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Abstract  Food web manipulation, or biomanipulation, is a frequently applied lake 
management tool, aiming to restore water quality and vegetation characteristics 
through interventions in the fish communities. Despite the strong management 
appeal of biomanipulations, this tool found so far little application in wetlands. This 
chapter highlights pros and cons of biomanipulations in wetlands, and suggests that 
an extension of the current biomanipulation paradigm beyond fish management, to 
consider interventions in other components of wetland communities, can be useful 
for rehabilitating degraded wetlands such as Las Tablas de Daimiel.

9.1 � Introduction

Las Tablas de Daimiel is one of many examples of large-scale ecosystem degradation 
as a result of excessive waste water discharge from nearby urban areas, combined 
with other anthropogenic stressors (e.g., disruption of the natural hydrological 
regime, introduction of exotic species, increased agricultural use in its catchment 
(e.g. Chapter 1, Alvarez-Cobelas et  al. 2001). These impacts have profoundly 
altered the ecosystem structure and function, and Las Tablas de Daimiel shows 
symptoms of degradation that differ little from those observed in temperate 
shallow lakes affected by anthropogenic eutrophication. Elevated concentrations 
of nutrients, increased turbidity, shifts in the primary producer community from 
submerged macrophyte dominance to phytoplankton dominance, decreased biomass 
of large-bodied zooplankton, increased biomass of planktivorous and/or benthivorous 
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fish and losses of piscivores characterize degraded lakes (Jeppesen 1998; Jeppesen 
et  al. 1998) and wetlands (Whillans 1996; Chow-Fraser et  al. 1998; Alvarez-
Cobelas et  al. 2001). In addition to these symptoms, eutrophied wetlands may 
show changes in the structure of emergent vegetation, an important biotic compart-
ment in many riparian wetlands (Mitsch and Gosselink 2000; Alvarez-Cobelas 
et al. 2008).

The similarity of these symptoms suggests that both ecosystem types could 
benefit from similar rehabilitation strategies. In the practice, however, wetland 
eutrophication abatement schemes have been curiously different when compared to 
those of shallow lakes. Most notably, management of shallow lakes has made use 
of, and contributed itself a great deal to, a large body of scientific evidence that 
interventions in food webs hold potential to rehabilitate degraded sites (Falk et al. 
2006). In addition to interventions in catchments (e.g., control of point and diffuse 
sources of pollution) and in situ (macrophyte implantation, sediment dredging, 
nutrient precipitation, water column aeration), lake management has typically 
focused on top-down manipulations of fish communities as a rehabilitation tool 
(Jeppesen and Sammalkorpi 2002; Cooke et al. 2005). The enhancement of pisci-
vores or reduction of zooplanktivores and/or benthivores can induce shifts in 
plankton and benthos community dynamics and lead to improved water quality. 
Biomanipulation has served as a field test of classic food web models, mainly in 
north-temperate lakes, and a significant amount of studies has accumulated in the 
literature that document successes and failures of biomanipulations (Søndergaard 
et al. 2007; Gulati et al. 2008).

Despite the strong conceptual appeal of biomanipulation for improving the envi-
ronmental quality of aquatic ecosystems, wetland restoration has frequently ignored 
or violated ecological theory (Zedler 2000). Based on increased evidence that biotic 
interactions shape wetland communities and ecosystem processes, some studies 
suggested that biomanipulations may also be useful for wetland rehabilitation 
(e.g., Angeler et  al. 2003a; Schrage and Downing 2004; Ruggiero et  al. 2005; 
Evelsizer and Turner 2006). Following examples in lakes, studies in wetland bioma-
nipulations have focused chiefly on the top-down manipulation of fish communities 
(Angeler et al. 2003a; Potthoff et al. 2008).

This chapter will expand on a previous review (Angeler et al. 2003a), and incor-
porate more recent results to demonstrate potentials and limitations of interventions 
in the fish communities as a wetland rehabilitation tool. In its original form, bioma-
nipulation was proposed to target different communities and habitats (Shapiro et al. 
1975), and the present chapter will also show that biomanipulations targeting 
communities other than fish can be especially suitable for rehabilitating Las Tablas 
de Daimiel and perhaps other wetlands. Examples will discuss the potentials and 
limitations of manipulations of vegetation structure and the populations of an inva-
sive crayfish. A conceptual model will show that the current biomanipulation 
paradigm could be broadened by extending ecological theory beyond the application 
of trophic cascades and alternative stable states to consider sedimentation as a 
threat to wetland disappearance in the long term.
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9.2 � Biomanipulation: Theory and Rationale

Despite substantial reduction of external nutrient loading, many aquatic ecosystems 
remain in a degraded state caused by large amounts of phosphorus that have accumu-
lated in sediments (e.g. Havens et al. 2001). Lake sediments can therefore act as nutrient 
sources to the water column and provide a means to sustain high algal productivity even 
if allochthonous nutrient loading is effectively controlled. Under such conditions, eco-
system structure is altered in ways that create a self-sustaining feedback loop which 
works to maintain hysteresis, and the activities of planktivorous and benthivorous fish 
play an important role in maintaining these internal stabilising mechanisms (Box 9.1).

Making use of the concept of trophic cascades in lake food webs (Carpenter and 
Kitchell 1993), and alternative stable state theory (Scheffer et al. 1993), biomanipu-
lation has, at least in some cases, proved useful to disrupt the equilibrium condition, 
favouring the shift of shallow lakes from the degraded, turbid state to the clear-
water state. Both concepts are useful for understanding the ecology of wetlands 
(summarised in Angeler et al. 2007), and several studies suggest that similar state 
shifts can be induced through fish manipulations (see Section 9.3).

Box 9.1  Trophic cascades and alternative stable states in shallow aquatic 
ecosystems

In degraded shallow lakes and wetlands, phytoplankton is the dominant pri-
mary producer, while zooplanktivores and/or benthivores dominate the fish 
community. Zooplanktivorous fish contribute to eutrophication, chiefly via 
food-web mediated effects. The biomass of efficiently grazing zooplankton 
(the main ones being large-bodied cladocerans) is effectively controlled by 
zooplanktivores, thereby relieving phytoplankton from top-down control. The 
resulting high phytoplankton standing crop contributes to high turbidity, 
which in turn constrains submerged macrophytes. On the other hand, benthi-
vorous fish favours phytoplankton growth by transferring sediment-bound 
nutrients to the water column during bottom foraging. The foraging activity of 
benthivores also contributes to sediment re-suspension which causes high 
non-algal turbidity. Furthermore, benthic feeding inflicts mechanical damage 
to submerged macrophytes.

Community structure in shallow lakes differs at lower nutrient concentra-
tions, i.e. in the desirable clear water state. Submerged macrophytes are the 
dominant primary producers, as a result of an improved light climate. Plants 
consolidate sediments and provide predation refugia for large cladocerans, 
thus contributing to more control of phytoplankton via zooplankton grazing. 
Submerged plants also control phytoplankton via competition for light and 
nutrients and/or by allelopathic activity. In the clear-water state, fish commu-
nities tend toward higher piscivore to planktivore ratios, ultimately relieving 
large daphnids from predation by zooplanktivorous fish.
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Ecosystem internal management by means of biomanipulation may be particularly 
useful in wetlands to reduce eutrophication effects through features that are inherent to 
wetlands. By definition, wetlands are shallow ecosystems (<2 m). This suggests that the 
effects of planktivorous and benthivorous fish increase with decreasing water depth in 
shallow aquatic ecosystems (Jeppesen et al. 1999; Chow-Fraser 1999; Angeler et al. 
2002). Such effects are manifest in: (1) high zooplankton production per unit volume, 
as a result of high primary production; hence, strong top-down control of fish on zoo-
plankton is possible, (2) the limitation of zooplankton refugia in shallow, turbid sys-
tems, especially when macrophytes are absent, (3) fish ingestion of sediment with high 
nutritive value due to low settling times in the water column; thus, populations of obli-
gate and facultative benthivores are sustained, even when invertebrates are scarce, and 
(4) the more pronounced effects of sediment re-suspension by benthic-dwelling fish in 
shallower systems, because turbidity may affect the entire water column.

Wetlands can also show considerable variability in flood frequencies and 
hydroperiods, features that distinguish them well from physically less disturbed 
shallow lakes (Mitsch and Gosselink 2000). Fish reduction schemes should there-
fore have potentially positive effects in many deteriorated wetlands when their 
inundated area is at minimum levels. Catch per unit effort should increase with 
decreasing water column depth and when fish are hydrologically confined. Thus, 
it has been suggested that biomanipulation, when appropriately timed as a function 
of hydrological disturbance regimes of wetlands, may be a low cost–high benefit 
tool for wetland eutrophication abatement (Angeler et al. 2003a). However, land-
scape settings, vegetation characteristics and other inherent features of many 
wetlands may complicate intervention.

9.3 � Biomanipulation in Wetlands: Applying a Lake 
Restoration Tool

Biomanipulation attempts in Las Tablas de Daimiel are limited to an enclosure study 
which was carried out during a summer draw down in 1999 (Angeler et al. 2002). This 
study assessed impacts of three exotic fishes that dominate the degraded wetland’s fish 
community (Chapter 8). Because of the seasonally-pronounced changes of inundated 
area as a result of the climatic conditions, fish concentrate during severe summer 
droughts, thereby reaching very high biomass levels. Simulating the biomasses of the 
fish under such hydrological confinements, Angeler et al. (2002) tested for the impacts 
of common carp (Cyprinus carpio L.), pumpkinseed sunfish (Lepomis gibbosus L.) 
and mosquito-fish (Gambusia holbrooki Girard) on water quality and zooplankton.

With the addition of carp or pumpkinseed sunfish, chlorophyll a, total phos-
phorus, total nitrogen and turbidity increased. The magnitude of this increase 
depended on the fish species and was most pronounced in the carp treatment. 
Mosquitofish did not significantly affect water quality as compared to a fishless 
control (Table 9.1). Zooplankton biomass was significantly lower in the carp treat-
ment. However, no direct negative effects (predation) of carp were observed. 
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Zooplankton biomass did not differ from the control, either with sunfish or 
mosquitofish treatments. Nevertheless, both fish species affected zooplankton 
community composition, contributing to a community of ineffective grazing rotifers 
and copepods. The cladoceran Ceriodaphnia reticulata Jurine developed only in the 
fishless control, and was able to exert some top-down influence on phytoplankton.

Although beneficial effects of fish exclusion on water quality and plankton 
communities were evident in this study, consistent with predictions made by the 
trophic cascade theory, it is currently difficult to evaluate to what extent bioma-
nipulations at larger spatial scales will reflect the findings of the enclosure study 
in Las Tablas de Daimiel. Although the ecological relevance of enclosure studies is 
limited, other wetland biomanipulation studies in larger fish exclosures and ecosystem 
scale interventions also successfully tested the application of the trophic cascade 
theory. These results are encouraging because studies across different spatial 
extents and climatic areas have shown that top-down manipulations of the wetland 
fish communities hold potential to improve the environmental quality of the studied 
systems (Table 9.1). This suggests that biomanipluation beyond the scale of enclo-
sures could be useful in Las Tablas de Daimiel.

Despite the potential of biomanipulation as a wetland rehabilitation tool, several 
patterns emerge from the studies summarised in Table 9.1, that highlight potential 
limitations which may affect restorative interventions in a context-dependant way. 
Such limitations must be considered if biomanipulation is applied at the ecosystem 
scale of Las Tablas de Daimiel.

Angeler et al. (2002) and Potthoff et al. (2008) have discussed the importance of 
fish life history traits in biomanipulations. Potthoff and colleagues found that addi-
tions of young-of-the-year (YOY) walleye (Sander vitreus Mitchell) was most 
effective in controlling planktivorous fathead minnows (Pimephales promelas 
Cope) in wetland lakes of the Prairie Pothole Region of North America, resulting 
in much lower densities of minnows, higher densities of cladocerans and some 
macroinvertebrates and decreased phytoplankton standing crop relative to sites that 
were not stocked with piscivores. Few changes in plankton and benthos communi-
ties were found when larger size classes of predatory walleye were added. These 
differences were attributed to the rapid diet shift of YOY walleye and their ability 
to consume and suppress all life stages of minnows. Consistent with observations 
made in lakes (Perrow et al. 1997; Hansson et al. 1998), a further limitation of this 
study was that stocking of piscivores was not efficient in the long term, suggesting 
that repeated stocking schemes are required for controlling the deleterious effects 
of minnows.

Angeler et  al. (2002) suggested that biomanipulation schemes focusing on 
mosquito-fish may differ from those of other fish. So far, planktivorous and benthi-
vorous fish removal in temperate lakes has considered species that produce off-spring 
once a year (e.g., roach (Rutilus rutilus L.), bream (Abramis brama L.), bleak 
(Alburnus alburnus L.) and perch (Perca fluviatilis L.)). Mosquitofish is a highly 
reproductive species which can have more than three generations per year (Vargas 
and de Sostoa 1996). Hence, the life history traits of mosquitofish may be of impor-
tance in the consideration of large scale fish manipulation designs, if long-lasting 
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effects are desired. Recommendations based on observations from lakes include a 
reduction of planktivorous fish by at least 75%, if long term effects are to be attained 
(Perrow et al. 1997; Hansson et al. 1998). In regard particularly to Las Tablas de 
Daimiel, this number may be well suitable for common carp and pumpkinseed 
sunfish, but effective biomanipulation in mosquitofish dominated systems can only 
be attained by a 100% reduction (a seemingly impossible task), otherwise, the 
pre-manipulation abundance will soon return. However, extermination plans of 
mosquitofish could even encounter social rejection because these fish are considered 
to act as a biological control against nuisance mosquitoes.

The re-establishment of submerged vegetation is a desired secondary effect of 
biomanipulations in shallow aquatic ecosystems. However, several factors, including 
water colour and wind activity, have been shown to constrain the restoration of 
submerged macrophytes to extents prior to degradation (Angeler et al. 2003a). The 
enclosure study in Las Tablas de Daimiel (Angeler et al. 2002) showed that turbid-
ity caused by high water colour remained very high whether or not fish biomass 
was manipulated. M. Alvarez-Cobelas (2009 unpublished data) found that high 
humic levels arise from the decomposition of the common reed (Phragmites australis 
Trin. ex Steud.), an emergent plant that has widely replaced sawgrass (Cladium 
mariscus (L.) Pohl), which generates less humic compounds, as a result of hydro-
logical alterations and eutrophication of the wetland (Alvarez-Cobelas et al. 2008). 
Thus, while Shapiro (1990) suggested that light limitation resulting from high 
humic levels may enhance biomanipulation potential, because ‘low light’ refugia 
reduce fish predation on large-bodied zooplankton, the “facilitation effect” of water 
colour may work in deep lakes rather than in shallow aquatic ecosystems. Also the 
effects of wind-induced sediment re-suspension have been frequently considered to 
be a limiting factor for successful biomanipulations in shallow lakes and wetlands 
(e.g., Lammens 1988; Lougheed and Chow-Fraser 1998). These examples suggest 
that additional remedial actions, preferentially in sediments and vegetation, would 
be required to restore submerged aquatic vegetation, as has been previously suggested 
(Wilcox and Whillans 1999; Angeler et al. 2003a).

It is important to highlight that the usefulness of fish manipulations as a test of 
trophic cascade theory and alternative stable state concepts depends on landscape 
contexts (Angeler et al. 2003a; Reed 2006). The hydrogeomorphic settings and 
connectivity of wetlands, their flood frequencies and durations, land use character-
istics in their catchments and climatic conditions, ultimately regulate wetland 
communities and ecosystem processes (Mitsch and Gosselink 2000). Thus, interac-
tions among different biotic and abiotic parameters in wetlands add complexity to 
our understanding of ecosystem ecology, beyond levels known for shallow lakes. 
Global warming may further increase this complexity and complicate predictions 
on ecosystem responses to fish manipulations. Jeppesen et al. (2007) recently high-
lighted climate-related aspects that may limit biomanipulations. Interacting abiotic 
and biotic characteristics will certainly need thorough consideration in future 
wetland biomanipulation studies in Las Tablas de Daimiel and other wetlands. 
The following section will highlight potentials and limitations of an extended 
biomanipulation paradigm.
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9.4 � Biomanipulation in Wetlands: Extending the Paradigm

Fish occupy a key position in lake food webs, and it may not be surprising that the 
biomanipulation paradigm is mainly based on the notion that interventions in fish 
community structure have cascading effects towards lower trophic levels, ultimately 
improving water quality. The complexity of wetland food webs and the strong influ-
ence of abiotic factors require a focus on different communities and habitats, as 
initially proposed by Shapiro et al. (1975). In fact, recent studies suggest that the 
introduction of bivalves (e.g., Dreissena polymorpha Pallas) could be used to 
control cyanobacterial blooms (Gulati et al. 2008); however, the introduction of these 
species could cause more ecological damage than benefits; therefore, a thorough 
assessment of impacts is needed. The following examples highlight that targeting 
multiple communities could extend the usefulness of biomanipulations beyond 
water quality improvements to control key abiotic wetland processes.

A striking difference between many shallow lakes and riparian wetlands, such as 
Las Tablas de Daimiel, is the low ratio of open water area to space covered by emer-
gent vegetation in marshes. With the exception of, for example, Lake Neusiedlersee 
(Austria/Hungary), emergent vegetation in shallow lakes is frequently limited to a 
littoral fringe. By contrast, vast areas of Las Tablas de Daimiel are covered by large 
extents of emergent plants (Chapter 7), where they play important roles in many 
biological (primary production, decomposition, nesting ground for birds, refuge for 
fish and other wildlife), and abiotic processes (sedimentation patterns (Sánchez-
Carrillo et al. 2000, 2001), wetland hydrology (Sanchez-Carrillo et al. 2004)). Thus, 
emergent vegetation clearly represents a key biotic component in this wetland.

Before large-scale degradation took place during the second half of last century, 
the emergent macrophyte community of Las Tablas de Daimiel was dominated by 
the evergreen Cladium mariscus. Nowadays, Cladium has largely been replaced 
by annual Phragmites australis, which better tolerates the hypertrophic conditions 
and irregular flooding patterns in the wetland (Alvarez-Cobelas and Cirujano 2007; 
Alvarez-Cobelas et  al. 2008; Chapter 7). Sánchez-Carrillo et  al. (2000) demon-
strated that internal primary production, mainly through emergent vegetation, 
accounts for the considerable variability in sedimentation patterns of Las Tablas 
de Daimiel. The rates determined were substantial (max. 2.88 ± 1.2 cm year−1), 
suggesting that, if current sedimentation patterns are maintained, the wetland will 
silt up and convert to a terrestrial ecosystem by the end of this century (Sánchez-
Carrillo et al. 2000).

This provides a strong argument in favour of intervention in the vegetation com-
munity structure, which could help to decrease the present sedimentation rates and 
extend the lifespan of Las Tablas de Daimiel. Specifically designed plant harvesting 
schemes should focus chiefly on controlling Phragmites, which contributes with a 
high detritus biomass after plant senescence. These plant biomanipulation designs 
must be balanced, to continue providing “vegetation services” to the wildlife of Las 
Tablas de Daimiel, and to counteract the negative impacts which arise as a result of 
large amounts of biomass generation.
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Biomanipulations of components of the benthic food web of lakes and wetlands 
have often focused on common carp. Las Tablas de Daimiel has become infested 
with the invasive American red swamp crayfish (Procambarus clarkii Girard) 
which had a profound effect on benthic ecology. A large body of scientific evidence 
has accumulated about the negative impacts of P. clarkii in invaded ecosystem 
(Geiger et  al. 2005; Rodríguez et  al. 2005). These negative impacts include the 
eradication of submerged aquatic vegetation and the alteration of sediment and 
water quality which have been also experimentally demonstrated in Las Tablas de 
Daimiel (Angeler et al. 2001, 2003b). The broad tolerance to a wide range of ecologi-
cal conditions, the ability to survive droughts by burrowing into the sediment, and 
its capacity to profoundly alter abiotic and biotic wetland characteristics, confer 
this species the status of an ecosystem engineer (Jones et al. 1994).

Biomanipulation of crayfish populations could hold potential to lessen the 
ecological damage caused to the wetland. However, it is currently hard to evaluate 
which management strategy can be most efficient in controlling crayfish populations 
in Las Tablas de Daimiel. Control of crayfish biomass emphasizes that extending the 
biomanipulation paradigm undoubtedly increases the spectrum of potential limita-
tions. Several examples highlight these limitations.

While some studies suggest that piscivorous fish readily feed on P. clarkii 
(Elvira et al. 1996), it is unlikely that management based on piscivore introductions 
is fruitful in the long term. The environmental harshness in the wetland (frequent 
hypoxia, poor conditions for reproduction) may inflict high mortality to piscivorous 
fish, requiring costly and periodic restocking. Furthermore, the ability to seek 
refuge in sediment burrows could provide a means for P. clarkii to, at least tempo-
rarily, escape piscivore predation, thereby reducing efficiency of fish stocking. 
More importantly, the history of Las Tablas de Daimiel, and the Iberian Peninsula 
in general, shows a lack of large fish predators, suggesting that negative impacts 
of piscivore introductions on other components of the wetland food web could 
outweigh beneficial effects.

The efficiency of periodic and selective harvesting of crayfish as a management 
tool is also difficult to evaluate from a cost-benefit perspective. Crayfish commerce 
is an important socioeconomic factor in many areas (Avault 1992), and, therefore, 
it may be feasible to assess whether commercialization of crayfish can compensate 
the costs resulting from periodic harvesting. A best-case scenario would be profitable 
crayfish commerce, raising crayfish harvests to levels able to lessen the ecological 
damage of this species.

Hydroperiod is an important abiotic constraint of Procambarus clarkii popula-
tions (Gutiérrez-Yurrita and Montes 1999), suggesting that reducing hydroperiods 
could have management potential. Water levels can be artificially regulated 
through the terminal dam at Las Tablas de Daimiel (Chapter 1), helping to inflict 
drought-induced mortality to crayfish and fish. However, artificial management of 
hydroperiods as a tool to manage P. clarkii populations must be balanced in ways 
that avoid negative impacts on other biotic components of the wetland and its 
whole ecological integrity.
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Procambarus clarkii has a wide tolerance to a range of environmental conditions, 
and this should be highlighted, as it may currently impede its eradication from the 
wetland. However, future advances in pest species science and management could 
provide insight to effective control/extirpation of this species from the wetland, 
through the development of highly taxon-specific biocontrol agents.

9.5 � Biomanipulation: A Model for Las Tablas de Daimiel

As has been noted by Angeler et al. (2003a), the complex nature of abiotic and biotic 
parameters complicates the predictability of ecosystem responses to biomanipula-
tions in wetland ecosystems. Therefore, the usefulness of biomanipulation as a 
wetland rehabilitation tool is complicated by this uncertainty. It is apparent, however, 
that biomanipulation has been a useful tool to improve wetland quality in certain 
circumstances (overview in Table 9.1), particularly when focusing on benthivorous 
carp (Lougheed and Chow-Fraser 1998) or YOY walleye (Potthoff et  al. 2008). 
Likewise, targeting emergent vegetation biomass seems promising to counteract 
excessive sedimentation rates and to avoid the conversion of Las Tablas de Daimiel 
into a terrestrial ecosystem during this century.

Further exploration on the usefulness of biomanipulations as a wetland rehabili-
tation tool seems warranted. It may be that the integral restoration of Las Tablas de 
Daimiel is impossible, due to the inability of restoring the natural disturbance regime 
and wetland geomorphology to conditions existing before large-scale degradation. 
New constraints arising from climate change will further complicate restoration at 
local and catchment scale. Under such limitations, the conceptual model presented 
in Fig. 9.1 could serve managers as a useful guide for improving the environmental 
quality of Las Tablas de Daimiel.

The model will focus on primary and secondary effects, extensively studied in 
lakes as a result of fish manipulations. Primary effects are associated to cascading 
effects in lake food webs that may lead to improved water quality. In the context of 
Las Tablas de Daimiel, fish manipulations should focus primarily on benthivorous 
carp which has been shown to have the most deleterious effects on water quality 
(Angeler et  al. 2002). It will be necessary to evaluate whether the 75% biomass 
reduction threshold suggested for lakes will be also suitable to achieve the desired 
long-term improvements in this wetland (Perrow et al. 1997; Hansson et al. 1998). 
Effective management of crayfish populations will, presumably, also result in 
improved water quality, in terms of reduced sediment re-suspension and nutrient 
recycling from sediments to the water column, and relief submerged vegetation from 
herbivorous pressure (Angeler et  al. 2001). Artificial and prolonged reduction of 
hydroperiods could increase the effectiveness of fish and crayfish reduction schemes.

According to the alternative state theory, secondary effects are based on the 
notion that fish manipulations disrupt equilibrium conditions in shallow lakes, ulti-
mately allowing re-colonisation of submerged macrophytes. It is reasonable to 
assume that submerged macrophyte re-colonization will be facilitated at Las Tablas 
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de Daimiel by manipulating benthic species (carp, crayfish), favored by the storage 
effects (re-growth from seed banks). However, several other factors may limit the 
establishment and persistence of submerged plants. Jeppesen (1998) suggested that 
significant changes in the biological community structure cannot be expected to 
occur until phosphorus concentrations in lakes are reduced to levels below 0.1–0.15 
mg L−1. If these thresholds are also applicable to wetlands, then, theoretically, 
stability in submerged macrophyte reestablishment is not to be expected in the 
hypereutrophic Las Tablas de Daimiel (Angeler et al. 2002). Furthermore, the high 
water colour, arising chiefly from emergent plant decomposition, may constrain 
macrophyte re-colonisation by deteriorating the aquatic light field, even if phyto-
plankton biomass and turbidity are significantly reduced. A further point to consider 
is the wetland hydrology. Based on the high seasonal variability of hydroperiods, 
large-scale submerged macrophyte re-colonization and persistence may be constrained 
and restricted to species adapted to disturbance (e.g., charophytes, Wade 1990).

The model in Fig.  9.1 will include a novel category representing ecosystem 
processes that are especially relevant in riparian wetlands. Effects that may arise 
from manipulation of other wetland communities (e.g., emergent vegetation) are 
considered tertiary. On one hand, tertiary effects negatively feedback factors that 
maintain degraded conditions (poor water quality, low submerged macrophyte bio-
mass), and may therefore reinforce effects of manipulations on fish communities. 
For example, by retrieving high biomass of Phragmites, the decomposition of plant 
litter may generate fewer amounts of humic substances, leading to clearer waters, 
which could favour submerged plant re-colonisation. Retrieval of emergent plant 
litter also reduces the autochthonous nutrient load to the system, and may counter-
act eutrophication phenomena related to nutrient recycling from the sediments to 

Fig. 9.1  Conceptual model showing potential effects of biomanipulations in the abiotic and biotic 
environment of Las Tablas de Daimiel (for details see text)
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the water column. Conversely, decreasing the area of emergent vegetation cover 
increases fetch and may favour wind-induced sediment re-suspension. Tertiary 
effects also contemplate processes that are uncoupled from changes in communities 
and water quality. Geomorphological and other biogeochemical processes affected 
by sedimentation fall within this category.

9.6 � Conclusions and Perspectives

There exists increasing evidence that the application of theories related to trophic 
cascading interaction and alternative stable states holds potential to rehabilitate 
degraded wetlands. Even more than in most shallow lakes, riparian wetland are char-
acterised by a high food web complexity in which many communities play a key role 
(emergent vegetation, crayfish). This suggests that interventions in other wetland 
communities, in addition to those of fish, could improve ecological conditions beyond 
water quality in wetlands, thereby broadening the biomanipulation paradigm.

Biological processes in wetlands are tightly coupled with, and mediated by, abiotic 
factors such as the hydrological disturbance regime. Although the complexity of 
interacting abiotic and biotic parameters complicates predictions on ecosystem 
responses to biomanipulations, ultimately limiting its potential usefulness for wet-
land rehabilitation, interactions between biotic and abiotic influences need thorough 
consideration in future wetland studies. Future research in Las Tablas de Daimiel 
could address this need for information, to the benefit of wetland science and future 
rehabilitation strategies.

References

Alvarez-Cobelas M, Cirujano S (2007) Multilevel responses of emergent vegetation to environ-
mental factors in a semiarid floodplain. Aquat Bot 87:49–60

Alvarez-Cobelas M, Cirujano S, Sánchez-Carrillo S (2001) Hydrological and botanical man-made 
changes in the Spanish wetland of Las Tablas de Daimiel. Biol Conserv 97:89–98

Alvarez-Cobelas M, Sánchez-Carrillo S, Cirujano S, Angeler DG (2008) Long-term changes in 
spatial patterns of emergent vegetation in a Mediterranean floodplain: natural versus anthro-
pogenic constraints. Plant Ecol 194:257–271

Angeler DG, Sánchez-Carrillo S, García G, Alvarez-Cobelas M (2001) The influence of 
Procambarus clarkii (Cambaridae, Decapoda) on water quality and sediment characteristics in 
a semiarid floodplain wetland. Hydrobiologia 464:89–98

Angeler DG, Alvarez M, Sánchez S, Rodrigo MA (2002) Assessment of exotic fish impacts on 
water quality and zooplankton in a degraded semi-arid floodplain wetland. Aquat Sci 
64:76–86

Angeler DG, Chow-Fraser P, Hanson MA, Sánchez-Carrillo S, Zimmer KD (2003a) Biomanipulation: 
a useful tool for freshwater wetland mitigation? Freshw Biol 48:2203–2213

Angeler DG, Sánchez-Carrillo S, Alvarez-Cobelas M, Cirujano S, Medina L (2003b) Exotic cray-
fish activity and its effects on water quality: preliminary implications for the alternative stable 
equilibria in Mediterranean wetlands. J Mediterr Ecol 4:13–21



2279  Biomanipulation: A Useful Tool for Wetland Rehabilitation

Angeler DG, Boulton AJ, Jenkins KM, Sánchez B, Alvarez M, Sánchez S (2007) Alternative 
states and temporary wetlands: research opportunities for understanding effects of anthropo-
genic stress and natural disturbance. In: Clarkson PA (ed) Environmental research advances. 
Nova, New York, pp 5–17

Avault JW (1992) A review of world crustacean aquaculture II. Aquacult Mag 18:83–92
Carpenter SR, Kitchell JF (1993) The Trophic Cascade in lakes. Cambridge University Press, 

Cambridge
Chow-Fraser P (1999) Seasonal, interannual, and spatial variability in the concentrations of total 

suspended solids in a degraded coastal wetland of Lake Ontario. J Great Lakes Research 
25:799–813

Chow-Fraser P, Lougheed V, Le Thiec V, Crosbie B, Simser L, Lord J (1998) Long-term response 
of the biotic community to fluctuating water levels and changes in water quality in Cootes 
Paradise Marsh, a degraded coastal wetland of Lake Ontario. Wetlands Ecol Manage 
6:19–42

Cooke GD, Welch EB, Peterson SA, Nichols SA (2005) Restoration and management of lakes and 
reservoirs, 3rd edn. Taylor & Francis, Boca Raton

Elvira B, Nicola GG, Almodovar A (1996) Pike and red swamp crayfish: a new case on predator-
prey relationship between aliens in central Spain. J Fish Biol 48:437–446

Evelsizer VD, Turner AM (2006) Species-specific responses of aquatic macrophytes to fish exclu-
sion in a prairie marsh: a manipulative experiment. Wetlands 26:430–437

Falk DA, Palmer MA, Zedler JB (2006) Foundations of restoration ecology. Island Press, 
Washington, DC

Geiger W, Alcorló P, Baltanás A, Montes C (2005) Impact of an introduced crustacean on the 
trophic webs of Mediterranean wetlands. Biol Invasions 7:49–73

Gulati RD, Pires LMD, Van Donk E (2008) Lake restoration studies: failures, bottlenecks and 
prospects of new ecotechnological measures. Limnologica 38:233–247

Gutiérrez-Yurrita PJ, Montes C (1999) Bioenergetics and phenology of reproduction of the intro-
duced red swamp crayfish, Procambarus clarkii, in Doñana National Park, Spain, and implica-
tions for species management. Freshw Biol 42:561–574

Hansson L-A, Annadotter H, Bergman E, Hamrin SF, Jeppesen E, Kairesalo T, Luokkanen E, Nilsson 
P-A, Søndergaard M, Strand J (1998) Biomanipulation as an application of food chain theory: 
constraints, synthesis, and recommendations for temperate lakes. Ecosystems 1:558–574

Havens KE, Fukushima T, Xie P, Iwakuma T, James RT, Takamura N, Hanazato T, Yamamoto T 
(2001) Nutrient dynamics and the eutrophication of shallow lakes Kasumigaura (Japan), 
Donghu (PR China), and Okeechobee (USA). Environ Pollut 111:263–272

Jeppesen E (1998) The ecology of shallow lakes: trophic interactions in the Pelagial. NERI 
Technical Report No. 247. Denmark: Ministry of Environment and Energy, Silkeborg

Jeppesen E, Sammalkorpi I (2002) Lakes. In Perrow M, Davy T (eds) Handbook of ecological restora-
tion, volumne 2: restoration in practice. Cambridge University Press, Cambridge pp 297–324

Jeppesen E, Søndergaard Ma, Søndergaard Mo, Christoffersen K (eds) (1998) The structuring role 
of submerged macrophytes in lakes. Ecological studies, vol 131. Springer Verlag, New York

Jeppesen E, Søndergaard M, Kronvang B, Jensen JP, Svedsen LM, Lauridsen TL (1999) Lake and 
catchment management in Denmark. Hydrobiologia 395/396:419–432

Jeppesen E, Meerhoff M, Jacobsen BA, Hansen RS, Søndergaard M, Jensen JP, Lauridsen TL, 
Mazzeo N, Branco CWC (2007) Restoration of shallow lakes by nutrient control and bioma-
nipulation – the successful strategy varies with lake size and climate. Hydrobiologia 
581:269–285

Jones CG, Lawton JH, Shachak M (1994) Organisms as ecosystem engineers. Oikos 
69:373–386

Lammens EHRR (1988) Trophic interactions in the hypertrophic lake Tjeukemeer: top-down and 
bottom up effects in relation to hydrology, predation and bioturbation during the period 
1974–1985. Limnologica 19:81–85

Lougheed VL, Chow-Fraser P (1998) Factors that regulated the zooplankton community structure 
of a turbid, hypertrophic Great Lakes wetland. Can J Fish Aquat Sci 55:150–161



228 D.G. Angeler

Mitsch WJ, Gosselink JG (2000) Wetlands, 3rd edn. Wiley, New York
Perrow MR, Meijer M-L, Dawidowicz P, Coops H (1997) Biomanipulation in shallow lakes: state 

of the art. Hydrobiologia 342/343:355–365
Potthoff AJ, Herwig BR, Hanson MA, Zimmer KD, Butler MG, Reed JR, Parsons BG, Ward MC 

(2008) Cascading food-web effects of piscivore introductions in shallow lakes. J Appl Ecol 
45:1170–1179

Reed JR (2006) Effects of Landscape-Scale Factors on Wetland Biomanipulations. Minnesota 
Department of Natural Resources Investigational Report 533

Rodríguez CF, Bécares E, Fernández-Aláez M, Fernández-Aláez C (2005) Loss of diversity and 
degradation of wetlands as a results of introducing exotic crayfish. Biol Invasions 7:75–85

Ruggiero A, Solimini AG, Carchini G (2005) The alternative stable state concept and the manage-
ment of Apennine mountain ponds. Aquat Conserv Mar Freshw Ecosyst 15:625–634

Sanchez-Carrillo S, Angeler DG, Sánchez-Andres R, Alvarez-Cobelas M, Garatuza J (2004) 
Evapotranspiration in semi-arid wetlands: relationships between inundation and the macro-
phyte cover:open water ratio. Adv Water Res 27:643–655

Sánchez-Carrillo S, Alvarez-Cobelas M, Angeler DG, Vizcaíno-Muñoz C (2000) Tasas de accre-
ción y características de los sedimentos actuales del Parque Nacional Las Tablas de Daimiel 
(Ciudad Real). Estudios Geológicos 56:239–250

Sánchez-Carrillo S, Alvarez-Cobelas M, Angeler DG (2001) Sedimentation in the semiarid fresh-
water wetland Las Tablas de Daimiel (Central Spain). Wetlands 21:112–124

Scheffer M, Hosper SH, Meijer M-L, Moss B, Jeppesen E (1993) Alternative equilibria in shallow 
lakes. Trends Ecol Evol 8:275–279

Schrage LJ, Downing JA (2004) Pathways of increased water clarity after fish removal from 
Ventura mars, a shallow, eutrophic wetland. Hydrobiologia 511:215–231

Shapiro JV (1990) Biomanipulation: the next phase – making it stable. Hydrobiologia 
200/201:13–27

Shapiro JV, Lamarra V, Lynch M (1975) Biomanipulation: an ecosystem approach to lake restora-
tion. In: Brezonik PL, Fox JL (eds) Proceedings of a symposium on water quality management 
through biological control. University of Florida, Gainesville, pp 85–96

Søndergaard M, Jeppesen E, Lauridsen TL, Skov C, Van Nes E, Roijackers R, Lammens E, 
Portielje R (2007) Lake restoration: successes, failures and long-term effects. J Appl Ecol 
44:1095–1105

Tátrai I, Mátyás K, Korponai J, Szabó G, Pomogyi P, Héri J (2005) Response of nutrients, plank-
ton communities and macrophytes to fish manipulations in a small eutrophic wetland lake. Int 
Rev Hydrobiol 90:511–522

Vargas MJ, de Sostoa A (1996) Life history of Gambusia holbrooki (Pisces, Poecillidae) in the 
Ebro delta (NE Iberian Peninsula). Hydrobiologia 341:215–224

Wade PM (1990) The colonisation of disturbed freshwater habitats by Characeae. Folia Geobot 
Phytotax, Praha 25:275–278

Whillans TH (1996) Historic and comparative perspectives on rehabilitation of marshes as habitat 
for fish in the lower Great Lakes basin. Can J Fish Aquat Sci 53(suppl 1):58–66

Wilcox DA, Whillans TH (1999) Techniques for the restoration of disturbed coastal wetlands of 
the Great Lakes. Wetlands 19:835–857

Zedler JB (2000) Progress in wetland restoration ecology. Trends Ecol Evol 15:402–407
Zimmer KD, Hanson MA, Butler MG (2001) Effects of fathead minnow colonization and removal 

on a prairie wetland ecosystem. Ecosystems 4:346–357


	Chapter 9: Biomanipulation: A Useful Tool for Wetland Rehabilitation
	9.1 Introduction
	9.2 Biomanipulation: Theory and Rationale
	9.3 Biomanipulation in Wetlands: Applying a Lake Restoration Tool
	9.4 Biomanipulation in Wetlands: Extending the Paradigm
	9.5 Biomanipulation: A Model for Las Tablas de Daimiel
	9.6 Conclusions and Perspectives
	References


