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EXECUTIVE SUMMARY

This project had two principal aims: 1) how and why fish, including Eels use wetlands, with
particular reference to fen dykes, reed-beds and The Broads and 2) provide guidelines for
dyke and wetland management to benefit fish populations. This was to be achieved through
desk-based review of literature on fish and wetlands, distillation of previous experiences from
fisheries surveys within the Broads over the last 25 years, specific surveys of fish populations

in four river -connected and two isolated fens and faceto-face interview with the conservation
managers of wetland sites to determine the current scope of managenent. The fens involved
were Cockshoot, Woodbastwick and Ebb & Flow Fens in the catchment of the River Bure and
Barton, Buttle Marsh and Reedham Fens in the catchment of the River Ant. Of these, Barton
and Buttle Marsh Fens were classed as isolated without a direct connection toa river or
broad. The results of the surveys are detailed
Summary of the Connecting Wetlands projecto.

Review of Literature

Literature review was conducted using the Aquatic Sciences and Fisheries Abstrats (ASFA)
database as well as more general search engines and literature already held on fish in
wetlands and wetland functioning. Whilst information from across the world, in a variety of
systems was used to establish general principles there was a notal paucity of information
relating to fish in European wetlands of direct relevance to the Broads. Notable exceptions
were the recent targeted fisheries research in France and work in the UK largely focussed on
the potential fish prey resource for Bittern Botaurus stellaris , an endangered piscivorous
bird. Current concern over the decline of (European) Eel Anguilla anguilla appears not to
have been fully extended into UK wetlands in the form of specific research despite the
potential of this habitat for the species and its value as a prey species of Bittern. For ease of
dissemination information was structured into a humber of themes 1) dyke functioning 2)
fish assemblage structure 3) fish density & biomass 3) seasonal & diel fish movements and 4)
fish habitat use & preferences.

The Broads Wetland

In simple terms, the Broads wetland may be defined as a complex of rivers, shallow lakes and

fens, peatlands and marshland that are drained by a network of ditches (dykes) of variable

quality of water and emergent and submerged flora and attendant fauna. It is the
management of the fens (baserich [pH >5.5] mires on peat and wet mineral soils) and the

ditches within them that was the primary focus of this report. In fens, vegetation succession
typically leads to dominat i on by scrub and finally by <carr
often dominated by beds of Reed Phragmites australis is of significant conservation value

and may be maintained by management, mostly involving cropping of one form or another.

The total length of dyke within the Broads fens has yet to be quantified, but even a
conservative estimate would suggest many 10006s
significant resource for wetland flora and fauna, including fish.

Dyke Functioning

Relatively little is known about how dykes function, although research in the Netherlands

suggests that the established trophic change and alternative stable states models for shallow

lakes are effectively mirrored in ditches. In functional terms, dykes may thus be thought of as

0l inear | akes or pondsdé with a high edge to ope
between lakes and ditches however, and that is in ditches, increased nutrient loading (to

Broads Authority i April 2010
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concentrations of 200-400 pg It TP) tends to result in domination of floating -leaved
Duckweeds Lemna spp. rather than phytoplankton. Importantly, the duckweed -dominated
state appears to be more resistant to reduction in nutrient concentration than in the
equivalent shallow lake.

A surface blanket of Duckweed may lead to deoxygenation of the water column underneath

with consequences for fish. Equally, at lower nutrient concentrations dense populations of

submerged plants (macrophytes) may also lead to deoxygenation as a result of oxygen uptake

by plants at night. Dramatic fish -kills in the manner described in shallow lakes in the Broads

(e.g. at Alderfen, Upton and Cromes Broads) may result. In turn, this may impact on the

centr al role of fish in trodohwnd fournucd & oohofmtgr o hr
the food web. In other words, only fish that are specifically adapted to low oxygen
concentrations such as TenchTinca tinca may live permanently in such conditions and these

may have little effect on trophic interactions.

There is evidence from wetland sampling around the UK and in lakes and ponds in the
Broads that where systems are isolated with the potential for difficult conditions, be it low

oxygen, high unionised ammonia concentrations or high salinity (perhaps throug h tidal

incursion) then fish assemblages may become extremely simplified with only a few species
(perhaps 1-3) present. This could be Tench and perhaps (Northern) Pike Esox lucius and
Rudd Scardinius erythropthalmus in plant-dominated habitats or Sticklebacks (Three-
spined Gasterosteus aculetus and/or Ten-spined Pungitius pungitius ) and Eels in more
saline habitats. Intuitively, both fish density and biomass are likely to be low in such

circumstances.

Fish Assemblages, Abundance & M ovements

Sampling in the isolated Buttle Marsh and Barton Fens as part of this project indicated that at
these sites the fish assemblage and its constituent populations were viable, although rather
different in character. The former, for example, was relatively species poor and supported low
overall density with some evidence that the Rudd populations was sustained by stock in a
recreational angling pond in the system. The six-species assemblage at Barton Fen on the
other hand was sampled at high density (> 1 ind. m?). This appeared to be possible as a result
of the large size (up to 15 m wide) of the watercourses in the system, which are likely to
provide permanent habitat.

The requirement for permanent refuge habitat is a critical recurring theme in the literature .
Where this function cannot be provided within the fen wetland system itself, many
individuals and species will have to disperse elsewhere to survive. Such seasonal movement
of fish is common in many wetlands, with individuals moving from a permanent wate rcourse
such as a river or lake into other wetland habitats to fulfil a particular function, be it to spawn
with young remaining in these habitats that then function as nurseries, or to feed, or to
escape predators. Movement of migrant fish from a permanent habitat offers the prospect of
dramatically increasing local fish species richness (~10 species commonly occur in the Broads
and other lowland wetlands) density and biomass within the dyke system. Limited evidence
suggests that dykes in the Broads may spport high density (> 1 ind. m-2) compared to other
waterbodies, but that biomass tends to remain low (50-100 kg ha?). This may however be
partly a function of the sampling technique adopted, which may not sample large fish
efficiently.

However, the circumstances surrounding how and why fish move appear to be largely specific
to the situation and it is difficult to predict if a site will receive migrant fish. For example, the
river -connected Ebb & Flow, Reedham and Woodbastwick Fens all supported high desities

Broads Authority i April 2010
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of young fish of several species in the summer months, with the supposition that Roach in
particular had accessed the sites to spawn. The Ebb & Flow and Reedham fens support good
cover of submerged macrophytes which appeared to act as refugia for tle YOY fish resulting
from spawning. Cockshoot Fen on the other hand supported few fish in the summer, but did
support dense winter aggregations of fish. This was also the case at the nearby Woodbastwick
Fen. A common characteristic of these latter two sites is the presence of carr woodland, which
may offer a suitable winter refuge by reducing the risk of predation from above (i.e. by birds).

Diel movement is a key theme in lake fish ecology (where it is often horizontal from edge to
open water) and seemslikely to occur in dykes, albeit perhaps more pronounced along dykes
or between dykes and connected waterways. However, understanding of the frequency of
movements into wetland dykes remains poor without specific sampling. Nevertheless, some
researchers have shown that movements infout of similar backwaters may be far more
frequent than expected, with movement of some species throughout the 24-hour period
linked to conditions in the main river. Studies of Eels have illustrated a tendency to refuge in
particular habitats during the day with ranging movements at night and it remains possible
that Eels are particularly prone to move between fen dykes and other habitats. There is also
some suggestion of habitat selection varying with lifestage with immature specimens
preferring shallow waters with macrophytes and large, pre-spawners selecting deep, open
waters. Such patterns could not be confirmed by the current sampling with virtually all
specimens seemingly restricted to daytime refuge habitats in littoral re ed.

Given their reputation for colonisation, the penetration of Eels into dyke systems was
perhaps not as expected, with considerably greater numbers in river-connected compared to
isolated fens and with some evidence of higher density closer to river comections (although
this may have been partly governed by selectionof sites). Workers in France have also
indicated limited penetration of Eels into dyke systems with work in the UK describing a

similar situation in reed -beds.

For other species of fish, a little more is known on the potential extent of movement. In the
Broads, previous work has indicated that Roach for example are capable of undertaking
seasonal movements of several kilometres to and from suitable habitat. This was mirrored in
the sampling in the dykes with winter aggregations of young fish recorded at 1 km or more
from the likely source connection. Clearly, given an appropriate connection some species at
least may exploit the full extent of the available habitat.

Fen Management: Implica tions & Recommendations

It may be concluded that integrated wetlands with connection of fen dykes to larger
permanent watercourses such as rivers or lakes offer the best prospect of maximising fish
species richness, density and biomass within the wider sysem by allowing fish to utilise and
exploit the full range of habitats available to meet their needs at different life -stages.
However, this does not mean that increasing connectivity is always appropriate. Opening
connections exposes the receiving fen dylke network to nutrients, sediments, salts and the
aguatic flora and fauna of the wider system. The latter may include alien plants and animals
and competitors and predators for the indigenous fish fauna of the dyke network. Any of
these factors may jeopardise the conservation value of the fen dyke system especially if it is in
good condition with a variety of submerged plants, attendant invertebrates and an
appropriate fish assemblage. Careful specific consideration must be given to every possible
connection scheme to determine likely positive and negative impacts.

Other forms of management may also play a crucial role in maximising the value of a site for
fish. Without management, the continuous rain of leaves and twigs where there are
overhanging trees may be sufficient to lead to deeper, anoxic sediments, that may ultimately
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| ead -ftiol 166 nand succession and a | oss of aquatic
in open channels where macrophyte growth extends throughout the channel. Moreover, the
duckweed-dominated state appears to be more resistant to reduction in nutrient
concentration than in the equivalent shallow lake, suggesting an even more intense
perturbation through management such as invasive dredging may berequired.

The immediate effect of management in the form of weed-cutting, dyke-edge management
and especially dredging is likely to have a detrimental effect on fish. In addition to the
removal of spawning and foraging habitats, the direct loss of fish may also occur, particular
where these are small or associated with the plants that are being removed. Consequently,
any intensive management operations must be conducted sensitively. The review of
management regimes at all fens sampled as well as in the wider locality by the principal
conservation organisations in the area (Broads Authority, Natural England, Norfolk Wildlife
Trust and RSPB) suggested that management was indeed generally conducted in an
appropriate manner for fish or rather that there was no evidence that the management
regimes were likely to have a great impact on the current fish communities or usage of the
fens.

Dredging and dyke edge clearance was undertaken on long rotation (5 to 15 year) with the
length managed in any one year being relatively small (e.g. 1 km at Hi&ling) and thus only
relatively small areas (<14% in the case of Hickling) were affected at one time, with likely
minimal impacts on fish. Management seemed to produce a suitable habitat mosaic of
emergent, submerged and overhanging vegetation for the rather adaptable fish species
occurring in the sites. In other words there was little suggestion that any habitat feature such
as spawning substrate, fry refuge habitat or winter refuge habitat was likely to limiting. There
may be circumstances where removal d a particularly favoured bush or clump of sedges that
operates as a O6traditional & wi nt dgernm lacgl impact. s pawn
Seeking specialist advice may be one way to avoid this effect, but more realistically,
observation by site staff to assess use by spawning or wintering fish may be a more effective
option. A temporary solution in the form of cut branches or artificial spawning media may be
effective where the specific habitat does prove to be in short supply.

Grading of dyke profiles appeared to be variably undertaken. In general this is recommended
to ensure |littoral vegetation does not become ¢
permanent access for spawning or refuging fish into the littoral margin. It is also
recommended that fen entrances should be clear and open as this may encourage fish to
enter dykes especially where there is some water flow. Dyke widths should also be maintained
at least 2.5 m wide. Depth of water in at least some dykes must be sufficientto prevent
freezing of a substantial part of the water column during particularly hard winters and to
ensure there is no loss of dissolved oxygen. Deeper sections should at least 1 m deep and
preferably more. Provision of some significantly wider and deeper dykes may also be
important in isolated systems that are to be maintained in isolation, to provide more
permanent habitats for fish. Such dykes are akin to linear open turf ponds. The current
management regimes of long rotations for both dyke clearance and submerged and emergent
macrophytes from channel and margin should be continued.

The broad recommendations and guidelines provided in the report are best considered as a
starting point for future projects. Further sampling in a wider variety of dyke sys tems is
required to develop further understanding of the nature of fish populations in particular
circumstances (i.e. isolated vs connected, nutrient concentrations, macrophyte populations,
management regimes). It is recommended that where this is achieved that simultaneous
monitoring of habitat variables is also undertaken to determine habitat associations of fish.
Where actual management is conducted such as connection between a dyke system and a
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river or perhaps where dredging is undertaken, rigorous before and after monitoring will be
required to determine the response of the fish community.

In the case of Eels, understanding their movements is likely to be crucial to both manage
their populations and the habitats that support them in the most effectiv e manner. The best
means of achieving this is suggested to be through individuatbased tagging studies
supported by more intensive monitoring of populations, especially in response to any habitat

management conducted.
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1. BACKGROUND INFORMATION

A wetland may be defined as an area of land that is saturated with freshwater, brackish or
saltwater, either permanently or seasonally. As wetlands support vegetation that is different
from that which would be supported if the water were lost, a wetland is in effect, defined by
its vegetation and not its hydrology. Within this definition wetlands incorporate a vast range
of ecosystems, from small bogs to large lakes and rivers and their surrounding hinterlands
that support great biolo gical diversity and provide a wealth of ecosystem services including
carbon sequestration, recreation, food, flood protection and storm -buffer functions ( Turner &
Jones 199).

The largest wetland in the world is the Pantanal in South America, estimated between
140,000 and 195,000km?2 in area, with the Everglades in Florida, United States of America,
arguably the most famous. A key feature of many large wetlands that are interconnected with
rivers and of lakes is seasonal variation in water levels and asso@ted movements of fauna
including fish and their associated predators including birds, which create linkages of food
webs across multiple spatial scales (e.g. Winemiller & Jepsen 1998, Wantzenret al. 2002).
This connectivity is seen to be a vital attribute of natural wetlands and where wetlands have
been damaged by anthropogenic activities such as drainage, dredging and damming leading
to isolation of hydrological units, restoration of connectivity is seen to be desirable. However,
restoration of even a proxy of natural structure and function may be very difficult to achieve if
the definition of what is natural and how the system should function remains unclear and
difficult to assess (Wheeler et al. 2002).

In the United Kingdom, the Broads in the counti es of Norfolk and Suffolk are the largest
protected wetland covering a statutory area of 303kmz2. The Broads themselvesare a series of
shallow freshwater lakes derived from flooded medieval peat diggings within the catchments
of the Rivers Bure and its tributaries the Ant and the Thurne, the Yare and Waveney.The
Broads has been a O6hotbeddé of restoration
progress has been made in shallow lake restoration (Mosset al. 1996, Phillips et al. 1999,
Moss 2001). A total of 27 Broads have been subject to restoration attempts (including
measures such as scrub clearing and suction dredging), although the great majority of the 63
Broads themselves are in need of some need of restoration from the pervasive décts of
eutrophication in particular (http://www.broads -authority.gov.uk/broads/live/managing/
rivers- and-broads/broads -restoration/ Appendix_5_History of lake_restoration . pdf)

The Broads themselves are only a small part of the wetland resource amongsbver 200 km of
navigable lock-free waterways and large areas of undrained peatland (5000 ha) and 1700 ha
of open fen (http://www.broads -authority.gov.uk/managing/land/fen.html ) (Plates 1-5)
coupled with drained marshland of lower conservation value. A fen is defined as abaserich
(pH >5.5) mire on peat and wet mineral soils (Wheeler et al. 2002). In turn, a mire is an
unconverted (i.e. not so badly damaged or converted to another habitat) telmatic (i.e. a wet
terrestrial system as opposed to an aquatic system) freshwater wetland.

Vegetation sucession typically leads to domination by scrub including Sallow Salix
atrocinerea and finally by wetland trees such as AlderAlnus glutinosa . 0 Ofpnevegétation
often dominated by Reed Phragmites australis or Saw-sedge Cladium mariscus is of
significant conservation value and may be maintained by management mostly involving
cropping of one form or another. Fens, peatlands and marshland, irrespective of which form
of vegetation is dominant, are drained by a network of dykes (ditches) of variable water
quality and quantity and quality of emergent and submerged flora and its attendant fauna
(Plates 6 & 7).
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© Bluesky. All rights reserved. 2005.

Plate 1. Aerial view of Barton Fen

© Bluesky. All rights reserved. 2005.
—_—

Plate 2 . Aerial view of  Buttle Marsh.
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Plate 3. Aerial view of Cockshoot Fen.

Plate 4 . Aerial view of Reedham Fen.
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Plate 5. Aerial view of Woodbastwick Fen.

The total length of dyke within the Broads fens has yet to bequantified, but even a
conservative estimate would suggest many 100606s
dykes are a significant resource for wetlandflora and fauna. For example, in the dykes of the

Waveney valley, Jackson & Howlett (1999) found 4red data book (RDB) molluscs amongst

the 37 species collected, concluding that this represented probably the highest concentration

of such species in the UK, and that the Waveney grazing marsh dykes could qualify as the

most important area for aquatic mol luscs in the UK.

Restoration of many fens has been attempted typically through reinstatement of an
appropriate management regime often involving the removal of woody vegetation to trigger a
return to earlier stages of the successional cycle, rewetting byvarious means, or isolation
from damaging sources of nutrients (or salts) in associated rivers. There is clearly potential
for conflict between the latter two techniques where the much-needed water supply is
polluted in some way. Several fen sites in the Boads were isolated from nutrient rich river

water to protect the remaining biodiversity (e.g. Strumpshaw Fen). However, with

improvements in water quality from sustained pollution control, there is now a good case for

reconnection of fens with their princ ipal historic water supply. This is perceived to be of
particular benefit to fish.

Europe has no native fish species specifically adapted to temporary waterbodies such as the
annual killifish of Africa ( Nothobranchius spp.) and South America (e.g. Austrolebias and
Pterolebias spp.) that persist in the egg phase during drought. Some European species are
however, adapted to periods of very low oxygen concentration such as Mudminnow Umbr a
limi and species such as Spined dach Cobitis taenia that may take atmospheric oxygenat the
surface. Others such as Iberian Toothcarp Aphanius iberus exhibit multiple spawning, rapid
growth and reduced adult survival as an adaptation to limited periods of favourable
conditions. Sticklebacks (Gasterosteusaculeatus and Pungitius pungitius ) exhibit similar life
history traits and often appear soon after a waterbody is created or restored either naturally
or artificially. However, whilst there is scope for transport of stickleback eggs attached to
waterfowl, connection to a permanent watercourse is probably generally required for
colonisation as well as refuge should conditions become unsuitable.
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Plate 6 . A view of a dyke within open fen:
note exceptional growth of Water
Soldier Stratiotes aloides

Plate 7. Typical view of a dyke through wet woodland
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In these respects, sticklebacks are similar to virtually all other species. The only exception to
the general rule of a requirement for direct connection is European Eel Anguilla anguilla ,
which has the potential to cross short land barriers.

A pattern of expansion and contraction of fish populations occurs in a range of wetland
systems as water levels rise and fall(see Carpentier et al. 2004, Stevenset al. 2006, Graff &
Middleton at www.nmfs.noaa.gov/habitat/habitatconservation/publications/Fish%20and%
20Wetlands% 20document.pdf). In wetlands such as the Broads, whilst fish may conceivably
use the fens themselves (i.e. penetrating into the flooded woodlands or reedbeds) it is the
dykes that offer at least some water and the potential for permanent occupancy throughout
the year. Even then, connection with larger rivers and/or lakes may still be essential to
maintain anything other than a specialised fish assemblage. Whilst promotion of fish
populations within these interconnected waterbodies is intuitively likely to 1) promote
natural functioning, and 2) to enhance conservation value stemming from some species of
fish themselves (e.g. Eel is a UK Biodiversity Plan species) and the predators of fish such as
Bittern Botaurus stellaris and Otter Lutra lutra , how this may be achieved most effectively
remains unclear. This report is a starting point in that process, with a focus on dykes draining
various habitat types (woodland and open feni Figs. 6 & 7) and the fish populations
contained within them on both a permanent and seasonal basis.

2. AIMS

The Broads Connecting Wetlands project has a broad emit to i) assess the impact of climate
change on the fens in the Broads ii) develop a toolkit for wetland adaptation iii) undertake
wetland habitat opportunity and suitability mapping iv) assess the cost and constraints to
delivery of key agreed projects v) assess funding opportunities vi) assess the suitability of
integrating dredging disposal and wetland creation objectives vii) work in partnership to
implement projects such as South Fen, Tonnage Bridge and Hickling and viii) assess the use
and requirements of fish and eels within the Broads wetland.

The latter is the subject of the current project, which had two principal aims:

e Determine how and why fish, including Eel, use wetlands, with particular reference to
fen dykes, reed-bedsand The Broads.

e Provide guidelines for dyke and wetland management that are likely to favour fish
habitat selection.

3. METHODS

The project used a combination of both desk review and specific targeted field sampling.
Desk-based review included re-evaluation of literature and information held by ECON
Ecological Consultancy Ltd (hereafter referred to as ECON) in relation to fish and wetlands in
both temperate and tropical systems, and more specifically on the type of ditches @dykes),
reed-beds and shallow lakes encountered in the Broads.

Workers at ECON have specific experience of the fish populations in the Broads and similar
waterbodies stretching back some 25 years and have published widely in the scientific
literature with numerous colleagues (e.g. Perrow et al. 1994, 1996ab, 1997abc,1998ab,
1999ab, Stansfield et al. 1995, 19934, Moss et al. 1996, Jacobsenet al. 1997, Jacobsen &
Perrow 1998, Phillips et al. 1999, Skovet al. 2002, Tomlinson et al. 2002, Davidson et al.
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2003, 2007, Ayres et al. 2006, Zambrano et al. 2006) as well as reports and papers for a
wider audience (e.g. Perrow et al. 1996c, 199%, Holzer et al. 1997, Perrow & Jowitt 1996,
1998, Stansfield et al. 1997, Perrow & Tomlinson 2002).

The information already held was complemented by further literature search using both
general web search engines (e.g. Google and Google Scholar) as well as more specific sources
of information including the Aquatic Sciences and Fisheries Abstracts (ASFA), which
currently accesses over ®00 publications . Key papers were then accessedoy whatever
means was available, including purchase. Key search queries were freshwater fish (and
individual key species) and wetlands, reedbeds, dykes, ditches, habitat, spawning and winter.

Specific supplementary information was provided by fisheries surveys of six Broadland fens

detailed in the supporting Technical Summary of the Connecting Wetlands project. The fens
involved were and Cockshoot, Woodbastwick and Ebb & Flow Fens in the catchment of the
River Bure and Barton, Buttle Marsh and Reedham Fens in the catchment of the River Ant.
This was the most directly relevant source of information to the project, especially given the

relative paucity of information accessed through literature search (see below).

A review of current management regimes of Broadland fens was conducted through direct
communication and face-to-face meetings with managers representing key organisations
within the Broads. These included Rob Andrews (Broads Authority [BA]), George Taylor
(Norfolk Wildlife Trust [NWT]), Rick Southwood (Natural England [NE]), John Blackburn
(NWT) and Tim Strudwick (Royal Society for the Protection of Birds [RSPB]).

4. REVIEW OF EXISTING INFORMATION

Literature searches added considerably to the information previously held by ECON on fish
in wetlands and the functions of wetlands. Information from acrossthe world, in temperate,
sub-tropical and tropical systems and including freshwater, brackish and saltwater was used
to establish general principles (e.g. Leslie & Timmins 1990, Allen et al. 1994, Wantzen et al.
2002, Taylor et al. 1998, Graff & Middleton at www.nmfs.noaa.gov/habitat/

habitatconservation/ ).

In general, there is a relative paucity of information relating directly to fish in European
wetlands with the notable exception of the recent targeted work in France (e.g. Carpentier et
al. 2004, Cucheroussetet al. 2006, 2008,). In the UK, work on wetland fish appears to have
largely focussed onthe potential prey resource for Bittern , an endangered piscivorous bird
(Noble et al. 2003, 2004, Self 2005, White et al. 2006). Much of this work has occured
recently, some time after the review of the topic by Perrow et al. (1996¢) and the initial
sampling of a number of wetland reserves(Leitch 1995, Perrow et al. 1996c).

Moreover, the current concern over the decline of Eel appears not to have been fully extended
into UK wetlands despite the potential of this habitat fo r the species (e.g.Feunteun & Marion
1994) and its value as a prey species of Bittern. Thesampling of fen dykes within the Broads
detailed in the Technical Summary associated with this report, which included a specific
attempt to sample Eels was thus seen to make an important contribution to understanding
the species in wetlands such as the Broads.

The review of existing information and specific fieldwork associated with this project was
organised into a number of themes for the purposes of this report. These were 1) dyke
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functioning 2) fish assemblage structure 3) fish density & biomass 3) seasonal & diel fish
movements and 4) fish habitat use & preferences. These are detailed in turnbelow.

4.1 DYKE FUNCTIONING

The network of dykes in a wetland such as the Broads are intuitively important conduits of
water, sediments, nutrients and organisms including fish. However, relatively little appears to
be known about how such dykes function and how this relates to overall wetland functioning.
In a modelling study of the relative similarities and differences between lakes and their
surrounding ditches Janse (2005) illustrated that established alternative stable states model
for shallow lakes (Scheffer 1990, Schefferet al. 1993, Fig. 1) was effectively mirrored in
ditches but with some important differences.

In shallow lakes (to 3-4 m) increased nutrient loading to a critical threshold results in the loss
of submerged aquatic macrophytes with a concomitant increase in phytoplankton biomass.
At very low nutrient concentrati ons, submerged macrophytes are invariably dominant ,
whereas phytoplankton do the same at very high nutrient concentrations. However, at
intermediate concentrations, empirical evidence and theoretical models show that either may
occur (Fig. 1). The marble-in-a-cup analogue shows that the chances of restoring a desirable
macrophyte-dominated state (for example through biomanipulation 7 Tomlinson & Perrow
2002) improve at lower nutrient concentrations and although this may be achieved at higher
nutrient concentrations there is an increased prospect of this reverting to a phytoplankton -
dominated state. Overall, total phosphorus (P) concentrations of <100 ug |2 seem to offer the
best chance of restoration.

In ditches, increased nutrient concentrations lead to dominance of small floating -leaved

duckweeds (Lemna sp.) rather than phytoplankton, which form a monotonous or blanketing

layer reducing light levels and leading to deoxygenation with resultant low aquatic diversity

This may be linked to the structureofdi t c hes, whi c h-dtoem dh att ® dide seasd gea
with a low proportion of open water to littoral edge) protected from turbulence from wind

and waves, which would aherwise disrupt small floating -leaved plants.

Janse (2005) suggests a switch to dukweed dominance occurs at 200400 ug I+ TP. This
state is more resistant to reduction in nutrient concentration than in the equivalent shallow
lake, suggesting an even more intense perturbation through management such as invasive
dredging is required. There is evidence of an alternative stable state with submerged
macrophytes being possible at intermediate concentrations, but this may often be obsaured in
real-life ditches by management regimes of one sort or another (e.g. vegetation removal).

In general, fish have critical roles in the functioning of waterbo dies especially shallow lakes,
ponds and ditches and may exert dramatic ecosystem effects by a) consming zooplankton
which in turn graze on algae b) increasing suspended solids by disttbing sediments and c)
cycling nutrients in a variety of ways. Fi sh may t h-dewna&eahdwdd pdd motnr ol
of the food web, often ultimately determining the gross ecological state (e.g. macrophyte or
algal dominated) and productivity of the waterbody concerned. As a result, the
biomanipulation of fish populations either through removal of zooplanktivorous and/or
benthivorous (bottom -feeding) fish (e.g. Mosset al. 1996) or the stocking of piscivorous (fish-
eating) fish to control the numerical abundance and/or biomass of zooplanktivores/
benthivores (e.g. Skov et al. 2002) may be successful at restoring water quality and
populations of submerged macrophytes, although the latter may be slow to respond as a
result of other limiting factors (Perrow et al. 1997bc).
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There are a number of key features of the biology and ecology of fish as opposed to other
higher vertebrates such as birds and mammals that contribute to their dominance of trophic

food webs as well as setting limitations that are of relevance to this project. Some key themes
are set out in Table 1 (afterPerrow et al. 1996c).

Figure 1.

&
<

Nutrient concentration

Y

Turbidity

Theoretical points of stability represented by the analogue of black
marbles subject to gravity, in relation to nutrient concentration and
turbidity associated with clear water dominated by macrophytes (no
shading) and phytoplankton dominance (green shading) in lakes and
duckweed ( Lemna sp.) dominance in ditches. The potential for multiple
stable points at intermediate nutrient concentrations and the relative
ease with which transition between these stable points may be achieved

is represented by the notional force required to cross the intervening
Ohumpd between stable states. The

increases as nutrient concentrations reduce. Redr awn from Scheffer

(1990).
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Table 1.  Key themes of fish biology and ecology of relevance to studies of fish in dykes

Fish are poikiothermic, whereby the body temperature is dependent on the external temperature of the
water. Therefore, fish are typically slow moving or may even become torpid (e.g. Common Carp
Cyprinus carpio and Tench Tinca tinca) at cold temperatures. In temperate freshwaters many fish
typically reduce or even cease feeding in winter.

Growth is indeterminate. Fish therefore grow until they die with the rate of growth dictated by
temperature and available resources. Individuals may grow slowly in lean periods and increase growth
rate markedly as food becomes available, typically from spring to autumn in temperate systems.

Fish are often highly adaptable with several basic body forms suitable for a wide variety of lifestyl es in
different waterbodies. Thus, very different species such as RoachRutilus rutilus , Pike and Eel occur
almost ubiquitously in slow and flowing waters from small streams to large rivers, shallow ponds to
large, deep lakes and in estuaries.

Many species exhibit a wide tolerance of chemical and biological as well as physical conditions
including temperature, oxygen levels, nutrient levels, salinity and toxins such as unionised ammonia.
Some species such as anadromous (returning to freshwater & spawn from a life in the sea) Atlantic
Salmon Salmo salar may adapt to large changes in salinity virtually instantaneously, with many other
species adapting readily given some time to adjust isotonic balance through kidney function.

Fish have acute nses of vision, olfaction and hearing, with sensory receptors in the lateral line system
also allowing the detection of pressure changes, even from small moving prey. Fish may therefore feed
effectively in very low light levels or in highly turbid environ ments with little obvious reduction in
feeding efficiency, perhaps apart from reduced size selectivity of potential prey.

Virtually all fish are at least partly carnivorous, feeding on invertebrates and in some cases on other
fish as well as a variey of other vertebrates. (Northern) Pike Esox lucius is a good example of a
facultative piscivore (almost invariably feeding on fish) capable of tackling large prey such as waterfowl

and small swimming mammals. Such extensive carnivory is possible as a resit of an ability to excrete

nitrogenous waste resulting from breakdown of proteins through gills. Some groups, especially

cyprinids (Carps and their allies), are catholic in their choice of food and are able to sustain themselves
on resources as variable & zooplankton, blue-green algae, macrophytes and detritus.

Most fish exhibit ontogenetic shifts in diet, feeding on zooplankton when small, benthic and weed -
associated invertebrates when older and in some cases (e.g. (Eurasian) PerctPerca fluviatilis )
switching to fish prey when adult. This is possible without change in body form or gut physiology. The

size of the mouth (gape limitation) effectively determines the size of prey that can be captured. In
cyprinids, the gill raker basket may be winnowed to retain items of different sizes and thus even large
fish may feed effectively on small zooplankton to benthicn invertebrates such as chironomids. Gut
form varies greatly between groups (e.g. cyprinids have no stomach but percids [Perch and their allies]
do), with each group relying on different mechanisms to consume similar foods. Cyprinids for

example, crush and masticate prey with pharyngeal teeth, whereas percids swallow prey whole and
produce pepsins in the stomach to aid breakdown of protein.

Competition and predation are very important factors in structuring fish communities. Competition
for shared resources typically leads to changes in individual fithess expressed as declines in either/or
growth rate, fecundity and mortality. As well as dire ct predation limiting the population size of prey
fish, the risk of predation may limit the activities and thus impacts of prey fish upon other parts of the
food web. For example, the threat of predation in open water by other fish or piscivorous birds may
force young fish to stay in littoral margins and weed beds during the day, only venturing out to feed
under the cover of darkness.
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4.2 FISH ASSEMBLAGE STRUCTURE

A total of 54 freshwater species of fish(although this is continually changing with th e recent
establishment of species such aslLeucaspius delineatus and Pseudorasbora parva) are
present in Great Britain (Table 2), 42 of which are considered native to these isles(Giles

1994).

Table 2. Freshwater species of fish in Great Britain and their
surveys of wetland reserves (Leitch 1995), various Norfolk Broads conducted
by ECON, lowland drainage channels in Broadland (Townsend & Pierson
1988) and the six Broadland fens sampled during the current Connecting

Wetlands project.

presence in fisheries

Common name Scientific name Leitch | Broads | Townsend | Fens
(1995) & Peirson
(1988)
River Lamprey Lampetra fluviatilis
Brook Lamprey Lampetra planeri
Sea lamprey Petromyzon marinus
European Eel Anguilla anguilla 0 0 o] 0
Allis Shad Alosa alosa
Twaite Shad Alosa fallax
Silver Bream Blicca bjoerkna 0
Common Bream Abramis brama 0 0 0
Common Bleak Alburnus alburnu s
Common Barbel Barbus barbus
Goldfish Carassius auratus
Crucian Carp Carassius carassius o]
Grass Carp Ctenopharyngodo idella
Common Carp Cyprinus carpio 0
Common Gudgeon Gobio gobio 0 0
Chub Leuciscus cephalus
Orfe Leuciscus idus
Dace Leuciscus leuciscus 0
Minnow Phoxinus phoxinus
Bitterling Rhodus sericeus
Roach Rutilus rutilus 0 0 0 0
Rudd Scardinius erythrophthalmus 0 0 0 0
Tench Tinca tinca 0 0 0 0
Spined Loach Cobitis taenia
Stone Loach Barbatula barbatula
Wels Catfish Silurus glanis
Pike Esox lucius 0 0 0 0
Smelt Osmerus eperlanus
Vendace Coregonus albula
Arctic Cisco Coregonus autumnalis
Common Whitefish Coregonus lavaretus
Houting Coregonus oxyrinchus
Pink Salmon Oncorhynchus gorbuscha
Rainbow Trout Oncorhynchus mykiss
Atlantic Salmon Salmo salar
Brown Trout Salmo trutta
Arctic Charr Salvelinus alpinus
American Brook Charr Salvelinus fontinalis
Grayling Thymallus thymallus
Burbot (extinct) Lota lota
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Common name Scientific name Leitch | Broads | Townsend | Fens

(1995) & Peirson
(1988)

Thick-lipped Grey Mullet | Chelon labrosus

Golden Grey Mullet Liza aurata

Thin-lipped Grey Mullet Liza ramada

Three-spined Stickleback | Gasterosteus aculeatus 0 0 0 0

Ten-spined Stickleback Pungitius pungitius 0 0 0

Bullhead Cottus gobio

Rock Bass Ambloplites rupestris

Pumpkinseed Lepomis gibbosus

Largemouth Bass Micropterus salmoides

Ruffe Gymnocephalus cernuus 0 0 0

Perch Perca fluviatilis 0 0 0 0

Pikeperch (Zander) Sander lucioperca

Common Goby Pomatoschistus microps

Atlantic Flounder Platichthys flesus 0 0

The current distribution of many species bears little resemblance to their natural distribution
which is dependent on their abilities to p ersist through the last ice age,expanding their range
through shared river systems (e.g. the Rhine) before Britain became isolated from mainland
Europe and subsequently colonise new systems (e.g. through headwater capture or flooding
events). Only a few gecies such as some salmonids (e.g. Atlantic SalmonSalmo salar),
shads, sticklebacks, Eel and vagrant species such as HoutingCoregonus oxyrinchus and
Sturgeon Acipenser sturio, as well as predominately marine species that penetrate into
freshwaters (e.g.mullets, and Flounder Platichthys flesus) have the ability to colonise directly
from the sea.

Otherwise, many species of fish have been deliberately translocated around the UK for
sporting purposes and as a source of food. This also explains the introdiction of many non-

native species. Those species of negligible recreational or commercial interest retain the best
chance of retaining something like their natural range, such as Spined Loach that still persists

in just five east-flowing rivers formerly co nnected to the Rhine system, although it has

recently colonised a waterway outside this range seemingly as a result of a water transfer
scheme between catchments (Perrow & Jowitt2000).

The adaptable nature of many species meaning that may persist inhabitats in which they are
not primarily adapted (see Table 1), especially if these have been modified in some way (e.g.
species best suited to stillwaters may be equally at home in regulated, impounded rivers). The
generalised zonal catchment model for rivers (e.g. salmonids in the upper reaches and
cyprinids in the lowland sections) is thus rather flawed. A further conceptual model that also
incorporates stillwaters and also accounts for any anthropogenic re-distribution of species is
the nutrient gradien t model outlined by Barthelmes (1983) amongst others (Fig. 2).

In this model, nutrient concentrations may also be viewed as a surrogate for other parameters
of water quality such as dissolved oxygen or ammonium levels, which taken together explains
the broad shift in species composition from salmonids through percids and pike to cyprinids
from oligotrophic through mesotrophic to eutrophic conditions.
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Figure 2. Idealised relationship between trophic status and fish biomass in lakes
(after Bar thelmes 1983). The dominant groups and species are identified
(redrawn from Perrow etal . 1999 b).

In lowland Britain subject to intense anthropogenic nutrient enrichment there is little scope
for much other than relatively high levels of nutrients and thus the range of species present in
lowland wetlands, which by definition tend towards high productivity at risk of anoxia, are
liable to be a mixture of cyprinids, percids and Pike. This may be extended in some
environments with ¢ onnection to the sea, leading to the presence of Flounder, Thicklipped
Grey Mullet Chelon labrosus and some gobies. Species adapted to both freshwater and
marine environments such as sticklebacks and Eel may also be present.

In the Broads, 14 fish species (not including hybrids) have been sampled over the years by
ECON (pers. obs.) in predominately fresh waters (Table 3). Whilst this list would
undoubtedly be higher if more saline tidal rivers and broads were also represented, it does set
some expectations for the number of species that could occur in wetlands. It is also supported
by other studies. For example, their study of lowland drainage channels (n=49) in Norfolk
including within the general area of the Broads, Townsend & Peirson (1988) recorded 12
species, albeit inclusive of Roach x Common Bream and Roach x Rudd hybrids (Table).

In close agreement with notional expectations, 11 species were represented in the sampling of
fen dykes undertaken as part of this project (Table 2). Thesame 10 species with the exception
of Common Bream were captured in the study of 14 nationwide wetland reserves, thought of
as Obedkd sites, conducted by Leitch (1995)
Birds (RSPB) sampling prey resources fa Bitterns (Table 2). The 11 species shared between
these studies may be thought of ascommon throughout lowland Britain and the basis of

1 Blakeney, Burnham Overy, Cley Marshes, Easton Broad, Ham Wall, Leighton Moss, Malltraeth,
Martham Broad, Minsmere, Stodmarsh, Strumpshaw Fen, Titchwell, Walberswick and Weybourne.
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likely fish assemblages in most wetlands. Exceptions to this may be the occurrence of non
native Bitterling Rhodeus seiceus in the Cambridgeshire Fens and Common Carp Cyprinus

carpio widely deliberately introduc ed for sporting purposes or perhaps the increasingly rare
Crucian Carp Carassius carassius. The latter has been subject to intense introgressive
hybridisation wit h non-native Goldfish Carassius auratus, which quickly revert to their

natural brown colouring after a generation or two. Separation of the two species and from
their hybrids may be very difficult. Further basic details of the biology and ecology of the

resultant 13 species (including Crucian Carp and Goldfish together) are shown in Table 3.

Table 3. Summary of ecological information on common fish species occurring in still
and slow -flowing waterways of lowland Britain (based on Maitland &
Campbell 1992 & Giles 1994).

European Eel Anguilla anguilla (Linnaeus 1758)

Distribution (UK) Widespread. Fresh and brackish waters accessible from the sea.
Ecology Catadromous migrating to Sargasso sea to spawn. Leptocephali larvae drift
back in Gulf Stream,r eachi ng coasts as ' Gl ass

feeding and elvers may migrate into freshwater and can penetrate far inland.
Sex determination in Eels is in response to the environment, with density
believed to the main factor, with a greater proportion of males present in high
density populations and conversely females in low density populations®.
Nocturnal, remaining buried in cover during day. Opportunistic feeders, may

compete with bream for benthic invertebrates when small and may be an
impor tant piscivore when larger. Important food for a variety of piscivorous

birds and otter. Commercially valuable, glass eels used for the world market of
eel aquaculture

Tolerances Tolerant of a wide range of temperatures and water chemistry and can survive
for days out of water in damp vegetation.

Reproduction Poorly understood. Fish are ready to return to sea to spawn after 6/7 years in
mal es and up to 11 years in females

due to their colourisation. Females may produce 1 million eggs and fish die
after spawning

Age & Growth Mature females are greater in length than males, almost all fish in excess of
450 mm are female, can reach >1m in length / 5kg in weight. Four freshwater
stages are categorised by length <250 mm T young, sexually
undifferentiated; 250 to 350 mm i sexually immature male and females; 350
to 450 mm 7 male pre-spawners and immature females and; >450 mm i
female pre-spawners.

Diet Carnivorous. Elvers and older fish are largely benthic, eating invertebrates of
all types. Large eels are piscivorous.

Common Bream Abramis brama (Linnaeus 1758)

Distribution (UK) Widespread. Lowland rivers and lakes and rarely slightly brackish waters.

Ecology A shoaling species. Abundant in large, open eutrophic systems, where it
frequently dominates the fish community by biomass (>600 kg ha -9).
Protrusible mouth tube adapted to benthivory and sediments winnowed
through qill rakers. Benthic feeding leads to disturbance of sediments and
release of nutrients which may have severe consequences for other fish
species, may reduce the available invertebrate food (especially chironomids)
for waterfowl and produce ecosystem effects that lead to algal domination.
However, may switch to filter -feeding on zooplankton when abundant. Not
reliant on vision, samples benthic invertebrates in sediments by taking
mouthfuls of sediment, concentrating on high density patches. Often
hybridises with roach and rudd, at least the former of which are fertile.

Tolerances Very low oxygen lewels for considerable lengths of time. Short term LC1003 of
14.37 17.3 mg t* of NH3 and Lcs50 0.5 mg I over several days. Typical pH
from 3.8-10.5. Temperature range of 1024°C*
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Reproduction

Spawns in May and June at temperatures >15°C. Males appear talefend small
areas of suitable spawning substrate and pair with females. Males develop
extensive tubercles along head flanks and fins to stimulate females through
body contact. Produces 90,000-340,000 eggs per female. Eggs hatch in 510
days (9-10 days at12-13°C). Matures at 47 years at 2535 cm length. Some
evidence that females may be able to spawn in batches during summer
producing cohorts of fry.

Age & Growth

In good conditions typically grows faster than roach reaching 7-8 cm at end of
first year. Successful recruitment of fry is sporadic producing good year classes
that dominate the age class structure of the population over a number of years.
May live in excess of 20 years and reach 5 kg in weight.

Diet

Carnivorous. Fry eat rotifers, protozoans etc. switching to zooplankton and
then benthic feeding at 10-15cm. Adult bream prey consume oligochaetes and
particularly chironomids. Zooplankton and plant material are also taken

Crucian Carp Carassius carassius (Linnaeus 1758

Distribution (UK)

Native to south-eastern England, where it is common and quite widespread.
Patchy distribution to the north and west of England.

Ecology Preferred habitats of small ponds and lakes with abundant macrophytes in
lowland areas. Occasionally found in slow rivers and canals.Sedentary species
and normally dwell in the bottom layer of the water column. 5 Requires good
summer temperatures (>20°C) for a period for successful recruitment.

Tolerances More tolerant of stagnation and poor oxygen conditions than other species.

Reproduction Sexually active during early summer. Females produce between 10,000 and

30,000 eggs, which are clear, pale yellow and 1.4 to 12.7mm irdiameter. Eggs
are adhesive and stick to macrophytes. Hatch in 510 days at water
temperatures of 1525°C. Fish mature usually after 3 to 4 years.

Age & Growth

Can reach 5cm after % year and 10-15 after second. May live up to 10years in
the wild, but can live much longer in captivity.

Diet

Omnivores. Young feed on protozoans and small crustaceans. Benthic
invertebrates the major component of diet and can eat macrophytes and
organic detritus. 5

Common Carp Cyprinus carpio Linnaeus 1758

Distribution (UK)

Widespread throughout Britain, although commonest in Southeast England.

Ecology

Preferred habitats of lakes and ponds, canals and slow flowing rivers.
Sometimes present in small shoals, larger specimens tend to be solitary. In the
winter months carp seek deeper water and are relatively inactive. Juvenile
carp affect water clarity: density of 466 kg ha fish (80% carp) significantly

increased turbidity in shallow ponds.® Suspended solids significantly
correlated to adult carp density.”

Tolerances Tolerate low oxygen levels between 0.3 and 0.7mg + Tolerate anoxic
conditions for 5 hours at 15°C and 0.8 hours at 25°C8 Tolerate between 3°C
and 35°C.

Reproduction Capable of spawning all year round, but between May and July in temperate

climates. Minimum water temperature for spawning to occur is 18°C. Fish

spawn in shallow areas of lakes/rivers on macrophytes, roots or submerged
structures. Fecund females can produce 2000000 eggs which are yellow in

colour and 1.2 to 1.5mm in diameter. Eggs hatch after 3 to 7 days dependent
on water temperature. Larvae are small 3 to 6mm in body length.®

Age & Growth

Capable of rapid growth, 10 to 15cm at the end of the first year, 25 to 30cm
after the second year. In controlled conditions can reach 2kg in first year.
Sexual maturation after 2 to 3 years in males and 4 to 5 in females!® Average
life span of 10 to 20 years, but can reach 50 years.

Diet Omnivorous species. Juvenile fish feed initially on protozoans and then small
crustaceansi cladocerans and copepodsAdul t fi sh O6r oot {
benthic invertebrates including small worms a nd midge larvae, crustaceans
and bivalve molluscs. Capable of feeding on decaying organic matter and
filamentous algae.®

Broads Authority 1E April 2010

Final Draft Report



CONNECTING WETLANDS
Assessment of the use of wetlands by fish and
guidelines for fish management in wetlands in The Broads

ECOLOGICAL
CONSULTANCY LTD

Common Gudgeon

Gobio gobio (Linnaeus 1758)

Distribution (UK)

Widespread, although presumed native to southeast England.

Ecology

Prefers fairly fast flowing waters, although present in lakes. A shoaling species,
with large aggregations in summer months associated with macrophytes.

Tolerances

Temperature range of 2-18°C and pH range of 77.57

Reproduction

Spawns between May and June with water temperatures of c. 14°C, in shallow
water over gravel. Females produce 10003000eggs. Eggs hatch after 1020
days dependent on temperature. Fish mature by third year.

Age & Growth

Typically reach 5cm after first year, 10cm second year and 12m after third
year.

Diet

Fry feed on small crustaceans and include oligochaete worms, molluscs and
insect larve as they grow.

Roach Rutilus rutilus

(Linnaeus 1758)

Distribution (UK)

Widespread. Lowland areas; small ponds, large lakes, small streams,large
rivers & upper estuaries.

Ecology

A shoaling species. Often associated with productive waters e.g. often
numerically dominant in shallow eutrophic lakes and rivers. Competition
between year classes may be apparent, reducing growth, fecundity and
survival of older fish. Highly efficient zooplanktivore when young.
Competitively superior to bream, rudd and perch, limiting latter species to the
littoral margins in algal dominated lakes. Predation on zooplankton known to
cause dramatic ecosystem effectsdading to algal domination. May use vision
but through olfaction and use of the lateral line, capable of feeding in virtual
darkness and in turbid water.

Tolerances

Wide range of temperatures (up to a maximum of 38°C) and oxygen
concentrations (c. 5-6 mg -1) and mild pollution. Short term LC100 3 of 14.37
17.3 mg 1 NH3 and LC50 of 0.4 mg I over several days. Typical pH range of

4-10.

Reproduction

Spawning temperatures >12°C from April-June. Up to 5000-200,000 eggs per

female. Males develop tubercles mainly on head. Mass spawner on tree roots,
emergent vegetation such as sedge roots etc. and macrophytes. Eggs hatch i
5-10 days. Improved development above 14°C. Males matte at 2-3 years
perhaps as small as 7 cm. Females mature at-3! years at 1215cm length.

Age & Growth

Often around 4-6 cm at end of first growing season. Growth typically density
dependent. In eutrophic water bodies may grow quickly reaching 15 cm at erd
of second year, more usually 16012cm. In such waters rarely exceeds 5 years o
age, otherwise may live to 15 years or more, reaching 1 kg in weight

Diet

Adaptable omnivore. Larvae eat rotifers, protozoans etc. with some diatoms,
quickly switching to cladoceran zooplankton. Older fish eat larger
invertebrates; worms, insect larvae and adults and particularly molluscs where
available. Otherwise, zooplankton and benthic invertebrates such as
chironomids are dominant items. Consumption of macrophytes increas es with
age. 80% of metabolic demands may be satisfied by blue-green algae. Guts
often filled with detritus in winter.

Rudd Scardinius erythrophthalmus (Linnaeus 1758)

Distribution (UK)

Relatively widespread, with bias to south. Mainly in still or slowly flowing
waters especially lowland ponds and lakes.

Ecology

A shoaling species. Often associated with macrophytes and these may form
dominant food supply, unlike other native cyprinids. May have declined as a
result of increasing eutrophication. Suffers from competition with roach,
particularly when young, although competitively superior of Roach in
presence of dense submerged macrophyte¥. Hybridises with roach and
bream.

Tolerances

Similar to roach

Reproduction

Spawning temperature >15°C April. Generdly later than Roach, in June in
southern Britain and later further north. Males develop tubercles. Mass
spawner, females producing 90,000-230,000 eggs, which adhere to plants.
Eggs hatch in 5-10 days. Maturity attained at 3-4 years.
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