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Invasive Fish in British Waters

Global distribution of fish

Geological time

· Fish have had longer to evolve in rivers than in lakes

· Of ca. 10,000 species of FW fish only about 40 species are lacustrine (Lakes only)

· There are no wholly lacustrine species in European lakes

· Lakes formed in Europe in the mid to late Holocene as glaciers retreated (10,000 years ago)

· Lacustrine spp of fish do occur in geologically older lakes (eg African Rift Valley)

Tropical Communities

· Higher temperature and more food means FW fish have greater growth rates / shorter generations

· The majority of FW fish species are tropical as evolution was more diverse

Temperate

· UK fish community depauperate

· Glaciation eliminated most fish and Britain connected to Europe for a geologically short period of time.

· Of those fish that are found in Britain most are not natural here (introduction we will talk about this later). 

· Naturally the East and North of Britain (closest to Europe) have most indigenous species

· As you go West less species

· Ireland has no naturally stenohaline fish (purely freshwater) (pike have been introduced)

· The preservation/removal of Pike stocks causes considerable antipathy between Salmon and Pike fishermen

Introduction and Redistribution

· Although roach, pike, bream and perch are indigenous species their widespread distribution throughout UK today has mainly been due to redistribution by man from the South and East to the North and West

· Other than direct redistribution by man, the canal system of Britain has played a considerable part in the distribution of species seen today. 

· Comprehensive redistribution of freshwater fish stocks in the UK started on a large scale in 1761 with the construction of the Bridgewater Canal and continued as the system was enlarged until at its peak there were >4000 miles of navigable canals.

· By linking previously separated river systems the spread of many native species has been facilitated

· Additional, alien species have also been introduced

· Carp, rainbow trout and zander in UK have all come from Europe and America

· Within last 100 years over 20 new fish species have been introduced into UK

· Others introduced more than 100 years ago

· Carp are a long established introduced fish. 

· Native to the Eastern Mediterranean and Black Sea basins, 

· Carp were introduced by monks in the early part of the 15th century (an early form of British aquaculture)

· However the majority of species introduced from North America and Europe (like carp) fail to breed successfully and spread as a result of climatic factors (except occasionally in the south east of the British Isles).

Impacts of redistribution and introduction

Problems range from

· the introduction and spread of disease (canals have helped greatly in this),

· genetic dilution and hybridisation (gold fish and crucian carp species extinction), 

· competition for resources (rainbow and brook trout), 

· piscivory (salmon and pike in Ireland)

· habitat destruction (carp and bream destroying macrophytes)

· Behavioural interference (Barbel and Salmonid rivers of West England interfere with salmonid spawning redds)

· Food chain destabilisation (brown trout (Salmo trutta) introduced into a moorland tarn removed the majority of tadpoles, Notonectidae and Dytiscidae beetles)

Why are the problems being seen today?

Why if canals have been here for since 1700’s and species like carp have been here for 100’s of years and unable to breed have problems only started to happen in the last 30 odd years? 

This is due to 

Changing sociological attitudes

· Between 1970 and 1994 two surveys looking at anglers’ preferences for fish species found that these preferences had changed. 

· Roach was the species most preferred by anglers in 1970 (39%), but fell to 28% of anglers in 1994. 

· Pike were the favourite fish for 29% of anglers in 1970 but in 1994 only 14% of anglers wanted to catch pike primarily. 

· By contrast in 1994 carp was the most popular fish with 36% of anglers stating a preference for it

· Angling is a changing sport. 

· Angling is also a popular sport and a major recreational activity in Great Britain 

· total gross national spending on coarse angling is over £2 billion each year

· So there is a huge incentive for managers of angling clubs to give the customer what they want

· Indeed it is estimated that Europe spends $1 - 4 billion per annum on fish stocking and redistribution

· So therefore in the past species like roach and pike were redistributed by a few anglers

· These two species have very little impact on the environment, in fact the two together probably helped stabilise one another (certainly within England)

· Now the number of anglers has increased and species like carp and bream are being widely redistributed.

· Piscivores like pike are unfavourable so very little is checking the growth of the carp or bream.

Fish stocking and impacts of common carp (Cyprinus carpio) and bream (Abramis brama)
· As early as 1929 Cahn described how a pond, filled with macrophytes and containing various native fish species, became turbid and devoid of plants following the introduction of carp. 
· Since then many studies have had similar findings (including Adrian Williams, Liverpool 2000)
· Decline of aquatic plants consequently causes a reduction in populations of large invertebrates such as snails and dragonflies. 

· Other fish suffer in turn as they are dependent upon the invertebrates for food,, spawning sites around the macrophytes (perch)and water clarity for visual hunting and feeding. 

· In addition herbivorous and piscivorous birds may also disappear 

· Conversely many studies have found that the removal of fish such as carp and bream from lakes has often seen submerged macrophytes return and flourish 

What are mechanisms behind this decline

· Benthic-feeding fish suck up sediment and food organisms, 

· Filter out the organisms and eject the sediment, clouding the water 

· Settlement of winnowed sediment can smother young plants 

· Fish can also disturb macrophyte propagules by their direct movement

· Direct ingestion & digestion of macrophytes

· De-oxygenated sediment disturbed through fish bioturbation can release nutrients, in particular phosphorus, into the water column 

· A further indirect pathway for nutrient release is via fish excretion 

· Increased nutrient loading has been shown to increase crops of phytoplankton and periphytic algae

· Both of which compete against macrophytes for light and CO2. 

· High O2 and pH regimes unfavourable to macrophytes can also be created by attached periphyton. 

· The removal of invertebrate grazers that feed on this periphyton by fish further increases competition 

· All these fish effects can favour the growth of algae and competitively disadvantage macrophytes, although the relative importance of each mechanism is debatable. 

· In addition the presence of fish in a lake invariably reduces large bodied zooplankton populations, typically resulting in increased phytoplankton populations which can shade out macrophytes. 

· This is especially true where no macrophytes are present and acting as zooplankton refugia 

· Current understanding (my PhD) indicates that several of the above are more or less important than others

· Periphyton was found to be the main factor influencing the amount of macrophytes present

· The amount of periphyton was species and density specific

· Macrophyte loss was not due to shading by disturbed sediment or phytoplankton or through direct consumption of the plants

Why was the increase in periphyton occurring?

· Not due to nutrient release from sediment and not due to removal of macro-invertebrate grazers

It was to do with the amount of nutrient release from fish excretion:

· This increased the amount of periphyton

· It also increased the phytoplankton

· In addition fish removed zooplankters, further increasing phytoplankton but it was not the phytoplankton that shaded or reduced CO2 to macrophytes but the periphyton. 

· The increase in phytoplankton was as a result of fish excretion, fish zooplankton removal and macrophyte decline but it was not the cause of macrophyte decline

· The decline of macrophytes and subsequent dominance by phytoplankton is highly undesirable in most lakes but especially shallow SSSIs where SSSI status is often assigned due to the specific macrophytes present. 

Zander (Stizostedion lucioperca) or Pike-Perch 
· Is a piscivore introduced from Central and Northern Europe where it is very popular angling and eating fish

· Released into UK waters in 1878 its spread did not occur dramatically until a stocking event in 1963 into the Great Ouse Relief Channel (East Anglia) and in 1970 into the Midland canal system.

· It has now spread through colonisation and illegal introductions to most of the Midlands Canals, the Rivers Avon and Severn and most of East Anglian fens and ditches

· Coming from Northern and Central Europe breeding is not such a problem

· Competition with other piscivores such as pike and eels is unlikely to be a great problem because pike prefer to be in clear, fairly macrophyte-rich waters (mesotrophic sites) whilst zander prefer more eutrophic murky waters with fewer macrophytes

· It is this reason why zander have done so well in navigated canals where boat traffic reduces macrophytes

· Where boat traffic is low and macrophytes high zander are low

Zander canal distribution

· One important difference between pike and zander however is that pike tend to remove bigger fish than zander.

· Therefore zander have the potential of causing a collapse of a fishery by removing many of the young fish not allowing them to grow and spawn 

· Pike remove fewer bigger fish

· In areas where few macrophytes are present (navigated canals) there tends to be less invertebrates etc. so food quality is low

· Therefore fish tend to be smaller

· Therefore the impact of zander tends to be more pronounced

· It was hoped that in such canals zander could be promoted as a sport fish as other fish disappeared

· But in canals zander do not grow as large as they do else where (few get bigger than 60cm)

· When zander are present the value of a fishery decreases

· Zander will continue to colonise new areas that are adjacent to present populations

· Zander management is therefore necessary to manage future impacts

· The management of zander can fall into three options

· Leave it alone

· Cull

· Partial cull i.e. areas near zander area and stop spread of zander

Status quo - Leave it alone – 

· this results in financial terms in a loss of profit overtime as areas become worthless in fishery terms

· Of course this assumes that anglers preferences won’t change

· Remember carp never used to be popular and zander are very popular in Europe

Cull – 

· this has to be extensive because big zander are cannibalistic

· They therefore reduce the population of small zander

· If remove the big ones the small ones grow unchecked and you have a worst situation than you began with

· So has to be extensive

· This is expensive but within 10-20+ years of starting culling cost and income balance and profit starts

· High risk gamble

Partial cull – 

· less intensive, less expensive

· Cost is recuperated in 5 to 10 years but profit after this is never as high as extensive cull because some areas remain worthless

· Low risk gamble

· Remember when culling stops zander will return

· Estimated that if you cull 3 times a year for 10 years using electro-fishing on an abundant zander population, 4 years after culling the zander will be as they were pre-cull

· Cost benefit analysis essential when making these types of fishery management plans

The Future

· Carp - they don’t breed very well in UK, so stop licensed introductions and illegal spreading then they will decline in 15 years (normal life span) – sooner if everyone that was caught was removed (Global warming could alter this!)

· Zander and bream - unfortunately little can be done. They are in place now. Culling can help keep numbers under control but it has to be a long-term commitment.

· Future policies should learn from earlier mistakes however and stop exotic species being introduced and clamp down hard on illegal introductions.

· The law needs to help. When EA bring people to court for stealing fish or illegal introductions judges do not understand the implications. A carp stolen from one site and sold for illegal introduction to another can fetch £2000+., the price of a used car. However, often judges do not see this as a serious crime of theft they just see a fish.

· There are some complications e.g. the European free-trade initiative means that you cannot stop the import of fish species sold as ornamental pond species. These are however then moved on into fisheries illegally.

· All legal fish redistribution and introduction needs an EA license. They check for disease to stop contamination and now really consider whether the fish is needed. In the past they just really checked for disease.

· Anglers need to understand that they will suffer in the end when habitat loss, disease and exotic competition has made angling a thing of the past or at least something less pleasurable.

· Anglers are very good at defending their waters from pollution and abstraction but they have to see the bigger picture for the future of angling.
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