Received: 27 November 2019

Revised: 17 January 2020

Accepted: 27 March 2020

DOI: 10.1002/aqc.3353

SPECIAL ISSUE ARTICLE
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Abstract
1. The contribution of nearly three decades of research, much of it published in

2
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Aquatic Conservation: Marine and Freshwater Ecosystems (AQC), to the conserva-
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tion of the crucian carp Carassius carassius in the East of England, including work
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coordinated by the Norfolk Crucian Project, is summarized.
2. Although recent genetic studies indicate that this species was probably introduced
to England about the same time as common carp Cyprinus carpio, the crucian
carp is considered a cultural heritage species worthy of conservation in eastern
England.
3. This research covers the environmental biology of the species in the East of
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England, documentation of the species' decline in the county of Norfolk, and
the pond management practices implemented in Norfolk to rehabilitate existing and fully terrestrialized pond habitat specifically for crucian carp
conservation.
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4. The AQC papers that contributed to this line of research showed that England
offers a particularly favourable environment for crucian carp growth and reproduction. These AQC articles provided the evidence base to complement crucian
carp conservation initiatives in the London area (mainly the counties of Essex and
Hertfordshire), as well as forming the basis for the designation of crucian carp as a
Biodiversity Action Priority species in the county of Norfolk.
5. The broader impact of the work in the East of England was to inspire the
recently-formed English National Crucian Conservation Project, which aims to
promote the conservation of crucian carp and its habitat, and to encourage the
development of well-managed crucian fisheries.
6. These evidence-based conservation initiatives, perhaps the first throughout
Europe, have witnessed a reversal of the species' fortunes in England, which is
effectively an ideal geographical region in which to promote the conservation of
this species within a wider, European context.
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1 | I N T RO D UC TI O N

glass window of St Peter's Church in the village of Guestwick, Norfolk,
eastern England (Figure 1). Furthermore, aside from cultural consider-

This article summarizes the beneficial impact that research articles

ations, there are very good reasons to conserve the crucian carp in

published in Aquatic Conservation: Marine and Freshwater Ecosystems

GB (Jeffries et al., 2017; AQC article by Sayer et al., 2020). Specifi-

(AQC) have had on management initiatives in support of the

cally, relative to the crucian carp's native continental European range,

conservation of crucian carp Carassius carassius (L.) in England

where the species is in decline, the risks of hybridization and competi-

(Figure 1). Before the 1980s, the environmental biology of crucian

tion with the invasive congener, gibel carp Carassius gibelio (Hänfling,

carp in Great Britain (GB) was virtually unstudied except for

Bolton, Harley, & Carvalho, 2005; RAVON, 2019), are much reduced

Marlborough (1966, 1967) and studies of crucian distribution in river

in GB.

floodplain water bodies (e.g. Copp, 1991). This lack of knowledge pro-

Indeed, in recognition of the seriousness of the crucian carp's

vided the incentive for the first detailed study in GB of a crucian pop-

decline, during the 1990s and 2000s, crucian populations attracted

ulation, which was reported in the AQC article by Copp, Černý, and

local conservation attention, both in parts of the London area

Kováč (2008), where the disputed status of the species in GB was

(reviewed in the AQC articles: Copp, Černý, et al., 2008; Tarkan

highlighted. Indeed, an earlier AQC article, by Maitland and

et al., 2009) and internationally (Engler & Schwevers, 2006;

Lyle (1991), listed the species as being non-native, whereas articles by

Petrick, 1994/1995). This decline and related conservation measures

the late Alwyn Wheeler (Wheeler, 1977, 1998, 2000), curator of

were not reflected, however, in the species' IUCN Red List classifica-

fishes at the Natural History Museum in London, considered crucians

tion of ‘Not endangered internationally’ and ‘No immediate action

to be ‘probably indigenous’, ‘native’, and ‘probably native’, respectively,

needed’ (cf. Maitland & Lyle, 1991). That said, the current assessment

to south-east England. Consequently, the initial studies of English

of ‘Least Concern’ (IUCN, 2019) includes the caveat: ‘population

crucian populations in the 1990s (Copp, Černý, et al., 2008; Copp,

trend decreasing’. This contrasts with individual countries, such as

Warrington, & Wesley, 2008) and in 2007–2008 (Tarkan, Copp, Zięba,

The Netherlands, where crucian carp has the status of ‘vulnerable’ on

Godard, & Cucherousset, 2009) assumed the species to be native.

the country's Red List (RAVON, 2019).

Note, however, that a recent genetic study has revealed a high likeli-

Independently, field studies in the 1990s, as published in AQC,

hood of crucians having been introduced to England during the same

examined the aquatic conservation role of small ornamental lakes and

era (15th century) as the common carp Cyprinus carpio L. (Jeffries,

ponds in the south-eastern English counties of Norfolk (Sayer,

Copp, Lawson-Handley, Sayer, & Hänfling, 2017).

Davidson, & Kelly, 2008) and Hertfordshire (Copp, Warrington,

This revision of crucian carp as a non-native species does not,

et al., 2008). The initial study of pond populations of crucians in

however, diminish the species' high cultural heritage importance,

Hertfordshire (Copp, Černý, et al., 2008) was expanded to include

which is apparent in the affection shown for it in historical natural his-

several ponds in the nearby Site of Special Scientific Interest of Epping

tory and angling literature (Rolfe, 2010) and indeed well illustrated for

Forest, Essex, to understand better the species' distribution (Copp,

the present day by the species' depiction in a contemporary stained-

Wesley, & Vilizzi, 2005) and its environmental biology (AQC article of
Tarkan et al., 2009). With support from the British Council (Tarkan &
Copp, 2007), the study by Tarkan et al. (2009) was complemented by
assessments of potential impacts on crucians by other non-native species, especially the crucian's Asian congener, goldfish Carassius auratus
(Copp, Tarkan, Godard, Edmonds, & Wesley, 2010), and longer-term
studies of crucian growth (Tarkan, Gaygusuz, Godard, & Copp, 2011).

2 | PRIMARY IMPACTS ON CRUCIAN CARP
CONSERVATION
During the 2000s, the authors of the present article combined their
efforts to study the decline of crucian populations in Norfolk
F I G U R E 1 Crucian carp image in a stained-glass window of St
Peter's Church, Guestwick, Norfolk (WGS84 latitude and longitude:
52.800268, 1.055829). Photo: D. North, Norfolk Wildlife Trust

(Sayer et al., 2011 and AQC article Sayer et al., 2020) as well as
continuing their work in Essex and Hertfordshire (AQC articles by
Tarkan et al., 2009, 2016). Complemented by the AQC article by
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Sayer et al. (2012) on farmland pond management for biodiversity

(G.H. Copp, C.D. Sayer, A.S. Tarkan, unpublished data) now all focus

conservation, the combined databases and resulting articles in AQC

on the angling culture and local heritage conservation aspects of

(op. cit.) by Copp and Sayer provided background knowledge in

crucians at the local level and the importance of managing ponds for

support of the Norfolk Biodiversity Action Plan for Ponds (Norfolk

their aquatic biodiversity value (Copp, Warrington, et al., 2008; Sayer

Wildlife Trust, 2010). Collectively, the evidence base of this work laid

et al., 2013). The NCCP-initiated local management plans for angling

the foundations for the initiation of the Norfolk Crucian Project

venues endeavour to protect the genetic integrity of crucian

(NCP), which was a major contribution to the designation in 2010 of

populations from the adverse impacts of hybridization with other

crucian carp as a Biodiversity Action Plan (BAP) species for Norfolk

introduced species, specifically goldfish and common carp (Hänfling

(Copp & Sayer, 2010). Importantly, Tarkan et al. (2009, 2016) showed

et al., 2005; RAVON, 2019), including very recently the crucian's

that, despite being at the very western extent of its range, the local

Asian congener, gibel carp Carassius gibelio, which has been

habitat conditions (limited pond shading and terrestrialization) and cli-

confirmed by taxonomic experts as being present in at least one water

mate of south-east England are highly suitable for crucian

body in England (M. Wintle, personal communication). However,

carp reproduction and growth. In addition, Sayer et al. (2012)

the most comprehensive conservation initiative in support of

demonstrated how derelict, overgrown ponds, which are unfavourable

crucian populations is the NCP, which combines research initiatives

for crucian carp survival (Sayer et al., 2011), can easily be rehabilitated

on crucian biology and the species restocking/introductions with the

by periodic removal of sediment and riparian scrub.

pond rehabilitation and resurrection initiatives of the Norfolk Ponds

Although some local conservation initiatives were in existence for

Project (Sayer & Greaves, 2020). This work supports the Norfolk Bio-

crucian populations in the London area (i.e. Conservators of Epping

diversity Action Plan for Ponds (Norfolk Wildlife Trust, 2010) as well

Forest, 2002; Lambeth Borough Council, 2005), the Norfolk crucian

as the Norfolk crucian carp BAP. The NCP initiative of farmland pond

carp BAP was the first conservation plan for the species at a county-

rehabilitation and ghost pond resurrection are described in the AQC

government level. This crucian carp Norfolk BAP and the NCP (AQC

article by Sayer et al. (2012) and in Alderton, Sayer, Davies, Lambert,

article by Sayer et al., 2020) provided the impetus for the creation in

and Axmacher (2017), respectively. The benefits of coordinating the

2014 of the English National Crucian Conservation Project (NCCP)

rehabilitation of pond habitats and crucian populations is the focus of

(Angling Trust, 2019), which is primarily an angling-focused initiative

the AQC paper of Sayer et al. (2020), which details the NCP's progress

aiming to promote the conservation of the crucian carp, combined

over the last 10 years, including the outcome of crucian carp

with encouraging the development of well managed crucian carp

conservation efforts with particular regard to crucian growth and

fisheries.

recruitment following introductions or re-introductions. In terms of
crucian carp conservation, the NCP has undertaken the rehabilitation,
via extensive removal of woody vegetation and sediment, of 10 ponds,

3 | SECONDARY IMPACTS ON POND
H A B I T A T R E H A B I L I T A T I O N A N D C R U CI A N
C A RP C O N S E R V A TI O N

which previously harboured the species until they had become highly
terrestrialized between the 1950s and 1980s (Figure 2). All of these
ponds have recently been re-stocked with crucian carp, and eight
ponds having seen successful crucian survival, reproduction and

In light of the likely 15th century introduction of crucians (Jeffries

growth, with two ponds still retaining the species but with no evi-

et al., 2017), the NCCP and the NCP's (Sayer, 2017) ongoing research

dence of recruitment thus far (C.D. Sayer et al., unpublished data).

collaboration between Cefas, UCL and international partners

Overall, the NCP has stocked crucian carp into 18 suitable ponds and

F I G U R E 2 A Norfolk farmland pond in 2015: (a) just before pond rehabilitation by extensive scrub and sediment removal, and (b) three years
after rehabilitation in 2018 showing major recovery of aquatic macrophytes. Crucian carp were lost from this pond owing to terrestrialization in
the 1980s and 1990s and re-stocked by the Norfolk Crucian Project in 2016, with successful crucian carp recruitment confirmed in 2018
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thus achieved an increase of 37% in the number of crucian-supporting
ponds in Norfolk, thus helping to address the estimated 72% decline in
crucian carp distribution between the 1950s–1980s and the 2010s
(Sayer et al., 2011; Sayer et al., 2020).
In conclusion, the AQC papers covering the fields of crucian carp
biological traits, which began with investigations in the County of
Hertfordshire (AQC article Copp, Černý, et al., 2008), and farmland
pond rehabilitation in Norfolk by the NCP provided the evidence base
to complement the crucian carp conservation initiatives in the London
area (Conservators of Epping Forest, 2002; Copp, Warrington, &
Wesley, 2008), in Norfolk (Copp & Sayer, 2010; Sayer et al., 2011),
and then more widely in England (Angling Trust, 2019). These initiatives, perhaps the first throughout Europe, have witnessed the start
of a reversal of the species' fortunes. Indeed, in view of England's
favourable environment for crucian carp (Tarkan et al., 2016 in AQC),
it is effectively the ideal geographical region in which to promote the
conservation of this species within a wider, European perspective.
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J. Payne, M. S. Rylands, A. S. Tarkan, W. West, G. Wiseman, G. Zięba,
and the multitude of students who participated in the field sampling
of crucian carp as part of their fish ecology studies (1992–2000) at
the Bayfordbury Field Station, University of Hertfordshire. This article
is dedicated to the memory of the late Alwynne C. Wheeler, who was
the first to actively promote the conservation of crucian carp in
England.
ORCID
Gordon H. Copp
Carl D. Sayer

https://orcid.org/0000-0002-4112-3440
https://orcid.org/0000-0001-6075-4881

RE FE R ENC E S
Alderton, E., Sayer, C. D., Davies, R., Lambert, S. J., & Axmacher, J. C.
(2017). Buried alive: Aquatic plants survive in ‘ghost ponds’ under agricultural fields. Biological Conservation, 212, 105–110. https://doi.org/
10.1016/j.biocon.2017.06.004
Angling Trust. (2019). National Crucian Conservation Project. www.
anglingtrust.net/page.asp?section=1057

Conservators of Epping Forest. (2002). Epping Forest Annual Report of the
Superintendent for 2001/2002. Loughton, Essex: Corporation of
London.
Copp, G. H. (1991). Typology of aquatic habitats in the Great Ouse, a small
regulated lowland river. Regulated Rivers: Research and Management, 6,
125–134. https://doi.org/10.1002/rrr.3450060208
Copp, G. H., Černý, J., & Kováč, V. (2008). Growth and morphology of an
endangered native freshwater fish, crucian carp Carassius carassius, in
an English ornamental pond. Aquatic Conservation: Marine and Freshwater Ecosystems, 18, 32–43. https://doi.org/10.1002/aqc.820
Copp, G. H., & Sayer, C. D. (2010). Norfolk Biodiversity Action Plan – Local
species Action Plan for Crucian Carp. Norfolk Biodiversity Partnership
Reference:LS/3.
http://norfolkbiodiversity.org/assets/Uploads/
Crucian-Carp2.pdf (accessed 10 Sept. 2019)
Copp, G. H., Tarkan, A. S., Godard, M. J., Edmonds, N. J., & Wesley, K. J.
(2010). A preliminary assessment of feral goldfish impacts on ponds,
with particular reference to native crucian carp. Aquatic Invasions, 5,
413–422. https://doi.org/10.3391/ai.2010.5.4.11
Copp, G. H., Warrington, S., & Wesley, K. J. (2008). Management of an
ornamental pond as a conservation site for a threatened native fish
species, crucian carp Carassius carassius. Hydrobiologia, 597, 149–155.
https://doi.org/10.1007/978-90-481-9088-1_13
Copp, G. H., Wesley, K. J., & Vilizzi, L. (2005). Pathways of ornamental and
aquarium fish introductions into urban ponds of Epping Forest
(London, England): The human vector. Journal of Applied Ichthyology,
21, 263–274. https://doi.org/10.1111/j.1439-0426.2005.00673.x
Engler, O., & Schwevers, U. (2006). Fischökologischer Zustand stehender
Gewässer in Naturschutzgebieten-Fallbeispiele aus Hessen.
Artenschutzreport (Special Issue on Fish Protection), 19, 49–53.
Hänfling, B., Bolton, P., Harley, M., & Carvalho, G. R. (2005). A molecular
approach to detect hybridisation between crucian carp (Carassius carassius) and non indigenous carp species (Carassius spp. and Cyprinus carpio). Freshwater Biology, 50, 403–417. https://doi.org/10.1111/j.13652427.2004.01330.x
IUCN. (2019). www.iucnredlist.org/species/3849/10117321#conservationactions
Jeffries, D. L., Copp, G. H., Lawson-Handley, L. J., Sayer, C. D., &
Hänfling, B. (2017). Genetic evidence challenges the native status of a
threatened freshwater fish (Carassius carassius) in England. Ecology and
Evolution, 7, 2871–2882. https://doi.org/10.1002/ece3.2831
Lambeth Borough Council. (2005). Lambeth Biodiversity Action Plan
Crucian Carp. In The Lambeth Biodiversity Action. (Ed.), Plan (draft v2,
August 2005), Lambeth Parks & Greenspaces (pp. 138–143). London:
Borough of Lambeth. Available at https://moderngov.lambeth.gov.uk/
Data/Executive%20(replaced%20by%20the%20Cabinet%20on%
2024-05-06)/20051010/Agenda/Report%20-%20Item%203b%20-%
2010-10-2005.pdf
Maitland, P. S., & Lyle, A. A. (1991). Conservation of freshwater fish in the
British Isles: The current status and biology of threatened species.
Aquatic Conservation: Marine and Freshwater Ecosystems, 1, 25–54.
https://doi.org/10.1002/aqc.3270010104
Marlborough, D. (1966). The reported distribution of the crucian carp in
Britain, 1954 to 1962. The Naturalist, 1966, 1–3.
Marlborough, D. (1967). Some studies on common carp (Cyprinus carpio L.)
and crucian carp (Carassius carassius L.) in a small Middlesex pond. The
London Naturalist, 46, 76–81.
Norfolk Wildlife Trust. (2010). Norfolk Biodiversity Action Plan – Ponds.
Norwich: Norfolk Biodiversity Partnership. Available at www.
norfolkbiodiversity.org/assets/Uploads/Ponds-HAP2.pdf
Petrick, G. (1994/1995). Zur Fischfauna des Gülper Sees und der Unteren
Havelniederung. Naturschutz und Landschaftspflege in Brandenburg,
(Issue 4/1994, Issue 1/1995), 31–34.
RAVON. (2019). Kroeskarper Carassius carassius (www.ravon.nl/Soorten/
Soortinformatie/kroeskarper)

1757

COPP AND SAYER

Rolfe, P. (2010). Crock of gold: seeking the crucian carp (p. 288). Loughton,
Essex, UK: M Press (Media) Ltd. (ISBN: 978-0956093585)
Sayer, C. D. (2017). Norfolk Crucian Project – saving Norfolk's farmland
pond crucians. The Crucian Chronicle, 2017, 50–59. (available at: www.
anglingtrust.net/core/core_picker/download.asp?id=8440)
Sayer, C. D., Andrews, K., Shilland, E., Edmonds, N., Edmonds-Brown, R.,
Patmore, I., … Axmacher, J. (2012). The role of pond management
for biodiversity conservation in an agricultural landscape. Aquatic
Conservation: Marine and Freshwater Ecosystems, 22, 626–638.
https://doi.org/10.1002/aqc.2254
Sayer, C. D., Copp, G. H., Emson, D., Zięba, G., Godard, M. J., &
Wesley, K. J. (2011). Towards the conservation of crucian carp
Carassius carassius: Understanding the extent and causes of decline
within part of its native English range. Journal of Fish Biology, 79,
1608–1624. https://doi.org/10.1111/j.1095-8649.2011.03059.x
Sayer, C. D., Davidson, T. A., & Kelly, A. (2008). Ornamental lakes – an
overlooked conservation resource? Aquatic Conservation: Marine
and Freshwater Ecosystems, 18, 1046–1051. https://doi.org/10.1002/
aqc.929
Sayer, C. D., Emson, D., Patmore, I. R., Greaves, H., Wiseman, G., West, W. P.,
… Copp, G. H. (2020). Recovery of the crucian carp Carassius carassius
(L.): approach and early results of an English conservation project. Aquatic
Conservation: Marine and Freshwater Ecosystems, 1–14. https://doi.org/
10.1002/aqc.3422
Sayer, C. D., & Greaves, H. (2020). Making an impact on UK farmland pond
conservation. Aquatic Conservation: Marine and Freshwater Ecosystems,
30, 1821–1828. https://doi.org/10.1002/aqc.3375
Sayer, C. D., Shilland, E., Greaves, H., Dawson, B., Patmore, I., Emson, D., …
Wiik, E. (2013). Managing Britain's ponds – conservation lessons from
a Norfolk farm. British Wildlife, 25, 21–28.
Tarkan, A. S., & Copp, G. H. (2007). Understanding the threat of invasive
fish species to native biota: A comparative study of growth and
reproduction of native and non-native species of the genus Carassius.
Successful proposal submitted to the British Council Science Partnership
Programme. (PDF copy available upon request at: www.researchgate.
net/publication/338596616)

Tarkan, A. S., Copp, G. H., Zięba, G., Godard, M. J., & Cucherousset, J.
(2009). Growth and reproduction of threatened native crucian carp
Carassius carassius in small ponds of Epping Forest, south-east
England. Aquatic Conservation: Marine and Freshwater Ecosystems, 19,
797–805. https://doi.org/10.1002/aqc.1028
Tarkan, A. S., Gaygusuz, Ö., Godard, M. J., & Copp, G. H. (2011). Long-term
growth patterns in a pond-dwelling population of crucian carp,
Carassius carassius: Environmental and density-related factors.
Fisheries Management and Ecology, 18, 375–383. https://doi.org/
10.1111/j.1365-2400.2011.00791.x
Tarkan, S., Almeida, D., Godard, M. J., Gaygusus, Ö., Rylands, M.,
Sayer, C. D., … Copp, G. H. (2016). A review and meta-analysis of
growth and life-history traits of a declining European freshwater
fish, crucian carp Carassius carassius. Aquatic Conservation: Marine
and Freshwater Ecosystems, 26, 212–224. https://doi.org/10.1002/
aqc.2580
Wheeler, A. C. (1977). The origin and distribution of the freshwater fishes
of the British Isles. Journal of Biogeography, 4, 1–24. https://doi.org/
10.2307/3038124
Wheeler, A. C. (1998). Ponds and fishes in Epping Forest, Essex. The
London Naturalist, 77, 107–146.
Wheeler, A. C. (2000). Status of the crucian carp, Carassius carassius (L.) in
the UK. Fisheries Management and Ecology, 7, 315–322. https://doi.
org/10.1046/j.1365-2400.2000.007004315.x

How to cite this article: Copp GH, Sayer CD. Demonstrating
the practical impact of publications in Aquatic Conservation –
The case of crucian carp Carassius carassius in the East of
England. Aquatic Conserv: Mar Freshw Ecosyst. 2020;30:
1753–1757. https://doi.org/10.1002/aqc.3353

