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Aims  
 

The aims of the review are to evaluate the extent to which biomanipulation efforts 
have achieved the original restoration aims, which were to: - 
 

¶ Shift the fish community from one dominated by roach and bream to one that 
is more diverse; containing a high proportion of piscivores (pike and perch), 
and species such as tench and rudd. 

 

¶ Improve water clarity through increased zooplankton grazing pressure; and  
 

¶ Re-establish and maintain submerged macrophyte populations through 
increasing light climate and reducing potential pressure from benthivorous 
fish. 

 
Methods 
 

Data incorporated in this review has been compiled from a number of sources.  
Water quality and zooplankton data has been provided by the Environment Agency 
and some water quality summary data (1979-89) was extracted from Moss et al. 
(1996).  The large bodied grazing Cladocera encountered in the broads have been 
grouped together as they are distinct from the copepods and Bosmina longirostris in 
terms of maximum body size, filtering rates and feeding behaviour.  The species 
included in this grouping includes Daphnia spp., Ceriodaphnia spp., Diaphanosoma 
brachyurum and Sida crystallina.   
 
The Broads Authority has contracted ECON Ecological Consultancy to undertake 
annual fish surveys.  For the purposes of this report, fish species have been divided 
into three feeding guilds (albeit crudely, with no regard for the size of individuals).  
These groups are zooplanktivorous (roach, roach hybrids, rudd, 10-spined and 3-
spined sticklebacks), benthivorous (bream, tench, ruffe and gudgeon) and 
piscivorous (pike, perch and the potentially piscivorous eel).  Young bream and perch 
and ruffe and gudgeon can all consume zooplankton, but generally have a more 
mixed diet than the main zooplanktivorous species, roach (M. Perrow pers. comm.).  
The Broads Authority has also conducted macrophyte surveys annually in August, 
with the sampling method outlined in Kennison et al. (1998).   
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1.0 Cockshoot Broad 
 
Cockshoot Broad was isolated from the River Bure in 1982 due to high nutrient 
loading from sewage treatment works (STWs).  As part of the same restoration 
project about 70 cm depth of surface sediment was removed from 3/5ths of the 
broadôs area (Moss et al. 1986).  Total phosphorus (TP) and chlorophyll a 
concentrations fell rapidly and large numbers of Daphnia spp. were recorded (Moss 
et al. 1996).  From the mid 1980s fish stocks began to increase, with a concomitant 
decline in the Daphnia spp. population, and subsequently macrophyte growth 
disappeared from the main basin due to increased turbidity.  This prompted the near 
complete removal all of the fish community from the broad in early 1989.  A further 
removal exercise was also carried out in early 1990.  These initial total community 
removals were followed up with annual top-up removals of zooplanktivorous species 
such as roach and rudd, and also the potentially zooplanktivorous bream and perch.  
Spring spawning disruption operations have been carried out annually along 
favoured margins for egg laying, through setting nets that act as artificial spawning 
substrates.  Eggs laid on the nets are destroyed by removing the nets from the water 
and allowed to air dry.  An increase in removal effort from 2000, combined with poor 
roach recruitment in 2002 and 2003 successfully maintained a low roach abundance, 
whilst tench and rudd recruited successfully.  From 2004 onwards only roach were 
actively removed from the broad, with comparatively low numbers actually being 
caught.   The continued low roach abundance may be partially attributed to improved 
isolation of the broad from the river network, following extensive work to block off 
adjacent dykes (A. Kelly pers. comm.)  For details of the number and biomass of fish 
removed each year see Table 9.1. 
 
Results from the autumn point abundance sampling by electrofishing (PASE) 
surveys, undertaken from 1993 to 2005 in Cockshoot Broad, are presented.  The 
overall mean fish species data (open water and littoral results) were extracted from 
the following ECON fish survey reports for the production of the figures in this 
chapter; Tomlinson & Perrow (2005a) for the 1993-2003 PASE data; and 
unpublished ECON data files for 2004 ï 05 PASE data. 
 
1.1 Effects of biomanipulation on the fish community 
 
The abundance of roach from 1993 ï 1995 (grey bars, Figure 1.1) was very low in 
these first few years of the PASE survey (<0.1 ind. m-2) and suggests their population 
recovery was effectively controlled following the initial removals in 1989/90 and the 
subsequent annual top-up removals.  This species population regained significant 
abundance and biomass in 1996 and 1997.  Whether this increase was due to in-lake 
recruitment or immigration from the wider river system is unknown. Conversely, the 
bream population (black bars) appears to have been effectively controlled over the 
long-term, as both abundance and biomass (Figures 1.1 & 1.2) of this species have 
been reduced to negligible values since 1996.  A large recruitment of 0+ roach took 
place in 2000, but this event appears to have been controlled through the removal 
work, with much reduced abundance and biomass in the years following.  2003 was 
another good year for roach recruitment and also for perch, with significant peaks in 
abundance and biomass for both species.  However, the roach population in the two 
proceeding years was low.  The relatively large number of individual roach removed 
from the broad in 2002 and 2003 (3,634 and 10,243 respectively) would have 
contributed to this decline.  
 
The rudd population has varied during the sampling period, with strong 
representation in the period 2001-04.  Pike and tench data are somewhat more 
difficult to interpret, as sampling of these often larger body-sized species is less 
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frequent in the data (note the large pike biomass in 1995 and 2000, both caused by 
the capture of relatively large individual fish).  However, both species have been 
retained in the broad following the complete fish community removals in 1989 and 
1990, and their presence has been casually observed within the broad.  From the 
large variation in roach population abundance and biomass it is clear that this 
species potentially has the capacity to rapidly increase its population if the relevant 
ecological factors controlling abundance are not operative.  However, at Cockshoot, 
the broad has not always been completely isolated from the river, as during high tide 
events water from the river has bypassed the dam.  There are also several small 
dykes that connect to the surrounding wetland areas.  Those connecting with the 
main dyke were sealed off with plastic pilling in 2001 to prevent any potential 
immigration of fish from the broad.  The dam structure has also been improved to 
prevent water getting round the sides during high water.  These connections to the 
wider river system have not been proved to be the cause of fish immigration, but are 
highly probable, especially for the peak in roach abundance that occurred in 2000, 
prior to the improved isolation works. 
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Figure 1.1   Abundance of the dominant fish species in autumn surveys at 

Cockshoot Broad (open water & littoral, 1993-2005) 
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Figure 1.2   Biomass of the dominant fish species in Cockshoot Broad (open water 

& littoral, 1993-2005) 
 
1.2 Water clarity and zooplankton grazing pressure 
 
Summer water clarity in Cockshoot Broad, as determined by mean chlorophyll a 
concentration is highly correlated with summer mean TP concentration (r = 0.924, N 
= 27, p = <0.001).  However, neither summer nor annual mean Secchi disc data were 
correlated with any of the other water quality variables measured, e.g. total 
phosphorus, chlorophyll a, total oxidised nitrate, etc.  Measuring water clarity in 
shallow lakes is often complicated by the fact that during clear water conditions the 
lake bed can be seen, giving no maximum depth for traditional Secchi disc readings.  
In these situations the maximum water depth can only be recorded whilst using this 
method.  This makes data analysis very difficult, as results from clear water periods 
are not directly comparable with more turbid periods, hence use of the chlorophyll a 
concentration in this report as a proxy for turbidity.  
 
In shallow lakes, the lower the chlorophyll a /TP ratio, the lower the proportion of 
chlorophyll a to TP, indicative of the presence of factors other than P availability in 
limiting algal productivity, such as grazing by zooplankton.  For example the years 
1993 ï 96 in Figure 1.3 were the years with the lowest chlorophyll a /TP ratios from 
Cockshoot Broad.  This figure also shows the rapid decrease in TP from 2002, to the 
most recent period (2004-2006), which is characterised by annual mean TP of <50 
µgl-1.  It could be argued that years previous to 2004, the broad was below itôs 
potential in terms of recovery, and only the more recent dominance of macrophytes 
has driven TP below the 50 µgl-1 concentration.  See the following section for a 
description of the macrophyte growth trends in Cockshoot Broad. 
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Figure 1.3 Trajectory of annual mean TP and chlorophyll a in.  Blue = pre fish 
removal, red = post fish removal 

 
In Cockshoot Broad, the summer mean zooplankton data (Figure 1.4a) shows that 
there have been distinct ñhighò and ñlowò Daphnia spp. biomass years.  When plotted 
in this way, the ñhighò Daphnia summers (1990-96) appear to have a slightly lower 
chlorophyll a /TP ratio, although no significant negative relationship was found.  
Within the Cockshoot dataset there are no direct relationships between zooplankton 
biomass values and the zooplanktivorous fish abundance or biomass. However, 
roach abundance is positively related to the chlorophyll a /TP ratio values for the 
same year (r = 0.677, N = 11, p = <0.05) (Figure 1.4b).  For example, the year with 
highest roach abundance, 2000, had the greatest chlorophyll a /TP value, indicating 
that roach were controlling zooplankton grazing rates, thus the greater chlorophyll a 
/TP value. 
 

 
 
Figure 1.4   Trajectory of the relationship between chlorophyll a /TP ratio and a) 

summer mean large grazing Cladocera biomass and b) roach 
abundance 

 




