use the term ecosystem
services as it is defined in the Millenium Ecosystem Assessment (2005b): as “the benefits people
obtain from ecosystems”. With regards to this definition of ecosystem services, an ecosystem is
defined as “a dynamic complex of plant, animal and microorganism communities and the non-living
environment interacting as a functional unit”. Well informed decisions are essential for
environmental management as poor decisions have the potential to: prevent limited resources being
allocated where they can make the most difference (Ferraro and Pattanayak, 2006); have adverse
social and economic impacts which are not justified by environmental benefits (Kareiva and Marvier,
2007); reduce broad public support for conservation (Jepson, 2005); and even directly or indirectly
cause environmental harm (Ausden et al., 2001; Xu and Melick, 2007). By describing an ecosystem
in a previous less degraded state, conservation practitioners can make more informed decisions
regarding its restoration and monitor their progress against a benchmark (Swetnam et al., 1999;
Jackson and Hobbs, 2009; Meyer et al., 2015). Historical evidence has been used to contrast the
current conditions and reference conditions of many degraded ecosystems including: coastal seas
and estuaries (Lotze et al., 2006), islands (Fritts and Rodda, 1998) and rivers (Gillette et al., 2012).
Reference conditions can be defined as an ecosystem’s “non-degraded natural baseline” (Bennion et
al., 2011). However, although these papers call for action to help restore these conditions very few
river restoration evaluations have used historical records to compare pre-degradation and post-
restoration community composition. A rare example of this type of study undertaken by Winter et
al. (2009) proved that such studies could be highly illuminating. They used the reference conditions
of the River Vecht in the Netherlands and Germany based on historical records from the river itself,
two other ecologically similar rivers and the current community composition of an ecologically
similar but much less degraded river, to evaluate the effectiveness of restoration attempts to re-
establish historical community composition. They found very little evidence of success and even
evidence that restoration had increased the differences between current and reference community
composition.

Once an ecosystem’s reference conditions have been described restoring them may involve
reversing or otherwise minimising the impacts of anthropocentric changes in the abiotic
environment such as pollution (Brenner et al., 1993) and physical degradation (Eden and Tunstall,
2006), reintroducing or replacing extirpated species (Seddon and Soorae, 1999; Seddon, 2010;
lgrgensen, 2013) and identifying and/or controlling non indigenous invasive species (Reichard and
Hamilton, 1997; Meyer et al., 2015). Once a difference between current and historical community
composition has been identified in terms of the extirpation of a native species or the introduction of
an invasive species management actions have been taken with varying success. For example, Short
et al. (1992) documented both successful and unsuccessful reintroductions of marsupials to
ecosystems within Australia. Similarly, Zavaleta et al. (2001) reviewed several examples of the
successful eradication or control of invasive species whilst Bomford and O’Brien (1995) recognised
that no attempts to eradicate well-established vertebrate pests have been successful. In addition to
historical information regarding community composition, historical information on land use can also
inform restoration - particularly when land uses which incidentally increased biodiversity have
declined due to the decreased social and economic benefits which they bring in technologically
advanced societies (Krahulec et al., 2001; Metera et al., 2010). Such projects can be very successful.
For example, Krahulec et al. (2001) reported that the use of sheep grazing as a conservation
measure on land which had been previously grazed in order to produce meat in the Kronose
mountains in the Czech Republic helped increase cover of upland meadow relative to grassland



vegetation and thus provide more suitable habitat for several rare species, some of which increased
in abundance.

Analysis of historical data can also facilitate conservation practitioners to evaluate the likely
consequences of future human activities. For example, Reichard and Hamilton (1997) used
historical data on the invasiveness of plant species following their introduction to the United States
together with their functional traits to predict the invasiveness of other species which could
potentially be introduced to this environment. Furthermore, historical data enable the long term
impacts of human activities to be described and thus further facilitate conservation practitioners to
make informed decisions (Quinn and Kwak, 2003). For example, Quinn and Kwak (2003)
demonstrated that the short term (up to four year) impacts of river impoundment on fish
communities in the upper White River in the Ozark Mountains in Arkansas in the United States were
very different from the long term, (approximately thirty year) impacts. Similarly, describing
historical changes in restored ecosystems enables conservation practitioners to evaluate the
effectiveness of their methods in the long term and thus better manage similar problems in the
future (Miller et al., 2010). For example, Massey et al. (2014) evaluated the long term conservation
benefits of fences around protected areas in the Aberdare Conservation Area in Kenya. They
concluded that fences were ineffective conservation measures unless they were combined with
strict enforcement of restrictions to human activities within the fenced areas. Whilst conservation
practitioners often use historical data to inform decisions which must be taken at a local scale,
international non-governmental organisations and policy makers often use historical data which is
collected on a regional or even global scale to make decisions regarding the sustainable
management of ecosystem services and the allocation of limited resources.

By describing changes in ecosystems and populations through time a better understanding of the
effects of different drivers of such changes can be developed (Smith et al., 2007). Such data can
facilitate the identification of the most vulnerable species and ecosystems. The IUCN (International
Union for the Conservation of Nature) Red List uses historical data to describe the extent to which
the size of a population and the area and quality of its habitat have changed to assess the extent to
which a species is endangered relative to other species (IUCN, 2001). Similarly the IUCN Red List of
Ecosystems classifies the vulnerability of ecosystem types using data on changes in their
geographical distribution and biotic and abiotic components from 1750 onwards where possible
(Rodriguez et al., 2015). Similarly, proportionate habitat loss is often used to prioritise conservation
action on an international scale (Brooks et al., 2006).

However, documenting the history of ecosystems in an accurate and detailed manner is
unfortunately rarely possible. Instead academics and conservation practitioners must rely on
records which are often opportunistic, highly sporadic, taxonomically, temporally and spatially
biased and include errors due to misidentifications and incorrectly recorded geographical locations
(Boshoff and Kerley, 2010; Newbold, 2010). Biological records databases are the best known
example of efforts to bring these records together to form systematic data resources from which
trends can be identified and inferences drawn (Graham et al., 2004). However, their value is limited
by the nature of the records held within them as described within this section above. This means
that caution must be taken when interpreting historical data and using it to inform future
environmental management.

1.1.3 Applications of Cultural Environmental History

Section 1.1.2 focused on the direct impacts of human activities on biological, chemical and physical
ecosystem components, but the human element in environmental history means it is also important
to contextualise these changes in a broader cultural framework. The most important cultural
developments with regards to the natural environment are arguably industrialisation, which has
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been described as the most pollution-intensive phase of economic development (Perkins, 2003) and
the development of societal attitudes and associated legislation and practices focussed on the
minimisation and reversal of environmental degradation. Countries which are currently passing
through the industrialisation phase are attempting to learn from the mistakes which today’s
developed countries made when they passed through it around two centuries ago (Perkins, 2003).
Their approach is to encourage the development of green industry through incentives and
legislation. This trajectory is facilitated by key global cultural changes which have occurred since the
industrialisation of the developed countries, particularly the development of global trade, green
technologies and foreign direct investment. Despite this, developing countries often follow highly
environmentally destructive industrialisation trajectories (Perkins, 2001 cited in Perkins, 2003).
Comparisons between the first tier of newly industrialised countries when they were at the
beginning of the industrialisation phase and those which are at the beginning of this phase now have
enabled the identification of key differences which if not managed will lead to severe environmental
degradation in the latter countries. These include the lack of infrastructure, an educated workforce
and foreign direct investment. Perkins (2003) uses these historical comparisons to highlight the
need for these key factors to be addressed.

Historical studies of the development of the conservation ethics that are reflected in legislation and
industrial practices in post-industrial societies have identified the importance of: scientific research
to identify the causes and consequences of environmental degradation (including those relating to
public health); communication of research findings to the public often via interest groups and the
mass media; and public pressure on governments and businesses to minimise negative
anthropogenic impacts on the natural environment (including increased demand for greener
products as societies become more affluent) (Parlour and Schatzow, 1978; Lowe and Morrison,
1984; Clapp, 1994; Sandhu, 2010).

Historical studies of the development of conservation ethics and practices in pre-industrial societies
have facilitated the development of two models: the depletion crisis model (Berkes and Turner,
2006) which recognises the importance of learning from the severe effects of overharvesting on the
availability of valued biological resources; and the ecological understanding model (Turner and
Berkes, 2006) which recognises the accumulation of knowledge and beliefs which facilitate the
sustainable management of biological resources within a society as these are passed down from
generation to generation and are modified through time in light of new experiences.

In addition to the management of ecological resources, intergenerational cultural learning through
the accumulation of experience has been evidenced in the history of attitudes towards and
management of ecosystem disservices. Ecosystem disservices can be defined as ecosystem
functions which adversely affect people, communities and/or economies including natural hazards
(Lyytimaki and Sipila, 2009). White (1973) and Correia et al. (1998) recognised that as a society’s
economy develops from pre-industrial to industrial and ultimately post-industrial attitudes change
from: a fearful phase during which natural hazards are viewed as acts of deities, and management
approaches are focused around prayer and ritual; a controlling phase in which natural hazards are
viewed as phenomena which can be controlled by man and management approaches are focused
around heavy engineering; and finally a phase of harmony during which people realise the
limitations of heavy engineering and the need to take a more balanced approach towards minimising
ecosystem disservices as well as minimising impacts of management strategies on nature.

On a more local scale recognising the ecosystem services which have been valued in the past and the
extent to which these values have been passed down to the current generation can play an
important role in predicting and influencing attitudes towards restoration projects. Greater
awareness of ecosystem services which have been valued in the past but have since been provided



to a much lesser extent as a result of environmental degradation can foster support for restoration.
For example, the Songhees community whose ancestors had lived in Tl’chés, a small archipelago
near Canada were primarily motivated to ecologically restore the area due to their beliefs regarding
the spiritual healing services which their ancestors had benefited from. Similarly, Petts (2006) found
that those who remembered paddling in a stream in the West Midlands of the UK which had since
been culverted wanted this opportunity to be restored which would require it to be de-culverted
and thus would be likely to bring associated ecological benefits (Wild et al., 2011).

1.2 AN INTRODUCTION TO THE ENVIRONMENTAL HISTORY OF RIVERS

According to Naiman et al. (1993) “Natural riparian corridors are the most diverse, dynamic, and
complex biophysical habitats on the terrestrial portion of the Earth”. Furthermore, they are used in
some way by nearly 70% of the vertebrate species present within a region (Raedeke, 1989 cited in
Naiman et al., 1993) and several studies have reported unusually high levels of plant biodiversity
along riparian corridors (reviewed in Naiman et al., 1993). Rivers have also been highly valued by
people throughout history for a wide range of uses including: drinking water (Brechner et al., 2000),
food (Boischio and Henshel, 2000), hydropower (Lebner et al., 2005) and recreational activities
(Haslam, 1997).

However, throughout recorded history the utilisation of rivers and their surrounding land has
increasingly severely physically, chemically and biologically degraded them physically, chemically and
biologically (Langford and Shaw, 2014). Since medieval times European rivers have been managed
to power water mills and provide drinking water and food such as fish (Hoffmann, 1996). As the
development of technology facilitated agricultural intensification, the growth of manufacturing
industries and urbanisation, rivers were used to remove increasingly large quantities of waste. This
resulted in them becoming grossly polluted (Bednarek, 2001; Verdonschot et al., 2013; Haidvogl et
al., 2015). They were also physically degraded as a consequence of actions to improve drainage,
reduce the risk of flooding, power industry, transport raw materials and goods, irrigate fields and
hide grossly polluted channels from view. By the start of the 20" century, many rivers and streams
in the UK, mainland Europe and the United States had become so polluted and physically degraded
that they were fishless and virtually devoid of invertebrates for many kilometres (Langford and
Shaw, 2014). By the late 20" century the majority of the world’s rivers and 94% of UK rivers had
been modified (Brookes and Shields, 1996; Langford and Shaw, 2014). In Europe and North America
more than 80% of the riparian corridor area has been lost (Naiman et al., 1993). Recent extinction
rates of freshwater fauna in continental North America are estimated at 0.5 species per decade
(Ricciardi and Rasmussen, 1999). This is five times greater than that of terrestrial and marine
vertebrates excluding fish. The predicted rate of extinction for freshwater fauna in continental
North America, assuming that the number of species which are made extinct over the next century is
the same as the number which are currently threatened is 3.7% of species per decade. In
comparison, that of terrestrial and marine vertebrates excluding fish is only 0.8%.

As discussed in section 1.1.2 historical information has the potential to facilitate restoration by
describing the historical environmental degradation which environmental managers aim to reverse.
Several studies have documented historical changes in the community composition of fish caused by
anthropogenic environmental degradation (Anderson et al., 1995; Winter et al., 2009; Gillette et al.,
2012; Haidvogl et al., 2014). The two studies which provided the most information on the effects of
environmental degradation on fish community composition were undertaken by Anderson et al.
(1995) and Gillette et al. (2012) in America. They surmised that a combination of physical
degradation including impoundments, chemical pollution and the introduction of invasive fish
species led to declines in the abundances of habitat specialists and increased abundances of habitat
generalists. This resulted in the extinction of several endemic species and several others becoming



endangered. Gillette et al. (2012) explicitly asserted that knowledge of the historical impacts of
human activities on fish community composition could facilitate the prediction of the effects of
future activities. These studies will be discussed in more detail in Chapter Two.

Given their high potential value and severely degraded states due to the adverse direct and indirect
ecological effects of the human activities described within this section above much effort has been
put into their restoration in recent decades (Langford and Shaw, 2014). By 2000 the Environment
Agency (EA) were spending £10 million per year on river restoration (Walker et al., 2002). According
to Langford and Shaw (2014), “most definitions of river restoration or recovery include some
reference to restoring to or toward the natural state” so understanding their historical trajectories is
essential to their restoration. Such projects have included reducing pollution levels by reducing
discharges (Turnpenny and Williams, 1981), reducing acidification through liming (Raddum and
Fjellheim, 2003), removing dams (Doyle et al., 2005), restoring the connectivity between rivers and
their previously drained floodplains (Pedersen et al., 2007), eradicating non-indigenous species
(Marks et al., 2010) and reintroducing extirpated species (Raesly, 2001). Some projects have been
ecologically successful in terms of increased biodiversity of native species and increased abundances
of some threatened species. However, other projects have not brought the ecological benefits
which were anticipated (reviewed in Palmer et al., 2010). Increased habitat heterogeneity may not
have increased biodiversity as: habitat heterogeneity may not have been increased over a large
enough geographical area; in-stream structures designed to increase habitat heterogeneity may
have been quickly degraded; high pollution levels and unnatural hydrological regimes may prevent
ecological recovery despite increased habitat heterogeneity; and even if the restored environment is
ideal, depletion of the regional species pool may prevent natural recolonisation.

Despite high levels of effort and resources being invested into river management, relatively little
work has been done to compare the community composition of restored ecosystems with their
community composition prior to their environmental degradation. Where enough reliable data is
available such comparisons would be a useful evaluation tool to establish the extent to which
reference conditions had been restored. A rare example of such work is Winter's et al. (2009) study
which compared the current fish community composition of the river Vecht in Germany and the
Netherlands following nearly four decades of restoration with that of its reference conditions which
were based on both historical information and similar less degraded current ecosystems.
Unfortunately they found very little evidence that restoration had increased the similarity between
current and reference community composition and in some cases had even increased the
differences between them. They concluded that reduced chemical pollution and the installation of
fish ways were not sufficient to restore historical fish community composition, increasing habitat
heterogeneity and connectivity with backwaters were also necessary.

In addition to informing restoration targets historical data may be used for the long-term evaluation
of the ecological effects of restoration actions. For example, Vaughan and Ormerod (2012) studied
data on the composition of macroinvertebrate communities of UK rivers from the last 20 years.
They demonstrated that pollution-sensitive species had become more dominant through time but
the relationship between improved water quality and increased prevalence of pollution-sensitive
species was relatively weak. They reasoned that sustained efforts to minimise pollution will benefit
macroinvertebrate communities as whilst recovery of macroinvertebrate assemblages was slow
given time they recovered without further intervention when low pollution levels were maintained.
Similarly, Langford et al. (2009) used biological records of macroinvertebrates from three streams in
the Midlands and North East of England to describe how macroinvertebrate community composition
had been affected by reduced pollution since the 1940s and 1950s. They found that recovery was
highly dependent on the presence of source populations upstream from which the previously
severely polluted area could be colonised and warned that reducing pollution would not necessarily
result in ecological recovery at least in the near future, particularly in rivers which had previously



been severely polluted from their source. However, whilst the potential benefits of monitoring the
long-term ecological effects of restoration projects is widely recognised, this is rarely done (Muotka
etal., 2002).

Historical data can also increase the sample size for meta-analyses performed to evaluate the
effectiveness of restoration techniques. For example, Stanley and Doyle (2003) aggregated empirical
evidence from dam removal projects in the United States dating back at least as far as 1967 to
demonstrate that some restoration efforts do cause a substantial amount of ecological damage
through the initial mass mortalities caused by dewatering and suffocation of fauna downstream due
to the deposition of fine sediment which was previously held behind the dam. Meta-analyses also
show the social drivers behind both environmental degradation and restoration. For example,
Langford and Shaw (2014) took a broad overview of the history of rivers in the developed world to
identify relationships between attitudes and the states of rivers. They recognised the negative roles
of concerns over the effects of the loss of manufacturing industries in allowing continued pollution.
They also recognised the positive roles of increased demand for effective flood alleviation and of
public health concerns in fostering support for environmental management. They also recognised
that many riverine environmental problems historically associated with heavy manufacturing
industries were translocated to newly industrialising countries together with the industries.

Despite the high value of historical information to inform and evaluate restoration projects, a lack of
historical data to describe changes in ecological communities as a result of restoration projects is
frequently highlighted by those aiming to draw conclusions from multiple projects to evaluate
current practice. For example, Langford and Shaw (2014) expressed concern that although chemical
and ecological improvements in rivers have been monitored for over 100 years, not monitoring the
ecological effects of environmental restoration projects means that they could be causing much
undetected damage through dredging or channel re-alignment using heavy machinery. Bernhardt et
al. (2005) stated that of 37,000 river restoration projects in the United States, only 10% included
some form of monitoring and even when some information was available it was often inadequate to
evaluate the overall successes and failures of such projects. However, according to Verdonschot et
al. (2013) substantially more monitoring data are available for rivers and lakes than estuaries and
coastal waters.

In summary rivers have the potential to support diverse aquatic and terrestrial wildlife and provide a
broad range of ecosystem services on which people have depended throughout history and on
which they continue to depend. However, many have been severely degraded both chemically and
physically by human activities for centuries and have been adversely affected by invasive species. It
has thus been widely recognised that they must be restored for the benefit of wildlife and society
particularly in post-industrial societies. This will require the substantial investment of limited
resources and it is thus important to maximise return on this investment. Historical information may
help to achieve this by increasing our understanding of rivers’ reference conditions which inform
conservation goals; describing environmental degradation which environmental mangers may then
aim to reverse; and evaluating historical restoration attempts so that best practice can be identified
and implemented and ineffective management practices can be discontinued.

1.3 AN INTRODUCTION TO THE ENVIRONMENTAL HISTORY OF THE RIVER DON

A case study is defined by Green and Thorogood (2009 cited in Crowe et al., 2011) as an “in-depth
study of one particular “case” which could be a site, individual or policy”. Case studies are a useful
tool for developing theory through inductive reasoning (Siggelkow, 2007). Developing theory from
inductive rather than deductive reasoning decreases the likelihood that important explanatory
variables will be overlooked by the researcher due to their prior assumptions (George and Bennett,
2005). They are also often more effective than quantitative studies using large databases at
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explaining rather than simply identifying relationships between variables (Crowe et al., 2011; George
and Bennett, 2005).

It is clear from the studies cited in sections 1.1 and 1.2 that case studies have contributed greatly to
our understanding of environmental history and its applications both from an ecological and a social
perspective. For example, Winter et al. (2009) used a comparison of the River Vecht in its current
conditions with its reference conditions inferred from both historical ecological data and current
ecological data from ecologically similar but less degraded rivers to evaluate the effectiveness of
recent restoration actions and advocated that this evaluation approach be used more widely.
Furthermore, Parlour and Schatzow (1978) and Lowe and Morrison (1984) evidenced how elites and
special interest groups increased public concern for the environment through the media in Canada
and the UK respectively by analysing these national case studies using a wide range of quantitative
and qualitative methods.

Case studies should be selected to maximise their contribution to theory development (Scapens,
2004). Currently there are many gaps in our current knowledge of the effectiveness of
environmental history as a tool to inform future management, particularly with regards to its
potential to be used as an environmental education tool in urban communities. These communities
have great influence over the success or failure of urban conservation projects (Wohl et al., 2005). It
is therefore important that they are convinced that the aims pursued by the conservation
practitioners are worthwhile and that the potential social and economic risks are well thought out
and appropriately managed (Lyytimaki et al., 2008; Lyytmaki and Sipild 2009). Previous studies have
found that knowledge of environmental history has the potential both to foster support for and
opposition against conservation so it is important that we improve our understanding of the
relationship between historical knowledge and attitudes towards urban ecosystems before using
historical information as an environmental education tool (Stoll-Kleemann, 2001; Gooch, 2003;
Ostergen et al., 2008; Drenthen, 2009; Cuerrier et al., 2015).

The River Don was selected as a case study for this thesis as in many ways its history is similar to that
of other post-industrial urban rivers (Bothmann et al., 2006; Firth, 1997). It has been degraded
through pollution, physical degradation and the introduction of invasive species largely as a result of
the growth and technological advancement of its heavy manufacturing industries and associated
urbanisation. It has then been restored to a large extent particularly with regards to reduced
pollution and to some extent the reversal of physical habitat degradation. These similarities are
likely to increase the transferability of the key research findings (Yin, 2012 cited in Wickfeldt, 2016;
Wickfeldt, 2016). Whilst the types of degradation which the River Don experienced were similar to
that of many other rivers, the extent of the degradation meant that it was an extreme case. Extreme
cases are recognised by Pettigrew (1988 cited in Eisenhardt, 1989) to be particularly valuable to
researchers as the relationships between variables are usually more readily observable. When
selecting case studies it is also important to consider the practicality with which they can be
researched (Scapens, 2004). | expected that as the River Don is in an urban environment in the UK
and has been highly valued by people throughout history albeit for very different reasons more
historical sources would be available to describe its environmental history particularly with regards
to biological fish records and newspaper articles and local people would be somewhat knowedgable
about its history (Firth, 1997).

The name of the River Don is derived from its previous name, the River Dun, meaning deep or low
channel in ancient British (Firth, 1997). The source of the River Don is in the Pennine moors in the
Peak District National Park (Sheffield Local Biodiversity Action Partnership, n.d.). The upper section
of the river is shallow and fast flowing. The river flows through Penistone, Sheffield, Rotherham and
Doncaster before flowing in its entirety into the River Ouse at Goole, a river it was never naturally



connected to (Firth, 1997; Figure 1). Naturally water from the River Don passed very slowly through
marshland and ultimately drained into the rivers Aire and Trent (Holland, 1837a; Firth, 1997). The
reasons for this substantial change are outlined in section 1.3.5. The lower section of the River Don
is tidal up to Doncaster (Firth, 1997). Its major tributaries are the Rivers Loxley, Rivelin, Porter and
Sheaf. The geology of the headwaters of the catchment is dominated by millstone grit (NRA, 1994 in
Amisah, 1998). The remainder of the catchment provided great coal reserves which were heavily
exploited until the late 20™ century with the earliest records of coal mining dating back to the 13™
century (Firth, 1997; Hey, 2015). Overlying the coal measures is highly porous magnesium limestone
through which the catchment’s waters flow before entering the River Don (Firth, 1997). Water from
the abandoned mines continued to pollute the River Don well into the 1990s (Amisah, 1998).
Naturally the Don catchment downstream of the Peak District was dominated by forest and bogs
(Phillips and Danby, 1921; Walton, 1952). The following sections will describe the contributions of
the river to the development of the settlements along it and the effects of such development on the
river in downstream order.

River Don

Barnsley Doncaster

Penistone

Rotherham

T sheffield

Figure 1. Map of the River Don Catchment showing the River Don and its tributaries and the largest
settlements along them.

1.3.1 Penistone

There is archaeological evidence of ancient settlement in the Penistone area so it is likely that the
use of the River Don in this area dates back to ancient times (Addy, 1965). However, until the mid-
19" century human impacts on the local natural environment including the River Don were limited
by the lack of manufacturing and the hilly and wet nature of the land which prevented it from being
used for more intensive agriculture (Hey, 2002). Only half the land in the vicinity of the town was
ploughed (Rennie et al. cited in Hey, 2002). Sheep grazing was extensive due to the lack of food
available for them at the relatively high altitudes of the area (Hey, 2002). In 1793 Rennie et al (cited
in Hey, 2002) reported that the land in the Penistone District was “very variable, but mostly wet and
spongy and a great deal of moor carrying little but heath”. According to Firth (1997) the natural
vegetation type of these moorland areas was woodland but they had been deforested centuries
previously. This would have greatly affected the hydrology of the Don Catchment and is thus likely
to have considerably altered the River Don’s community composition. This deforestation could have
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substantially influenced the river’s ecology by: reducing physical habitat heterogeneity through
sedimentation, reduced bank stability and reduced input of woody debris such as logs; increasing
the scale and frequency of flooding which may have reduced invertebrate abundances and injured
and displaced fish; reducing the input of allochthonous detritus; reducing shading and thus
increasing primary production and water temperatures (Brown, 1969 cited in Chen et al., 1999;
Mayson, 1976, Graynoth, 1979, Murphy et al., 1981, Silsbee and Larson, 1983 and Glova et al., 1985
all cited in Hanchet, 1990; Johnson et al., 1995; Owens et al., 2005).

From 1801 to 1901 the population of the Parish of Penistone grew from 3,681 to 11,160. This
growth was facilitated by the growth of the textiles and heavy metal manufacturing industries both
of which depended on the river for hydropower despite the natural shallowness and narrowness of
the stream in this area (Hey, 2002; Reeve, 2015). The construction of weirs to harness the river’s
hydropower would have greatly altered the river’s ecology. Firth (1997) recognised that they
blocked the migratory pathways of many fish species. The presence of weirs would have also
substantially altered the river’s flow regime and thus increased sedimentation upstream and
scouring downstream, favouring lotic and lentic species downstream and upstream of weirs
respectively (Fraser, 1972; Hayes et al., 1998).

Coal mining also provided substantial employment in the area in the 19" century. This caused the
river to be polluted with iron ochre (Firth, 1997). Between the early 1860s and 1930 it had a steel
and iron works which employed up to 1500 men and youths (Addy, 1965). Steel and bronze casting
was still being manufactured at the site in the mid-1960s (Addy, 1965). Although not explicitly
recognised it is probable that heavy manufacturing industries polluted the River Don in the
Penistone area but given the smaller scale of the industry to a lesser extent than it did in Sheffield
and Rotherham. By the turn of the 20" century Bentley (n.d. cited in Dransfield 1906) recognised
that fresh water was an increasingly limited resource in Penistone. Dransfield (1906) attributed this
to over abstraction together with changes in land use which increased the impervious land area and
thus greatly altered the hydrological cycle by favouring quick flow processes. Both Dransfield (1906)
and Hey (2002) recognised that sewage works in Penistone first opened in 1906 but neither provide
any further information about them. However, according to Firth (1997) by the 1970s Penistone’s
sewage works all produced poor quality effluent and one still provided little more than primary
treatment. In 1977 all five of Penistone’s sewage works were replaced by a sewage works which
provided more effective treatment (Firth, 1997).

1.3.2 Sheffield

In the Bronze Age the Sheffield area was sparsely populated (Winkler, 2007). It was not inviting to
early settlers as its forest was perceived as dangerous and its marsh as damp and disease ridden. It
did not provide good opportunities for agriculture and its rivers including the River Don did not
provide good opportunities for navigation. However, Sheffield was founded as a small settlement
around the 7™ century. From the 6™ to the 8" century AD Angles and Saxons drained marshland for
agricultural usage (Walton, 1952). This resulted in the extensive loss of valuable wetland habitat
(Firth, 1997). In both ancient and medieval times the Sheffield section of the River Don was highly
valued for the defence which it provided. The Brigantes used it to defend their land against the
Romans (Walton, 1952) and Sheffield castle was built at the confluence between the Rivers Don and
Sheaf in the 12" century AD.

In Medieval times (approximately 500AD-1500AD (Hoffmann, 2014)) industry greatly benefited from
the River Don particularly with regards to hydropower but the growth of industry and associated
urbanisation led to it becoming severely polluted. The river’s hydropower was harnessed in the
Sheffield area from at least the 12" century (Hey, 1979). From the 15" century the harnessing of
hydropower enabled Sheffield’s cutlery industry to drive out all its competition from other places
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within the UK with the exception of London (Walton, 1952). From this time Sheffield was large
enough to be classified as a town rather than as a village. The River Don has a more gentle fall than
its tributaries which increases the necessary minimum distance between weirs for the generation of
hydropower (Ball et al., 2006). No new weirs were constructed for the purposes of generating
power between Sheffield and Brightside, now part of East Sheffield, since 1600. By 1615 Sheffield
had a population of approximately 2,200 people. Even in the Medieval period for its drinking water,
Sheffield relied on wells rather than the River Don because it was so polluted (Walton, 1952).
However, in the mid-17" century salmon were so abundant in the river that they were too cheap to
be deemed worth selling at market and employers were prohibited from feeding their apprentices
salmon more than three times a week (Firth, 1997)!

The Industrial Revolution took place in the UK roughly from the mid-18" to the mid-19" century and
although these dates are much disputed they will suffice for the purpose of this thesis as they
receive the most agreement from historians who study this time period and coincide with the rapid
industrial development of South Yorkshire (Hey, 1979; Deane, 1979). During this time period
Sheffield was one of Britain’s leading industrial cities (Winkler, 2007). Between 1736 and 1801 the
industrialisation of Sheffield enabled its population to grow from 9,696 to 31,314 people (Walton,
1952). At this time its dominant manufacturing industries produced steel, cutlery and silver-plated
goods (Walton, 1952). In 1911 the heavy trades dominated by steel making employed nearly 40,000
people, whilst the lighter trades which produced products such as cutlery and tools employed a
further 35,000 (Watts, 2004). From the mid-18" century steam power generated using water
abstracted from the River Don gradually replaced hydropower in Sheffield’s heavy metal
manufacturing industries (Walton, 1952). Large volumes of water were also abstracted from the
River Don for other industrial processes (Firth, 1997). Sheffield’s heavy metal industries needed to
transport large quantities of heavy resources and products but Sheffield was not connected to the
River Don navigation until Sheffield canal opened in 1819 (Walton 1952; Winkler 2007).

Increased demand for water for both industrial and domestic purposes necessitated that from the
mid-18" century Sheffield’s drinking water was supplied from reservoirs (Firth, 1997). In the mid1-
19" century sewage from Sheffield’s 150,000 residents was simply flushed into the streams and
gullies and ultimately into the rivers (Firth, 1997). In 1886 Sheffield’s first sewage treatment facility
was opened at Blackburn Meadows. It used the lime precipitation process, aeration over weirs and
coke filtration. These methods were so advanced for the time that the facility was viewed as a
model and visited by groups from across the country who were potentially interested in adopting
similar practices. Despite this in 1891 a medical officer’s report stated “It would be hard to find in
any town poorer conditions than are to be found in the centre of Sheffield. Nuisance and unsanitary
conditions of every description abound. Diseases such as cholera and typhoid spread from privy
middens and filthy unpaved courts into rubble sewers and contaminated water and waste flows
down steep hill slopes into the river and streams” (cited in Firth, 1997). Fevers were endemic and
between 1850 and 1880 the average death rate was 27 per thousand people, whilst the national
death rate was 21.8 deaths per thousand people (Walton, 1952). Despite the high death rate by
1901 Sheffield’s population had reached 451,195 (GB Historical GIS n.d. cited in Sheffield City
Council, n.d.). In 1932 the extent to which effluent from Blackburn Meadows reduced biological
demand was substantially reduced through the introduction of the Sheffield aeration system (Firth,
1997). Shortly afterwards it was introduced to other sewage works across Sheffield. However, as
the population grew it became increasingly common for untreated sewage to enter the river
through the storm overflows even when rainfall was relatively low. Furthermore, treatment had
little impact on ammonia concentrations. The former problem was abated to a great extent by
improvements to Sheffield’s sewer system from the 1970s to the 1990s. Improvements to address
the latter issue were implemented from the first half of the 1990s onwards.
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Sheffield’s population peaked at 577,050 in 1951 then declined each decade until it reached 513,234
in 2001 (GB Historical GIS n.d. cited in Sheffield City Council, n.d.). Between 2001 and 2011 its
population recovered to a large extent and in 2011 Sheffield had a population of 552,700 making it
the fourth largest city in England (Sheffield First Partnership, 2014). The population decline was
probably due to the loss of its manufacturing industries. In 1971 136,000 people were employed in
Sheffield’s manufacturing industries and in the mid-1970s Sheffield was still a prosperous
manufacturing centre with unemployment levels below the national average (Watts, 2004).
However, the scale of Sheffield’s manufacturing industry declined from the late 1970s onwards.
From 1971 to 2001 the number of people employed in Sheffield’s manufacturing industries fell by
approximately one third each decade and by 2001 only 16% of Sheffield’s workforce were employed
in the manufacturing sector. Concurrently the proportion of Sheffield’s workforce employed in the
service sector increased from 51% in 1971 to 84% in 2001. The lack of current significance of the
River Don to Sheffield’s industries is expressed well by the Sheffield First Partnership (2014) in this
statement: “However, the continued manufacture of metal products on inland sites owes little to
natural resources and much more to the high levels of technical innovation by steel producers and
their willingness to adopt new technologies.” In 1988 41% of the land in the Sheffield section of the
Lower Don Valley was vacant, derelict or underused. However, despite this decline Sheffield is still a
major European centre for the production of stainless steel (Sheffield First Partnership, 2014).

1.3.3 Rotherham

According to Munford (2000) Rotherham owes its existence at least partly to a ford across the River
Don which improved Rotherham'’s strategic position in the regional transport network. A Roman
camp at Templeborough in the Rotherham area benefited from the defence afforded by the river
(Walton, 1952). Rotherham’s manufacturing industry dates back at least this far as there is
archaeological evidence that the Romans manufactured glass and iron products there (Munford,
2000). Munford (2000) used Rotherham’s entry in The Domesday Book which was published in 1086
to estimate that it had a population of 70 people excluding free tenants and tradesmen who did not
work the land. A corn mill which may have been powered by the River Don was included in the
town’s entry. The oldest remaining bridge on the Rotherham section of the River Don dates back to
the 15" century and is of high heritage value as it supports one of the only four surviving medieval
bridge chapels in the UK (Reeve, 2015; The Church of England, 2016). Travellers used the chapel to
pray for safe journeys on which they were about to embark and thank the Christian God for safe
journeys upon completion.

The River Don’s power was harnessed in Rotherham from at least the 17" century onwards but at
the turn of the 18" century Rotherham was still primarily a market town with some manufacturing
on the outskirts (Munford, 2000). Improvements to the River Don navigation enabled cargo to be
transported as far as Rotherham by 1740 (Willan, 1965). By 1769 thirty thousand tons of coal were
being transported along the navigation from the collieries around Rotherham each year (Munford,
2000). However, these improvements would have been ecologically degrading. Modification of the
river channel for navigation is likely to have: fragmented habitats and blocked migratory pathways;
decreased habitat heterogeneity; and destroyed spawning and nursery habitats for fish (reviewed in
Wolter and Arlinghaus, 2003). The use of the river by boats is likely to have caused fish mortalities
through: direct collisions between vessels and fish; and the generation of waves and currents which
cause collisions with substrate and force fish out of the water causing them to suffocate (reviewed in
Wolter and Arlinghaus, 2003). Furthermore, behavioural changes in response to vessels such as
reduced feeding and nest-guarding behaviour may also be detrimental to fish survival and
reproduction. These factors have been demonstrated to reduce fish species richness and
abundances. Like Sheffield, Rotherham had a relatively large heavy metals manufacturing industry.
In 1850 it was estimated that 970 people were employed in the production of iron and steel
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production or manufacturing metal products. A further 30 were employed in glassworks, 35 in
potteries, 47 in chemical works and 82 in breweries. The development of industry enabled
Rotherham’s parish population to have reached 24,098 by 1851 but life was generally unpleasant
with endemic levels of diseases indicative of poor water quality such as fever, diarrhoea and
dysentery and a mortality rate as high as Sheffield’s at 27 deaths per thousand people per year
(Munford, 2000). Despite the high death rate by 1901 Rotherham’s population was 61,541.

Rotherham’s manufacturing industries continued to thrive in the first half of the 20" century but
declined rapidly in the second half. Steel, Peach and Tozer’s steelworks employed ten thousand
people in the mid-20" century (Reeve, 2015). In 1983 improvements were made to the River Don
navigation including deepening and widening the channels and enlarging the locks to enable 700 ton
barges to reach Rotherham with the expectation that Rotherham would become an inland port
trading with mainland Europe (Reeve, 2015). However, this did not revitalise the navigation and
today only one tanker uses the waterway to transport cargo. Since 1945 the future of local
industries, particularly coal mining and steel production was uncertain, the late 1980s was a period
of industrial decline and in 1993 steelmaking ceased at Steel, Peach and Tozer’s steelworks
(Munford 2000; Rotherham Metropolitan Borough Council 2015). Despite deindustrialisation
Rotherham’s population grew rapidly over the 20" century and now exceeds 250,000 (Rotherham
Metropolitan Borough Council, 2015). Engineering tools are still produced in Rotherham and its
growing Advanced Manufacturing Park is “world renowned” (Watts, 2004; Rotherham Metropolitan
Borough Council, 2015).

1.3.4 Doncaster

Doncaster is described by Phillips and Danby (1921) as being “one of the very oldest towns in
England”. The name Doncaster is derived from Danum Castra which translates as Danish camp and
thus evidences Viking settlement. In Saxon times Doncaster was one of the most influential towns in
Yorkshire and probably the most important in South Yorkshire as Sheffield was not yet in existence.
Ancient civilisations in the Doncaster area benefited from the River Don largely as a source of water
and a defence mechanism. The river provided a natural defence for a Roman military station and
following the Norman invasion the town was not walled as it was believed that the River Don
provided adequate protection. Hydropower has been harnessed from the River Don in Doncaster
since Saxon times. From the Roman times when the Great North Road was constructed further
northwards Doncaster was a communications hub. The furthest downstream section of the River
Don which could be bridged or forded and the furthest upstream section of the River Don which
could be navigated by coastal traffic was in Doncaster (Phillips and Danby, 1921; Hey, 1979).
However, the navigation was always challenging, and although villages on the section of the River
Don downstream of Doncaster were important ports from the 12" century, it was difficult for even
relatively small craft to reach Doncaster so merchants preferred to transport goods by road to
Bawtry on the River Idle and from there to the Humber Estuary (Firth, 1997). In Medieval times
Doncaster was the most prosperous town in South Yorkshire due to its market trade (Hey, 1979).

Unlike Sheffield and Rotherham, Doncaster never had a particularly large manufacturing sector.
According to Phillips and Danby (1921) “The example of Sheffield, its murky gloom, its belching
furnaces, the roar and rattle of mill and forge, made no appeal to Doncaster”. However, Doncaster
had a range of small manufactories including: breweries, saddlers, tanners and the “usual trades of a
country town” which are highly probable to have contributed to the pollution of the river.
Doncaster’s strategic position with regards to transport enabled its population to reach 10,030 by
1831 (Wormald, 1973). In the mid-19" century a substantial proportion of Doncaster’s population
were still sourcing their drinking water from the River Don though the health implications of the
pollution were widely recognised amongst public health professionals. Around this time there were
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cholera and typhoid endemics (Firth, 1997). Doncaster’s largest company within the heavy
manufacturing sector produced and maintained trains at the Plant Works (Bagwell, 1991). These
opened in 1853 and employed 2,107 people by 1870 and were still employing 2,634 people in 1970.
By 1921 Doncaster had a population of 60,000 (Phillips and Danby, 1921).

Today one of Doncaster’s greatest economic advantages is still its “unparalleled connectivity” though
this is due to its position on the road and rail networks rather than the River Don Navigation
(Doncaster Together, 2013). Doncaster’s logistics sector employs 6,500 people. Despite the town
never having large scale manufacturing, its manufacturing and engineering sector employs over
10,000 people. This includes engineers in the rail and aviation industries and manufacturers of tools.

1.3.5 Goole

As stated at the start of section 1.3 the River Don naturally flowed through a vast wetland/marsh
complex between Doncaster and Goole and ultimately into the Rivers Aire and Trent. These
wetlands are now known as the Humberhead Levels (Van de Noort and O’Sullivan, 2007). The
ecosystem services which were provided by these wetlands had long been valued by local people.
The land was used for arable and pastoral agriculture and the peat was used as a fuel and as a
building material at least from the 13" and 14™ centuries onwards. Since the Middle Ages fish and
other animals had been harvested as food and reeds had been harvested to be used as a
construction material and in basket making. However, Charles | did not value these ecosystem
services highly and commissioned a Dutch engineer, Vermuyden, to drain a large part of this area
known as Hatfield Chase between 1626 and 1630 to enable the land which was previously used for
grazing to be used to grow crops (Thirsk, 1953; Firth, 1997; Munford, 2000). His work included
blocking the channel which connected the River Don with the River Trent, forcing all of the River
Don’s output into the River Aire (Firth, 1997). This caused widespread flooding on land which had
not previously been frequently flooded and strong local opposition which described as “considerable
litigation and riots almost leading to civil war” and necessitated the construction of a flood relief
channel which connected the River Don with the River Ouse at Goole (Firth, 1997). When the flood
gates on this channel had been washed away by a particularly severe flood it provided a route of less
resistance for the water from the River Don to take and the channel between the River Don and the
River Aire quickly silted up (Firth, 1997). As a result the River Don flowed and continues to flow into
the River Ouse in its entirety, a river which it was never naturally connected to. Further drainage
over a large area in the Lower Don Valley was undertaken for agricultural land use from 1650.
According to Firth (1997) “The loss of meandering channels, saltmarshes, freshwater ponds and
reedbeds, which provided habitats to an almost unimaginable range of birds, animals and fish, could
be argued as equal in proportion to the present day destruction of rainforests”. Disconnection
between rivers and wetlands can: reduce input of allochthonous nutrients; and prevent migration
between the channel and wetland habitats thus potentially preventing wetland habitats from being
used by fish which spend their adult stages in the main channel for spawning and preventing the
channel from being colonised from wetland habitats which serve as refugia following perturbations
(Sedell et al., 1990; Ward and Stanford, 1995).

As a town Goole does not have a long history. In 1820 the Hamlet in the Old Goole area comprised
of just a few farmhouses and labourers’ cottages (Goole Library, n.d.). Goole developed from the
early 1820s when the Aire and Calder Navigation company began to construct a canal which
connected the River Ouse with the River Aire and followed the course of the straightened lower
section of the River Don called the Dutch River. Housing was built for workers associated with the
port including watermen, dockers and mariners. Goole Town was constituted a Local Government
District in 1875 (Goole Library, n.d.). By 1913 the port of Goole was trading 3.6 million tons of cargo
per year. In 2011 Goole had a population of 17,500 people (East Riding of Yorkshire Council, 2011).
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International trade through Goole’s port is still valuable to its economy and the East Riding of
Yorkshire Council (2011) recognised an opportunity for further intensification. Despite Goole having
a history primarily as a port rather than as a manufacturing town in 2008 19.4% of jobs in the Goole
and Selby Functional Economic Area were in the manufacturing sector, nearly double the proportion
of England as a whole, 10% (NOMIS 2008 cited in East Riding of Yorkshire Council, 2011). Today the
Port of Goole is the UK’s most inland port and handles two million tonnes of cargo each year
(Humber Local Enterprise Partnership 2014). However, the proportion of people employed in
transport and logistics is only slightly higher than that of England as a whole (7.2% and 6%
respectively) (NOMIS 2008 cited in East Riding of Yorkshire Council, 2011).

1.3.6 Overview of the Environmental History of the River Don

As discussed in section 1.3.1 to 1.3.4 industry and associated urbanisation severely polluted the
River Don. According to Firth (1997) chemical pollution began to have serious effects on the River
Don by the mid 19" century, and by the turn of the 20" century “the river had been reduced to little
more than a foul smelling, lifeless sewer.” The River Don was one of the most polluted in Europe. As
stated in section 1.3.2 sewage works did not open in the Sheffield area until the late 19" century and
in the Penistone area the early 20" century and until the late 20™ century provided little more than
primary treatment. As discussed in sections 1.3.1 to 1.3.5 industry also severely physically degraded
the river particularly through the construction of weirs, the drainage of wetlands and the
modification of the channel for the benefit of navigation. Furthermore, reservoirs in the headwaters
of the Don catchment heavily reduce flow, sometimes almost to nothing (NRA, 1994 cited in Amisah,
1998). Reduced flow directly affected the biota for example by trapping salmon in small puddles
causing them to suffocate (Firth, 1997). It probably also altered its ecology more broadly by altering
flow speeds, sedimentation patterns, wetted channel area and water temperatures (Dewson et al.,
2007).

Despite the River Don’s severe degradation, sections of it have always been appreciated for their
beauty. In 1864 Harrison described the few miles downstream of its confluence with the River
Loxley in North West Sheffield as “exceedingly picturesque and lovely” and states “On the banks of
the stream and on the hill sides groves and woods add a charm to scenes which an artist or poet
might delight to pourtray”. Today local people welcome the opportunity to see charismatic species
such as kingfishers (Alcedo atthis) and herons (Ardea cinerea) which have recently returned
following environmental improvements (Sheffield Local Biodiversity Action Partnership, n.d.). It also
has a long history of being used for of recreational use. In the 14" century the River Don afforded
such good angling opportunities that even the ex-King of Scotland participated (Firth, 1997). Having
acquired fishing rights on a section of the River Don above Penistone in the mid-1970s, the Salmon
and Trout Association were the first to make efforts to restore the river beyond reducing the amount
of pollution which was discharged into it. Today it supports brown trout fisheries (NRA, 1994 cited

in Amisah, 1998). Since the transport of cargo on the River Don Navigation declined to the extent
that it nearly ceased completely it has been increasingly used by recreational boats and several
marinas have been developed along it for such purposes including at least one on the River Don
itself downstream of Doncaster (Firth, 1997). The Five Weirs Walk trust has constructed a path to
greatly increase access for walkers and cyclists. Information boards provide visitors with the
opportunity to learn about the river’s wildlife and heritage (Sheffield Local Biodiversity Action
Partnership, n.d.).

In recent decades anthropogenic threats to the river’s environment, particularly pollution have been
greatly reduced in large part due to greater awareness and cleaner manufacturing processes
facilitated by technological advances (Sheffield Local Biodiversity Action Partnership, n.d.). This has
greatly improved the river's water quality. Today the River Don and its tributaries are collectively “of
crucial importance to biodiversity conservation” (Sheffield Local Biodiversity Action Partnership,
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n.d.). They act as wildlife refuges and migratory corridors connecting fragments of habitat in a
predominately urban landscape. Along the upper section of the River Don above Sheffield there are
several UK Local BAP (Biodiversity Action Plan) habitats including grassland, broad-leaved woodland
and wet woodland. The section of the River Don from Sheffield to Rotherham also includes many UK
BAP habitats on brownfield sites and rare and threatened open vegetation communities which
collectively support a high diversity of species including nationally rare invertebrates and plants.
Populations of brown trout, grayling and barbel are recovering on the river. Kingfishers and herons
are increasingly seen there and otters, a priority LBAP (Local Biodiversity Action Plan) species, have
recently begun to return though recovery of their populations is hindered by the weirs which block
their migration, and a lack of bankside vegetation. The whole area covered by the Don Catchment
Flood Management Plan includes the Peak District National Park, two Special Areas of Conservation
(SACs) and two Special Protection Areas (SPAs) (EA, 2010). Although the trajectory of the River Don
can largely be surmised as degradation followed by recovery, anthropogenic threats towards some
of the species which live on it have increased in recent years. For example, water vole (Arvicola
amphibius) populations have declined substantially due to predation by the non-native invasive
American mink (Neovision vision) and domestic cats (Felis catus) (Sheffield Local Biodiversity Action
Partnership, n.d.).

In addition to the River Don benefiting people it has always posed a threat to them. There is a long
history of flooding within the Don Catchment and today the risk of flooding within the Don
Catchment Flood Management Plan area is described as “significant” despite the existence of over
530 separate flood defence structures within the catchment (EA, 2010). The most severe floods
occurred in 2007 and 1864. In June 2007 over 6,750 properties were flooded with Sheffield,
Rotherham and Doncaster all severely affected. The 1864 flood was caused by a damn burst at Dale
Dyke Reservoir on the Loxley, a tributary of the River Don but this event also caused the River Don to
flood. It killed at least 240 people, destroyed 15 bridges and approximately 4,000 domestic
properties (Teasdale, 2008) and is described by Sheffield City Council (2015) as “the greatest civilian
disaster of Victorian Britain”. Efforts to manage the flood risk have contributed to the degradation
of the River Don and even as recently as 2007 such efforts did not prioritise the needs of wildlife
highly enough according to the Sheffield Local Biodiversity Action Partnership (n.d.). However, these
efforts also included the creation of Centenary Washlands on the Rotherham section of the River
Don which is now a nature reserve (Reeve, 2015).

Today there are still very few fragments of wetland within the Don Catchment (Firth, 1997). The
majority of weirs which were constructed along the river to harness its power still remain and block
wildlife migratory pathways (Ball et al., 2006); Sheffield Local Biodiversity Action Partnership, n.d.).
They also slow water flow, causing sedimentation and favouring plant, invertebrate and fish
assemblages more characteristic of lentic ecosystems (Firth, 1997). Raising weirs for the benefit of
navigation increased the extent to which they blocked fish migration and according to Firth (1997)
the construction of a lock downstream of Doncaster in 1729 was a “decisive blow” for salmonid
migratory runs. During times of low flow a substantial proportion of the water in the River Don
continues to be diverted to the canals which connect with it. From the 19" century the River Don
was diverted in a number of places for the benefit of industry.

1.4 Aims of this Thesis

Broadly this thesis aims to answer the question “Can Environmental History inform future
management?”’ It aims to answer this question by evaluating the extent to which the environmental
and cultural history of an ecosystem can be described and by exploring the ways in which historical
knowledge of an ecosystem can influence people’s perceptions of it as it is today and their
predictions for its future using the River Don as a case study. The aims of this thesis and the
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methodology which will be used to meet these aims are defined and explained broadly below and in
more detail in the subsequent chapters:

1) Biological records are frequently used in environmental history to describe the composition

2)

of reference communties and changes in community composition caused by environmental
degradation and restoration (Fritts and Rodda, 1998; Langford et al., 2009; Gillette et al.,
2012). However, their utilitarian value is often reduced due to their sporadic nature and
recording biases (Bernard and Parker, 2006; Boshoff and Kerley, 2010). This thesis therefore
aims to assess the extent to which historical changes in community composition can be
described and inferences can be drawn concerning the factors which drove these changes
despite these biases particularly with regards to environmental degradation and restoration.
The River Don’s fish communities were chosen for this purpose because | expected that
more comprehensive historical records would exist for fish than other species as they have
always been valued by local people, increasing the extent to which they could be used to
describe historical community composition (Firth, 1997). Furthermore, strong consistent
relationships between the abiotic environment and the phylogenetically conserved
functional traits of the fish species which live in it increased the likelihood that useful
inferences concerning changes in the abiotic environment could be drawn from descriptions
of changes in community composition (Angermeir and Winston, 1999; Jackson et al., 2001;
Douglas and Matthews, 1992; Reynolds et al., 2005). To meet this aim | will collect biological
records from local biological records centres and libraries and use this information to
produce a table describing when each species was recorded. | will then collect information
on the functional traits, habitat preferences and utilitarian values of all the fish species
which appear in the River Don’s historical records. | will use this information to describe
how the number of coarse fish and salmonids; pollution tolerant and pollution sensitive;
species of different levels of interest to anglers; and species which were eaten to different
extents changed historically. As recording effort is likely to have changed greatly through
time | will not analyse these relationships statistically. Instead | will categorise the fish
species according to their presence trajectories into the following categories: extinct, NISs,
recently reappeared, resident and restocked. | will then statistically compare these
categories in terms of their functional traits, habitat preferences and utilitarian values to
establish how these variables influenced the likelihood of them appearing in the historical
records at different times due to true changes in presence status and abundances resulting
from changes in the abiotic environment; the likelihood of them being introduced or
restocked; and the likelihood of them being recorded when present.

Newspaper articles are frequently used as a tool to describe historical relationships between
people and nature in terms of ecosystem services, ecosystem disservices and efforts to
conserve nature (Jensen, 2000; Vuorisalo et al., 2001; Lahtinen and Vuorisalo, 2004a; Pohja-
Mykra et al., 2005). They are particularly useful because in addition to providing
information on a broad range of social and economic harm and benefits derived from
specific ecosystems they refect societal attitudes at the time of publishing (Kellert, 1985;
Vuorisalo et al., 2001). However, the studies which have used them to date have all been
limited in terms of their focus on particular relationships. For example, the consequences of
pollution in terms of human health and recreational opportunities have received much
attention (Jensen, 2000; Lahtinen and Vuorisalo, 2004b) whilst | was unable to find any
studies which used historical newspaper articles to consider navigation or hydropower from
an environmental perspective. This study aims to take a much more holistic approach to
describe the history of the River Don as conveyed through newspaper articles in terms of the
social and economic benefts derived from the river, the social and economic damage caused
by or facilitated by the river and the environmental management of the river; and consider
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3)

4)

how this information may contribute towards the effective future environmental
management of the river.

Although the importance of public perceptions in determining the outcomes of conservation
projects is widely recognised and particularly important in urban areas due to high
population densities, relatively little research has been done on the influence of historical
knowledge on these perceptions (Antrop, 2004; Wohl et al., 2005). The existing limited
research suggests that historical knowledge has the potential to both foster support for and
opposition against conservation (Stoll-Kleemann, 2001; Gooch, 2003; Ostergen et al., 2008;
Drenthen, 2009; Cuerrier et al., 2015). It is therefore vital that its influences are better
understood if historical information is to be used effectively as an environmental education
tool. Therefore this thesis aims to assess the extent to which local people are
knowledgeable about the history of the River Don and describe how their perceptions of its
current state and predictions about its future state are influenced by their historical
knowledge and consider how these findings may inform communications to foster support
for and minimise opposition against the river’s conservation. A grounded theory approach
using semi-structured interviews will be taken to enable participants to fully express
themselves and minimise the impact of my own preconceptions on the results of the study
as far as possible (Price, 1999 cited in Stoll-Kleemann, 2001; Stoll-Kleemann, 2001; Bryman
2008). Members of local walking groups will be interviewed as walkers are key stakeholders
for whom the River Don is currently managed, have in common an interest in the outdoor
environment but are likely to have sufficiently heterogenous interests with regards to
different aspects of the landscape such as heritage and nature. This will increase the
likelihood of identifying a broad range of ways in which the relationships between historical
knowledge and public perceptions affect support for and opposition against conservation
(Bryman, 2008).

This thesis also aims to experimentally assess the effects of the provisioning of historical
information about the River Don on people’s perceptions of how it is now and how they
expect it to be in the future and use the findings to consider how historical information may
be used as a tool to raise public awareness and foster support for the river’s conservation.
Cause and effect relationships can only be distinguished from spurious relationships through
experiments and quantitative research enables particular aspects of several participants’
perceptions to be measured in a short space of time (Arceneaux, 2010; Newman, 2010).
However, | was only able to find one other experiment which assessed the relationship
between processing historical information on a particular ecosystem and forming oppinions
regarding its current and/or future state. Whilst the experiment which was conducted by
Hanley et al. (2009) proved that an experimental approach could be used to identify
relationships between processing historical information about an ecosystem and forming
desires for its future state, it had a narrow scope focused on support for afforestation or
deforestation. Conversely, the experiment in Chapter Four will take a much more holistic
approach which considers partcipants’ perceptions of the river from broad social, economic
and environmental perspectives.
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2 TO WHAT EXTENT DO HISTORICAL FISH RECORDS PROVIDE INFORMATION
WHICH IS USEFUL FOR PLANNING FUTURE ENVIRONMENTAL MANAGEMENT?

2.1 INTRODUCTION
2.1.1 Use of Historical Biological Records to Describe Changes in Community Composition

As discussed in Chapter One, historical biological records which collectively describe changes in
community composition are commonly used to describe how community composition has changed
from that of an ecosystem’s reference community to those of an ecosystem’s current community
composition (Fritts and Rodda, 1998; Lotze et al., 2006; Gillette et al., 2012). Here | use the term
reference conditions to describe an ecosystem’s “non-degraded natural baseline” (Bennion et al.,
2011). This includes identifying the species which have decreased in abundance, including those
which have been extirpated, and identifying the species which have been introduced or become
more abundant. Once these trends have been identified it may then be possible to infer the
chemical, physical or biological changes within the ecosystem and ultimately the human activities
which drove them. Historical studies are particularly well suited to this purpose because the factors
which affect community composition often act over long time periods (Mather, 1992; Pandolfi et al.,
2003; Lotze et al., 2006).

The main ecological theory underpinning the relationship between changes in the chemical, physical
and biological environment and resulting changes in the prevalence of species with particular
functional traits within a community is the habitat filter framework (Poff, 1997; Statzner et al.,
2004). This theory recognises that the functional traits of a species affect its ability to survive under
specific ecological conditions so as these ecological conditions change, their abundances change. In
extreme cases this includes extirpations and introductions. Knowledge of the relationship between
habitat filters and community composition in degraded ecosystems can thus facilitate the
restoration of habitats and communities (Craig et al., 2012). However, it is also important to realise
that species with traits which are well suited to an ecosystem’s current ecological conditions but not
its previous ecological conditions may be absent for a long time due to slow colonisation rates even
if they are regionally present. Statzner et al. (2004) define historical filters as habitat filters which
“acted historically on communities producing trait patterns that have persisted till today”. Bond and
Lake (2003) explained that dispersal and colonisation are often slow in restored rivers even when
species are regionally present due to ecological disconnection between rivers which are
geographically close to each other. This leads to community composition being substantially
affected by historical filters.

However, despite their high value, historical biological records often have many limitations and this
has contributed to their underutilisation and thus untapped potential (Newbold, 2010). Historical
records, especially older records, are often sparse and biased (Bernard and Parker, 2006; Boshoff
and Kerley, 2010). The sparsity of earlier records together with a lack of information on surveying
methodologies makes it particularly difficult to determine whether a species was not recorded in a
particular location at a particular time because it was absent or because survey efforts were lower
(Igl and Johnson, 2005). The lack of methodological data has even greater consequences if one
wishes to describe changes in abundances rather than coarse presence-absence trajectories.
Historical recording efforts are often biased towards more charismatic species (Newbold, 2010) or
species of greater social or economic importance (Karr et al., 1985). Less conspicuous species, such
as nocturnal species are generally recorded to a lesser extent in the historical records (Boshoff and
Kerley, 2001). They are often spatially biased in terms of the ease with which a site can be accessed,
for example with regards to proximity to major roads (Sobéron et al., 2000) and the number of
species which have been observed there previously (Sastre and Jorge, 2009). Although recording
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biases have generally decreased through time, Boakes et al. (2010) reported that threatened species
of galliformes, an order of birds, have been reported more frequently in the scientific literature since
the 1960s, which they attribute to changes in the priorities of scientific research. In addition to
recording biases historical records often include mistakes both in terms of species misidentifications
and incorrect geographical locations (Graham et al., 2004; Newbold, 2010). The precision of place
names varies hugely from the grounds of an individual building of historical social importance
through to the name of a large country.

Given the value of environmental records in informing environmental management and the limited
extent of such records for many ecosystems, the aims of this study are to evaluate the utility of
historical records to environmental managers in terms of informing future decisions. The specific
objectives are to: 1) describe the composition of the river’s reference fish community 2) evaluate the
degree to which changes in community composition reflect changes in the extent to which the
functional traits and habitat preferences of different fish species are suited to the temporally
changing environment of the River Don in terms of both degradation and improvements; 3) evaluate
the extent to which differences in life history traits determine the response of different species to
these changes through time; 4) evaluate the extent to which historical fish records are affected by
recording bias.

2.1.2 Review of Previous Studies which Have Described Historical Changes in the Composition of
Riverine Fish Communities

As rivers are highly valuable to both people and wildlife yet are often severely degraded and
threatened they are often in desperate need for well-informed management (Naiman et al., 1993;
Brookes and Shields, 1996; Haslam, 1997; Everard and Moggridge, 2012; Langford and Shaw, 2014).
Historical biological records have the potential to contribute greatly towards making informed
decisions with regards to the environmental management of rivers (Winter et al., 2009; Gillette et
al., 2012). Evidencing the widely recognised need for their management, it has been estimated that
the US population value their freshwater ecosystems highly enough to pay an extra $58 billion US of
tax per year to improve their water quality (Mitchell and Carson, 1989 cited in Wilson and Carpenter,
1999; Wilson and Carpenter, 1999). Similarly it has been estimated that UK households are willing to
pay on average between £50.50 and £128.90 to improve the quality of the nation’s water bodies to
the extent that 95% achieve high quality status under the Water Framework Directive depending on
survey methodology (Metcalfe et al., 2011). Unfortunately | was unable to find any national or
continental willingness to pay studies specific to rivers for the UK or Europe. However, (Hanley et
al., 2006) estimated that local households were willing to pay on average between £12.19 and
£12.54 to improve the ecological status of the section of the River Wear in Durham in North East
England from fair to good under the Water Framework directive whilst households local to the River
Clyde in Scotland were willing to pay on average between £38.70 and £60.08 depending on the
model which was used to make the estimations. These values fit well within the range of values
estimated for willingness to pay for the conservation of terrestrial landscapes reviewed by (Moran,
2005). Of the UK studies of willingness to pay for the conservation of specific landscapes included in
this review the lowest average value was reported by Willis and Garrod (1993) and pertained to the
willingness of local residents to pay for the conservation of the Yorkshire Dales National Park in the
North West of England. The highest average value of £98 was reported by Hanley et al. (1998) and
reflected the willingness of visitors to an Environmentally Sensitive Area (ESA) in Perthshire in the
South of Scotland to pay to conserve and enhance the quality of an agricultural landscape.

Of all the biological communities within rivers, historical biological fish records are likely to be
particularly useful as it is likely that more complete records exist for fish than do for other taxa and
they are good indicator species (Welcomme et al., 2006; Lasne et al., 2007; Haidvogl et al., 2014). |
expect that whilst still far from complete, more comprehensive and accurate records will be
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available for fish than for other taxa as they have been highly valued by society for more than 10,000
years (Davies et al., 2004) and are relatively easy to identify (Leidy and Moyle, 1998). According to
Giller and Malmaqyvist (1998) fish are the “best known inhabitants in freshwater systems”. Fish were
first valued as a source of subsistence and later became more valued by commercial and
recreational fisheries (Davies et al., 2004) and many historical records of fish have been produced by
those who benefited from these ecosystem services (Haidvogl et al., 2014). In addition to relatively
complete records the historical trajectories of fish are likely to be found informative by
environmental managers as much can be inferred about the ecological status of rivers from the
composition of their fish communities. Fish are commonly used as indicator species (Welcomme et
al., 2006; Lasne et al., 2007) because we have good knowledge of their functional traits and habitat
preferences (Brazner et al., 2004; Davies et al., 2004; Olden, et al., 2006). Because biological
interactions play a relatively minor role in shaping freshwater fish communities relative to abiotic
factors, particularly in species depleted areas such as Europe, fish community composition can be
expected to closely reflect changes in the abiotic environment (Taylor, 1996; Giller and Malmqvist,
1998; Angermeier and Winston, 1999; Jackson et al., 2001). Further advantages for drawing
inferences from historical records are that fish functional traits are often phylogenetically
constrained and thus conserved through time (Douglas and Matthews, 1992; Reynolds et al., 2005)
and although some species have relatively high degrees of phenotypic plasticity this degree is also
often conserved through time (Robinson and Wilson, 1994; Smith and Skulason, 1996; Daverat et al.,
2006).

Previous studies of historical fish records have helped to identify the contexts in which species with
particular functional traits are most vulnerable. For example, Anderson et al. (1995) found that the
relative abundances of habitat generalists with opportunistic life histories had increased in Texan
freshwater streams from the 1950s to the 1980s, whilst those of habitat specialists had decreased.
They surmised that increased pollution and physical habitat degradation including impoundment
and abstraction favoured the habitat generalists, many of which were non-indigenous and destroyed
much of the habitat on which the habitat specialists depended, and that these effects were
exacerbated by increased competition between habitat generalists and habitat specialists. Similarly,
Gillette et al. (2012) attributed declines in the species richness and abundances of darters in stream
communities in north-eastern Oklahoma since the 1940s to physical degradation including the
construction of impoundments. They explained that darters were particularly vulnerable to such
changes due to their low tolerance of physical degradation and highly specific habitat requirements.
They reasoned that it is important to describe how assemblages have responded to anthropogenic
activities in the past in order to predict how they are likely to respond in the future and thus make
informed decisions regarding environmental management. Although Haidvogl et al. (2014)
described and attributed potential causes of changes in community composition on the rivers
Danube and Salzach in Austria from the 14™ century and the 18" century onwards respectively they
did not consider how the functional traits of species affected their response to anthropogenic
threats which limited the wider utility of their results in informing environmental management.

Historical studies of freshwater fish communities have also occasionally been used to evaluate the
effectiveness of restoration measures. For example, Amisah and Cowx (2000) compared fish
communities in the River Don in South Yorkshire from the early and late 1990s. They found that
despite marked improvements in water quality due to efforts to reduce the amount of domestic and
industrial pollutants which are discharged into the river, no marked changes in the status of the fish
communities had been recorded. They attributed this lack of success to diffuse pollution from
abandoned mines, episodic pollution incidents, pollutants which are trapped in the sediments and
pollution from the river’s tributaries. Winter et al. (2009) evaluated the effectiveness of the
restoration of the River Vecht in Germany and the Netherlands using reference conditions which
were based on historical fish records from the River Vecht and two other degraded local rivers
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together with current records from a naturally similar but less degraded river. They concluded that
to date restoration efforts since the 1970s had effected only small changes in the composition of the
fish communities and in some cases these changes had moved the community further away from the
reference conditions. They recommended further actions to remeander the river and enable
macrophytes to grow along the banks. They called for environmental managers to use similar
methods to evaluate the effectiveness of restoration programmes. These studies prove that
historical studies covering periods through which rivers have been restored have the potential to
evaluate the successes and limitations of work to date and recommend further action. This study
therefore aims to build on previous research regarding historical changes in lotic fish communities
by considering the ways in which the functional traits of species which are present and absent has
changed over a long time period. Whilst previous studies have either focused on the degradation or
the restoration of fish communities, this study will describe both the demise and recovery of fish
communities.

A wide range of sources has proven useful in enabling other environmental historians to describe
changes in community composition and species distributions through time. These include biological
records and a wide range of other books, documents and photographs. Burnett et al., (1995) state
that “Biological records describe the presence, abundance, associations and changes, both in time
and space, of wildlife. They range from the simplest record of presence or absence of an organism at
a particular time in a specific place to extensive monitoring of many species over long periods.”
Clearly knowing the identity, time and location of species sightings is essential for describing changes
in community composition. Hickling et al. (2006) used biological records dating back to the 1960s
and held by the Biological Records Centre to describe changes in the distribution of freshwater fish
and other taxa. Around the turn of the 20" century large numbers of people who were members of
natural history societies produced biological records which are well respected for their quality;
(Withers and Finnegan, 2003; Pocock et al., 2015). Fortibuoni et al. (2010) used books which had
been produced by naturalists between 1818 and 1956 to describe changes in the composition of the
fish communities in the Adriatic Sea. For this reason | contacted the Sorby natural history society as
well as looking at the biological records through the National Biodiversity Network Gateway. In
addition to naturalists, before the commencement of formal monitoring for management purposes,
anglers were the key recorders of fish. A wide range of books, documents and photographs have
proven to be useful in describing changes in the community composition of fish over recent
centuries (Last et al., 2011). Amisah and Cowx (2000) used EA records to describe changes in the
community composition of freshwater fish in the River Don in South Yorkshire between 1990 and
1993.

2.1.3 Aims of this Chapter

This chapter aims to establish the extent to which biological records can be used to describe the
environmental history of an ecosystem using the River Don as a case study in order to evaluate their
utilitarian value to environmental historians and the factors which affect this particularly with
regards to recording biases. Firstly | will use historical records to describe changes in fish community
composition since the earliest records were made. | will then use knowledge of the ways in which
changes in the abiotic environment affect species with different habitat preferences and functional
traits differently to draw inferences regarding the likely causes of historical changes in the
composition of the River Don’s fish community. | hope these inferences will enable me to describe
the environmental history of the River Don more holistically. | will also evaluate the likelihood that
absences in the records are due to recording biases rather than true absences with regards to the
utilitarian values of the fish which were and were not recorded at different times and other factors
which are likely to reduce the likelihood of them being recorded when present such as small size,
nocturnal activity, low levels of gregariousness and hiding behaviour.
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2.1.4 Reasons for Using the River Don as a Case Study and an Overview of its History

An urban river was used as a case study for this investigation as their proximity to densely populated
areas means that they are potentially of particularly high potential social and economic value but
also often have long legacies of severe environmental degradation (Hoffmann, 1996; EA
(Environment Agency), 2006; Lundy and Wade, 2011). Furthermore, present species may be more
likely to have been recorded historically due to the ease with which urban rivers could be accessed
(Sobéron et al., 2000). According to the EA the restoration of Britain’s urban rivers has the potential
to “make a huge contribution to improving the quality of city life for people and wildlife” (EA, 2006).
Historically rivers have played an important role in determining the initial position of cities and
enabling them to grow (Grimm et al., 2008). Today urban rivers continue to provide a broad range
of ecosystem services including: the provisioning of water; drainage; and opportunities to connect
with nature which bring many health benefits and facilitate community cohesion (EA, 2006; Lundy
and Wade, 2011). They also attract businesses which bring both social and economic benefits (EA,
2006). Urban rivers also play an important role as migratory corridors for wildlife which are not
suited to the surrounding urban habitat (Findlay and Taylor, 2006; Douglas and Sadler, 2011).
However, many urban rivers have been severely polluted and physically degraded through culverting
and channelisation with the resultant depletion of their wildlife communities (EA, 2006). This
combination of high potential social and environmental value together with high levels of
degradation makes the need for their informed restoration high. This has resulted in great
improvement in the ecological quality of many urban rivers, particularly those in the USA and Europe
over recent decades described by Gobster and Westphal (2004).

The River Don in particular was chosen as its historical trajectory is similar to that of many post-
industrial urban rivers in terms of having a long legacy of domestic and industrial pollution and
physical degradation such as channelisation and impoundment but having been recently restored to
a large extent, particularly with regards to reduced pollution (Firth, 1997; Bothmann et al., 2006; Yin,
2012 cited in Wickfeldt, 2016; Wickfeldt, 2016). However, both its chemical and physical
degradation were extreme relative to that of other rivers (Firth, 1997). For example, it was widely
recognised to be one of the most polluted rivers in Europe and the ecological consequences of its
channelisation have been equated in severity to rainforest deforestation. Due to its social and
economic importance the environmental history of the River Don is also well recorded, increasing
the likelihood that biological records will enable the historical changes in community composition to
be accurately described and thus increase its utility in informing environmental management
decision making processes (Firth, 1997; Scapens, 2004).

Very little has been written on the ways in which people benefited from the River Don before
medieval times. However, given the ecosystem services provided by other rivers at this time it was
probably used as a source of drinking water and food (Hoffmann, 1996) and to a much lesser extent
navigation and defence (Walton, 1952; Sherratt, 1996; Firth, 1997). In Medieval times water power
was harnessed from many rivers across Europe (Hoffmann, 1996) and the River Don provided better
opportunities for this than most European rivers (Firth, 1997). By the 13" century there were at
least two mills on the River Don and by the 18" century there were 13 major impoundments
between Sheffield and Doncaster (Palmer 1722 cited in Firth, 1997). These impoundments blocked
fish migrations and greatly altered flow speeds and thus biological communities (Firth, 1997). During
the industrial revolution (roughly from the mid-18" to the mid-19" century though these dates are
much disputed (Deane, 1979) towns and cities along the River Don benefited from it greatly in terms
of: water power, abstraction, navigation and waste removal, meaning that it became grossly
polluted. The River Don was frequently described as “an open sewer” and notoriously one of the
most polluted Rivers in Europe (Firth, 1997). Greater use of water power together with abstraction
meant that sections of the river up to several hundred metres long frequently dried up.
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Drainage of wetlands for agriculture is extensive across Europe and often involves channelisation of
the rivers which previously meandered through them (Abbot and Leeds-Harrison, 1998 cited in Blan
et al., 2009; Blann et al., 2009). Its history in Britain dates back to the Roman times (Darby, 1956,
cited in Holden et al., 2004) but accelerated greatly in the 17" century (Holden et al., 2004). The
course of the River Don was altered to reduce flooding following land drainage in the 17" century to
the extent that it now flows in its entirety into the River Ouse, a river it was never naturally
connected to (Thirsk, 1953). Other land use changes including urbanisation and mining also
increased the risk of the River Don flooding (Firth, 1997) as it has many other European rivers (Bell et
al., 2007; Feyen et al., 2009). Attempts to manage the risk of rivers flooding have a long history in
Europe. For example, Pinter et al. (2006) state that there is evidence of river engineering activities
on the River Rhine dating back to the Roman era and that the majority of such projects prior to the
19" century were undertaken to reduce the risk of flooding. By the start of the industrial revolution
the risk of flooding in major cities had been reduced greatly (Mitchell 2003). Unfortunately such
approaches to flood management cause much environmental degradation including the destruction
of aquatic and bankside vegetation, reduced habitat heterogeneity and ultimately reduced
biodiversity (Congdon, 1971, cited in Brooker 1985; Brooker, 1985) The use of flood banks to reduce
the risk of flooding in the River Don began long before the 19" century when it was greatly
intensified (Firth 1997).

In recent decades concerted efforts have been made to restore rivers throughout Europe primarily
for the benefit of wildlife and recreation with great success (Haslam, 1997; Gobster and Westphal,
2004). The River Don has been improved to the extent that the section below Rotherham is
recognised by Firth (1997) as “one of the most popular locations for anglers” and otters are starting
to return (Sheffield Local Biodiversity Action Partnership n.d.). These improvements include greatly
reduced pollution and the installation of fish passes.

2.1.5 Selection of Functional Traits, Habitat Preferences and Utilisation Values for Use in this Study

Fish functional traits determine their habitat preferences. In accordance with the habitat templet
theory it can be expected that habitat preferences play an important role in determining the
responses of different fish species to the extensive habitat changes which have occurred in many
rivers throughout Europe (Southwood, 1977; Southwood, 1988; Scarsbrook and Townsend, 1993;
Townsend et al., 1997). Furthermore, empirical evidence has found that many fish invasions and
extirpations can be explained with regard to habitat preferences (Miller et al., 1989; Baltz and
Moyle, 1993; Marchetti and Moyle, 2001; Light and Marchetti, 2007). Variables regarding migratory
behaviour, sediment and flow preferences including habitat heterogeneity, use of vegetation and
pollution tolerance are particularly likely to influence the ways in which fish respond to
impoundment as there is extensive evidence to demonstrate that impoundments block migration
and alter flow speeds, sediment types, the availability of vegetation and the concentration of
pollutants (Stanford and Ward, 1991; Gilvear et al., 2002; Pretty et al., 2003). Several studies have
found that habitat specialists are more vulnerable to a wide range of anthropogenic threats than
habitat generalists (Boet et al., 1999; Walters, 2002; Walters et al., 2003).

Similarly, trophic specialisation has been found to be an important predictor of extinction risk in
freshwater fish (Olden et al., 2008). Dietary preferences are also likely to be important in
determining the historical trajectories of fish species as those at higher trophic levels are
theoretically more vulnerable to disturbances due to lower absolute population sizes and
dependence on species at lower trophic levels (Schoener, 1989; Holt, 1996). Karr et al. (1985) found
that populations of invertivores, herbivores and top carnivores in the Maumee River in the US had
declined more than other trophic groups, in some cases to the point of extirpation. Furthermore, a
disproportionately large proportion of introduced species were planktivorous.
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Life history traits are also likely to play an important role in determining the historical trajectories of
different fish species because they have been found to influence the resilience exhibited by
freshwater fish species when they are impacted by anthropogenic disturbances (Schlosser, 1990;
Detenbeck, et al., 1992). Furthermore, life history strategies have been shown to influence the
introduction and extirpation of freshwater fish to and from lotic ecosystems (Olden et al. 2006).

Whilst the above traits are likely to determine actual changes in community composition, biases in
recording are likely to be caused by functional traits which affect the likelihood of them being
observed when present and utilitarian values which affect the likelihood of them being recorded
when observed. Empirical studies have found that trout are more visible when shoaling than when
hiding to evade predation (Hayes and Baird, 1994) and that those with bold personalities are more
likely to be caught using gillnets (Biro and Post, 2008). | expect that because the majority of
recreational angling and freshwater fish surveying occurs during the day, diurnal activity is likely to
have a greater impact on the likelihood of them being recorded than nocturnal activity though | was
unable to find a reference to support this. Karr et al. (1985) stated that there were few records of
freshwater fish which were not of high commercial or recreational interest predating the 20"
century in the US.

2.2 METHODS

2.2.1 Objectives

1) Decribe how the list of species recorded in the River Don has changed through time since
records began by creating tables which show which species were present and absent from
the records each centurty. Describe these changes at a decadal scale for the second half of
the 20" century and the first two decades of the 21 century.

2) Graphically describe how the number of species recorded in the River Don has changed
through time in term of: the number of coarse fish and salmonids; the number of pollution
tolerant and pollution sensitive species; the number of species which are of different levels
of interest to recreational anglers; and the number of species which were eaten by people to
different extents in the past. The reasons why changes in the number of coarse fish and
salmonids were described through time are explained in section 2.3.2.1. Those for
describing the changes in the number of pollution tolerant and pollution sensitive species
and the number of species of different levels of interest to recreational anglers and which
were eaten to different extents by people historically are explained in section 2.1.5.

3) Compare the fish species which show different presence trajectories in the River Don’s
historical records in terms of their functional traits, habitat preferences and utilitarian values
(Table 1; and Table A.1 in Appendix A). The reasons for using these explanatory variables
are described in section 2.1.5.

2.2.2 Data Collection

Records of fish in the River Don were aggregated from a broad range of collections including:
Sheffield, Rotherham and Barnsley Biological Records Centres, Sorby Natural History Society,
Sheffield local studies library, Sheffield Museum Collections, Leeds University Brotherton Library,
local angling clubs, the Don Catchment Rivers Trust (DCRT) and the EA. This study included all
records regardless of the time period to which they pertained in order to maximise the extent to
which they could be used to describe historical changes over the maximum time period which the
available records allowed.
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The search of these collections yielded the following information sources which were analysed:
biological records held by the Biological Records Centres listed above and accessed through the
National Biodiversity Network Gateway (2013) data from surveys conducted by the EA between
1981 and 2012 (personal communications with Nia Hughes, Yorkshire Customer and Engagement
Team, EA, 2013); information on the restocking work of the EA as described in a document called
“Stocking History of the River Don and its tributaries” which was written by Trudgill in 2006 and
obtained through personal communication with Nia Hughes in 2013; a report which was published
by the Sorby Natural History Society, entitled “Fish of the Sheffield Region” (Mander, 1973); books
which were written for anglers, namely Yorkshire Anglers Guide (Bradley, 1851) and Fish It 2!
(Keeling, 2007); an account of the history of the River Don which was written by a retired Area
Fisheries Officer for the Ridings Area EA; books about Sheffield, namely Vital Statistics of Sheffield
(Holland, 1843) and Hunter’s Hallamshire (Hunter, c. 1875) and personal communications with a
local angler who published a book on his lifetime’s experience of fishing in Sheffield and its
surrounding area, Martin Read. Other collections were searched but yielded no fish records. These
were the local archives and libraries in Penistone, Sheffield, Rotherham, Goole, Doncaster and the
East Riding of Yorkshire Archives in Beverley. Personal communications with staff at Doncaster
Museum and Art Gallery and Clifton Park Museum in Rotherham revealed that they had no records
of fish within their collections. The time periods covered by all of these sources are shown in tables
2a and 2b.

Information on the habitat preferences, life history traits, dietary preferences, behavioural habits,
and utilitarian values of the fish which had been recorded in the River Don (Appendix A: Table A.1)
was collected from the FishBase (2013) website and various books on freshwater fish (Wheeler,
1978; Maitland and Campbell, 1992; Davies et al., 2004; Kotelat and Freyhof, 2007). Papers
published in scientific journals, academic theses and political reports were used to find some of the
information which was missing from these sources. These are listed in Table A.2 in Appendix A. The
choice of variables which were included in the analysis is justified in section 2.1.4.

Whether or not a species is able to maintain its presence following modifications to the abiotic
environment is dependent on how well the population which is present prior to the modification is
able to tolerate its modified habitat (Poff, 1997; Statzner et al., 2004). This depends on the
functional traits of the individuals present and if few individuals have the functional traits which
enable survival and reproduction in their modified habitat or are able to develop them through
phenotypic plasticity, the speed with which these traits are able to evolve within the population
relative to the time taken for the population to decline below a viable size (Gomulkiewicz and Holt,
1995; Gomulkiewicz and Shaw, 2013; Merild and Hendry, 2014; Carlson et al., 2014). Using trait
values which describe individuals from other populations may therefore reduce the extent to which
inferences regarding the driving forces behind the decline and recovery of the River Don’s fish
populations can be inferred by describing relationships between presence and absence trends
shown by each fish species and their functional traits and habitat preferences, particularly when the
other populations have adapted to very different habitat conditions than those afforded by the River
Don in its reference conditions. For example, the size of trout varies greatly in response to a
combination of genetic and environmental factors. The size which the majority of individuals reach
in the River Don is likely to have the greatest effect on the way in which the population responds to
habitat modifications (Davies et al., 2004). However, it was unfortunately necessary to use data
collected from other populations because there was insufficient data available from the River Don.
The effects of extreme length values on the analysis were minimised in this study by using average
length as well as maximum length. These two variables were found to be strongly related
(Spearman’s rank correlation: n=22, r,=0.908 and p<0.001).
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2.2.3 Describing Changes in Community Composition through Time

The centuries in which each species was recorded was documented. These records dated back to
the 14™ century. From the 1960s onwards the decades in which each species was recorded was
documented. This information was used to describe changes in the number of salmonids and coarse
fish; the number of pollution sensitive and pollution tolerant species; the number of species which
were of each level of interest to recreational anglers and the extent to which they were eaten
historically (Tabe A.1 in Appendix A). It was expected that changes in the number of pollution
sensitive and pollution tolerant species would be indicative of the extent to which pollution was
likely to have been a key driver of changes in actual community composition through time as fish are
often used as indicator species. It was also expected that changes in the number of species which
were of different of interest to recreational anglers or consumed by people to different extents
would indicate the extent to which utilitarian values affected recording biases.

2.2.4 Comparing the Functional Traits of Fish Species which Show Different Presence Trajectories
through Time

Due to the scarcity of earlier records relative to later records the performance of statistical tests on
the trends listed in section 2.2.2 was not justified. This meant that it was not possible to establish
the likelihood that the observed trends were due to chance. In order to assess the likelihood that
changes in the number of species with specific functional traits, habitat preferences and utilitarian
values reflected factors which affected actual community composition such as pollution or physical
habitat degradation; or recording biases rather than chance a second approach as described in the
next paragraph was taken.

All fish species which appeared in the available records from the River Don were broadly categorised
into what | called “presence trajectory types” (Table 1). The breadth of these categories reduced the
impact of the scarcity of earlier records on the analysis. Each species was only included in one
category and those species which met the criteria for both restocked or NIS (non-indigenous species)
and resident categories were only included in the former. Criteria were based on the occurrence in
the River Don records for all categories with the exception of NIS and restocked. Whether or not a
species was indigenous was determined using information available from The Species and Their
Distribution (Davies et al., 2004), FishBase (2013) and the IUCN Red List (IUCN, 2013) were used to
determine which species were indigenous. Whether or not a species had been restocked was based
on Stocking History of the River Don and its tributaries (Trudgill, 2006).

Table 1. Definitions of presence trajectory types.

Presence trajectory type Definition

Extirpated Do not appear in records since the 19" century

NIS Not native to the UK

Recently appeared Only appear in the records since the 19" century.

Resident Recorded at least once before the 19" century and in
each century from the 19" centu ry onwards.

Restocked Reported by the EA to have been restocked.

To test the significance of differences in the individual functional traits, habitat preferences and
utilitarian values between fish species which show different presence trajectory types on the River
Don Analysis of Variance (ANOVAs) and Fisher Exact Tests were performed in R version 3.0.1 (R Core
Team, 2013). Such analyses were only performed on variables for which there was a total sample
size of at least 10 species. Presence trajectory categories were excluded from analyses when they
were only represented by one species. All models took the form response~predictor where the
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response was a functional trait, habitat preference or utilitarian value and the predictor was
presence trajectory type.

Some of these variables were grouped together in principal component analyses (PCAs). A full PCA
which included all variables for which data were not missing for more than five species and a series
of subset PCAs was performed (Table 3). Those which referred to life history traits were clustered
for one subset PCA. As stated in the introduction life history traits are likely to influence the ability
of species to resist and recover from environmental disturbances. Those which were thought likely
to influence the extent to which fish species were affected by physical habitat degradation were
used in another PCA. The third subset PCA used variables which were identified in the introduction
to be likely to affect the probability of it being recorded when present. PCAs were performed using
correlation matrices rather than covariance matrices to allow for the different units and variances in
the variables (McGarigal et al., 2000). ANOVAs were performed using each of the principal
components (PCs) which explained at least 10% of the variation within the data set.

Table 3. Habitat preferences, functional traits and utilitarian values describing fish historically recorded in the
River Don included in each PCA. Variables are described in table A.1 in Appendix A.

PCA Habitat preferences, functional traits and utilitarian
values included in model
Full Pollution tolerance

Habitat heterogeneity
Require vegetation
Maximum length
Usual length
Parental care
Lifespan
Migratory behaviour
Hiding behaviour
Eaten
Angling

Life history Maximum length
Usual length
Parental care
Lifespan

Physical habitat degradation Habitat heterogeneity
Pollution tolerance
Vegetation
Migratory behaviour
Hiding
Angling
Eaten

Likelihood of being recorded when present Maximum length
Usual length
Hiding
Angling
Eaten

2.3 RESULTS

2.3.1 Reference Community Composition

The extent to which the composition of the River Don’s fish community can be described using
historical records is greatly limited by the scarcity of the records (Table 3a). The River Don has been
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anthropogenically both chemically and physically degraded for a long time and its course was greatly

altered and channelised from 1626 onwards (Thirsk, 1953; Firth, 1996; Munford, 2000). However,

the severity of this degradation probably increased greatly from the middle of the 18" century due
to the industrial revolution and in particular the growth of the steel industry and associated growth

of urban populations. The only fish species which were unambiguously recorded before or during

the 18" century were: sturgeon (Acipenser sturio), pike, salmon, barbel, bream, chub, dace, grayling,
perch, roach and trout (Appendix A: Table 3a). The remaining non-indigenous species: burbot (Lota

lota), ide and spined loach (Cobitis taenia) may well have also been recorded before or during this
century as the only records of these species are that Firth (1997) stated that they were recorded

before 1850.

Table 3a. Changes in the number of records of fish species recorded in the River Don each century since

records began. Fish species have been categorised according to their presence type categories (Ext=Extirpated
(no longer extant in UK), NIS=Non Indigenous Species (Introduced to the UK through anthropogenic activities),
ReA=Recently Appeared (First observed in the 19" century or later), Res=Resident, Rsto=Restocked (Records of
these species being released into the River Don with the intent of establishing self-sustaining populations are

available)). The sources of the records are recorded (Fir=Firth (c. 1997), BRCs=Biological Records Centres,
Sor=The Sorby Record (Mander, 1973), HH=Hunter’s Hallamshire (Hunter, c. 1875), VSS=Vital Statistics of
Sheffield (Holland, 1843), YAG=Yorkshire Angler’s Guide (Bradley, 1851), EA=Envionment Agency survey

records and stocking records (Trudgill, 2006; personal communications with Nia Hughes, Yorkshire Customers

and Engagement Team, Environment Agency, August 2013), LA=Personal communications with local angler,
MuB=Book published by local museums (Mander 1976), SMC=Sheffield Museum Collections, FI2=Fish It 2!

(Keeling, 2007). Tan=Secondary historical sources, green=sources written primarily for those with an interest
in natural history, blue=scientific surveys and official restocking records, grey= records from more than one of

these categories. Numbers in brackets indicate the number of records available.

Species 1300s | 1400s | 1500s | 1600s | 1700s | 1800s | 1900s | 2000s
Sturgeon (Acipenser sturio) Fir, Sor Sor (4)
(Ext) (4)
Carp (Cyprinus carpio) (NIS) VSS (1) BRCs,
EA, FI2
(4)
Crucian Carp (Carassius BRCs,
carassius) (NIS) EA (5)
Ide (Leuciscus idus) (NIS)
Rainbow Trout (Oncorhynchus BRCs,
myekiss) (NIS) MuB
(5)
Brook Lamprey (Lampetra BRCs
planeri) (ReA) (1)
Bullhead (Cottus gobio) (ReA) BRCs, | BRCs, | BRCs,
VSS (2) | EA, EA
MuB, | (132)
Sor
(28)
Eel (Anguilla anguilla) (ReA) BRCs, | EA, Fir | EA, FI2
VSS, (17) (19)
YAG
(3)
Flounder (Platichthys flesus) EA, Fir
(ReA) (3)
Gudgeon (Gobio gobio) (ReA) BRCs, | BRCs, | BRCs,
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Minnow (Phoxinus phoxinus)
(ReA)

River Lamprey (Lampetra
fluviatilis) (ReA)

Rudd (Scardinius
erythrophthalmus) (ReA)

Ruffe (Gymnocephalus cernuus)
(ReA)

Silver bream (Abramis
bjoerkna) (ReA)

Stone Loach (Barbatula
barbatula) (ReA)

Ten spined stickleback
(Pungitius pungitius) (ReA)

Tench (Tinca tinca) (ReA)

Three spined stickleback
(Gasterosteus aculeatus) (ReA)

Pike (Esox lucius) (Res) Fir (1)

Salmon (Salmo salar) (Res) Fir (2)
Barbel (Barbus barbus) (Rsto) Fir (1)
Bleak (Alburnus alburnus) (Rsto)

Bream (Abramis brama) (Rsto) | Fir (1) Fir (1)
Chub (Leuciscus cephalus) Fir (1)

(Rsto)
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Dace (Leuciscus leuciscus)
(Rsto)

Grayling (Thymallus thymallus)
(Rsto)

Perch (Perca fluviatilis) (Rsto)

Roach (Rutilus rutilus) (Rsto)

Brown/sea trout (Salmo trutta)
(Rsto)
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Table 3b. (See Table 1a for key). Changes in the number of records of fish species recorded in the River Don
over the 20" and 21" centuries.

Species 1900- | 1950s | 1960s | 1970s | 1980s | 1990s | 2000s | 2010s
1950

Sturgeon (Acipenser sturio)
(Ext)

Carp (Cyprinus carpio) (NIS)

Crucian Carp (Carassius
carassius) (NIS)

Ide (Leuciscus idus) (NIS)

Rainbow Trout (Oncorhynchus
mykiss) (NIS)

Brook Lamprey (Lampetra
planeri) (ReA)

Bullhead (Cottus gobio) (ReA)

Eel (Anguilla anguilla) (ReA)

Flounder (Platichthys flesus)
(ReA)

Gudgeon (Gobio gobio) (ReA)

Minnow (Phoxinus phoxinus)
(ReA)

River Lamprey (Lampetra
fluviatilis) (ReA)

Rudd (Scardinius
erythrophthalmus)

Ruffe (Gymnocephalus cernuus)
(ReA)

Silver bream (Abramis
bjoerkna) (ReA)

Stone Loach (Barbatula
barbatula) (ReA)

Ten spined stickleback
(Pungitius pungitius) (ReA)

Tench (Tinca tinca) (ReA)

Three spined stickleback
(Gasterosteus aculeatus) (ReA)

Pike (Esox lucius) (Res)
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(5) EA (56) EA

(19)
Salmon (Salmo salar) (Res) Sor (1) Fir (1)
Barbel (Barbus barbus) (Rsto) BRCs BRCs BRCs, | BRCs, | EA, LA
(1) (1) EA, Fir | EA, FI2 | (31)

Bleak (Alburnus alburnus) (Rsto)

Bream (Abramis brama) (Rsto) MuB Fir (5) | BRCs, | BRCs, | EA, LA
(2) EA (6) | EA, (18)
FI2, LA
(38)
Chub (Leuciscus cephalus) BRCs EA, Fir
(Rsto) (2) (5)
Dace (Leuciscus leuciscus) EA, Fir
(Rsto) (5)
Grayling (Thymallus thymallus) EA, Fir
(Rsto) (4)
Perch (Perca fluviatilis) (Rsto) BRCs BRCs, | BRCs, | BRCs,
(2) MuB EA, Fir | EA EA, FI2
(2) (16) (48) (122)
Roach (Rutilus rutilus) (Rsto) BRCs BRCs, BRCs, BRCs, EA, LA
(4) EA, Fir | EA, Fir, | EA, (52)
(24) LA (75) | FI2, LA
(124)
Brown/sea trout (Salmo trutta) BRCs, BRCs, BRCs, BRCs, BRCs,
(Rsto) EA, EA, Fir | EA EA EA
MuB (46) (89) (179) (77)
(7)

These lists are likely to differ substantially from the species which were present prior to
anthropogenic degradation, particularly with regards to omissions. With the exception of spined
loach these lists did not include any small species which were of low interest to recreational anglers
(Table 3a, Table 4). This is most likely to be due to recording bias. They also did not include any
species which require still to slow flowing water in their adult stages with the exception of spined
loach. Seven out of nine of these species were of major interest to anglers so | expect that they
would have been recorded if present in substantial quantities. However, | think that their
populations were greatly depleted due to channelisation which isolated the River Don from its
backwaters between 1626 and 1630 (Firth, 1997). Unfortunately it is not possible to determine
from the historical records how many species were recorded prior to this as many of Firth’s (1997)
records simply state that the species was recorded before 1850. The number recorded before 1626
may have been as few as the three species which were recorded on a single fishing trip in the 14"
century (Table 3a). The likely erroneous recording of spined loach as discussed in section 2.3.3.1 also
highlights the need for caution to be taken when using historical records to infer reference
conditions.
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Table 4. Functional traits, habitat preferences and utilitarian values of all fish species ever recorded in the

River Don. For a more detailed description of each variable please see Table A.1 in Appendix A.

Maximum
Presence trajectory Pollution  temperature
Species type Migratory behaviour tolerance  (°C)
Barbel Restocked Potamodromous or non-migratory Sensitive 34
Bleak Restocked Potamodromous or non-migratory Tolerant 34
Bream Restocked Potamodromous or non-migratory Tolerant 34
Brook Lamprey Recently appeared Potamodromous or non-migratory Sensitive 29
Bullhead Recently appeared Potamodromous or non-migratory Sensitive 33
Burbot Extirpated Potamodromous or non-migratory Sensitive 32
Carp NIS Potamodromous or non-migratory Tolerant 40
Chub Restocked Potamodromous or non-migratory Tolerant NA
Crucian carp NIS Potamodromous or non-migratory Tolerant NA
Dace Restocked Potamodromous or non-migratory Sensitive 34
Eel Recently appeared Potamodromous or non-migratory Sensitive 38
Flounder Recently appeared Obligately anadromous or catadromous  Sensitive NA
Grayling Restocked Potamodromous or non-migratory Sensitive 25
Gudgeon Recently appeared Potamodromous or non-migratory Sensitive 18
Ide NIS Potamodromous or non-migratory Sensitive NA
Minnow Recently appeared Potamodromous or non-migratory Sensitive 31
Perch Restocked Obligately anadromous or catadromous  Sensitive NA
Pike Resident Potamodromous or non-migratory Tolerant 34
Facultatively anadromous or
Rainbow trout NIS catadromous Sensitive 26
Facultatively anadromous or
River Lamprey Recently appeared catadromous Sensitive NA
Roach Restocked Potamodromous or non-migratory Tolerant 34
Rudd Recently appeared Potamodromous or non-migratory Sensitive 34
Ruffe Recently appeared Potamodromous or non-migratory Tolerant NA
Facultatively anadromous or
Salmon Resident catadromous Sensitive 23
Silver Bream Recently appeared Potamodromous or non-migratory Sensitive NA
Facultatively anadromous or
Smelt Extirpated catadromous Sensitive 20
Spined Loach Extirpated Potamodromous or non-migratory Tolerant 31
Stone Loach Recently appeared Potamodromous or non-migratory Sensitive NA
Sturgeon Extirpated Obligately anadromous or catadromous  Sensitive NA
Facultatively anadromous or
Ten spined stickleback Recently appeared catadromous Tolerant NA
Tench Recently appeared Potamodromous or non-migratory Tolerant 34
Facultatively anadromous or
Three spined stickleback Recently appeared catadromous Tolerant NA
Facultatively anadromous or
Trout Restocked catadromous Sensitive 30
Table 4 continued
Spawning
temperature Physical degradation
Species (°C) tolerance Spawning sediment  Spawning flow
Barbel 29 Sensitive Coarse Moderate to fast
Bleak 15 Tolerant Coarse Moderate to fast
Bream 20 Tolerant Either Still to slow
Brook Lamprey 9 Sensitive Coarse Moderate to fast
Bullhead 12 Sensitive Coarse NA
Burbot 6 Sensitive Coarse NA
Carp 26 Sensitive Coarse Still to slow
Chub 14 NA Coarse Moderate to fast
Crucian carp 30 Sensitive NA Still to slow
Dace 15 Tolerant Coarse Moderate to fast
Eel NA Sensitive NA NA
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Flounder
Grayling
Gudgeon

Ide

Minnow
Perch

Pike

Rainbow trout
River Lamprey
Roach

Rudd

Ruffe

Salmon

Silver Bream
Smelt

Spined Loach
Stone Loach
Sturgeon

Ten spined stickleback
Tench

Three spined stickleback
Trout

NA Sensitive NA NA

9 Tolerant Coarse Moderate to fast
17 Tolerant Either NA

10 NA Either Moderate to fast
16 Sensitive Coarse Moderate to fast
15 NA NA Still to slow

18 NA NA Still to slow

15 NA Coarse Moderate to fast
9 Sensitive Coarse Moderate to fast
14 Tolerant Coarse Either

20 Tolerant NA NA

10 Tolerant Either NA

NA Sensitive Coarse Still to slow

15 NA Coarse Still to slow

12 Sensitive Either Moderate to fast
18 NA Either Moderate to fast
NA Tolerant Either NA

20 Sensitive Coarse Moderate to fast
NA NA NA NA

24 Sensitive NA Still to slow

12 Tolerant NA NA

NA Sensitive Coarse Moderate to fast

Table 4 continued

Spawning river

Species section Spawning main channel Spawning Depth Juvenile flow
Barbel Upstream Yes Shallow Either

Bleak NA Yes Shallow Either

Bream Upstream No Shallow Either

Brook Lamprey Upstream NA NA NA

Bullhead NA NA NA Moderate to fast
Burbot NA NA Shallow Either

Carp NA No Shallow Either

Chub NA Sometimes Shallow Either

Crucian carp NA NA NA Still to slow
Dace NA Sometimes Shallow Still to slow

Eel NA NA NA Still to slow
Flounder NA NA NA Still to slow
Grayling Upstream NA Shallow Either

Gudgeon NA NA Shallow Either

Ide Upstream Sometimes Shallow Still to slow
Minnow Upstream NA NA Either

Perch NA NA Shallow or deep NA

Pike Downstream No NA Moderate to fast
Rainbow trout NA NA NA NA

River Lamprey Upstream NA Shallow Still to slow
Roach NA Sometimes Shallow Either

Rudd NA NA Shallow Still to slow
Ruffe NA NA Shallow Still to slow
Salmon Upstream NA NA Moderate to fast
Silver Bream NA No Shallow Still to slow
Smelt Downstream No Shallow NA

Spined Loach NA NA Shallow Still to slow
Stone Loach NA NA NA Moderate to fast
Sturgeon Downstream Yes Deep NA

Ten spined stickleback NA NA Shallow Still to slow
Tench NA NA Shallow Still to slow
Three spined stickleback NA Sometimes Shallow NA

Trout Either Sometimes NA Still to slow
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Table 4 continued

Adult
Adult river main
Species Adult sediment Adult flow section channel
Barbel Coarse Either Upstream Yes
Bleak Coarse Either Downstream  Yes
Bream Either Either Either Sometimes
Brook Lamprey NA NA Either Sometimes
Bullhead Coarse Moderate to fast NA Sometimes
Burbot Coarse Either Either Sometimes
Carp Either Either Either NA
Chub NA Either Either Sometimes
Crucian carp Fine Still to slow Either Sometimes
Dace Coarse Moderate to fast Either Sometimes
Eel Either Still to slow Either No
Flounder Fine Still to slow Downstream  NA
Grayling Either Moderate to fast Downstream  NA
Gudgeon Either Either Either NA
Ide NA Still to slow Downstream  NA
Minnow Either Either Either NA
Perch NA Either Downstream  NA
Pike NA Moderate to fast Downstream  Yes
Rainbow trout NA NA Either Sometimes
River Lamprey NA NA NA NA
Roach NA Either Either Sometimes
Rudd NA Still to slow Downstream  Sometimes
Ruffe Either Still to slow Downstream  NA
Salmon NA Moderate to fast NA NA
Silver Bream Either Still to slow Downstream  No
Smelt NA NA Downstream  NA
Spined Loach Fine Still to slow Either Sometimes
Stone Loach Either Moderate to fast Either NA
Sturgeon NA NA NA NA
Ten spined stickleback Either Still to slow NA Sometimes
Tench Fine Still to slow Downstream  Sometimes
Three spined stickleback Fine NA NA Sometimes
Trout NA NA Upstream Sometimes
Table 4 continued
Require

Species Adult depth Habitat heterogenity vegetation Spawning sediment width

Require particular sediment type (fine or coarse)
Barbel Shallow Required Required but not vegetation

Require particular sediment type (fine or coarse)
Bleak NA Required Required but not vegetation

Can use either fine or coarse sediment but
Bream Shallow Required Not required require vegetation

Require particular sediment type (fine or coarse)
Brook Lamprey NA Required Not required but not vegetation

Require particular sediment type (fine or coarse)
Bullhead Shallow Not required Required but not vegetation

Require particular sediment type (fine or coarse)
Burbot NA Required Required but not vegetation

Can use either fine or coarse sediment and do
Carp Deep Required Beneficial not require vegetation

Can use either fine or coarse sediment and do
Chub NA Required Required not require vegetation
Crucian carp NA Required Not required NA

Require particular sediment type (fine or coarse)
Dace NA Required Required but not vegetation
Eel NA Not required Required NA
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Flounder
Grayling
Gudgeon
Ide

Minnow
Perch
Pike

Rainbow trout
River Lamprey

Roach
Rudd

Ruffe
Salmon
Silver Bream
Smelt
Spined Loach
Stone Loach
Sturgeon

Ten spined
stickleback
Tench
Three spined
stickleback

Trout

Shallow Not required
NA Required
Shallow or

deep Beneficial
NA NA

Shallow or

deep Beneficial
NA Not required
Deep Required

NA Not required
NA Required

NA Beneficial
NA Not required
NA Not required
NA Required

NA Required

NA Not required
NA Required

NA Required

NA Required
Shallow Not required
Shallow Beneficial
Deep Required
Shallow or

deep Beneficial

Required

Not required

Required
Required

Required
Beneficial

Not required

Required
Required

Beneficial

Not required

Required
Required
Beneficial
Required
Beneficial
Required

Required

Not required

Not required

Not required

Required

NA

Require particular sediment type (fine or coarse)
but not vegetation

Can use either fine or coarse sediment and do
not require vegetation

Can use either fine or coarse sediment and do
not require vegetation

Require particular sediment type (fine or coarse)
but not vegetation

NA

NA

Require particular sediment type (fine or coarse)
but not vegetation

Require particular sediment type (fine or coarse)
but not vegetation

Require particular sediment type (fine or coarse)
but not vegetation

NA

Can use either fine or coarse sediment and do
not require vegetation

Require particular sediment type (fine or coarse)
but not vegetation

Require particular sediment type (fine or coarse)
but not vegetation

Can use either fine or coarse sediment and do
not require vegetation

Can use either fine or coarse sediment and do
not require vegetation

Can use either fine or coarse sediment and do
not require vegetation

Require particular sediment type (fine or coarse)
but not vegetation

NA
NA

NA
Require particular sediment type (fine or coarse)
but not vegetation

Table 4 continued

Species Adult sediment width Spawning flow width Juvenile flow width Adult flow width
Require particular sediment type Can use either still to slow or
Barbel (fine or coarse) but not vegetation NA NA moderate to fast
Require particular sediment type Requires still to slow or
Bleak (fine or coarse) but not vegetation moderate to fast NA NA
Require particular sediment type Requires still to slow or Requires still to slow or
Bream (fine or coarse) but not vegetation moderate to fast NA moderate to fast
Brook Requires still to slow or
Lamprey NA moderate to fast NA NA
Require particular sediment type Requires still to slow or Requires still to slow or
Bullhead (fine or coarse) but not vegetation moderate to fast NA moderate to fast
Require particular sediment type Requires still to slow or Requires still to slow or
Burbot (fine or coarse) but not vegetation moderate to fast NA moderate to fast
Require particular sediment type Can use either still to slow Requires still to slow or
Carp (fine or coarse) but not vegetation or moderate to fast NA moderate to fast
Can use either still to slow
Chub NA or moderate to fast NA NA
Crucian Require particular sediment type Requires still to slow Requires still to slow or
carp (fine or coarse) but not vegetation NA or moderate to fast moderate to fast
Require particular sediment type Requires still to slow or
Dace (fine or coarse) but not vegetation NA NA moderate to fast
Do not require particular sediment Requires still to slow or  Requires still to slow Requires still to slow or
Eel type (fine or coarse) or vegetation moderate to fast or moderate to fast moderate to fast
Require particular sediment type Requires still to slow or
Flounder (fine or coarse) but not vegetation moderate to fast NA NA
Do not require particular sediment Requires still to slow Can use either still to slow or
Grayling type (fine or coarse) or vegetation NA or moderate to fast moderate to fast
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Gudgeon
Ide
Minnow
Perch
Pike
Rainbow
trout

River
Lamprey

Roach
Rudd
Ruffe
Salmon
Silver
Bream
Smelt
Spined
Loach
Stone Loach
Sturgeon
Ten spined

stickleback

Tench
Three
spined
stickleback

Trout

Do not require particular sediment
type (fine or coarse) or vegetation

NA
Require particular sediment type
(fine or coarse) but not vegetation

NA
NA
NA
NA
NA

NA
Do not require particular sediment
type (fine or coarse) or vegetation

NA
Require particular sediment type
(fine or coarse) but not vegetation

NA
Require particular sediment type
(fine or coarse) but not vegetation

Do not require particular sediment type
(fine or coarse) but require vegetation

NA

Require particular sediment type
(fine or coarse) but not vegetation
Require particular sediment type
(fine or coarse) and vegetation

Require particular sediment type
(fine or coarse) and vegetation

NA

Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast

NA

NA

Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast

NA

NA
Requires still to slow or
moderate to fast

NA

NA

Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast

Can use either still to
slow or moderate to
fast

Requires still to slow or
moderate to fast

NA
Requires still to slow
or moderate to fast

NA

NA

Requires still to slow
or moderate to fast
Requires still to slow
or moderate to fast
Requires still to slow
or moderate to fast

NA
Requires still to slow
or moderate to fast

NA

NA

Requires still to slow
or moderate to fast
Can use either still to
slow or moderate to fast
Requires still to slow
or moderate to fast

NA
Requires still to slow
or moderate to fast

Can use either still to
slow or moderate to fast

NA

Requires still to slow
or moderate to fast
Requires still to slow
or moderate to fast

Can use either still to slow or
moderate to fast

NA

Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast

Can use either still to slow or
moderate to fast
Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast
Requires still to slow or
moderate to fast

NA

Requires still to slow or
moderate to fast

Requires still to slow or
moderate to fast

Can use either still to slow or
moderate to fast

Requires still to slow or
moderate to fast

Requires still to slow or
moderate to fast

Requires still to slow or
moderate to fast

Can use either still to slow or
moderate to fast

Can use either still to slow or
moderate to fast

Can use either still to slow or
moderate to fast

NA

Table 4 continued

Juvenile diet width Hatching
(number of Adult diet width (number of Lowest trophic period

Species categories) categories) level (days)
Plants including

Barbel 2 3 algae 15
Plankton and

Bleak 3 2 detritus NA
Plankton and

Bream NA 4 detritus 12

Brook Lamprey 1 NA NA NA

Bullhead 3 2 Macroinvertebrates  NA

Burbot 1 2 Macroinvertebrates 70
Plankton and

Carp 2 2 detritus 8
Plankton and

Chub NA 4 detritus 10
Plankton and

Crucian carp NA 3 detritus NA
Plankton and

Dace 2 3 detritus 25
Plankton and

Eel 3 2 detritus NA

Flounder 1 2 Macroinvertebrates 7
Plankton and

Grayling 1 3 detritus 40
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Gudgeon NA 1 Macroinvertebrates 30
Plankton and
Ide 1 4 detritus 20
Plankton and
Minnow 2 3 detritus 10
Plankton and
Perch NA 3 detritus 18
Pike 2 3 Macroinvertebrates  NA
Rainbow trout 1 2 Macroinvertebrates  NA
River Lamprey NA 1 Fish NA
Plankton and
Roach NA 2 detritus 12
Plankton and
Rudd 3 3 detritus NA
Plankton and
Ruffe NA 3 detritus 10
Salmon NA NA NA 183
Plankton and
Silver Bream NA 2 detritus 6
Smelt 2 2 Macroinvertebrates 35
Plankton and
Spined Loach 1 1 detritus NA
Stone Loach 3 1 Macroinvertebrates 16
Sturgeon 1 NA NA 7
Plankton and
Ten spined stickleback 1 3 detritus 10
Plankton and
Tench 3 3 detritus 8
Plankton and
Three spined stickleback 2 3 detritus 10
Trout 2 2 Macroinvertebrates 56
Table 4 continued
Maximum
length Lifespan
Species Parental care Usual length (cm) (cm) (years)
Barbel Adhesive or strings 45 120 25
No nest or adhesive
Bleak eggs 14 25 6
Bream Adhesive or strings 45 82 20
Brook Lamprey Make nest 25 20 20
Bullhead Guard eggs 10 18 5
No nest or adhesive
Burbot eggs 41 152 NA
Carp Adhesive or strings 56 110 50
Chub Adhesive or strings 40 60 12
Crucian carp Adhesive or strings 20 64 10
Dace Bury or shelter eggs 20 40 10
Eel NA 65 100 12
Flounder NA 36 60 NA
Grayling Make nest 40 60 6
No nest or adhesive
Gudgeon eggs 22 20 8
Ide Adhesive or strings 37 100 15
Minnow Bury or shelter eggs 8 14 11
Perch Adhesive or strings 30 60 21
No nest or adhesive
Pike eggs 85 137 24
Rainbow trout Make nest 100 120 4
River Lamprey Make nest 38 50 NA
Roach Adhesive or strings 30 53 18
Rudd Adhesive or strings 20 51 19
Ruffe Adhesive or strings 17 30 10
Salmon Make nest 58 150 7
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Silver Bream Adhesive or strings 23 36 10
Smelt Adhesive or strings 14 45 10
Spined Loach Adhesive or strings 8 13.5 5
Stone Loach Adhesive or strings 8 21
Sturgeon Adhesive or strings 250 600 40
Ten spined stickleback Provide nursery 6 9 3
Tench Adhesive or strings NA 70 20
Three spined stickleback Provide nursery 6 11 2
Trout Make nest 72.5 140 24
Table 4 continued
Gregarious
Species Circadian rhythm Hiding transience
Barbel Not active nocturnally Usually Seasonally
Bleak Not active nocturnally None Seasonally
Bream Not active nocturnally Seasonally Seasonally
Seasonally active
Brook Lamprey nocturnally Seasonally Seasonally
Not gregarious at
Bullhead Not active nocturnally Usually all
Burbot Not active nocturnally Usually Throughout year
Carp Not active nocturnally Circumstantially Throughout year
Chub NA Usually Seasonally
Somewhat active
Crucian carp nocturnally Usually NA
Dace NA Seasonally Throughout year
Not gregarious at
Eel Not active nocturnally Seasonally all
Somewhat active
Flounder nocturnally Circumstantially NA
Grayling NA Usually Seasonally
Somewhat active
Gudgeon nocturnally Usually NA
Ide NA NA Seasonally
Somewhat active
Minnow nocturnally Seasonally Throughout year
Perch Most active nocturnally Seasonally Seasonally
Seasonally active Not gregarious at
Pike nocturnally Seasonally all
Somewhat active
Rainbow trout nocturnally Usually NA
Seasonally active
River Lamprey nocturnally Seasonally Seasonally
Somewhat active
Roach nocturnally Circumstantially Throughout year
Rudd NA Usually Seasonally
Somewhat active
Ruffe nocturnally Usually Throughout year
Salmon Not active nocturnally Seasonally Seasonally
Silver Bream Not active nocturnally NA Throughout year
Smelt NA NA Seasonally
Somewhat active Not gregarious at
Spined Loach nocturnally Usually all
Stone Loach Not active nocturnally Usually Throughout year
Not gregarious at
Sturgeon Not active nocturnally NA all
Seasonally active Not gregarious at
Ten spined stickleback nocturnally Usually all
Tench Not active nocturnally Seasonally NA
Three spined stickleback Most active nocturnally Usually Seasonally
Somewhat active
Trout nocturnally Seasonally NA
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Table 4 continued

Species Group size Eaten historically Angling
Barbel Large Minor Major
Bleak Large Major Minor
Bream Large Major Major
Brook Lamprey Large Not eaten None
Bullhead Usually solitary Major Bait
Angled outside
Burbot Large Unspecified extent UK
Carp Small Major Major
Chub NA Not eaten Major
Crucian carp NA Major Major
Dace Large Unspecified extent Minor
Eel Usually solitary Major Major
Flounder NA Not eaten Major
Grayling NA Major Major
Gudgeon NA Major Minor
Ide NA Minor Major
Minnow NA Eaten outside UK None
Perch Small Unspecified extent Minor
Pike Usually solitary Major Major
Rainbow trout NA Minor Major
River Lamprey Large Eaten outside UK Bait
Roach Large Major Major
Rudd NA Eaten outside UK Major
Ruffe Small Major Bait
Salmon NA Major Major
Silver Bream NA Major Major
Smelt NA Major Minor
Spined Loach Usually solitary Major None
Stone Loach Small Major Bait
Sturgeon Usually solitary Major NA
Ten spined stickleback Usually solitary Major NA
Tench NA Minor Major
Three spined stickleback NA Eaten outside UK Bait
Trout NA Major Major

2.3.2 Records through Time

Overall the total number of species increased greatly through time though there were fluctuations
(Table 3a). Only three species were recorded in the 14" century and no species were recorded in
the 15" or 16™. Until the 19" century the number of species recorded each century did not exceed
ten but from the 20" century onwards at least 20 species were recorded each century. The
substantial increase from the 18" to the 19" century is strongly indicative of increased recording
efforts as the River Don’s ability to support fish populations did not begin to increase until the mid-
1970s (Firth, 1997). In the 20" century only three species were recorded prior to the 1970s (Table
3b). The number of species recorded per decade reached 16 in the 1970s and has not fallen below
15 since then. From the 1990s to the 2010s it remained between 22 and 25. The increased number
of species can be attributed to: environmental improvements, particularly in terms of decreased
pollution (Firth, 1997); and increased reporting with the publication of Freshwater fishes of the
Sheffield area (Mander, 1976).
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2.3.2.1 Coarse fish and salmonids

Prediction one: The number of salmonid species recorded in the River Don was affected by chemical
and physical environmental degradation to a greater extent than the number of coarse fish species.

The presence of salmonids is generally believed to indicate good ecological quality so | expected that
salmonids would only be recorded on the River Don before it had been severely degraded and when
it had recovered to a great extent. | expected salmonids to have been affected by pollution to a
greater extent than coarse fish as all four species which have ever been observed on the River Don
are sensitive to pollution: salmon, trout, grayling and rainbow trout. Furthermore, other papers
have reported that as a group salmonids are highly sensitive to hypoxia, acidification and a wide
range of pollutants including: nitrites, nitrates and ammonia (Kemp et al., 2011). | expected
salmonids to have been affected by physical degradation, particularly impoundment to a greater
extent as weirs block the migratory pathways of salmonids to the extent that they have caused the
extirpation of several salmon populations (de Leaniz, 2008). Increased turbulence can also reduce
their ability to find food as they are mostly visual predators (DeYoung, 2007).

However, trends in the number of salmonid and coarse fish species recorded each century did not
support this prediction (Appendix A: Figure A.1a). In the 17" century and from the 19" century
onwards salmon, trout and grayling were all present and the only species which was recorded in the
18" century was salmon (Table 3a). Rainbow trout was only present in the most recent two
centuries as it is a non-indigenous species which was not introduced to the UK until the 1880s
(Davies et al., 2004). Conversely, only 7 and 17 coarse fish species were recorded in the River Don in
the 17" and 19" centuries respectively (Appendix A: Figure A.1a). . These accounted for 24% and
55% of the indigenous coarse fish species which were ever recorded there.

However, in support of the prediction it was found that no salmonids were reported in the first half
of the 20™ century (Appendix A: Figure A.1a) and no salmonids were mentioned in personal
communications with Martin Read, a local angler who described changes in the composition of fish
assemblages on the River Don and whilst one book on coarse fishing was found in Sheffield Library
(Keeling, 2007) no information on recent angling for salmonids was found in any local library. The
low level of attention given to salmonids by anglers on the River Don is likely to reflect low
abundances as salmonids are nationally of great interest to recreational anglers. Salmon was not
recorded in the 1980s or 2010s. The maximum number of salmon records from any decade since
the 1950s was two which suggests that whilst they were present their abundances were very low.
These low abundances are also recognised by the National Rivers Authority (1996 cited in Firth,
1997) who described the sighting of a single salmon as “Perhaps the most vivid demonstration of the
river improvement”. There were also only three coarse fish species recorded in the first half of the
20" century: gudgeon, barbel and perch (Table 3b; Appendix A: Figure A.1b).

Prediction two: Prior to more systematic scientific sampling recording biases increased the likelihood
of salmonid species relative to coarse fish species being recorded when present in the River Don due
to their popularity with anglers and large size.

All four of the salmonids which were ever recorded on the River Don were of major interest to
anglers (Table 4). Furthermore, three of the seven species with the largest maximum lengths which
were ever recorded on the River Don were salmonids. As predicted changes in the numbers of
coarse fish and salmonids recorded through time indicated that in earlier centuries a much greater
proportion of the salmonids which were present were recorded (Appendix A: Figure A.1a). A similar
pattern was observed within the 20" century (Appendix A: Figure A.1b). By the 17 century all
salmonids which were ever recorded on the River Don with the exception of the non-indigenous
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species rainbow trout which was not introduced to the UK until the 1880s had been recorded there
(Table 3a). Conversely, only seven of the 25 native coarse fish species which were ever recorded in
the River Don had been recorded there by the 17" century and six were not recorded there until the
1970s or later (Tables 2a and 2b). It is likely that both recording biases and environmental changes
are partially responsible for these species first appearing in the records so late. This will be explored
further in section 2.3.3.3.

2.3.2.2 Pollution tolerance

Prediction one: The number of pollution sensitive species recorded in the River Don decreased to a
greater extent in response to increased pollution than the number of pollution tolerant species and
took longer to recover as pollution decreased.

Before the 19" century pollution tolerant and pollution sensitive species were both recorded
(Appendix A: Figure A.2a). Unfortunately, due to the scarcity of records it was not possible to
identify meaningful trends in the number of species in each of these categories through time until
the 19" century onwards. Similarly a century in which the River Don was clearly unable to support
pollution sensitive fish species cannot be identified from these records.

From the 19" century to the 20" century the number of pollution tolerant species recorded
increased by only 12.5% from 8 to 9 whilst the number of pollution sensitive species recorded
increased by 41.7% from 12 species to 17 species (Appendix A: Figure A.2a). The number of
pollution tolerant species did not change from the 20" to the 21°* century, whilst the number of
pollution sensitive species fell by one. This suggests that pollution tolerant species have always been
present on the River Don in high enough abundances to have been recorded whilst pollution
severely suppressed the abundances of many pollution sensitive species in the 19" century perhaps
to the point of temporary extirpation but reduced pollution levels in the 20" century enabled these
populations to recover.

However, a closer investigation of the species concerned makes it more difficult to unambiguously
attribute these changes to a reduced severity of pollution between the 19" and 20™ centuries. The
pollution sensitive species which were present in the 20" century but not the 19" century were:
rainbow trout, brook lamprey, flounder, rudd, silver bream and stone loach (Tables 2a and 3). There
were six pollution sensitive species which were present in the 20" century but not the 19" century
despite the fact that the number of pollution sensitive species only increased by five as sturgeon was
present in the 19" century but not the 20™. Alternative explanations for the absences of all six
pollution sensitive species in the 19" century are provided in section 2.3.3 below and include: actual
population changes in response to the slow colonisation of impounded sections by lentic species;
the introduction of rainbow trout; and recording biases such as low interest to anglers and
differences in recording effort which mean that species which have never been common on the
River Don were more likely to be recorded in the 20" century.

Despite great improvements in water quality from the 1970s to the 1990s (Firth, 1997) the number
of pollution sensitive and pollution tolerant species increased to a proportionately similar extent
(36.4% and 34.4% respectively; Appendix A: Figure A.2b). Both groups showing such similar
increases may suggest that the perceived recovery was driven at least in part by additional factors.
The pollution sensitive species which were present in the 1990s but not the 1970s were: brook
lamprey, river lamprey, silver bream, dace and grayling (Tables 2b and 3). The pollution tolerant
species which were present in the 1990s but not the 1970s were: crucian carp, ten spined
stickleback, pike and bleak. Reasons for the absence of these species in the 1970s are described in
section 2.3.3 and include: slow colonisation of impounded river sections by lentic species; biases due
to low value to recreational anglers; and the greater chance of recording visitor species as survey
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efforts increased. Surprisingly the number of pollution sensitive species recorded in the 1980s was
lower than the number recorded in the 1970s despite much work to reduce pollution being
conducted over these two decades. This further suggests that changes in the number of pollution
sensitive and pollution tolerant species in this time period were driven by factors other than
decreasing pollution.

The number of pollution sensitive species remained relatively constant over the next two decades
whilst the number of pollution tolerant species fell by 22.2% from nine species in the 1990s and
2000s to seven species in the 2010s (Appendix A: Figure A.2b). One possible explanation for this
decline is increased competition due to the recovery of pollution sensitive species driven by reduced
pollution. However when the species concerned are considered individually, alternative
explanations may be more likely. The pollution tolerant species which were present in the 1990s but
not the 2010s were: crucian carp, ten-spined stickleback and tench (Tables 2b and 3). There have
never been large numbers of records of these species from the River Don (Tables 2a and 2b).
Crucian carp are found in lentic ecosystems and densely vegetated oxbows and backwaters of rivers
which were destroyed by the drainage of wetlands adjacent to the River Don and channelisation
(Kottelat and Freyhof, 2007). Tench require complex habitats for grazing and hiding from predators
and are thus also likely to have been adversely affected by channelisation which reduced habitat
heterogeneity (Davies et al., 2004). Ten spined stickleback are observed relatively rarely by the EA in
Yorkshire and are more likely to be observed in ditches than large rivers (personal communications
with EA Customer and Engagement Team, 2016).

2.3.2.3 Interest to recreational anglers

Prediction one: The proportion of fish species of minor interest to anglers which were recorded in the
River Don increased through time as bias in recording due to interest to anglers decreased due to the
adoption of more scientific surveying techniques.

| expected that recording biases would have a greater effect on the species which were recorded in
the earlier centuries and decades within the 20™ century as systematic scientific surveys have been
undertaken by the EA since the 1980s but many earlier records were produced largely for the
benefit of anglers (Tables 2a and 2b). The results confirmed this expectation. Fish species which
were of minor or major interest to recreational anglers were recorded from the 14" century
onwards (Appendix A: Figure A.3a). Species which were of no interest to recreational anglers or only
used by them as bait were not recorded in the River Don until the 19" century. Surprisingly these
were recorded in a book providing an overview of the current state of Sheffield called Vital Statistics
of Sheffield which was published by Holland in 1837 (Table 3a). This suggests that the author
believed fish community composition to be of at least some interest to a wide audience at this time.
Further supporting the prediction all of the fish which were recorded in the first half of the 20"
century were of minor or major interest to recreational anglers (Appendix A: Figure A.3b). The
commencement of more systematic surveying by the EA in the 1980s surprisingly did not increase
the number of recorded species which were of no interest to anglers or only of interest to them as
bait (Table 3b; Appendix A: Figure A.3b). This suggests that from the 1970s onwards there was little
bias in the species which were recorded due to their value to anglers. Due to the complete lack of
records in the 1950s and 1960s it is also not possible to detect such bias. It can therefore be
concluded that fish which were of no importance to recreational anglers were less likely to be
recorded when present prior to the mid-20" century but these species have been relatively well
recorded since the 1970s. It would be particularly unlikely that ruffe and three spined stickleback
had not been present on the River Don prior to the 1970s as they are not known to be sensitive to
physical degradation and are pollution tolerant (Tables 2b and 3).
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2.3.2.4 Extent to which species were eaten by people

Prediction one: The proportion of fish species which were not historically eaten in the UK to a great
extent recorded in the River Don increased through time as bias in recording due to values as a food
source decreased due to the adoption of more scientific surveying techniques.

Firth (1997) recorded that the River Don was an abundant food source, particularly with regards to
salmon until the mid-19" century and there is no evidence to suggest that the River Don has become
an important food source again as fish populations have recovered. However, analysis of the
historical records yielded relatively little evidence to support this prediction. All the species which
were recorded in the River Don in the 14™ century were either eaten in the UK to a major or
unspecified extent historically (meaning that their role as a food source is mentioned but not
guantified in the sources listed in the method and Table A.2 in Appendix A) (Appendix A: Figure
A.4a). However, this result should be interpreted with caution as it pertains to a single fishing trip
(Table 3a; Firth, 1997). No species were recorded in the 15" or 16" centuries but from the 17"
century to the 21* the number of species which have never been eaten in the UK to any substantial
extent increased from one to five whilst the number of species which were historically eaten to a
major extent in the UK increased from six to 14 (Appendix A: Figure A.4a). As expected there is no
evidence that species which were eaten to a greater extent were more likely to have been recorded
when present in the 20" century. The number of species by the extent to which they were
historically eaten followed very similar trends through the 20" century and the first decade of the
21° century (Appendix A: Figure A.4b).

2.3.3 Results by Presence Trajectory Type

Species with different presence trajectory types on the River Don were generally very similar in
terms of their individual functional traits, habit preferences and the extent to which they were eaten
(Appendix A: Tables A.3 and A.4). Of the 17 functional traits, 11 habitat preferences and two
utilitarian values which were analysed the only individual variables which were found to significantly
differ between presence trajectory type categories were: the extent to which species were of
interest to recreational anglers; maximum body length; and flow preferences of adults (Appendix A:
Tables A.3. and A.4; Figures A.5, A.6 and A.7 respectively).

ANOVAs using PCs confirmed that the presence trajectory type categories differed little in terms of
functional traits and habitat preferences. PCs from the full PCA and the likelihood of being recorded
PCA simply confirmed that presence trajectory types were significantly different in terms of body
length and interest to recreational anglers (Table 3; Appendix A: Tables A.6, A.7, A.11 and A.12;
Figures A.8 and A.12). The results of these PCAs and ANOVAs will therefore not be discussed in any
more detail. The life history PCA further confirmed differences in body length but also found that
these were associated with differences in lifespan with larger species generally being longer lived
(Appendix A: Tables A.7 and A.8; Figures A.9 and A.10). ANOVAS using PCs from the physical
degradation PCA confirmed that presence trajectory type categories differed significantly in terms of
interest to anglers but also found that greater interest to recreational anglers was associated with
lower levels of hiding behaviour (Appendix A: Tables A.9 and A.10; Figure A.11). Hiding behaviour
was only included in this analysis as it was expected to help explain how reduced habitat complexity
and reduced vegetation would affect species responses to environmental degradation. However, as
the latter two variables were found not to be significant this PCA and its associated ANOVAs will not
be discussed in any more detail. The chance of being recorded PCA simply confirmed that species
with different trajectory type differed significantly in terms of body size and interest to recreational
anglers (Appendix A: Tables A.11 and A.12; Figure A.12).
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Changes in the sources of information through time suggest that a greater proportion of records
were produced by people and for audiences other than recreational anglers through time (Tables 3a
and 3b). Unfortunately, the earliest records provide very little information on who produced the
records and the intended purpose of these records. However, all records from the 14" century
pertained to a single angling trip undertaken by the ex-King of Scotland (Table 3a; Firth, 1997). The
earliest records which were clearly written for an audience with a general interest in natural history
rather than recreational anglers were published in Vital Statistics of Sheffield by Holland in 1843
(Table 3a). The EA began undertaking comprehensive scientific surveying in the 1980s (personal
communications with Nia Hughes, 2013).

2.3.3.1 Extirpated species

This study classified a total of four species as having been extirpated from the River Don as they had
not been recorded there since the 19" century. These were: burbot, smelt (Osmerus eperlanus),
spined loach, and sturgeon. With the exception of sturgeon these species were not included in
Table 3a because it was not clear which century they were recorded in. Firth (1997) simply stated
that they had all been identified on the River Don before 1850. It is questionable that spined loach
was ever actually present in the River Don although for the purpose of this analysis it was classified
as an extirpated species as it met the criteria of having been last recorded on the River Don prior to
the 19" century and | am interested in the effects of recording biases on the inferences which can be
drawn from the data. According to Davies et al. (2004) spined loach only occur naturally in five
major catchments within the UK. These are all South of the Humber Estuary. They have been
introduced to few other catchments within the UK as they are of little interest to recreational
anglers. The fact that Davies et al. (2004) believed that some of the spined loach records which
were made in 1972 inaccurately indicated presence when the species was not present suggests that
it is relatively easy to mistake other species for this species. Its small size is likely to contribute to
recording difficulties (Table 4). It is also important to recognise that whilst sturgeon may well have
been recorded on the River Don, sturgeon do not spawn in British freshwaters so any individual
found in British freshwaters is considered to be a vagrant (Davies et al., 2004). Of the remaining two
species which have been extirpated from the River Don, the only species to have been extirpated
from the UK is burbot which was last recorded in 1969 more than a century after it was last recorded
in the River Don.

Prediction one: Extirpated species have functional traits and habitat preferences which increase their
vulnerability to pollution and physical habitat degradation to a greater extent than extant species.

Surprisingly little evidence was found to support this prediction. A comparison of the functional
traits and habitat preferences between the species which were extirpated with the remainder of the
fish species which have been recorded on the River Don found that the former had much in common
with the latter (Appendix 2: Tables A.3 and A.4). They did not differ from species with other
presence trajectories in terms of habitat preferences and functional traits in ways which were likely
to increase their vulnerability to physical degradation. Furthermore, none of them required high
flow speeds in their adult stages (Appendix A: Figure A.7), a difference which would be expected to
be more likely to decrease rather than increase the extent to which they were adversely affected by
impoundment. As a group extripated species also differed significantly from species with other
presence trajectories in terms of their maximum length (Appendix A: Figure A.6). This was because
sturgeon and burbot are the species with the two greatest maximum lengths ever to have been
recorded in the River Don (Table 4). Sturgeon has a maximum length of 600cm but burbot has a
maximum length of 152cm which is only marginally greater than that of salmon, 150cm. Large size is
recognised by Firth (1997) to have increased the risk of suffocation when the river bed frequently
dried up due to abstraction for the adjacent mills around the early 18" century.
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Prediction two: The life history traits of extirpated species significantly differ from those of other
species in ways which increased their risk of extirpation.

| expected species with large body size and long lifespans to be more likely to have been extirpated
as these traits have been cited as determining factors in many extirpations (McKinney, 1997) and are
known to reduce the resilience of freshwater fish to disturbances (Schlosser, 1990; Detenbeck, et al.,
1992). However, although sturgeon had a high life history PC1 value indicating its long length and
lifespan, spined loach and smelt both had low PC1 values (Appendix A: Tables A.7 and A.8; Figures:
A.9 and A.10). These two species had the third and 13" smallest maximum lengths of all 21 of 33
species which have ever been recorded on the River Don for which the maximum length is known
(Table 4). This suggests that life history traits which have been shown to increase the vulnerability of
many species to extinction including large body size and long lifespans did not play an important role
in determining which species were extirpated from the River Don (McKinney, 1997).

Prediction 3: Extirpated species had utilitarian values and functional traits which increased the
likelihood of them being recorded when present

With regards to recording bias | expected that the extirpated species which appeared in the records
would have had functional traits and utilitarian values which increased the likelihood of them being
recorded as other species may have been extirpated from the River Don without ever having been
recorded. There was relatively little evidence to support this prediction. Whilst burbot and sturgeon
both have long lengths which may have increased the likelihood of them being recorded as large
species are highly visible and often charismatic (Table 4; Sergio et al., 2006; Linnell et al., 2000),
stone loach and smelt both had relatively short lengths. Furthermore, none of the extirpated
species unlike the majority of other species was reported to have been of major interest to
recreational anglers (Appendix A: Figure A.5). ANOVAs using PCs from the likelihood of being
recorded when present PCA found that extirpated species did not significantly differ from other
species which have been recorded on the River Don in any other ways which were expected to affect
their likelihood of being recorded (Appendix A: Tables A.11 and A.12; Figure A.12).

2.3.3.2 NISs

Four NISs were recorded on the River Don: crucian carp, carp, rainbow trout and ide (Tables 2a and
2b). Itis disputed as to whether crucian carp is native to the UK or not (Davies et al., 2004).
However, if it is native it is only native to south-east England and has been introduced across the UK
for recreational angling. It was therefore treated as a non-indigenous species for the purpose of this
study. The remaining three species were first recorded in the River Don in the 19" century, 1970s
and 2000s respectively (Tables 2a and 2b). This was much later than they were first introduced to
the UK: some time before 1500, 1880s and 1874 respectively (Davies et al., 2004).

Prediction one: NISs have functional traits which enable them to thrive in the anthropogenically
modified habitat conditions provided by the River Don

This prediction was based on findings by Clavero et al. (2004) and Marchetti and Moyle (2001) that
non-indigenous freshwater fish species benefited from impoundment in terms of increased
abundances as they were well adapted to lentic ecosystems. However, the only evidence found in
this study to support this expectation was that none of the NISs for which such information was
available required moderate to fast flowing water during their adult stages (Appendix A: Figure A.7).
This was the only life stage for which statistically significant differences between species with
different presence trajectory types for flow speed preferences was found (Appendix A: Table A.3).
ANOVAs using the physical degradation PCs found no evidence that NISs were suited to impounded
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conditions to significantly different extents to other species which have been recorded on the River
Don (Appendix A: Tables A.9 and A.10; Figure A.11).

However, the lack of statistically significant differences in functional traits and habitat preferences
which | expected to enable NISs to thrive in the impounded River Don (Appendix A: Tables A.3 and
A.4) may be partially explained by the low number of records of NISs which further suggested that
they were not suited to this habitat (Tables 2a and 2b). The greatest number of records of an NIS in
any one decade was 16 indicating that no non-indigenous fish species has ever reached high
population densities in the River Don. No more than five records of any NIS were recorded in any
other decade despite the EA recording whatever they caught when performing surveys from the
1980s onwards. Two NISs, rainbow trout and ide both require moderate to fast flowing water for
spawning reducing the suitability of impounded river sections as a habitat for these species. A more
in depth consideration of the suitability of the anthropogenically modified River Don for the NISs
which have been recorded on it provided further evidence of the unsuitability of the habitat.

Crucian carp is usually restricted to densely vegetated backwaters and oxbows (Kottelat and Freyhof,
2007), many of which would have been lost from the River Don as a result of channelisation (Firth,
1997). Ide usually inhabits large lowland rivers but migrates upstream to spawn in upstream
tributaries which the impoundments are likely to prevent it from doing on the River Don (Kottelat
and Freyhof, 2007; Firth, 1997) . Carp larvae are only able to survive in very warm water and in the
UK only lentic ecosystems are likely to be able to sustain such conditions (Kottelat and Freyhof,
2007). Furthermore, it is legal to introduce carp and ide to lentic ecosytems but not lotic ecosystems
in the UK so propagule pressure on rivers is likely to be lower, particularly now that channelisation of
the River Don prevents many opportunities for fish to colonise it from lentic ecosystems within the
catchment (Wheeler, 2000). Despite high propagule pressure for more than 120 years few self-
sustaining rainbow trout populations have established themselves in the UK (MacCrimmon, 1971).
Whilst there is much discussion regarding the factors which have prevented this, it is more likely that
it is due to over fishing or biological interactions with predators, competitors or pathogens
particularly in early life stages than abiotic changes (Fausch, 2007). Although summer floods
displace fry in some UK rivers they are unlikely to have a substantial effect on the River Don which
has a long history of flood defence engineering (Firth, 1997).

Prediction two: NISs have life history traits which enable them to quickly form self-sustaining
populations

| expected that the non-native fish species on the River Don would have life history traits which
facilitated their ability to form self-sustaining populations in geographical areas to which they were
introduced. Theoretically non-native species are expected to have short lifespans which are related
negatively to body size(Pimm, 1989). This enables populations to grow rapidly from a few colonisers
to a size which enables them to recover from disturbances which kill a substantial number of
individuals. This theory is supported by a global study of freshwater fish conducted by Ruesink
(2005) which found that attempts to introduce fish species with smaller body sizes had generally
been more successful. In line with the theory, Ruesink (2005) suggested that these fish were likely
to have shorter lifespans and generation times which facilitate rapid population growth. However, |
found that the NISs in the River Don had relatively long bodies and lifespans as indicated by their
relatively high life history PC1 values (Appendix A: Tables A.7 and A.8; Figures A.9 and A.10). An
ANOVA also found that body length as an individual variable differed significantly between presence
type categories (Appendix A: Table A.4) and Figure A.6 in Appendix A also shows that NISs had
generally long body lengths relative to other fish species which have been recorded on the River
Don. Ribeiro et al. (2008) also found that many introduced fish species had particularly large
maximum lengths which they reasoned was due to the higher value attributed to such species by
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anglers. This is likely to apply to the NISs which have been observed on the River Don as they are all
of major interest to recreational anglers (Appendix A: Figure A.5).

2.3.3.3 Recently appeared

Species were classified as “Recently Appeared” when they first appeared in the River Don records in
the 19" century or later. This applied to fourteen species. Of these, seven first appeared in the 19"
century and the remainder in the second half of the 20" century (Tables 2a and 2b). Of the species
in this category the only species which was unlikely to have been naturally present on the River Don
prior to environmental degradation was rudd. Its natural range within the UK was likely to have
been limited to the south-east of England but it has been distributed across the country for the
benefit of recreational anglers and is likely to have been introduced to the River Don for this purpose
(Davies et al., 2004). The inability of the River Don to support recreational fisheries for much of its
history largely due to severe pollution is likely to have delayed its introduction, whether it was
deliberately introduced to the River Don or dispersed naturally from other watercourses within the
region to which it was intentionally introduced (Firth, 1997).

Prediction 1: Species which only appeared recently had functional traits, habitat preferences and
utilitarian values which minimised the likelihood of them being recorded when present when
recording biases were strongest.

As predicted native species which first appeared in the River Don during the 19" century or later
were found to be of significantly lower interest to recreational anglers than native species which had
been recorded on the River Don earlier (Appendix A: Table A.3; Figure A.5). Furthermore, species
with shorter body lengths were more likely to have only recently appeared in the historical records
(Table A.4; Figure A.6). Their small size is likely to have reduced their value to anglers and thus
reduced the likelihood of them being recorded when recording biases were stronger (Appendix A:
Tables A.11 and A.12; Figure A.12). However, the absence of tench, eel, river lamprey and flounder
from earlier records cannot be attributed to recording biases as they were of major interest to
anglers (Table 4). Reasons why these species were not recorded earlier will be explored within this
section below.

Prediction two: Species which only appeared recently had functional traits and habitat preferences
which mean that they are better suited to the River Don in its anthropogenically modified state than
its reference conditions and were slow to colonise this novel habitat.

If species which were only recorded recently were truly absent or present only at much lower
abundances than they are today it would be expected that this prediction would be true. In support
of this prediction species which were not observed in the River Don until recently showed
statistically stronger preferences for still to slow water in their adult stages relative to other species
which have been recorded on the River Don (Appendix A: Table A.3; Figure A.7). Impoundments
create more river sections with slow flowing water and it has been shown that consequential
increases in the number of fish species which prefer lentic conditions may not occur immediately but
may occur over a number of decades (Quinn and Kwak, 2003). The establishment of such species on
the River Don may have been further slowed by the disconnection between the River Don and lentic
ecosystems within its floodplain (Sedell et al., 1990) and the few opportunities which it provided for
angling which may have otherwise facilitated the spread of such species (Firth, 1997; Wheeler,
2000). Of the species which are of major interest to anglers but are classified as “Recently
Appeared” tench is most likely to benefit from impounded conditions (Pilcher and Copp, 1997).

It is likely that some of the species which only recently appeared in the River Don had been
abundant on the river prior to anthropogenic habitat degradation when they were less likely to have
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been recorded due to lower recording efforts, decreased greatly in abundance due to anthropogenic
degradation and have recently begun to appear in the records due to habitat restoration. River
lamprey and eels are likely to have previously been abundant on the River Don prior to its
degradation as according to Davies et al. (2004) eels were ubiquitous throughout the UK prior to the
impoundment and pollution of rivers. Large rivers within the UK supported commercial eel fisheries
and there was a substantial river lamprey fishery on the River Ouse to which the River Don is a
tributary (Masters et al., 2006). Their abundances are likely to have greatly declined from the early
18" century onwards if not before due to a combination of pollution, impoundment which blocks
migratory pathways, land drainage and over-fishing (Witkowski, 1992; Renaud, 1997; Feunteun,
2002). In recent decades their abundances are likely to have increased somewhat in response to
reduced pollution (Firth, 1997) and the construction of an eel pass (EA, 2014a).

Species which have never been abundant on the River Don are also more likely to be recorded
recently due to increased surveying and recording efforts. The River Don probably never supported
self-sustaining populations of flounder but is visited occasionally by them as they mainly live in
estuaries ( Wheeler, 1978; Kottelat and Freyhof, 2007). In addition to a greater likelihood of being
recorded when present in recent years, there are likely to have been more recordings due to
reduced pollution as they are pollution sensitive (Davies et al., 2004).

Prediction three: Species which only appeared recently had life history traits which increased their
susceptibility to environmental disturbances and/or reduced their ability to rapidly colonise novel
habitats

Given that some species which recently appeared in the records are likely to have been previously
abundant but then declined greatly due to anthropogenic disturbances before somewhat recovering
as these disturbances have begun to be abated, it may be expected that species which were
classified as “recently appeared” would have life history traits which reduced their ability to resist or
recover from disturbances. Given that some species are likely to have colonised the River Don
following its impoundment as they were better adapted to its more lentic conditions than its natural
lotic conditions, life history traits may be expected to have slowed the speed with which some
species colonised. Shorter generation times which are associated with smaller body size are likely to
have facilitated the recovery of fish populations following disturbances and the formation of self-
sustaining populations following colonisation of the River Don’s novel environment (Pimm, 1989;
Schlosser, 1990; Detenbeck et al., 1992; Ruesink, 2005).

Whilst an ANOVA using PCs from the life history PCA found that as a group species which were
classified as “Recently Appeared” were significantly smaller and had shorter lifespans than other fish
species which have been recorded on the River Don (Appendix A: Tables A.7 and A.8; Figures A.9 and
A.10), this group did not differ significantly from other species in terms of lifespan when it was
tested as a single variable (Appendix A: Table A.4). As discussed within this section above species
which only appeared in the records recently are more likely to be small as this would probably have
reduced the likelihood of them being recorded when present in earlier centuries. Furthermore, the
species which were classified as “recently appeared” which were of major interest to anglers and not
just visitors to the River Don, namely tench, eel, river lamprey and rudd were relatively large and
long lived (Table 4). Their maximum lengths ranged between 50cm and 100cm and their lifespans
between 12 and 20 years although no data was available on the lifespan of river lamprey. Therefore
this study found little evidence to support this prediction.
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2.3.3.4 Resident

The only two species which were classified as “resident” species were salmon and pike. This study
defines resident species as species which were recorded before the 19" century, during the 19"
century and in each subsequent century. However, all of the restocked species with the exception of
bleak also met these criteria (Table 3a) so to understand why these species showed resident
trajectory types in historical records from the River Don it is important to consider two questions: 1)
Why were salmon and pike recorded so persistently through time? and 2) Why were they not
restocked?

Prediction one: Resident species have functional traits and habitat preferences which increase their
ability to survive the pollution and physical degradation to which they have been subjected due to the
anthropogenic modification of the River Don’s environment through time.

| expected that the fish species which were persistently present in the River Don would be more
likely than other species recorded on the River Don to have functional traits and habitat preferences
which enabled them to be particularly tolerant towards pollution and physical habitat degradation.
This was not the case as they were significantly longer in terms of maximum body length than the
majority of other fish species which have ever been recorded in the River Don and they both
required moderate to fast flowing water in their adult stages (Appendix A: Tables A.3 and A.4 and
Figures A.6 and A.7 respectively). Both of these variables are likely to have increased their
vulnerability to impoundment (Firth, 1997; Quinn and Kwak, 2003). They did not differ significantly
from any other species in terms of their other functional traits or habitat preferences including
pollution tolerance when these were tested independently and the physical degradation PCA found
no evidence to suggest that they were more resistant to the anthropogenic changes which have
occurred on the River Don (Appendix A: Tables A.3, A.4 and A.10).

Prediction two: resident species have functional traits and utilitarian values which increased the
chances of them being recorded when present when recording bias was strongest on the River Don.

In support of this prediction pike and salmon are both of great importance to recreational anglers,
which is likely in part to be due to their size (Appendix A: Tables A.3, A.4, A.11 and A.12; Figures A.5,
A.6 and A.12). Therefore, | expect that these species had very high chances of being recorded when
present.

Prediction three: resident species have life history traits which increase their resilience to
anthropogenic disturbances on the River Don

Contrary to this prediction, the resident species had significantly longer maximum lengths and
significantly higher PC1 values indicating longer lifespans than other species which have been
recorded on the River Don (Appendix A: Tables A.4, A.7 and A.8; Figures A.6, A.9 and A.10). These
traits are likely to have reduced their resilience to disturbances (Schlosser, 1990; Detenbeck, et al.,
1992).

Prediction four: resident species have functional traits and habitat preferences which reduced the
likelihood of them being restocked on the River Don

In support of this prediction the EA Fisheries Technical Officer for South and West Yorkshire, Jerome
Masters (personal communications, 2016), explained that the EA chose not to restock salmon at this
stage because the weirs would prevent them forming self-sustaining populations and chose not to
restock pike as breeding piscivorous fish in captivity which require live prey would be technically
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challenging and ethically questionable. Furthermore, as pike have been recorded in the River Don
recently they saw no need to restock them. Both of the resident species require high flow speeds in
their adult stages (Appendix A: Figure A.7). However, this is not likely to affect the difficulty of them
being restocked in itself as they both spawn in still to slow flowing waters.

2.3.3.5 Restocked

Species were classified as having been “restocked” when the historical records of restocking work
undertaken by the EA or their predecessors and collaborators evidenced that they had been
(Trudgill, 2006). Other sources provided no evidence to suggest that any other restocking was
undertaken. The first species which were restocked into the River Don were troutin 1975 and
grayling in 1983 (Trudgill, 2006). In total nine fish species were restocked into the River Don by the
EA (Table 3b). This accounts for 27% of the fish species which have ever been recorded on the River
Don. According to Jerome Masters (personal communications, 2016), restocking projects on the
River Don have been successful in that fish are now found at all the EA’s survey sites along the full
length of the river. However, detailed monitoring is prohibitively expensive.

Prediction one: Fish with greater value to recreational anglers were more likely to have been
restocked into the River Don

As the EA has responsibility for the management of fisheries as well as conservation and ecology it is
likely that decisions regarding which species to restock were influenced by differences in their
utilitarian value to anglers (EA, n.d.). This view is supported by personal communications with
Jerome Masters (2016). The majority of the fish species which were restocked were of major
interest to recreational anglers and as a group they were statistically significantly of greater interest
to recreational anglers than other fish species which have been recorded on the River Don (Appendix
A: Table A.3 and Figure A.5). Furthermore, the Salmon and Trout Association who represent game
angling and fisheries worked collaboratively with Yorkshire Water on the initial trout restocking
(Trudgill, 2006; Salmon and Trout Conservation UK, n.d.). Conversely, three of the nine fish species
which were restocked, bleak, dace and perch were classed as being of minor interest to recreational
anglers as this was how they were described in the sources which were used when compiling
information on the species for this analysis (Table 4; Appendix A Figure A.5) (Wheeler, 1978;
Welcomme, 1988 in Fishbase, n.d.; Davies et al., 2004). However, Jerome Masters (personal
communications, 2016) stated that they were targeted by coarse anglers so it is likely that even
these species were restocked in the River Don partly due to their value to recreational anglers. Asa
group restocked species were significantly larger than other species which have been recorded on
the River Don in terms of their maximum body length (Appendix A: Table A.4 and Figure A.6). This is
probably because their large size increases the extent to which they are attractive to anglers
(Appendix A: Tables A.11 and A.12; Figure A.12).

Prediction two: restocked species have functional traits which meant that they were easier to restock
in terms of being reared in captivity and forming self-sustaining populations in the River Don

Although it is often easier to create lentic habitat conditions in captivity restocked species showed a
statistically significant preference for faster flowing water in their adult stages (Appendix A: Table
A.3 and Figure A.7). None of them required still to slow flowing water at this life stage. Although
other studies have found that impounded rivers favour species with preferences for still to slow
flowing waters (Gillette et al., 2012; Anderson et al., 1995) recent records suggest that species with
this habitat preference do not thrive in the River Don. In total only one of the 11 species ever
recorded on the River Don which required still to slow flowing water in their adult stages was
recorded every decade from the 1980s onwards (Tables 2b and 3). This species was eels and the
maximum number of records made of this species in any decade since the 1980s was 19. This was
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also the maximum number of records made for any of these individual species in any one decade
since the 1980s. Eel populations on the River Don are known to be depleted in part due to weirs
blocking their migratory pathways (Firth, 1997). It can therefore be surmised that currently the
River Don does not provide habitat which is well suited to meet the needs of fish species which
require still to slow flowing water in their adult stages. This may be because these species are more
dependent than other species on backwater habitats which have been destroyed through
channelisation.

As discussed in section 2.3.3.4, piscivorous fish are challenging to raise in captivity and obligately
migratory species are unlikely to form self-sustaining populations on the River Don following
restocking as their migratory pathways are blocked by weirs. Although restocked fish species did not
significantly differ from other species recorded on the River Don in terms of their lowest trophic
level or migratory behaviour (Appendix A: Table A.3), none of the restocked species was obligately
migratory and they all ate plankton, detritus or plant material with the exception of trout which ate
nothing with a trophic level lower than macroinvertebrates.

In terms of life history traits fish which were restocked into the River Don were significantly larger in
terms of their maximum body lengths and had significantly higher life history PC1 values indicating
both longer lifespans and longer bodies. The restocked species had relatively high life history PC1
values indicating that they had long bodies and lifespans (Appendix A: Tables A.7 and A.8; Figures
A.6, A9 and A.10). These traits are likely to limit their ability to form self-sustaining populations
following stocking.

Prediction three: Restocked species have functional traits which are likely to reduce their chances of
recolonising the River Don naturally

Although long lifespans may have increased the difficulty for conservation practitioners of re-
establishing self-sustaining populations this may have also necessitated human intervention by
greatly slowing the natural recolonization process (Pimm, 1989; Ruesink, 2005).

2.4 DISCUSSION

2.4.1 What Can Be Learned from Historical Records About Reference Community Composition?

Unfortunately, given the early dates from which the River Don was degraded and the scarcity of
records from this time period, relatively little information can be gained from the historical records
regarding the composition of the River Don’s fish community (Firth, 1997). The implications of
scarce historical records for describing reference riverine fish communities are also recognised by
Carrel (2002). The most useful information regarding the river’s reference community composition
is the identification of some of the species which were previously present but have since been
extirpated. However, of the four species which were categorised as “extirpated” spined loach was
very unlikely to have been ever present on the River Don and thus probably recorded erroneously
and assuming that sturgeon was actually recorded on the River Don it would have only ever been
present as a vagrant. The main limitations which prevented the composition of the River Don’s
reference community being inferred from the historical records were: the omission of species which
were of low interest to recreational anglers as discussed in section 2.4.3; the likely severe declines of
species which required still to slow flowing water in their adult stages potentially before more than
three fish species which were caught during a single fishing trip had been recorded due to loss of
habitat through drainage and channelisation.
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2.4.2 What Can Be Learned from Historical Records About Ecological Degradation and Recovery?

Changes in the extent to which the habitat preferences and functional traits of species matched the
habitat provided by the River Don as it became increasingly polluted and physically degraded
influenced presence-absence trends in historical records from the River Don surprisingly little. A
coarse analysis of the species which were present each century found that all three native salmonids
which were ever recorded in the River Don were all present in the 17 century and the 19" century
onwards. Conversely, only approximately one quarter and one half of the native coarse fish which
were ever recorded on the River Don were present in these centuries respectively. In a polluted and
physically degraded river individual salmonid species would be expected to be less abundant than
individual coarse fish species as they are frequently reported to be particularly sensitive to both
pollution and physical habitat degradation including impoundment (DeYoung, 2007; de Leaniz, 2008;
Kemp et al., 2011). However, a more detailed analysis of presence-absence patterns over recent
decades, permitted by greater coverage of this time period in the historical records found that
salmon was only recorded four times in the 20" century and personal communications with an
angler and a review of literature aimed at anglers concerning the River Don focused entirely on
coarse fish. A comparison between statements that salmon were once so abundant on the River
Don that apprentices prohibited their employers from feeding it to them too frequently and the
sparsity of records now suggests that they have been severely affected by anthropogenic
degradation even if they have not been extirpated (Firth 1997). Unfortunately | was unable to find
any papers which compared the population or presence-absence trajectories of salmonids and
coarse fish through time.

This study found a much greater increase in the number of pollution sensitive species compared to
pollution tolerant species recorded in the River Don from the 19" century to the 20" century. This
could be interpreted as evidence that pollution sensitive species were more likely to be absent from
the river when it was more polluted. However, closer analysis revealed that other explanations
could be provided for each species which was recorded in the 20" century and not in the 19"
century including slow colonisation of lentic habitats produced by weirs, the introduction of an NIS
and greater recording efforts, highlighting the need for these results to be interpreted with caution.
Though pollution levels fell greatly from the 1970s to the 1990s (Firth 1997), the number of pollution
sensitive and pollution tolerant species increased to a similar extent from the 1970s to the 1990s
which would not be expected if the increases were largely due to reduced pollution. Increased
recording efforts and the slow colonisation of impounded habitats are also likely to have contributed
to these increases. Other studies have found that in recent decades pollution sensitive species have
recovered more rapidly than pollution tolerant species as pollution levels have decreased
(Turnpenny and Williams, 1981; Ryon, 2011). Collectively these studies demonstrated how greater
systematic sampling efforts from before the commencement of effective action to reduce pollution
including the measurement of a range of quantitative variables such as abundances and biomass at
finer spatial resolutions can enable true changes in community composition to be described and
attributed to reduced pollution with greater confidence.

Comparisons between presence trajectory type categories found relatively little evidence that
functional traits and habitat preferences influenced the responses of species to anthropogenic
disturbances as evidenced by presence-absence patterns shown by different species in the historical
records through time. However, given the great extent to which the River Don’s physical and
chemical environment has been anthropogenically altered this is likely to have been in large part due
to recording biases rather than a lack of true relationships between functional traits, habitat
preferences and vulnerability to different forms of anthropogenic environmental degradation (Firth
1997). The only individual variables which significantly differed between presence trajectory types
were: flow preferences of adults, maximum body length, and interest to recreational anglers.
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In impounded rivers the number of species which require slow flowing water would be expected to
increase through time whilst the number of species which require fast flowing water would be
expected to decrease through time as impoundment decreases flow velocities (Giller and Malmqvist,
1998). Such trends have been reported in the United States by Anderson et al. (1995) and Gillette et
al. (2012) However, this study found much evidence to the contrary: none of the extirpated species
required fast flowing water in their adult stages and resident species both required moderate-fast
flowing water in their adult stages. A comparison of all species requiring still to slow flowing water
in their adult stages with all other fish ever recorded on the River Don regardless of presence
trajectory types found that since the 1980s only one of the 11 species with this habitat requirement
was recorded every decade and none of the species had more than 19 records from any one decade.
Although no NISs required moderate to fast flowing water in their adult stages their sporadic records
suggest that the River Don did not provide habitat to which they were well suited. Only one NIS,
rainbow trout, was recorded more than five times in any one decade in the River Don and ide was
the only NIS which was recorded every decade since it was first recorded there.

Species with small body lengths and short lifespans were expected to be better able to form self-
sustaining populations from a few individuals facilitating recovery of indigenous species and invasion
of NISs whilst those with large body lengths and long lifespans were expected to be less resilient to
anthropogenic disturbances and thus at greater risk of extirpation (Pimm, 1989; Schlosser, 1990;
Detenbeck et al., 1992; McKinney, 1997; Ruesink, 2005; Olden et al., 2006).

However, although burbot and sturgeon have particularly long body lengths and sturgeon has the
second longest lifespan of all the species which were ever recorded on the River Don for which such
information is available, stone loach and smelt are relatively small and short-lived. This corroborates
with studies undertaken by Angermeier and Winston (1999) and Parent and Schriml (1995) which
found no significant relationship between a number of life history traits including body size and
lifespan and vulnerability to anthropogenic threats in freshwater fish as indicated by actual
extirpations or conservation statuses. Furthermore, NISs had statistically longer body lengths and
lifespans than other species which have been recorded on the River Don. Counter to expectations,
resident species were significantly longer bodied and had longer lifespans than other species
recorded on the River Don. However, those species which recently appeared with no active
intervention had significantly shorter bodies and lifespans than those which were restocked. This
may indicate that these traits facilitated natural recovery though it may simply indicate recording
biases and efforts to restock species which were of high interest to recreational anglers.

Given the difficulty in inferring the factors which influenced extirpations through comparisons
between the functional traits and habitat preferences of extirpated and extant species an alternative
approach was taken. This involved researching why they had been extirpated from other rivers and
assessing the extent to which these reasons were likely to have been applicable to the River Don.
This approach yielded more evidence to suggest that these species were extirpated from the river as
a result of environmental degradation caused by human activities including both pollution and
physical habitat degradation. Burbot is most likely to have been extirpated from the River Don by a
combination of pollution and impoundment (Firth, 1997) as it was extirpated from the UK due to a
combination of pollution, barriers to migration and climate change (Davies et al., 2004). However, it
was last recorded in the UK in 1969 but last recorded in the River Don before 1850 which is
unsurprising given the extent to which the River Don was impounded and polluted from before the
industrial revolution onwards (Firth, 1997). Smelt normally inhabit unpolluted estuaries and migrate
upstream only as far as the upper limit of tidal influence for the purpose of spawning (Davies et al.,
2004). It is likely that they were extirpated from the River Don as a result of pollution of both the
River Don and the Humber Estuary, the loss of spawning grounds on the River Don due to siltation
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and dredging and overfishing on the Humber Estuary (Maitland, 2003). Sturgeon are globally
threatened by river pollution, over fishing and impoundments to the extent that they are classified
as critically endangered by the IUCN (Gesner et al., 2010). This may explain why no vagrant sturgeon
have been recorded in the River Don recently (Firth, 1997).

2.4.3 To What Extent Are Historical Fish Records Influenced by Recording Biases?

This study found that historical fish records from the River Don are influenced by recording biases to
a great extent. These recording biases greatly obscured the relationships between functional traits,
habitat preferences and responses to anthropogenically driven chemical and physical habitat
degradation and habitat improvements on the River Don. The factor with the greatest effect on
recording biases was interest to anglers which was positively related to large body size. Karr et al.
(1985) also recognised that freshwater fish records prior to the 20" century were often limited to
commercially and recreationally important fish species. However, this study found that no fish
which were of no interest to recreational anglers or only of interest to them as bait were recorded
prior to the 1970s suggesting that even relatively recent historical records were greatly affected by
this recording bias. The River Don is particularly likely to have provided suitable habitat for ruffe and
three spined stickleback prior to the 1970s as these species are tolerant of both pollution and
physical degradation.

This relationship between small size, low interest to anglers and low likelihood of being recorded
was also found by Cooper and Wheatley (1981). They reported that fish of less than 12cm were
rarely caught as their mouth gape was too small to accommodate the smallest bait which was used
by recreational anglers. Amongst those with body lengths greater than 12cm, there is little evidence
to suggest that there is selective bias with regards to the size of fish species which are caught by
recreational anglers relative to those which are captured using common scientific surveying
techniques such as gill netting and electric fishing (Hamley, 1975; Axford, 1979). However, it is likely
that smaller species were less highly valued by recreational anglers and thus less likely to be
recorded when caught (Cowx and Broughton, 1986). Furthermore, it is common practice in citizen
science projects involving recreational anglers for researchers to stress the importance of recording
all species, however small (e.g. Cowx and Broughton, 1986). This study found no evidence of
scientists communicating with those who recorded their observations prior to the 19" century and it
is unlikely that such communications occurred. However, the strength of these recording biases was
much greater before the 19" century when Vital Statistics of Sheffield described assemblage
composition from a natural history rather than an angling perspective (Holland, 1843). Although it
was initially predicted that hiding behaviour, gregariousness and circadian rhythms would affect the
likelihood of species being observed and thus recorded there was no evidence that this was the case.

While it was expected that extirpated species would have functional traits and utilitarian values
which increased the likelihood of them having been recorded prior to their extirpation this was not
found to be the case. If human activities did not cause extirpations of fish species from the River
Don prior to the 19" century when recording biases were already much smaller than they had been
in previous centuries as evidenced by the number of species of low interest to anglers which were
recorded in this century the chances of fish having been anthropogenically extirpated without being
recorded would have been much smaller. Unfortunately the historical records do not provide
enough information to date the extirpations even to the century. However, the records do not
preclude the possibility that all extirpations occurred in the 19" century. According to Mander
(1973) sturgeon were last recorded in the 19" century but the remaining extirpated species are
simply known to have been recorded at some point prior to 1850 (Firth 1997).
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2.4.4 To What Extent Are Historical Records Useful for Informing Future Environmental
Management?

It was hoped that comparing the historical presence-absence trajectories of different fish which have
been recorded on the River Don with regards to species functional traits and habitat preferences
would be useful in terms of predicting likely responses of species to the chemical and physical
degradation and restoration of rivers. Unfortunately the utility of the results of this study was
greatly limited by recording biases. However, the results were particularly useful in terms of:
identifying which species had been greatly depleted including those which had been extirpated
which may be a good starting point for re-establishing them; and identifying the current
environmental constraints on NISs.

Low abundances of species which were previously abundant such as salmon (Firth 1997) and
extirpated species such as sturgeon, smelt and burbot demonstrate the need for further action if the
River Don’s fish community composition is to be restored to reflect reference conditions. There are
certainly plans to restore salmon populations. For example, DCRT (n.d.a) are acting to bring about
the necessary environmental improvements for the recovery of migratory fish, particularly salmon,
by installing fish passes to prevent the weirs blocking their migratory pathways. The DCRT (n.d.a)
website states “Tighter environmental regulation and investment in water quality by water
companies has resulted in river water quality being sufficiently good to once again support all river
life. This includes migratory fish, particularly salmon, but they cannot return to historic upstream
spawning gravels because the remaining weirs obstruct the free passage of fish along the river.”
From 2000 onwards at least seven fish passes have been installed on the River Don with the aim of
facilitating the recovery of migratory fish populations (Canal and River Trust, 2016). However,
extirpated species are currently not mentioned in key management plans for the River Don such as
the Humber river basin district river basin management plan (EA, 2009) and the River Don and South
Yorkshire Navigation Biodiversity Action Plan (Sheffield Local Biodiversity Action Partnership, n.d.).

The role of understanding the causes of extirpations in re-establishing populations is recognised by
Worthington et al. (2010a) and Osborne (2005). Comparisons of the functional traits and habitat
preferences of extirpated species and other species which have been recorded on the River Don
were not very insightful in terms of identifying causes of extirpations. However, useful insights were
derived by assessing the relevance of threats to the species elsewhere to the River Don. Of the
three extirpated species which | am confident were previously present on the River Don smelt will
probably be the easiest to restore, burbot will be more challenging due to the difficulties of re-
establishing wetlands in developed areas and it may not be possible to restore sturgeon whilst large
guantities of water are abstracted from the River Don as they require deep fast flowing water (de
Groot 2002).

The restoration of smelt is likely to require physical habitat restoration of the River Don and water
quality improvements of the Humber Estuary (Hull Biodiversity Partnership, 2008; Maitland, 2003;
Howes and Kirks, 1991, cited in Maitland, 2003). One of the limitations of basing restoration plans
on the environmental history of a single ecosystem could therefore be failing to recognise
interdependencies between ecosystems. On the river itself it is likely to be necessary to reverse the
impacts of impoundments on sedimentation and the impacts of dredging on the loss of spawning
grounds. Such improvements may include: the replacement of large boulders, cobbles and gravel
(Erkinaro et al. 2011) and dredging sediment which has accumulated upstream of weirs or the
installation of sediment bypasses (Kondolf et al. 2014). Measures to improve the condition of
channel beds and manage sedimentation in the Don catchment have recently been proposed by the
EA (2009). Unfortunately they do not provide enough detail of their planned actions to evaluate the
likely effectiveness of these strategies.
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Burbot is likely to have been extirpated from the River Don before 1850 largely due to pollution and
barriers to migration (Davies et al., 2004) but although burbot use fish passes (Slavik and Bartos,
2002) the installation of fish passes and improved water quality alone are unlikely to enable the
formation of self-sustaining populations as wetland habitats adjacent to rivers provide important
spawning nursery grounds (Worthington et al., 2012). Although there are efforts to restore wetland
habitats along the River Don the potential to restore large areas of wetland is severely limited by
urbanisation (Firth, 1997). This highlights the potential ineffectiveness of reversing the factors which
caused extirpations when other factors may limit recovery and that reversing drivers of
environmental degradation may not always be socially viable. This view is supported by Gore and
Shields (1995).

The value of the historical records of extirpated species in this study and other studies to inform
future environmental management decisions is also limited by a lack of quantitative data and
erroneous records. If a species was present but not naturally abundant before it was affected by
anthropogenic activities it may not have been well adapted to the ecosystem’s reference conditions
and thus attempts to establish self-sustaining populations may be futile or may move community
composition further away from reference conditions (Worthington et al., 2010a). Old records of
species which are no longer present should be interpreted with caution as it is possible that these
records are erroneous and species which were never present may be falsely thought to have been
extirpated as is likely to be the case for spined loach in this study. Worthington et al. (2010a) also
reported erroneous records of burbot in the UK which they attributed to species misidentifications.
This highlights the need to interpret all historical records, even those of large vertebrate species with
caution. The dangers of basing restoration goals on a false understanding of reference conditions is
recognised by Wohl (2005). Erroneous records may also prevent significant differences being
observed between extirpated and extant species, particularly when the number of extirpated
species is small.

The extent to which the non-indigenous species which have been introduced to the River Don are
poorly matched to the habitat which it provides and lack life history traits which are likely to
increase their ability to rapidly form self-sustaining populations together with the fact that there
have never been large numbers of records of them suggests that they are unlikely to pose a
substantial threat to native species. However, there are concerns that climate change may enable
non-native fish species which have been present at relatively low abundances for long time periods
to rapidly increase in abundance and thus pose a greater threat to native fish species (Britton et al.,
2010). Although populations of NISs on the River Don are currently constrained by a range of factors
including impoundments which block migratory pathways, channelisation and the loss of adjacent
wetlands they may benefit from increased water temperatures, particularly as the other factors are
addressed or partially addressed through time for the benefit of native species (Firth 1997; Kottelat
and Freyhof 2007; EA, 2009). Britton et al. (2010) predicted that carp was particularly likely to
benefit from increased temperatures of UK waters by 2050. They fear that the consequences of carp
becoming much more abundant on UK rivers would pose a threat to native fish species through
competition and environmental degradation. The River Don may be particularly vulnerable as the
species benefits from the lentic conditions afforded by the impoundments. The other constraining
environmental factors are also likely to be somewhat reversed in the near future for the benefit of
native fish species.

By comparing the functional traits, habitat preferences and invasion history of other species which
may be introduced into an ecosystem or region in the near future with those of species which have
already been introduced, it may be possible to predict how likely they are to be invasive relative to
previous introductions (Pheloung et al., 1999). Unfortunately the utility of historical records from
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the River Don for this purpose is limited by small sample size and the fact that none of the species
which have been introduced to date has been invasive. However, recognising differences between
species which are likely to be introduced in the future and those which have already been
introduced may reduce the risk that the lack of threat posed by NISs in the past lulls environmental
managers into a false sense of security. Itis likely that additional fish species will be introduced to
the River Don in the relatively near future as unwanted pets are particularly likely to be released into
urban streams due to their proximity and easy accessibility to large numbers of the public
(Arthington et al., 1983) and legislation to minimise this risk is thought to be relatively ineffective
(Copp et al., 2005). One species which may be particularly likely to invade the River Don in the
relatively near future is sunbleak (Leucasius delineatus) (Pinder and Rodolphe, 2003). It was only
introduced to the UK in the mid-1980s through the aquarium trade and has already become invasive
and poses a major threat to native fish in UK rivers as a competitor and pathogen carrier (Gozlan et
al., 2003 cited in Pinder and Gozlan, 2004; Zieba et al., 2010). Functional traits and habitat
preferences which may increase the likelihood of it being introduced to the River Don include: small
body size which facilitates dispersal from lentic to lotic ecosystems and the ability to lay eggs on
floating vegetation, the hulls of boats and angling equipment (Pinder and Rodolphe, 2003).
Functional traits and habitat preferences which would enable it to thrive in the River Don following
its introduction include its tolerance of a range of flow speeds from still to moderate throughout its
lifecycle and its utilisation of anthropogenic structures such as bridge foundations as refuges
(Kottelat 1997). The historical data in this study found that it was likely that NISs were generally
large because this trait increased their value to anglers. However, as the aquarium trade may be
becoming more important than angling in the introduction of new species in recent decades the
functional traits may be expected to change (Padilla and Williams, 2004). Topmouth gudgeon and
sunbleak are both small species which were introduced to the UK in the mid-1980s through the
aquarium trade (Pinder and Rodolphe, 2003). This may increase the likelihood that non-native fish
species will rapidly become abundant following introduction and pose a threat to native species
(Pimm, 1989; Ruesink, 2005).

The prevalence of fish species which are of great interest to anglers today in the earlier records from
the 14™ century onwards which were attributed to recording bias provides evidence that the same
species have been valued by recreational anglers for centuries. This suggests that these species will
continue to be valued by anglers well into the future, thus helping conservation practitioners to
prioritise the restoration of the ecosystem functions which are likely to be of the greatest value to
future generations.

The increased number of species recorded from the 1970s onwards provides strong evidence that
reduced pollution levels can enable depleted fish communities to recover to a great extent even
when the river remains highly physically degraded in terms of impoundment, channelisation and the
loss of connected wetlands. Britain has a long history of addressing river pollution before addressing
physical habitat degradation and evidence that this appears to be effective in facilitating the
recovery of fish communities suggests that this approach should be repeated in industrialised areas
where neither the chemical or physical degradation of rivers has yet been effectively addressed
(Dudgeon, 1992; Langford et al., 2009)

2.5 Conclusion and Implications for Future Research

This study demonstrated that historical records can be useful for identifying drivers of population
declines and extirpations and evaluating the effectiveness of restoration projects. The use of
historical records to evaluate restoration projects may be particularly fruitful as it is widely
recognised that fish communities derive benefits from the reversal of physical and habitat
degradation slowly over many decades but they are rarely evaluated over such time scales
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(Thompson, 2002; Palmer et al., 2005; Klein et al., 2007). Unfortunately their use for both of these
purposes is greatly restricted by recording biases, particularly with regards to interest to recreational
anglers. Comparing species which show different presence trajectory types in terms of their
functional traits and habitat preferences could be potentially useful for identifying the habitat
changes behind their degradation and restoration but the effectiveness of this approach was limited
in this study by small sample sizes in terms of the number of species exhibiting each presence
trajectory type.

Under such circumstances a more in-depth consideration of each individual species showing a
presence trajectory type is likely to be more fruitful. This study found this approach particularly
useful with regards to those species which had been extirpated. Historical threats to species which
caused their demise and may be identified with greater confidence and the benefits brought by
restoration may be described more accurately if the records permit more detailed analysis for
example in terms of abundances and spatial distribution (Turnpenny and Williams, 1981; Anderson
etal., 1995; Ryon, 2011; Gillette et al., 2012). However, on the River Don information on surveying
efforts is not available until the commencement of work undertaken by the EA in the 1980s and
there are not enough records to allow spatial distributions to be described prior to the publication of
Freshwater fishes of the Sheffield Area in 1976 by which point the River Don was already beginning
to recover. Data collected through palaeoecolgical surveys may permit more accurate descriptions
of historical fish assemblages when used to complement limited historical records (Reid and Ogden,
2006). Other studies which have identified functional traits which may have led to the decline and
extirpation of some species and the successful introduction of others have benefited from a greater
number of species due to the analysis of records collected from much larger geographical areas
(Anderson et al., 1995; Ruesink, 2005; Gillette et al., 2012). Future studies may benefit from
analysing historical records from a large number of rivers which flow through post-industrial cities
collectively.
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3 UNDERSTANDING CHANGING RELATIONSHIPS BETWEEN PEOPLE AND
THEIR LOCAL NATURAL ENVIRONMENT USING NEWSPAPER ARTICLES

3.1 INTRODUCTION

Given that the structure and function of the vast majority of ecosystems today are determined in
large part by historical interactions between people and nature, knowledge of this history is
essential to understand fully their current state and thus manage them (Vitousek et al., 1997; Foster
etal., 2003). As all ecosystems are dynamic and many are on a trajectory recovering from past
degradation such knowledge can also help scientists and conservation practitioners to predict future
community composition and ecosystem functioning and thus ecosystem service provisioning and
ecosystem disservice threats (Hobbs and Harris, 2001; Langford et al., 2009). This is essential for
setting goals and strategies for their medium and long term management.

3.1.1 Social and Economic Benefits Derived from and Harm Caused or Partially Caused by Nature

The extent to which social and economic benefits are derived from the living and non-living
components of nature; and nature poses social and economic threats to local people at any given
time often reflects the extent to which aspects of nature are currently degraded in terms of both the
abundances of species and levels of particular abiotic variables such as pollutants (Benayas et al.,
2009). For example, fisheries depend on fish populations of commercially valuable fish which are
large enough to provide economically viable returns on investment. The provisioning of drinking
water relies on water supplies which are not polluted beyond a threshold acceptable to the
community which consume them. Such thresholds will be determined in part by knowledge of
water borne pathogens together with the ease with which less polluted water can be obtained from
other sources. Reports of cholera endemics indicate the presence of the non-indigenous pathogen
Vibrio cholerae (Clapp, 1994). Given a lack of historical direct measurements of biotic and abiotic
variables inferences drawn from historical reports of interactions between people and their local
natural environment may play an important role in enabling historical environments to be described
more comprehensively than the analysis of sparse records of species and attributes of the chemical
and physical environment would allow (Anderson, 2009; McPherson and Ransom, 2009). For
example, the concentration of air pollutants was not measured quantitatively until the 20™ century
(Anderson, 2009). Prior to this there are anecdotal accounts of smogs and associated human
mortalities. From this the approximate extent of air pollution at different times can be inferred and
the likely impacts of this on local biota can be considered. Similarly, Burton (2003) used anecdotal
reports of high fisheries yields in the Mersey Estuary in the 17" century to surmise that fish were still
relatively abundant and the estuary relatively unpolluted at this time.

Utilising and managing ecosystems to maximise the social and economic benefits which can be
derived from them can also greatly alter ecosystem structure and function in relatively predictable
ways. Historical studies can demonstrate the long term effects of such activities. For example, in an
international historical study of deforestation and afforestation Mather (1992) recognised
substantial differences in the community composition of primary forest and secondary forest which
had grown when agricultural land was abandoned. They used this information to warn that
although it is likely that some of the land in the tropics which will be deforested in the near future is
likely to be ultimately reafforested, the deforestation will cause irreversible changes. Historical
studies can also demonstrate the long term effects of the cessation of management for particular
ecosystem services. For example, a decline in the proportion of land utilised for agricultural
purposes across Europe has allowed afforestation and thus contributed towards the reduction of
habitat available for many avian species dependent on open habitat which have consequently
declined in abundance (Butler et al., 2010). By contextualising the extent to which ecosystems were
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managed and utilised to derive different anthropocentric benefits through time it may be possible to
identify the social, economic, technological and political drivers of such changes. This could be
useful in making predictions regarding the future of other ecosystems. Mather (1992) suggested
that it may also be useful in developing our understanding of the ways in which the functional traits
of taxa influence their response to such activities.

Similarly, historical studies of the social and economic harm caused or partially caused by nature can
increase our understanding of the relationship between human activities which have unintentionally
increased their extent and the effectiveness of human activities which have aimed to reduce their
extent. Increased understanding of such relationships can increase the effectiveness of future
management to minimise such social and economic harm. For example, over the last century
floodplains have increasingly been used for urban and agricultural purposes (Wheater and Evans,
2009). This has increased the social and economic value of the land but also increased the social and
economic damage caused by flooding and thus necessitated the construction of flood defences
which disconnect rivers from their floodplains with severe ecological consequences (Kundzewicz,
2001). Unfortunately despite these flood defences the damage caused by flooding has increased
over the last century by preventing floodplains from slowing land drainage. Learning from past
mistakes has contributed to decisions to reduce reliance on hard engineering flood defences and
increase the use of floodplains for flood attenuation. More broadly, Mauch (2009) claimed that
historical records demonstrate that no preventative measures to mitigate against the effects of
natural hazards have been consistently effective. This suggests that society should rely on defences
not just to flooding but to all natural hazards to a lesser extent and a more holistic approach should
be taken to minimise the social and economic impacts of natural hazards in future.

Another management technique used to mitigate against ecosystem disservices which has been
evaluated from a historical perspective is the lethal control of species which pose a threat to people
and their livelihoods, for example by destroying crops and livestock and even claiming human lives
(Treves and Naughton-Treves, 2005). Historical evidence proves that this technique can be effective.
For example, the extirpation of wolves (Canis lupus) from Scotland prevented them from killing
sheep (Ovis aries). However, it also provides warnings that mitigating against one ecosystem
disservice can increase the impact of another ecosystem disservice in the long term. Treves and
Naughton-Treves (2005) gave several examples of how reducing predator populations have
increased prey populations which have adverse effects on human enterprises. These include: the
increased predation of wildfowl! by skunks (species unspecified) which were previously controlled by
the now eradicated red fox (Vulpes vulpes) and coyotes (Canis latrans) in the Prairie Pothole region
of Canada (Greenwood et al., 1995 cited in Treves and Naughton-Treves, 2005); and increased
damage to crops caused by bush pigs (Potamochoerus larvatus) and baboons (species unspecified) in
Uganda due to the widespread removal of lions (Panthera leo) and leopards (Panthera pardus)
(Naughton-Treves, 1999 cited in Treves and Naughton-Treves, 2005).

Another key message which can be taken from the evaluation of historical evidence concerning
social and economic harm attributed at least in part to nature is that its interpretation can be used
to support opposing arguments regarding future actions. For example, incidents of cattle (Bos
taurus) infected by tuberculosis in the UK increased since the mid-1980s despite the implementation
of national policy to cull badgers (Meles meles) which have spread the virus since the 1970s (Lodge
and Matus, 2014). This evidence was used to support the animal welfare lobbyists’ argument that
badger culling should cease as it is does not achieve its intended objectives; whilst farmers used the
same evidence to argue that a greater number of badgers needed to be culled to achieve these
objectives.
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International historical studies of attitudes towards natural hazards through time may also be useful
in predicting future attitudes and associated management strategies. Broadly the development of
attitudes towards natural hazards can be divided into three stages: 1) a fearful phase during which
hazards are perceived as acts of gods and supernatural forces and management techniques involve
prayer and ritual; 2) a controlling phase during which people aim to mitigate against natural hazards
through dominionistic techniques such as structural flood defences; 3) a phase of harmony during
which people accept the ineffectiveness of attempts to control nature and instead take a more
holistic approach to minimising both the negative impacts of nature on people and those of hazard
mitigation on nature (Correia et al., 1998). These stages are characteristic of pre-industrial,
industrial and post-industrial societies respectively (White, 1973). Historical knowledge may also
play an important role in determining current public attitudes towards types of harm attributed at
least in part to nature. For example, repetition of natural hazard events increases demand for action
to mitigate against their effects (Mauelshagen, 2009). Bernardo et al. (1993 cited in Correia et al.,
1998) reasoned that because the frequency of flood events has been relatively high historically in
comparison to that of other natural hazards the public are more willing to engage in participatory
management.

3.1.2 Environmental Management

In addition to increasing our understanding of responses of the natural environment to its utilisation
and management for maximising the social and economic benefits which are derived from it and
minimising the social and economic harm for which it has a causal role, historical studies can be used
to evaluate the long term effectiveness of actions to mitigate against adverse anthropogenic impacts
on the natural environment. For example, Langford et al. (2009) studied the chemical and biological
recovery of three rivers in the Midlands of England from 1952 onwards following the reduction of
the discharge of industrial and domestic effluents into them which they largely attributed to the
Rivers (Prevention of Pollution Act) 1961. They demonstrated that recovery rates of
macroinvertebrate communities were dependent on the presence of pollution sensitive species
further upstream to enable suitable habitat to be colonised as it became available. At one site no
pollution sensitive invertebrate species were present thirty years after effluents from the main
source of pollution had last been discharged into the river. They used these findings to evaluate
methods of water quality monitoring and target setting under the Water Framework Directive which
rely on current invertebrate community composition, stressing the need to consider the history of
the river and its connection with sites from which invertebrates may be expected to colonise.

Other lessons from the past concern the abilities of scientists and environmentalists to influence
decision makers. For example, Parlour and Schatzow (1978) evaluated the role of the media in
fostering public environmental concern in Canada from 1960 to 1972. They used their finding to
produce the Elite Mass Media Public Interaction Model, the main premises of which are: the elites
including government professionals and university academics perceive environmental problems
which they communicate either directly to the media or to the media via interest groups which then
publish it, increasing the public’s environmental awareness. Lowe and Morrison (1984) described
the developments which facilitated increased reporting of environmental issues in the UK since the
1950s in more detail. They recognised that environmental groups formed since the 1960s were
immediately very keen to engage the media, orientating their campaigns to gain media coverage and
thus foster public support. Older environmental groups saw the success of the newer groups and
soon followed suit. They also described the active role of media organisations and professionals in
strengthening relationship with environmental groups. For example, the BBC funded Council for
Nature’s Intelligence Unit was created in 1959 with the aim to publicise nature conservation issues
by strengthening relationships between conservationists and programme makers. In 1972 ECO
(Environmental Communicators’ Organisations) was established by journalists and held talks for
journalists to learn more about environmental issues and gave advice to environmental groups on
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how to approach the media. They concluded that good relationships with the media are essential to
successful campaigning. Such successes have included: the passing of legislation to reduce the
dumping of cyanide waste following the collaborative work of the Conservation Society and the
media in reporting the problem (Kimber et al., 1974 cited in Lowe and Morrison, 1984); and the
reversal of a government decision to cull seals off Orkney for the benefit of the fisheries following
the publication in the media of pictures taken by Greenpeace (Lister-Kaye, 1979 cited in Lowe and
Morrison, 1984).

3.1.3 Why Newspapers?

Although the most obvious role of newspapers is to inform and shape public attitudes and, by this
means potentially influence government policy, they also provide a way of addressing a key need for
environmental historians: documenting historic events, circumstances and attitudes. Newspapers
can be expected to reflect societal attitudes at the time of writing to a relatively great extent as their
content is orientated towards their readers (Kellert, 1985). Hannigan (1995) reasons that it is
unlikely that an environmental issue will enter the “arena of public discourse” unless it is reported in
the media. Suhonen (n.d. cited in Lahtinen and Vuorisalo, 2004b) found a relatively strong positive
relationship between the extent of newspaper coverage of environmental issues in Finland and
societal environmental concern measured through survey responses between 1972 and 1992. All
three of the categories of interactions between people and nature discussed in sections 3.1.1 and
3.1.2: social and economic benefits derived from nature; social and economic problems caused at
least in part by nature; and environmental management have previously been studied using
newspapers.

The importance of the anthropocentric benefits derived from nature in shaping attitudes towards it
expressed through the newspapers was highlighted by Kellert's (1985) finding that a utilitarian
attitude towards animals was expressed in more articles than any other attitude in the 20" century.
Collectively articles which analysed the content of historical newspaper articles covered a wide
range of social and economic benefits derived from nature including: waste removal, drinking water,
washing clothes, fisheries, pest control, hunting, recreation and aesthetics and the taking of animals
from the wild to be kept as pets (Parlour and Schatzow, 1978; Kellert, 1985; Knott et al., 1998;
Jensen, 2000; Vuorisalo et al., 2001; Lahtinen and Vuorisalo, 2004b; Pohja-Mykra et al., 2005;
Lahtinen and Vuorisalo, 2011; Vuorisalo et al., 2014). These journal articles explained how deriving
particular benefits from local nature resulted in environmental degradation and reduced the ability
of local natural resources to provide other benefits to society. For example, Jensen (2000) used
historical newspaper articles published in Denmark from the 1910s to the 1970s to describe the
impacts of the use of rivers, lakes and coastal waters for waste disposal and removal on their ability
to support fish populations and provide drinking water and recreational opportunities. Similarly,
Lahtinen and Vuorisalo (2004b) described the effects of using rivers for the removal of waste in
Finland from the 1880s to the 1930s in terms of fish kills and reduced provisioning of
anthropocentric benefits, particularly drinking water, clothes washing and recreation. Surprisingly
there has been very little written on the portrayal of benefits derived from nature by agricultural
and manufacturing industries in historical newspapers. The only example | found was that Vuorisalo
et al. (2014) analysed an article published in Finland in 1893 which acknowledged the role of red
foxes in pest control through their consumption of small rodents which would otherwise eat stored
grain.

The portrayal of anthropocentric harm attributed at least in part to nature in historical newspaper
articles has been discussed with regards to human health, agricultural production, buildings and
environmental aesthetics (Jensen, 2000; Vuorisalo et al., 2001; Lahtinen and Vuorisalo, 2004b;
Pohja-Mykra et al., 2005; Vuorisalo et al., 2014). A negativistic attitude towards animals
characterised by fear or dislike was expressed in approximately one seventh of the American articles
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published between 1900 and 1946 analysed by Kellert (1985). These discussions clearly
demonstrated the role of human activities in degrading nature and ultimately both human and
natural factors interacting to cause social and economic harm. For example cholera and typhoid
were believed to be consequences of pollution (Jensen, 2000; Vuorisalo et al., 2001). However, it
was also recognised that nature could cause harm to people without the need to be modified by
them. For example, several Finnish people had reportedly been bitten by a native species of snake,
common vipers (Vipera berus), in or around the city of Turku between 1890 and 1920 (Vuorisalo et
al., 2001). The threats which nature posed to agriculture were recognised to a much greater extent
than the benefits which agriculture gained from ecosystem service provisioning. This reflects the
attitude to nature traditionally held by farmers that it was a threat to productivity which needed to
be controlled and where possible removed from farmland (Thomas, 1991). Complaints about
damage to agriculture focused on the role of mammals including red foxes, rats (species unspecified)
and moose (Alces alces) as pests which killed livestock and fed on grain stocks (Vuorisalo et al., 2001;
Vuorisalo et al., 2014). In addition to the tangible ecosystem disservices, some wildlife observations
were also interpreted as bad omens. For example, observations of red squirrels in urban areas in
Finland were interpreted as evidence of upcoming disaster such as fire, war or plague (Vuorisalo et
al., 2001). Attempts to minimise the negative social and economic impacts of nature included culling
pest species and reducing the pollution which created better habitat conditions for pathogens
(Jensen, 2000; Vuorisalo et al., 2001; Pohja-Mykra et al., 2005; Vuorisalo et al., 2014). This was
effective for preventing future epidemics of cholera and reducing future incidents of typhoid but
culling pest species was largely abandoned due to changes in attitudes towards them. With the
exception of disease and agricultural production there was little discussion of the negative effects of
nature on people and property. The portrayal of floods in historical newspapers was discussed by
Shrubsole et al. (1993) but they did not consider the effects of floods or flood defences on nature.

In terms of ecosystem management previous studies have discussed various efforts to reduce river
pollution conveyed through historical newspaper articles including: discharging waste at sea, naming
and shaming factories responsible for pollution and legislatively controlling the quantity of effluents
which industrial organisations were allowed to discharge (Parlour et al., 1978; Jensen, 2000;
Lahtinen and Vuorisalo, 2004b). These studies indicated that mitigating against the effects which
pollution had on human health and recreational opportunities was probably a greater motivation for
such actions than nature’s intrinsic value. Incentives to cull bird and mammal species which were
considered as pests were removed to facilitate population recovery as societal attitudes towards
these species changed (Pohja-Mykra et al., 2005). Newspaper articles also encouraged bird feeding
and the construction of nest boxes (Vuorisalo et al., 2001). There was no discussion of efforts to
eradicate or control non-indigenous species or reverse physical environmental degradation.

Given: 1) the importance of historical knowledge regarding both positive and negative interactions
between people and ecosystems in informing decisions regarding current and future environmental
management; 2) that other studies have proven that historical newspaper articles are a valuable
source of such information; and 3) that many of these interactions which are important both
historically and today have been understudied using this information source the aim of this study is
to answer the question: how have interactions between the River Don and local people changed
through time? These interactions include social and economic benefits derived from the river;
social and economic damage and problems attributed fully or in part to the river, efforts to reduce
these; reports of damage caused to the river as a result of human activities; and efforts to manage
the river from an environmental perspective. The implications of this research will then be
considered with regards to the future management of the River Don. The River Don was chosen as a
case study as it has a long history of substantially both benefiting and adversely affecting local
communities and the local economy and its environmental degradation has been reversed to a large
extent particularly with regards to pollution but also with regards to physical degradation albeit to a
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lesser extent (Sheffield Local Biodiversity Action Partnership, n.d; Firth, 1997; DCRT, n.d.b). The
research question was deliberately very broad to minimise the effects of the researcher’s prior
conceptions on the outcomes of the research. This decision is in line with Eisenhardt’s (1989)
recommendation that researchers aiming to build theory from case studies should “formulate a
research problem and possibly specify some potentially important variables, with some reference to
the extant literature. However, they should avoid thinking about specific relationships between
variables and theories as much as possible, especially at the outset of the process”.

3.2 METHOD

3.2.1. Sourcing and Sampling Newspaper Articles

Local newspaper articles were sourced from the British Newspaper Archive’s online database (British
Newspaper Archive, 2016) and Sheffield Star Archives within the Sheffield Star Offices. National
newspaper articles were sourced from the Times (2016), the Daily Mirror (2016) and the Guardian
online databases (The Guardian and Observer, 2016). The time periods in which these articles were
published is shown in Table One. Collectively these newspapers provided a broad range of
perspectives as the Times has a predominately right wing readership whilst the Daily Mirror and
Guardian both have predominately left wing readerships (Bakker et al., 2014; Hammett, 2015).

All online databases and the computer database at Sheffield Star Archives were searched using the
search term “River Don” and each individual time period listed in Table One. Each time period began
on 1°* January of a year ending in a zero and ended on 31* December of a year ending in a nine.
Those articles which were published before 1850 were categorised separately from those which
were published between 1850 and 1950 as it is widely agreed that the Industrial Revolution occurred
in the UK from approximately 1750 to approximately 1850 (Deane, 1979). From 1950 onwards |
shifted the focus from one hundred year periods to decades as | had analysed the fish records from
this period by decade and from Firth (1997) | knew that considerable effort to restore the River Don
began in the 1970s so | wanted to study the two decades leading up to this in more detail than
previous decades to better understand the social, economic and political factors which may have led
to such change in the 1970s. Since the 1970s the River Don and the way in which people interact
with it has rapidly changed so | wanted to describe this change on a finer timescale. As the paper
newspaper articles which feature the River Don had already been separated from those which do
not by archivists at Sheffield Star Archives there was no need to search them using the search term
“River Don”. The number of articles in each time period was counted and the number which were
published in each decade was estimated using the assumption that the proportion of articles within
a time period which were published within a decade was proportional to the number of years in that
decade in the time period. The results for each computer source were sorted in ascending
publication date order. When this gave more than 25 results a sample of 25 articles roughly evenly
distributed through the list was selected and the proportion of these 25 articles which were relevant
was calculated. Articles were deemed to be relevant when they discussed any part of the River Don
between the Peak District and Goole but those who only mentioned it due to its geographical
proximity to another place or event of interest were excluded from the analysis. Things named after
the River Don such as the River Don Engine and the River Don Works were not deemed relevant.
Although these names reflect the importance of the River Don classing all articles which mentioned
these was likely to bias the results, especially given the large number of articles which mentioned
the River Don Works in later years when it was no longer dependent on the river. The proportion of
the 25 articles which were relevant was multiplied by the total number of results yielded by the
search to give an estimated number of relevant articles for the source and time period. When fewer
than 25 results were yielded by the initial search the number of relevant articles was counted rather
than estimated. The paper articles were stored in envelopes spanning a few years but sorted within
the envelopes. To save time | simply analysed every nth article in the order in which they were.
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Every nth article was selected from the list of articles organised in ascending publication date order
to ensure that the distribution of publication dates of the sampled articles rougly reflected the
distribution of publication dates of all articles from each source within each time period. For the
first two time periods (pre 1850 and 1850-1950) the same number of articles were selected from
both local and national newspaper articles. 100 articles which had been published before 1850
were analysed and 200 articles which were published between 1850 and 1950 were analysed. This
was because the previous chapter found that the composition of the fish community had changed
greatly during the second time period. The searches only yielded a total of 17 articles for the 1960s.
From the 1970s onwards 25 articles were analysed each decade. Where possible 15 were analysed
from local newspapers and 10 from national newspapers. This reflected the much greater number
of articles which were published in local newspaper articles during this time period.
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Table 1. Number of articles analysed and total number of relevant articles by source and time period (in
brackets). When the total number of relevant articles was estimated rather than counted it is shown in italics.

Time British Sheffield Sheffield Times Daily Guardian
period Newspaper Star Star Mirror

Archive Archives Archives

(Paper) (Computer)

Pre 1850 50, (615) 0, (0) 0, (0) 30, (33) 0, (0) 20, (26)
1850-1950 100, (6443) 0, (0) 0, (0) 49, (90) 5, (13) 46, (91)
1960s 0, (0) 0, (0) 0, (0) 4, (4) 1, (1) 12, (12)
1970s 0, (0) 17,(123) 0, (0) 2,(2) 1,(1) 5, (5)
1980s 0, (0) 15, (202) 0, (0) 4, (6) 2,(3) 4, (6)
1990s 0, (0) 15, (140) 0, (0) 3, (14) 1, (2) 6, (23)
2000s 0, (0) 2,(12) 13, (1426) 5, (19) 3, (11) 2,(9)
2010s 0, (0) 0, (0) 25,(2276) 0, (0) 0, (0) 0, (0)

3.2.2 Analysing Individual Newspaper Articles

For each newspaper article: the name and date of the publication; and the social and economic
benefits and harms which were attributed to the River Don and actions including proposed actions
and enforcement of legislation as well as practical actions which were mentioned within the article
were recorded. This yielded the subthemes which are listed in Table Two. Notes and quotes were
also recorded to facilitate more detailed quantitative and qualitative analysis with regards to more
specific activities associated with and threats posed by the River Don, the reasons why they were
mentioned and the ways in which they were portrayed.
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Table 2. Themes and sub themes used for thematic analysis of the newspaper articles

Theme Subtheme
Non-cultural social and economic benefits Hydropower
derived at least in part from the River Don Abstraction
(Theme A) Waste removal
Navigation
Drainage
Other
Cultural social and economic benefits derived at  Angling
least in part from the River Don (Theme B) Other recreation
Heritage

Other cultural benefits
Social and economic threats and harm attributed Death
at least in part to the River Don (Theme C) Floods
Drought
Damage to property or infrastructure
Physical barrier

Crime
Environmental management of the River Don Environmental issues
(Theme D) Pollution

Physical degradation
Depleted or extirpated wildlife

Taxa

Fish

Birds

Mammals

Plants

Unspecified wildlife

3.2.3 Analysing Trends Through Time

The number of articles which mentioned each of the themes listed in Table 2 in each time period
was counted. The term conservation was used broadly to include environmental preservation,
restoration and improvements. The proportion of articles in each of these time periods which
mentioned these themes was calculated using these counts enabling trends to be described through
time. Several articles mentioned more than one of these so the sum of the proportions is greater
than 100%. The number of articles which mentioned each of the subthemes in table 2 in each time
period was counted. These counts were used to calculate the proportion of articles in each theme,
century and decade which mentioned each of the corresponding subthemes.

3.3 RESULTS AND DISCUSSION
3.3.1 Overview

Collectively the articles indicated that public attitudes towards the River Don, the benefits which it
provides, the threats which it poses and its management drivers changed greatly through time
(Figure 1a). Overall threats and harm posed by the river were mentioned in approximately half of all
articles, non-cultural benefits afforded by the river were mentioned in approximately two fifths,
cultural benefits afforded by the river were mentioned in approximately one quarter and
conservation was mentioned in approximately one eighth. Approximately two thirds of all articles
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mentioned at least one type of benefit derived from the River Don whether it be cultural or non-
cultural.

Only two articles from the 18" century were analysed. They both mentioned Theme C but did not
mention any other theme. From the 19" century to the 21° century the proportion of articles that
mentioned Theme A approximately halved, the proportion of articles that mentioned Theme B
tripled and the proportion of articles that mentioned Theme C each century stayed relatively
constant (Figures 1a: ii, iv and vi respectively). Theme D was mentioned in nine articles before the
20™ century, one quarter of the 169 articles published in the 20" century and five articles in the 21°
century (i.e. 10%) (Figures 1a: vii and viii respectively).

From the 1960s onwards Theme B and Theme C were each mentioned in approximately two fifths of
newspaper articles, Theme D was mentioned in approximately one third and Theme A was
mentioned in approximately one quarter. The proportion of articles which mentioned themes A and
B showed no clear trends from the 1960s to the 2010s (Figures 1b: iv, vi, viii and ii respectively). The
content of newspaper articles published in the 1960s was heavily dominated by Theme C (Figure
1vi). Eight of the 14 Theme C articles published this decade portrayed the River Don and its flood
waters as a physical barrier. Five of these referred to the construction of a motorway viaduct. The
effect of this project on the proportion of articles which mentioned Theme C and the proportion
which did not mention Themes A and B is likely to have been exaggerated by the small sample size
as only 17 articles were available from this decade. From the 1970s through to the 1990s the
proportion of articles which mentioned Theme C was at its lowest and did not exceed one quarter
whilst the proportion of articles which mentioned Theme B was at its highest and did not fall below
one half. Theme D was only mentioned in one and four of the 25 articles published in the 2000s and
2010s respectively. This may be because pollution was a lot less severe than it had been in previous
decades and no other threat to the River Don’s ecology has ever received much attention in the
media. It may also be due to the attention given to the 2007 floods reflected in the high proportion
of articles which mentioned Theme C in the 2000s and to a lesser extent efforts to reduce the risk of
further flooding reflected in a relatively high proportion of articles which mentioned Theme A that
decade (Figure 1b: vi and ii respectively). Eleven of the 17 articles which mentioned Theme C in the
2000s mentioned flooding. These were all published from 2007 onwards. All seven of the Theme A
articles which were published in the 2000s mentioned drainage. They were also all published from
2007 onwards.

The decrease in the proportion of articles which mentioned Theme A and the increase in the
proportion of articles which mentioned Theme B from the 19" century through to the 21°' reflected
changes in the use of rivers throughout Europe as economies have transitioned from being primarily
manufacturing sector based to primarily service sector based (Bothmann et al., 2006) as well as
Firth's (1997) historical account of the River Don itself. Similar trends of decreased focus on non-
cultural benefits derived from nature and increased focus on cultural benefits derived from nature
have also been described in other ecosystems. For example, forests which were traditionally
managed for timber production are now increasingly managed holistically for both timber
production and recreation (Bengston et al., 1999).

Overall approximately half of the articles mentioned Theme C. This relatively high proportion is likely
to be in part due to the widely recognised propensity of the media to report negative news
(Anderson, 2002). This propensity may have particularly affected the relatively high proportion of
articles which mentioned actual or potential human deaths which were mentioned in 39% of Theme
C articles and floods which were mentioned in 31% of these articles. The proportion of Theme C
articles published each century changed little through time. The river’s role as a physical barrier was
not generally portrayed particularly negatively and the majority of articles which portrayed the role
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of the river in this way simply acknowledged the need to construct bridges and reported relevant
actions.

Unfortunately | was unable to find any other studies which have previously described changes in the
proportion of newspaper articles which mention social or economic harm or problems in part
attributed to local nature through time for comparison. However, studies which have used
newspaper articles to describe changes in relevant attitudes, legislation and behaviour through time
indicate that the extent to which nature is perceived as a threat has decreased in recent centuries
and decades. For example, Kellert (1985) found that the expression of negativistic attitudes which
they defined as “primary orientation a dislike or fear of animals” towards wildlife approximately
halved from the 1910s to the 1960s in America. From an analysis of newspaper and magazine
articles and legal documents produced between the 1770s and 1930s Pohja-Mykra et al. (2005)
identified a substantial decline in support for hunting mammalian species which had been classified
as pests prior to the 1920s and greater support for their conservation. Furthermore, den Otter
(2012) stated that in mid-19" century Britain wilderness was perceived to be “hostile” and that
nature in general was to be “tamed”. The River Don study differed substantially from these two
studies in that it considered a much broader range of ways in which harm or potential harm caused
to local people and the local economy were attributed at least in part to nature. The vast majority of
Theme C articles reported harm or potential harm attributed at least in part to the abiotic
environment rather than animals or other living things. As discussed in section 3.3.4 the proportion
of articles which mentioned flooding and damage to infrastructure or property most of which was
caused by flooding increased through time counterbalancing the decreased proportion of articles
which mentioned actual or potential human deaths associated with the river and the role of the river
as a physical barrier. It is important to realise that social and economic harm associated with the
River Don have always received much public attention as it suggests that efforts to manage the river
without considering the ways in which it can cause such harm are unlikely to gain the necessary
public support on which their success will rely and may even be actively opposed. The need to
consider harm attributed to nature more generally in urban ecosystem management for these
reasons is highlighted by Lyytimaki et al. (2008).

The first Theme D articles were published in the late 19" century. This reflected the widespread
recognition that nature was not as resilient as previously believed and the increased expression of
conservation ethics in western societies (Lowe, 1983 cited in Jepson and Whittaker, 2002). This
increased recognition was facilitated by advances in technology which enabled people to travel to
far less degraded ecosystems such as the Alps and thus realise how degraded the ecosystems to
which they were accustomed actually were (Jepson and Whittaker, 2002). The extent to which
nature was previously believed to be resilient to anthropogenic threats is expressed well in this
statement which was made by Sim in 1864 (cited in Jepson and Whittaker, 2002): “the vast domain
of nature can never be fully explored, her attractive resources being infinite and inexhaustible”. Firth
(1997) recognised that action to conserve the river had a long history but until the 20" century
relatively little action had been taken and it had had very little effect. He stated that the
Commission of Sewers which was created in 1531 was responsible for ensuring that rivers were not
polluted with sewage on a national scale but he did not specify any actions which they took locally
and made it clear that they were very ineffective in achieving this aim with regards to the River Don.
The first action to conserve the River Don which Firth reported was in 1868 when a Doncaster MP
raised the matter of upstream towns polluting the river in Parliament but as far as Firth was aware
no action was taken as a result of this.

The extent to which Theme D was mentioned in newspaper articles was greatest from the 1970s to
the 1990s. In 1965 it was reported that the Rivers (Prevention of Pollution Act) 1961 was coming
into effect and companies were legally obliged to enter into agreements with the River Authorities
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to ensure that their effluents met strict standards, minimising the extent to which they polluted the
River Don (The Guardian: 8" October 1965). The delay between these efforts and the greater
reporting may partly be due to the fact that only 17 articles were available from the 1960s whilst 25
were analysed from the other decades and the high level of attention given to the construction of
the motorway viaduct which was mentioned in five of the 17 articles. It may have also been due to
the delay between the Rivers (Prevention of Pollution Act) 1961 coming into effect in 1965 but many
companies being given five years to develop their machinery and processes in order to comply (The
Guardian: 8" October 1965). Reflecting the increased interest in conserving the River Don in the
1970s Firth's (1997) account of the substantial restoration of the River Don began in 1975 with an
abstraction licence being challenged because trout (Salmo trutta) were present and there were fears
that abstraction could increase the concentration of pollutants and thus threaten trout. However,
Firth did acknowledge that the section of the River Don upstream of Doncaster was likely to have
been better than it would have otherwise been in the first half of the 20" century due to improved
sewage treatment as indicated by the use of this area for recreational swimming and angling
matches. The first newspaper article which recognised that pollution in the River Don had actually
decreased was published in 1976 (Sheffield Star: 31 July 1976). Although the newspaper articles
recognised the role of deindustrialisation to a very low extent the decline of South Yorkshire’s
manufacturing industries from the late 1970s onwards probably increased the effectiveness of
conservation actions and it is common for post-industrial rivers to be managed to a greater extent
for conservation and recreational activities which are dependent on environmental quality (Watts,
2004; Bothmann et al., 2006). National issues which may have fostered efforts to conserve the River
Don in the 1970s include: the creation of the Royal Commission on Environmental Pollution and the
Water Authorities who had responsibility for controlling river pollution; the passing of the Control of
Pollution Act 1974; and the availability of government grants of up to 95% for the rehabilitation of
brownfield sites (Evans, 1992). Media attention may also have increased as a result of the European
Conservation Year 1970 which galvanised broad public support for conservation. The decreased
attention paid to conservation in the last two decades suggests that less is being done to conserve
the river. This is likely to partly be due to the reduced severity of the threats posed to wildlife now
that pollution has decreased greatly and partly due to reduced funding due to the economic
recession (Firth, 1997; Somper, 2011). However, the apparent decline in the proportion of articles
mentioning conversation in the last two decades may partly be due to small sample size.

120 100
90

60

Number of articles

30

Proportion of articles (%)

18th 19th 20th 21st 18th 19th 20th 21st

Century Century

120 100
90

60

Number of articles

30

Proportion of articles (%)

18th 19th 20th 21st 18th 19th 20th 21st

Century Century



120

g
£ w0 w 80
. )
& £ 60
5 60 5
é 5 40
£
2 0 g 2
o
0 0
18th 19th 20th 21st 18th 19th 20th 21st
Century Century
120 i 100 il
9
é %0 2 80
S ]
& £ 60
S 60 5
é 5 40
£
2 2 g 2
a
0 0
18th 19th 20th 21st 18th 19th 20th 21st
Century Century

Figure 1a. Number and proportion of articles mentioning each theme by century (i and ii= Theme A ; iii and iv=
Theme B; v and vi=Theme C; vii and viii=Theme D) (n=two 18" century, 218 19" century, 169 20™ century and
50 21% century articles).
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Figure 1b. Number and proportion of articles mentioning each theme by century (i and ii=Theme A; iii and
iv=Theme B; v and vi=Theme C; vii and viii=Theme D) (n=17 1960s articles and 25 articles from each other
decade).

3.3.2 Theme A

Overall navigation, which was mentioned in more than one third of all Theme A articles, was the
most frequently mentioned Theme A subtheme. No Theme A articles were published in the 18"
century. In the 19" century navigation was the most frequently mentioned Theme A subtheme
followed by abstraction (Figure 2a). They were mentioned in approximately one half and one
quarter of Theme A articles respectively. In the 20™ century abstraction, navigation and drainage
were the most commonly mentioned Theme A subthemes (29-30% of Theme A articles) and in the
21°" century drainage was the most commonly mentioned (78% of Theme A articles).

From the 1960s onwards the Theme A subthemes which were mentioned in the greatest number of
articles were waste removal and drainage (14 and ten articles respectively) (Figure 2b). The
proportion of Theme A articles which mentioned waste removal peaked in the 1980s and 1990s
(83% and 75% respectively; Figure 2biii). The proportion which mentioned drainage peaked at 100%
in the 2000s (Figure 2bv). The only Theme A subthemes which were mentioned in articles published
in three or more decades were: abstraction, waste removal and drainage (Figure 2b). None of these
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Figure 2a. Proportion of Theme A articles which mention each subtheme by century. (i=Hydropower,
ii=Abstraction, iii=Waste Removal, iv=Navigation, v=Drainage and Flood defence, vi=Other) (n=114, 56 and 12
Theme A articles from the 19th, 20" and 21 centuries respectively).
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Figure 2b. Proportion of Theme A articles which mention each subtheme by decade from the 1960s onwards.
(i=Hydropower, ii=Abstraction, iii=Waste Removal, iv=Navigation, v=Drainage and flood defence, vi=Other)
(n=3, 8, 6,4, 7,5 Theme A articles from the 1960s, 1970s, 1980s, 1990s, 2000s and 2010s respectively).

3.3.2.1 Hydropower

The relatively low proportion of articles which mentioned hydropower (Figure 2ai) did not reflect the
historical importance of this use of the river. According to Firth (1997) the River Don provided better
opportunities for power generation than the majority of other rivers in the UK and by 1722 there
were already 13 major impoundments on the River Don between Sheffield and Doncaster (Palmer
1722 cited in Firth, 1997). It was clear from the articles which mentioned hydropower that a wide
range of industries including heavy manufacturing industries (Leeds Mercury: 26" July 1851;
Sheffield Independent: 29" August 1871, 19" March 1880, 4™ May 1880; The Guardian and The
Observer: 14™ May 1851), paper millers (The Guardian: 9" March 1867; 13" April 1867; 27" April
1867) and corn millers (Leeds Mercury: 26" July 1851; The Guardian: 2" November 1836; The
Guardian and The Observer: 14™ May 1851) were attracted to the River Don as a source of power.
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The proportion of articles which mentioned hydropower was probably low because hydropower was
rapidly replaced by steam power in Britain from the beginning of the 19" century and the use of
steam power was already widespread in the steel industry, Sheffield’s dominant industry, by 1855
(Truan 1855 cited in Birch, 1967; Walton, 1952; Simmons, 2001). The difficulty of establishing
whether mills were powered by water power or steam power may have also reduced the proportion
of articles which were recognised to have mentioned hydropower.

The presence of weirs greatly alters many features of the abiotic environment including: flow speeds
including seasonal variation patterns, the extent of flooding, channel depth, channel width,
sediment structure, water temperatures and the availability of allochthonous nutrients and thus the
composition of ecological communities (Fraser, 1972; Hayes et al., 1998). However, no newspaper
articles considered their environmental impacts. This was not due to a lack of knowledge as it has
been a legal requirement since the mid-19" century to install a fish pass on any new impoundment
which could otherwise block salmonid migration (Firth, 1997). It was more likely to be due to the
perceived importance of economic considerations over ecological considerations. Conversely, there
were also suggestions that demands for hydropower prevented over-abstraction to some extent.
The river was perceived to have a high level of compensation water and there were concerns that if
Wakefield, a town to the North West of the Don Catchment, were allowed to abstract water from
part of the Don Catchment there would not be enough water to meet the needs of the mill owners
(Sheffield Independent: 8" July 1874).

Today the weirs which historically provided hydropower to manufacturers are highly valued from a
heritage perspective. This has the potential to cause conflict between the desire to conserve
industrial heritage and the desire to reverse historical physical environmental degradation including
impoundment. However, extensive public consultation undertaken by DCRT (Don Catchment Rivers
Trust) found very little if any opposition towards the installation of fish passes on heritage grounds
(personal communications with Edward Shaw, DCRT Trustee, 2016). Furthermore, recognition of the
extent to which the River Don previously generated hydropower could foster public support for its
use in the future generation of microhydropower, an increasingly popular less environmentally
harmful alternative to fossil fuels (Paish, 2002). An article published in 2011 which found that
proposals to harness the rivers energy to power 80 homes had failed to secure funding highlighted
the need to increase public support if the river’s energy is to be harnessed for the benefit of the
wider environment and society (Unspecified publication available from Sheffield Star Archives: 6"
December 2011).

3.3.2.2 Abstraction

In the 19" and 20" centuries water abstracted from the River Don was used to manufacture a wide
range of products including: iron and steel (e.g. Sheffield Independent: 6™ April 1822, 29" August
1871; The Manchester Guardian: 1°' June 1872), paper (Manchester Guardian: 9" March 1867, 13"
April 1867, 27 April 1887), boilers (The Manchester Guardian: 4™ November 1911), wagons
(Sheffield Telegraph: 2™ May 1874), leather (Sheffield Independent: 10" January 1882; The
Manchester Guardian, 22" January 1876), flour (e.g. Sheffield Independent: 21°" June 1845; The
Times: 26™ June 1845, 10" June 1844), beer (e.g. Sheffield Independent: 1843; York Herald: 1°
January 1831, 12" October 1833) and refined sugar (e.g. The Times: 25" March 1844; 2™ April 1844,
18" June 1845). Opportunities to abstract water from the River Don were also used to market an
agricultural and domestic property during the 20" century (The Manchester Guardian: 24" May
1902). The important role of opportunities to abstract water directly from rivers in determining the
location of industry is recognised by Hassan (1998). Abstraction of water for domestic purposes
probably received little attention in the newspaper articles because water for these purposes was
abstracted from other sources such as reservoirs, wells and springs, in large part because the River
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Don was so polluted (Firth, 1997; Munford, 2000). The earliest reservoirs were built in Sheffield in
the mid-18" century (Firth, 1997).

The attitude that water did not need to be conserved was expressed strongly in an advertisement
for a sugar refinery for sale in 1845 which stated that the River Don provided “an ample supply of
water free from expense” (The Times: 18" June 1845). This contrasts with the prevalent view on a
national scale that piped water resources were expensive and not of sufficient quantity (Taylor et al.,
2009). However, it was soon also recognised by local industries that water was at times a limited
resource. The earliest concerns were raised in 1864 and concerned the effects of abstraction on
increasing the concentration of pollutants (Sheffield Telegraph: 29" October 1864). On 8" July 1874
it was stated in the Sheffield Independent that the Sheffield Water Company built as few reservoirs
and made the most stringent regulations that they could as “every drop of water that could run
down the river was valuable” and if the population of the Don Valley continued to increase as it had
done in the past the whole of the water in the valley would be wanted. Taylor et al. (2009)
recognised that from the 19" century onwards droughts have always strengthened the desire to
conserve water and led to water being used more prudently. This is in line with the depletion crisis
model as it is likely that this change in attitude resulted from over exploitation of the river’s water
(Berkes and Turner, 2006). Firth (1997) described sections of the River Don running dry because so
much water was being abstracted from the river. In the early 20" century an article in the Guardian
reported that Sheffield had surplus to sell to water deficient areas due to water recycling, suggesting
that water conservation was highly successful (The Guardian: 13" December 1924). Although this
change in practices was likely to have benefited the River Don from an ecological perspective it was
entirely driven by the needs of industry and local residents with regards to abstraction and to a
lesser extent hydropower.

Only five analysed articles published from the 1960s onwards mentioned abstraction. However this
low number of articles does not mean that water abstracted from the River Don is no longer an
important resource. It is likely that fewer articles mentioned the benefits which industry gained
from the opportunity to abstract water from the River Don as fewer industrial premises were
advertised in newspapers. Between 1974 and 1994 the volume of surface water abstracted from the
River Don Catchment increased by approximately 20% from approximately 104 billion cubic metres
to approximately 125 billion cubic metres (Firth, 1997). These were fairly evenly distributed
throughout the time period (Figure 2bii). Four of these articles were concerned with the quality of
the water and one was concerned about a drought. The quality of the water was so poor that there
were concerns that the European Court would take action and it was not economically viable to
clean the water enough to make it potable (Unnamed publication available from Sheffield Star
Archives: 29" September 1989). This concern may have played an important role in fostering
support for the reduction of pollution. Severe water shortages are likely to be more common in
future due to increased demand for water and climate change (Ofwat, n.d.) Domestic water
recycling may be an important part of the solution but currently public opposition is the greatest
barrier to its implementation (Jefferson et al., 1999). Knowledge that Sheffield benefited from
water recycling in the past may help foster local support for such schemes in the same way that an
interview participant was inspired by the past to harness the River Don’s hydropower (Chapter
Four). Drought and pollution are considered in detail in sections 3.3.4.2 and 3.3.5.1.1 respectively.

3.3.2.3 Waste removal

The first analysed article which mentioned waste removal in the mid-19" century stated “From time
immemorial the town sewerage had been discharged into the River Don, which in dry times became
filthy, and they depended upon the flood waters to wash the river clean. The flood waters did so,
and when the Water Company dammed up those waters they interfered with the vested right of the
Corporation, and the Council had therefore special reasons for seeing that the interests of the town

77



were not sacrificed” (Sheffield Telegraph: 29" October 1864). This reflected national beliefs as
before river pollution became severe in Victorian Britain it was generally believed that the volume of
water in the rivers was enough to dilute pollutants to the extent that their effects were negligible
(Clapp, 1994). Recognition that abstraction increased the concentration of pollutants was called
“negative pollution” in Victorian Britain (Sheail, 1984 and 1986 both cited in Sheail, 1996). The use
of the River Don for the removal of sewage at this time reflects the national introduction of the
water-carriage method of waste disposal in Britain around the turn of the 19" century (Johnstone
and Horan, 1996). At this time there were no controls limiting the extent to which industry was able
to discharge effluents into rivers. According to Johnstone and Horan (1996) the ecological
consequences of this were so grave that most rivers were unable to support fish life. However, the
water-carriage method was viewed positively in terms of public health as previously sewage had
simply flowed through the streets (Clapp, 1994). The belief that the River Don would be able to
accommodate the quantity of effluents which was being discharged into it if water was not being
abstracted from it was not reflected in any later articles and many took a critical view of those who
benefited from using the river for waste removal unless they were praising them for reducing
impacts of their effluents.

Unlike hydropower and abstraction, waste removal opportunities afforded by the river were never
used to advertise the commercial premises which benefited from it when they were for sale or let
although this use of the river would have brought great financial advantages over using
technological methods to treat industrial effluents (Hassan, 1998). This may explain why it was only
mentioned in 9% of Theme A articles in the 19" century. The lack of advertising of the river’s
potential to be used for the removal of waste may indicate that polluters always felt a sense of
shame even if they believed that their actions were justified by the social and economic benefits
brought by using the river for waste removal. Efforts to improve the quality of effluents entering the
River Don are discussed in section 3.3.5.1.

3.3.2.4 Navigation

Although the River Don was naturally too shallow to be well suited for navigation and the first Act to
improve the River Don’s navigation was not passed until 1726 when the navigability of many British
rivers had already been substantially improved in the 17" century, by the 19" century the river’s
navigation was highly valued (Walton, 1952; Simmons 2001). Its importance was reflected in the
fact that it was the most frequently mentioned Theme A subtheme overall and was reported in half
of the Theme A articles which were published in the 19" century. However, its importance declined
through time and it was mentioned in less than one fifth of Theme A articles which were published
in the 20" century and no articles which were published in the 21 century (Figure 2aiv). In the 19"
century navigation opportunities provided by the river were used to market a wide range of
industrial premises for sale or let including: manufacturing premises (e.g. Leeds Mercury: 26™ July
1851; York Herald: 1** January 1831; Sheffield Independent: 6™ April 1822), farms (Leeds Mercury: 1°
January 1817; York Herald: 11™ February 1815; The Times: 1°* November 1813) and collieries (Leeds
Intelligencer: 29" January 1842; Sheffield Independent: 21 November 1840). This demonstrated
that navigation was highly valued by a broad range of businesses which used the river to transport
both raw resources and products. Substantial financial benefits were also accrued by the companies
responsible for the management of the navigation and their shareholders (e.g. The Manchester
Guardian: 22" March 1843; The Times: 3™ April 1843; Sheffield Telegraph: 27" April 1876) and
logistics companies (Sheffield Independent: 30" June 1832). Additionally three articles even used
access to the River Don navigation to market “The Great and Small Tithes” of a portion of the
township of Hooke (The Times: 26™ September 1818, 3" October 1818; 10" October 1818).

However, none of the analysed newspaper articles which were published in the first half of the 20™
century used the navigation to market industrial premises. This suggests that the opportunities
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afforded by the River Don for navigation were valued much less in the 20" century than they were in
the 19™ century. This is also reflected in the much lower proportion of Theme A articles which
mentioned navigation in the 20" than in the 19" century. Although it is relatively likely that articles
published in this time period which were not analysed used the navigation to market industrial
premises, the great difference in the number of analysed articles which used navigation to market
industrial premises in the 19" and 20™ centuries suggests a marked decline in the number of
published articles which used the navigation as a marketing tool for industrial premsies between
these time periods. However, the following quotation from a newspaper article published in the
Times on 3™ October 1929 recognised that the River Don would complement the road and railway
which were to be constructed: “This road and the railway will run 200 yards from the River Don, thus
providing road, rail, and water transport”.

The River Don was substantially modified for the benefit of navigation. Recorded improvements
included deepening the channel (York Herald: 17" March 1838) and creating the New Junction Canal
(The Times: 22" November 1911). Proposed improvements included: widening the channel,
diverting and altering the course of the channel, constructing new cuts and installing locks and flood
gates (Sheffield Independent: 19" November 1925; The Times: 13" November 1973; The Times: 7™
December 1973). Itis important to note how late substantial improvements for the benefit of
navigation were proposed. An article published in The Times on 7" December 1973 stated that The
British Waterways Board was applying to parliament to introduce a Bill which would enable them to
improve the River Don for navigation. Their proposals included: diversion, widening and
realignment of sections of the River Don. They also applied for the rights to “divert, stop up and
interfere with” the waters of the River Don. The desire to improve the River Don for navigation in
the 1970s reflects the fact that the Sheffield and South Yorkshire Navigation was still used
commercially when the use of many other waterway systems in the UK for navigation had ceased
(Collins, 1984). Under the Transport Act 1968 the Sheffield and South Yorkshire Navigation was to
continue to be managed as a commercial waterway, “principally available for the commercial
carriage of freight” and in 1983 the section of the navigation downstream of Rotherham was
improved to enable the passage of vessels weighing up to 700 tonnes. However, despite this strong
interest in navigation on the River Don in the 1970s only one article mentioned navigation in the
1980s and it was not mentioned in any later articles (Figure 2aiv). The short lived resurgence of
interest in the River Don for navigation in the mid-1970s reflected a small increase in the use of
Britain’s waterways for navigation at this time.

The ecological consequences of these improvements are likely to have included: habitat
fragmentation, increased habitat homogeneity, loss of spawning and nursery habitats for fish and
blocked migratory pathways (reviewed in Wolter and Arlinghaus, 2003). These factors have been
demonstrated to reduce fish species richness and abundances. However, the extent to which the
ecology of the River Don had already been modified for drainage, flood defence and hydropower as
discussed in sections 3.3.2.5 and 3.3.2.1 respectively by the time that it was modified for navigation
is likely to have greatly reduced the ecological impacts of infrastructure and deliberate channel
changes associated with navigation. Navigation can also cause fish mortalities through: direct
collisions between vessels and fish; and the generation of waves and currents which cause collisions
with substrate and force fish out of the water causing them to suffocate (reviewed in Wolter and
Arlinghaus 2003). Behavioural changes in response to vessels such as reduced feeding and nest-
guarding behaviour may also be detrimental to fish survival and reproduction.

Despite the number of industries which benefited from using the River Don for navigation, the river
was far from ideal for navigation. For example, in the Yorkshire Gazette on 29" March 1845 it was
stated that “it can be proved in evidence before parliament that vessels with standing masts have
never ascended above Stainforth, where this is a fixed bridge”. Stainforth is downstream of
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Doncaster. Furthermore in the Sheffield Independent on 28™ August 1841 it was reported “It is a
matter of no slight gratification to perceive, that the improvements connected with the River Don,
which have been in contemplation during a period extending almost through half a century are at
length resolved upon. We have frequently taken upon ourselves to advocate that Doncaster
possessed the elements of prosperity, and only required that they should be rendered available.”
Navigation was adversely affected by natural factors such as floods (Huddersfield Chronicle, 7™
March 1891; Sheffield Star Archives publication not specified: 5™ January 1990) and frost (The Times:
21" January 1867). There was also conflict between those who had vested interests in the use of the
River Don for navigation and those who prioritised other opportunities afforded by the river such as
its use for waste removal and the uses of the adjacent land, particularly rail transport. The
Doncaster Corporation were “threatened with an injunction by the South Yorkshire Railway and River
Dun Company if they persist{ed] in throwing the town sewage into the River Don” (Sheffield
Telegraph: 22™ July 1870). The impact of the use of rivers for waste removal on navigation was also
recognised to have been a problem on the River Fleet in London (Clapp, 1994). Between February
and March 1845 there was much discussion about the potential impacts of the construction of a
railway bridge on the navigation (The Times: 1 February 1845, 4™ March 1845; Yorkshire Gazette,
29" March 1845). There were also reports of actual and potential deaths and damage to boats and
cargo due to the dangers of the navigation including those caused by a collision between a boat and
a bridge in 1871 (e.g. The Guardian: 19" December 1871; 5" February 1853; The Times: 28"
December 1843; Yorkshire Gazette: 2" June 1838). Criminal damage associated with navigation was
only reported in one article which was published on 27" July 1983 and is available at Sheffield Star
Archives but unfortunately the name of the publication is unspecified. It reported criminal damage
being done to a boat used to transport coal.

3.3.2.5 Drainage and flood defence

The proportion of Theme A articles which mentioned drainage and flood defence increased greatly
through time from 7% in the 19" century to three quarters in the 21° century (Figure 2av). These
high proportions indicate that minimising the risk of flooding largely by increasing the efficiency with
which it was drained by the River Don has always been an important management goal though the
increase through time is likely to be in part due to the reduced reliance of industry on the river.
Without flood defences the drainage afforded by the River Don would have been far from adequate
in preventing floods especially given the replacement of wetlands with impervious surfaces and
subsidence caused by coal mining. Thus newspaper articles published from the mid-19" century
onwards evidence that much work has been done to artificially increase the river’s ability to cope
with large quantities of water without flooding (Firth, 1997).

The number of articles which mentioned drainage and flood defence clearly peaked when severe
floods occurred. For example, as discussed in section 3.3.4.1 severe floods occurred in 1931, 1932
and 1933 and ten of the 17 articles which mentioned drainage and flood defence in the first half of
the 20" century were published between 1931 and 1934. This quotation demonstrates the
relationship between recent floods and the perceived increased need to reduce future flooding well:
“During the past few months ... the area had been seriously flooded on two occasions. Something
must be done to prevent a repetition of the recent flooding” (The Times: 16" June 1932). Similarly,
seven of the nine articles which mentioned drainage and flood defence in the 21° century were
published in 2007 and 2008 during or after the severe floods which occurred in 2007. Wheater
(2006) also recognised that public and political awareness of the need to better manage the flood
risk is often elevated following recent floods. Recognition of when demand for flood defences is
likely to be increased is important for aligning environmental conservation and public priorities to
maximise support and minimise opposition for the River Don’s environmental management.
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Societal responses to minimise the impacts of natural hazards can generally be divided into three
phases as societies involve: firstly a fearful phase characterised by activities such as praying to
deities; secondly a controlling phase characterised by technocentric approaches aimed at controlling
nature; and thirdly a phase of harmony in which a better balance is reached between meeting the
needs of nature and the needs of society as attempts to control nature are found to be ineffective
(White 1973 cited in Correia et al., 1998). Although this study focused exclusively on the late 18"
century onwards, by which point the drainage of the Don catchment had been greatly altered by the
work of Vermuyden described in Chapter One, indicating that it was in the controlling phase, it did
find evidence of all three management approaches. The only reference to management approaches
associated with the fearful phase was surprisingly late. In 1933 an article stated “At some of the
churches in South Yorkshire yesterday prayers were offered for the abatement of the flood waters,
which have spread for miles in the Doncaster district” (The Times: 6™ March 1933). The small sample
size means that it is possible that this is not the only article which mentioned such an approach to
the management of flooding. However, it is clear that the dominant management method
mentioned from the mid 19" century onwards was technocentric.

Collectively the newspaper articles evidenced that a wide range of technocentric approaches were
used to manage the flood risk on the River Don including: the construction of flood walls, dams and
dykes; and dredging (eg. Sheffield Telegraph: 21°* August 1857; The Times: 27" May 1932; York
Herald, 8™ February 1845; Yorkshire Post and Leeds Intelligencer: 2" March 1933, 13" November
1936). This heavy reliance on technocentric approaches to flood management reflected the national
dominant paradigm (Nixon 1963 cited in Werritty 2006; Purseglove, 1988; Mitchell 2003; Tunstall et
al., 2004). The faith which people had in the effectiveness of proposed technocentric flood defences
is expressed well through this quote: “such an extent as is necessary to ensure that in times of
maximum floods the river will not overflow its banks at any point” (Yorkshire Post and Leeds
Intelligencer: 1° March 1934). It refers to the Ouse Catchment Board’s approval of plans to deepen,
widen, regrade, embank and straighten the channel of the River Don between Doncaster and Goole.
Even in the 21% century the river was dredged (Unspecified publication available from Sheffield Star
Archives: 30" December 2010) and structural flood defences were bolstered, repaired and
maintained (Doncaster Star, Sheffield Star: 2008 — specific date unspecified). No newspaper articles
explicitly considered the effects of these practices from an environmental perspective. However,
these approaches have the potential to destroy aquatic and bankside vegetation, reduce habitat
heterogeneity and ultimately greatly reduce biodiversity (Hey, 1987 and Hey et al., 1990 both cited
in Hey, 1994). With reference to the 2007 floods the Sheffield Local Biodiversity Action Partnership
stated that “Much riverside habitat was lost as a direct result of the floods or the subsequent repair
and flood risk management work. Investment in flood defences has been prioritised over habitat
enhancement” (Sheffield Local Biodiversity Action Partnership, n.d.). It is unlikely that technocentric
approaches to flood management can be completely replaced by holistic approaches given the
extent to which the area is urbanised which greatly reduces the area of land which can feasibly be
used for flood water attenuation (Correia et al., 1998). However, it is important that the potential of
holistic approaches is realised. In addition to the environmental impacts of structural flood defences
their ineffectiveness will have increasingly severe social and economic consequences if society
continues to rely on them given the predicted increased risk of flooding due to climate change and a
greater proportion of the world’s population living on floodplains (Kundzewicz, 2001).

Despite societal reliance on structural flood defences along the River Don, the newspaper articles
evidenced that local people have lacked faith in these defences for a long time. Although structural
defences were often constructed or developed following floods to reduce the perceived likelihood of
future occurrences previous action taken to improve drainage and flood defence was not recognised
to reduce recent flood damage in any of the analysed articles. Furthermore, on 15" November 1852
it was reported in The Times that “The Flood-dike overflowed its banks, and the waters, rising above
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the canal-lock swept over it, and it was feared that the lock itself must give way, as it had done
before under similar circumstances”. On 21°* August 1857 it was even reported that a hole was
knocked into a flood wall by mariners and inhabitants to minimise the potential damage caused by
the build-up of water and as a result of the 2007 floods retaining walls collapsed (The Times: 26"
June 2007). Recognition of the ineffectiveness of structural flood defences played an important role
in generating interest in holistic approaches to flood management on a national scale so greater
awareness of the history of failed structural flood defences on the River Don is likely to foster local
support for holistic approaches (Johnson et al., 2005). The newspaper articles also suggest that the
expense of constructing structural flood defences may have somewhat limited the extent to which
they were used. For example, reporting on a debate regarding the funding of future flood defences
an article published in 1932 stated that “the setting up of Catchment Boards was a step in the right
direction from the point of view of machinery, but money was required. The boards had the power to
rate, but in the present position of agriculture it was impossible to expect to raise an adequate sum
by rates from land which was flooded or was liable to flooding” (The Times: 16" June 1932).

Although land development and mining have long been recognised to increase the risk of flooding
(The Manchester Guardian: 13" January 1926; The Times: 27" May 1932; 16" June 1932), only three
schemes taking a more holistic view towards flood management were considered in the analysed
articles. Although more may have been considered in articles which were not analysed this low
figure still strongly suggests that addressing these causes of flooding received less attention in the
newspapers than structural flood defences did. A scheme was considered in 1933 which would
allow controlled flooding onto low lying land before being rejected and replaced with the
technocentric scheme approved by the Ouse Catchment Board in 1933 described within this section
above. A holistic approach to flood defence become nationally popular in the 1980s and 1990s
(Tunstall et al., 2004; Johnson et al., 2005). However, with the exception of the plans which were
rejected in 1933 only two plans to use a holistic approach to manage flooding on the River Don were
discussed in the analysed articles. Both of these were discussed in 2008 and as one project was in its
planning stages, the newspapers only unambiguously evidence that a holistic approach to flood
management has been taken with regards to the removal of a single bridge. Plans to create a
“wetland/wildlife corridor to serve local communities” and reduce flood risk were proposed and a
disused bridge was removed to reduce the risk of flooding (Sheffield Star, 2008 specific date
unspecified; Sheffield Telegraph, 2008 specific date unspecified).

Although the very low number of analysed articles which mentioned holistic approaches to flood
management may in part be due to the small proportion of articles published in recent decades
which were analysed it is clear that the potential and actual use of holistic approaches to flood
management on the River Don have received little media attention relative to structural defences.
Further evidence of a holistic approach to flood management in the Don Catchment is provided by
Firth (1997). He reported that controlled washlands had been constructed along the River Don
between Sheffield and Doncaster since the 1950s and the EA (2010) reported that washlands
currently provide over 3.5 million cubic metres of flood water storage across the catchment.
Greater newspaper coverage may increase public understanding of the benefits of such approaches
and thus support for them. The creation of washlands for flood defence has the potential to benefit
wildlife through increased habitat heterogeneity and provide good opportunities for recreation
(DEFRA 2004 cited in Wharton and Gilvear, 2007; Tunstall et al., 2004). According to Tockner and
Stanford (2002) wetlands are the most species rich landscape units in most regions. They also play
important roles in maintaining the ecological integrity of lotic and adjacent terrestrial ecosystems
(Swift, 1984, Naiman and Decamps, 1990 and Lachavanne, 1993 all cited in Large and Petts, 1994).

It is likely that the detrimental effects of bridges on the flood risk in the Don catchment will increase
in future due to efforts to restore vegetation on the river banks which may increase the amount of
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debris in the river channel (Schmocker and Hager, 2011) and elevated flood risk due to climate
change (Kundzewicz, 2001). To minimise public opposition towards the restoration of river bank
vegetation it will be essential for the relationship between bridges, vegetation and flood risk to be
well managed. This may involve: designing and modifying bridges so they are less likely to trap
vegetation (Schmocker and Hager, 2011); promoting the growth of shorter and more flexible plant
species which are less likely to get trapped under bridges (Darby, 1999); where necessary restricting
vegetation growth to one river bank (Purseglove, 1988); and potentially removing debris from river
channels to prevent it from becoming trapped behind and under bridges although the effectiveness
of the latter strategy may be reduced by the tendency of flood waters to wash additional debris into
streams and the presence of woody debris in stream provides nutrients and increases habitat
heterogeneity (Triska et al., 1982 and Swanson and Lienkaemper, 1978 both cited in Harmon et al.,
1986; Young, 1991 Gippel, 1995 and Dudley et al., 1998 and Bradley et al., 2005 all cited in Lassetre
and Knodolf, 2012). Greater communication of the pros and cons of these management strategies in
the newspaper articles could facilitate more informed stakeholder engagement.

3.3.2.6 Other

The main reason why Theme A articles were determined to have mentioned the subtheme “other”
was because they did not provide enough information to be classified under one of the subthemes
discussed above within section 3.3.2. 13 of the 19 articles which were determined to have
mentioned Theme A subtheme “other” in the 19" century and two of the six in the 20" century
mentioned that industries were powered by the River Don without specifying whether they used
hydropower or steam power (e.g. Sheffield Independent: 18" October 1828; The Guardian: 6™ June
1819, 24" May 1902, 19" July 1929; York Herald: 17" March 1838). One article published in the 19"
century recognised that industry benefited from the River Don generally without being any more
specific (2™ July 1853).

In total five articles mentioned the use of water from the River Don to extinguish fires (Sheffield
Evening Telegraph: 27" December 1887; The Guardian: 1°* August 1966; The Times: 7" July 1865,
27" December 1887; Yorkshire Post and Leeds Intelligencer: 18™ November 1916). Other benefits
derived from the river in the Theme A subtheme “other” category were each only mentioned once
across the whole time period. They included: mineral abstraction, medical isolation, washing
livestock and domestic animals and fertilising agricultural land. In the 19" century one article
described a miner drowning in a drift-way which terminated in a part of the River Don channel which
was usually dry when it flooded, evidencing the river’s role in mineral abstraction (Manchester
Guardian: 25" August 1849). Ata Thorne Rural Council meeting it was suggested that a boat on the
River Don be used to provide medical isolation for a patient with scarlet fever but the medical officer
said that this would be most unsuitable so the council decided against this potential use for the river
(Sheffield Independent: 6™ February 1902). Non-cultural benefits which individuals derived directly
from the river without intervention from large public or private sector organisations were generally
only mentioned in newspaper articles when something went wrong. For example, a farmer had
taken his sheep to the River Don to wash them but ten had been run over by a train on the way
(Sheffield Telegraph: 23™ May 1868). People accused of poaching claimed that they had been
washing their pet dog in the adjacent river; whether or not this was a fabrication is unknown though
it indicates that the River Don was used for this purpose at some point (Sheffield Telegraph: 23"
March 1903). Generally the environmental impacts of these uses of the river would have been fairly
negligible given the impacts of the uses discussed in the previous sections.

Although only mentioned in one article the use of the River Don to fertilise land is of particular
interest as it provides counter evidence albeit to a small extent to the main narrative that the
flooding of agricultural land was viewed wholly negatively and thus necessitated the construction of
environmentally harmful flood defences as discussed in sections 3.3.4.1 and 3.3.2.5 respectively and

83



Vermuyden’s drainage of land in the lower Don Catchment in the 17" century in order to improve
the land for agriculture (Thirsk, 1953; Firth, 1997; Munford, 2000). This local narrative reflects the
emphasis which has been put on the drainage of land in north-west Europe for the benefit of
agriculture from the 19" century onwards (Verhoeven and Settler, 2010). However, Rustan (1934
cited in Purseglove 1988) also recognised that rivers were used for fertilising agricultural land in
Victorian Britain. The use of the River Don for this purpose was evidenced in an article which was
published in 1870 which reported that a farmer had claimed compensation when a railway was built
against his land and prevented his land from being fertilised by the flooding of the River Don as it
had been previously (The Times: 24™ November 1870). Taking this largely forgotten benefit derived
from rivers into consideration may help reduce public opposition towards the creation of washlands
and the cost of compensating farmers whose land is used for this purpose (Morris et al., 2004;
Verhoeven and Settler, 2010). Verhoeven and Settler (2010) attributed the decreased use of
wetlands for low-intensity agriculture which benefited from soils fertilised by flood deposits to
agricultural intensification and an increased use of chemical fertilisers. However, changing attitudes
towards: managing farmland to promote managing agricultural land with greater emphasis on
wildlife and reduced emphasis on maximising productivity; and managing previously drained areas
to attenuate flood waters and thus minimise the social and economic damage caused by flooding
(Section 3.3.2.6) may increase the extent to which farmers benefit from the nutrient load of flood
waters in future (Dobbs and Pretty, 2004).

3.3.3 Theme B

Overall recreational activities other than angling was the most frequently mentioned Theme B
subtheme as it was mentioned in more than 47% of all Theme B articles (Figure 3a). However, other
recreational activities were mentioned in the same proportion of Theme B articles as angling in the
20" and 21* centuries (35% and 48% respectively). Overall angling and other recreational activities
were also the most frequently mentioned Theme B subtheme from the 1960s onwards (33% and
38% respectively Figure 3b). They were the only two Theme B subthemes which were mentioned in
the only Theme B article which was published in the 1960s. In the 1980s and 1990s wildlife sightings
were the most frequently mentioned Theme B subtheme (42% and 46% of Theme B articles
respectively) but in all other decades either angling or other recreational activities was the most
frequently mentioned Theme B subtheme.
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Figure 3a. Proportion of Theme B articles which mention each subtheme by century (i= Angling, ii=Other
Recreation, iii=Heritage, iv=Wildlife Sighting, v=0Other) (n=0, 30, 54 and 21 Theme B articles from the 18“‘, 19th,
20™ and 21 centuries respectively).
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Figure 3b. Proportion of Theme B articles which mention each subtheme by decade from the 1960s onwards
(i= Angling, ii=Other Recreation, iii=Heritage, iv=Wildlife Sighting, v=Other) (n=1, 14, 12, 13, 10, 11 Theme B
articles from the 1960s, 1970s, 1980s, 1990s, 2000s and 2010s respectively).

3.3.3.1 Angling

From the 19" century to the 21% the quality of the River Don’s recreational fisheries was reflected in
the newspaper articles. Broadly they were good in the 19" century but had deteriorated greatly by
the 1970s when they began to recover. This reflects the history of the fish communities as they
were described in Chapter 2 in that many species including salmon (Salmo salar) and trout were
present in the 19" century but very few species were recorded in the 20" century before the 1970s
but many species were recorded in the 1970s indicating substantial recovery and more species were
recorded in the 1990s indicating further recovery. In the 19" century angling was only mentioned in
five articles, two of which marketed an estate for sale which afforded good angling opportunities
particularly for trout (Sheffield Independent: 20" May 1899; The Guardian: 6™ May 1899) and one of
which provided a sports commentary on an angling match (The Guardian: 25™ October 1858).
Angling was not reported at all during the first half of the 20" century and articles which were
published in the 1970s made it clear that river’s recreational fisheries had declined greatly since the
late 19" century but were now beginning to recover. Four of the five newspaper articles which
mentioned angling in the 1970s discussed how recreational fisheries were affected by pollution.
Two articles stated that fish were returning but one of these said that numbers were too low to
support a fishery (Unspecified publication available from Sheffield Star Archives: 7" August 1979),
whilst the other said that a Sheffield section of the River Don was "on the threshold of being a
fishery, supporting coarse fish and some trout" (Sheffield Star: 30" June 1976). Despite some
improvements in the recreational fisheries from the 1970s onwards this quote made it clear that in
the 1980s they were still greatly depleted: “Nowadays anglers tend to avoid the Don, one of Britain’s
most polluted rivers.” (Unspecified publication available from Sheffield Star Archives: 23" August
1985). However, by the 2000s angling opportunities had improved enough to enable newspapers to
publish commentaries of matches which had taken place there (Doncaster Free Press: 2009;
Sheffield Star: 13" November 2001). By 2011 recreational fisheries had improved to the extent that
a commentary of a fishing match was able to report “good weights from a consistent venue”
(Scunthorpe Telegraph: 19" July 2011). Only one article which was published in 2013 reported a
narrowly avoided human death and no articles reported actual human deaths which occurred whilst
angling (Doncaster Free Press, 4™ July 2013).
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The direct contributions of anglers towards the recovery of the fish populations are discussed in
section 3.3.5.1.1. In addition to describing the demise and recovery of the fisheries the newspaper
articles evidenced that in the 19" century: people were fined for having been fishing illegally with
drag nets (Sheffield Independent: 7™ June 1873); and anglers witnessed a boy drowning whilst
bathing (The Guardian: 6™ May 1899). Deaths and crime are discussed further in sections 3.3.4.5
and 3.3.4.6 respectively. In the 20™ century it was reported that anglers had seen many charismatic
species such as otter (Lutra lutra), seals (unspecified species) and salmon. These sightings will be
discussed further in section 3.3.3.4. Despite anglers’ contributions towards the conservation of the
River Don it is important to recognise that, although not discussed in the analysed newspaper
articles, recreational angling does have the potential to cause environmental harm. For example,
injuries and behavioural changes may increase fish mortality and decrease their fecundity (reviewed
in Lewin et al., 2006). Angling can also contribute to vegetation clearance and bank erosion, whilst
the mere presence of people disturbs wildlife. The lack of discussion of the environmental impacts
of angling in the newspapers reflects Lewin et al's (2006) assertion that they are underestimated in
public discourse. Whilst the potential environmental impacts of using the River Don for angling may
have been mentioned in newspaper articles which were not included in the sample, it is clear that
improved angling opportunities and the effects of other drivers of environmental degration,
particularly pollution received much more attention in the newspapers overall.

3.3.3.2 Other recreation

The newspaper articles demonstrated that since the 19™ century people have participated in a range
of recreational activities other than recreational angling in, on or by the River Don. Recreation was
first reported in an article published in 1839 (Sheffield Independent: 29" June 1839). Although the
proportion of articles which mention recreational activities other than angling fell considerably from
the 19" to the 20" century this largely reflects increased interest in wildlife sightings and other
cultural benefits derived from the river rather than decreased interest in these recreational
activities. Eaton (1999) reported that the extent to which water bodies in the UK were used for
recreation had increased substantially through the 20™ century and said that it was generally
expected to increase further in the 21° century. Drivers of this trend include increased leisure time,
disposable income and personal mobility (Seeley, 1973; Eaton 1999). The newspaper articles
indicate that recreation is likely to have increased on the River Don in recent decades to an even
greater extent than it has on other rivers due to the extent to which it was previously limited by
pollution. This increased recreational use is likely to foster support for the river’s environmental
management (Haslam, 1997).

Although the overall extent to which the River Don was used for recreation increased through time
the frequency with which particular recreational activities were mentioned in newspaper articles
showed different trends through time. Walking was the only activity which was mentioned with
increasing frequency from the 19" century to the 21%(i.e. 0, then 4 then 6 articles). Conversely,
swimming or bathing was mentioned with decreasing frequency through time (i.e. 10 then 4 then 0
articles). Given that swimming in the once heavily polluted River Thames declined from the 1950s as
it was perceived to be too dangerous but it is now on the increase again due to reduced pollution
the desire to swim in the River Don may increase in future and foster support for minimising
pollution (Davies 2015). Realisation that the River Don used to be used for swimming may foster
public support for opportunities for this activity to be restored due to a sense of nostalgia (Petts,
2006). The frequency with which children were reported to have been playing by the river remained
fairly constant but low (i.e. 2 or 3 articles per century). Children playing by the River Don could
greatly increase public support for conservation which is in large part fostered through positive early
experiences gained through participation in unstructured play in outdoor natural or semi-natural
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environments (Fishman, 2001 cited in White, 2004; Malone and Tranter, 2003). The number of
articles which mention children playing probably under-represents the extent to which the River Don
was used for this purpose as it was generally only reported when children died or nearly died as a
consequence as will be discussed in the section 3.3.4.5. The number of articles which mentioned
boating increased from two to eight from the 19" century to the 20" century but then fell back to
two in the 21 century. Picnicking was only reported in the 19" century in an article which was
speaking positively of the aesthetics and heritage of Conisbrough Castle and the surrounding land
(Yorkshire Post and Leeds Intelligencer: 9™ October 1869). Cycling was only reported in one
newspaper article published in an unspecified publication available from Sheffield Star Archives on
5™ July 1995. The only recreational activities which were mentioned more than twice in any decade
from the 1960s onwards were walking which was mentioned in five articles in the 2010s (Sheffield
Star: 29" November 2013, 10" January 2015; Sheffield Telegraph: 27" February 2014; Unspecified
publication available from Sheffield Star Archives: 23" September 2010, 20" September 2012) and
boating which was mentioned in three articles in the 1970s (Sheffield Star: 17" March 1975; The
Guardian: 21% December 1971; The Guardian: 3" May 1976).

Recreational activities were not always reported positively. However, the proportion of articles
reporting recreational activities other than angling for negative reasons, particularly deaths of
participants decreased through time whilst the proportion mentioning them for positive reasons
increased. Newspaper coverage of deaths incurred and narrowly avoided when participating in
recreational activities will be described in section 3.3.4.5. The only article which connected crime
with recreation reported that children had found the body of a baby in a bag whilst playing on the
banks of the River Don (Sheffield Telegraph: 27" May 1890). The River Don was only portrayed as a
health threat to recreational users in two articles published in the 1970s and 1980s. The first article
warned that temporarily severe pollution due to sewage works strikes may pose a health threat to
children who are playing near it if they fall in (Sheffield Telegraph: 9" October 1970). The second
article stated that due to severe pollution the River Don was not safe for swimming (Unspecified
publication available from Sheffield Star Archives: 12™ March 1987). None of the articles reported
that anyone had actually become ill as a result of exposure to pollution when visiting the River Don
though this may well have been reported in newspaper articles which were not analysed and in
Chapter Four an interview participant reported that her mother had become ill when participating in
a raft race.

From the 1960s to the 1980s there was considerable discussion of proposed and actual
improvements to benefit those who use the River Don for recreational purposes. There were plans
to reduce pollution (The Guardian: 8" October 1965; Unspecified publication available from
Sheffield Star Archives: 9" September 1987) and create a park and marina (The Guardian: 21°"
December 1971) and the Five Weirs Walk (Unspecified publication available from Sheffield Star
Archives: 12" March 1987). Optimism about the proposed changes is expressed well through this
quote which was published in the Sheffield Star on 19" March 1975: “polluted river is to be turned
into a people’s playground that could be the pride of the city”. Despite this, the only plan which was
reported to have been implemented during this time period was the creation of a water bus service
(The Guardian: 3™ May 1976). The opening of the Five Weirs Walk in 2007 (BBC News, 2007) may
help to explain why the proportion of Theme B articles which mentioned recreation other than
angling nearly doubled from the 1990s to the 2000s (23% and 40% respectively).

Organised events may explain why this proportion further increased to 55% in the 2010s. Five of the
six articles which mentioned recreation other than angling in the 2010s promoted events including
walks (Sheffield Star: 10" January 2015; 6™ June 2014; 29" November 2013) and events at Kelham
Island Museum which included kayaking on the River Don (Unspecified article available from
Sheffield Star Archives: 20" September 2012, 23" September 2010). Kelham Island Museum did not
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arrange events involving the River Don prior to 2005 as they did not have the funding to do so
(personal communications with Richard Steward, Business Services Manager for Sheffield Industrial
Museums Trust, 2016). Organised walks have only been advertised in the press recently as
previously poor access and the aesthetic impacts of littering and pollution deterred walking groups
from organising walks in the area (personal communication with Terry Howard, 2016). Greater
involvement of the River Don in organised events is likely to provide greater opportunities for
environmental education, the content of which may include environmental history presented in a
way which is likely to foster support for conservation. The potential use of information on the
environmental history of the River Don in fostering support for its conservation is discussed in detail
in the chapter four.

There was no discussion of the potentially adverse environmental impacts of recreation on the River
Don within the newspaper articles although such impacts on rivers are widely recognised within the
academic literature. Such impacts include: direct disturbances and erosion of river banks (Haslam,
1997) whilst the environmental impacts of recreational boating are similar to those of navigation
discussed in section 3.3.2.4. Furthermore, the potential creation of a marina and a park which was
discussed in the 1970s has the potential to destroy habitats and concentrate recreationalists and
their environmental impacts. Gobster and Westphal (2004) stressed the need to strike an
appropriate balance between managing urban river corridors for recreation and wildlife. There has
also been relatively little discussion of the adverse environmental impacts of recreational activities in
other studies which have analysed historical newspaper articles. For example, Jensen (2000)
reported discussions of the impacts of industrial effluents and domestic sewage on swimming in the
Danish press but did not report any recognition of potentially adverse impacts of aquatic
recreational activities on the natural environment. Furthermore, discussion of the effects of
recreational activities on terrestrial ecosystems has largely been limited to the direct persecution of
animals (Vuorisalo et al., 2001). This probably reflects the relatively small effects of recreation
relative to industrial and public authority actions which have caused rivers which flow through
industrial areas to become severely polluted and environmentally degraded (Brookes et al., 1976;
Firth, 1997; Jensen, 2000; Lahtinen and Vuorisalo, 2011). However, as much action has been taken
to reduce these as discussed in section 3.3.5 the relative importance of the environmental impacts
of the use of the River Don for recreation may increase in future.

3.3.3.3 Heritage

Although the newspaper articles indicated that the River Don and its associated infrastructure have
been valued from a heritage perspective since the 1820s and the river’s heritage may well have been
valued long before that, the ways in which its heritage has been valued has changed greatly through
time. Only three articles mentioned heritage in the 19" century. One described Conisbrough Castle
and the surrounding land as a nice place to visit (Yorkshire Post and Leeds Intelligencer: 19" October
1869). The other two mentioned that corn mills were long established in relation to a new market
opening in Penistone, presumably to communicate their prestige (Sheffield Independent: 18"
October 1828; The Guardian: 18" October 1828). Recognition of long established industries
continued into the first half of the 20™ century with the celebration of the 150" anniversary of a
business within the steel manufacturing industry (The Guardian: 6™ April 1942; The Times: 29" April
1942). There was also general interest in evidence of much earlier human activities including:
Vermuyden’s work on straightening the lower section of the River Don (Hull Daily Mail: 29" May
1925); and a Roman Camp at Templeborough (Sheffield Telegraph: 15" June 1911) and Sheffield
Castle (Manchester Guardian: 26" October 1927) the latter two of which had both benefited from
defence afforded by the river. These articles may reflect increased interest in heritage at a national
scale in Victorian Britain although the first was published ten years after her reign which ended in
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1901. Itis possible that similar earlier articles were not included in the sample given the large
number of articles which were published in this time period (Rappaport, 2003; Dellheim, 2004).

The earliest analysed newspaper articles which mentioned industrial remnants were published in the
late 1980s and industrial heritage was only mentioned in seven articles in total. Itis possible that
industrial heritage was mentioned in earlier newspaper articles but probable that this was rare as
Sheffield’s manufacturing industries along the River Don were thriving until the late 1970s when
Sheffield’s deindustrialisat