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    Chapter 16   
 Invertebrates in Managed Waterfowl Marshes                     

       Joshua     D.     Stafford     ,     Adam     K.     Janke    ,     Elisabeth     B.     Webb    , and     Steven     R.     Chipps   

            Introduction 

  Wetlands   provide critical habitats for breeding, migrating, and wintering water-
fowl. Accordingly, management agencies and conservation organizations have 
long-sought to improve habitats for waterfowl during key life phases through 
active management of wetland ecosystems. The tools used for wetland manage-
ment are diverse, though most focus on the manipulation of hydrology and (or) 
vegetation (e.g., disking, mowing), sowing of annual plants to provide high-
energy foods, or controlling vertebrate populations, such as fi sh or exotic mam-
mals, that can have negative effects on management goals. Managed waterfowl 
marshes are unique environments, because unlike other systems explored in this 
volume, active wetland management for waterfowl, and hence a “waterfowl 
marsh” may be found in most wetland ecosystems and are ubiquitous in the 
northern hemisphere. Accordingly, we have adapted a  broad   defi nition of man-
aged waterfowl marshes and review literature on a diversity of ecosystems rang-
ing from large coastal wetlands to isolated systems, such as playa lakes or 
prairie potholes. In this context, we defi ne managed wetlands as those that 
receive direct manipulations intended to alter the naturally occurring hydrology, 
vegetation, or biotic communities of the wetland (hereafter active management) 
with the goal of providing habitat for waterfowl during at least one phase of 
their annual life cycle. 

 There is considerable variability in the objectives, intensity, and approaches 
to managing wetlands as waterfowl habitat. Such management may not explic-
itly focus on promotion of invertebrate populations and may occur on highly 
variable time intervals ranging from days to decades. Combinations of many 
wetland management techniques are often used in an integrated strategy, and 
impacts of such practices are often anecdotal, particularly as they relate to 
aquatic invertebrate populations. For example, the  widespread practice   of water-
level manipulation for wintering waterfowl in the southern United States is 
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intended to promote access to plant-based food for waterfowl, but only recently 
have researchers begun to understand how invertebrates respond to those manip-
ulations and their importance for wintering waterfowl (Anderson and Smith 
 2000 ; Foth et al.  2014 ; Tapp and Webb  2015 ). Wetland management for water-
fowl often conveys multiple benefi ts to fi sh, wildlife, and plant communities 
(Baldassarre  2014 ) and likely refl ects practices and principles detailed in previ-
ous chapters. In this chapter, we review wetland management practices used to 
promote waterfowl habitat and their impacts on aquatic invertebrates in those 
systems. 

    Waterfowl Classifi cation and Foraging  Ecology   

 Understanding the impetus behind wetland management for waterfowl fi rst 
requires a general understanding of the diversity of life-history strategies and 
functional morphology among waterfowl. For the purposes of this review, we 
focused our discussion of waterfowl to those within the family Anatidae. 
Anatidae is a diverse family comprising 5 subfamilies (Dendrocygninae, 
Anserinae, Stictonettinae, Tadorninae, Anatinae) and 171 extant species occu-
pying all continents except Antarctica (Baldassarre and Bolen  2006 ). Detailed 
phylogenies of the group have been described elsewhere (e.g., Livezay  1997 ); 
the relevant discussion of these phylogenies for our review is to identify taxa 
that are likely to benefi t from invertebrates in management wetlands. The fi rst 
criterion for inclusion in our discussion is that the species consume inverte-
brates to successfully complete some part of their life- cycle. Herbivory, or more 
generally a plant-based diet (i.e., plant seeds and vegetation), is ubiquitous 
among  Anatidae  . The subfamily Anserinae (geese and swans) is comprised of 
herbivores, which exclusively forage on plant material, even during periods of 
high protein demand during ontogeny. Plant-dependent species also occur 
throughout other subfamilies within Anatidae (e.g., whistling ducks within 
Dendrogygninae) and many species rely on plant-dominated diets throughout 
most of their life cycle. The second criterion for inclusion in our discussion is 
that the species or taxa must consume invertebrates in habitats that are subject 
to management during a phase of their life cycle. Species that fall within the 
Mergini tribe of the Anatinae subfamily (sea ducks) for example consume con-
siderable amounts of invertebrates in their diets but forage primarily in pelagic 
systems that are not subject to management. With these two criteria, our discus-
sion focuses primarily on duck species in two subfamilies:  Tadorinae   (shell-
ducks and torrent ducks) and Anatinae (pochards, stiff-tailed ducks, and 
surface-feeding ducks). Further, our discussion will be primarily constrained to 
species and examples within this group that occupy ranges in western Europe 
and North America, where most active management for invertebrates and 
research occurs and is relatively well documented. 
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 Among the species meeting the above criteria, there remains considerable vari-
ability in their reliance on invertebrates. The extent of aquatic invertebrate use 
among waterfowl species is driven by two main factors: interspecifi c adaptations 
for foraging and interseasonal variation in nutrient demands. There are two general 
foraging strategies used by ducks in aquatic systems: diving and surfacing feeding 
or dabbling (Fig.  16.1 ). Diving is characteristic of sea ducks, stiff-tailed ducks, and 
pochards and facilitates foraging within the water column and along the benthos. 
Long-tailed ducks ( Clangula hyemalis ) are the deepest-documented diving ducks, 
having achieved diving depths in excess of 50 m (Schorger  1947 ), although most 
diving ducks likely restrict foraging to depths of 0.5 to 3 m (Baldassarre  2014 ). 
Dabbling ducks are constrained to foraging by skimming the surface,    submerging 
their head and neck, or tipping up to submerse their head and upper body to reach 
foods at deeper depths - up to approximately 40 cm (Pöysä  1983 ). Location of for-
aging within the water column can have considerable infl uence on invertebrate use 
and availability among waterfowl species using varying foraging strategies. For 
example, midge-larvae that emerge along the water surface are consumed exten-
sively by surface-feeding ducks, whereas benthic invertebrates such as amphipods 
are consumed extensively by diving ducks such as lesser scaup ( Aythya affi nis ; 
Afton and Hier  1991 ).

   Interspecifi c morphological variation among ducks has a well-documented 
infl uence on the structuring of waterfowl communities in wetlands through 
infl uences on foraging effi ciency or functional foraging depths (Siegfried  1976 ; 
Pöysä  1983 ; Nudds and Bowlby  1984 ; Torrence and Butler  2006 ). Bill shape 
and structure, neck length, and body length are the primary morphological fac-
tors infl uencing this differentiation. The role of body and neck length and bill 
structure in determining foraging depths is particularly pronounced among 

  Fig. 16.1    Diving ( a ) and surface feeding by tipping up ( b ) or skimming ( c ) are the primary foraging 
habits used by waterfowl that consume invertebrates in wetlands       

 

16 Invertebrates in Managed Waterfowl Marshes



568

surface-feeding ducks, which are all characterized by elongated necks and 
bodies and fl at bills lined with variable densities of lamellae to facilitate fi lter-
ing food. Neck and body lengths infl uence functional feeding depths of surface-
feeding ducks and facilitate depth-dependent segregation of conspecifi c forag-
ing guilds in wetlands (Pöysä  1983 ; Pöysä et al.  1994 ; Isola et al.  2000 ). 
Lamellar densities among surface-feeding ducks facilitate considerable vari-
ability in invertebrate consumption; species such as  mallards ( Anas platyrhyn-
chos )   with relatively coarse lamellae densities (8 lamellae/cm) consume larger 
macroinvertebrates (Batzer et al.  1993 ), whereas  northern shoveler ( Anas 
clypeata )   can capture and consume microinvertebrates such as rotifers because 
of their high-density lamellae (21 lamellae/cm) (Euliss et al.  1991 ). Less vari-
ability in lamellar density has been documented  among   diving ducks (6.7–8.3 
lamellae/cm; Lagerquist and Ankney  1989 ) though interspecifi c variation in 
lamellar densities has been reported to contribute to structuring of conspecifi c 
foraging guilds of both surface-feeding and diving ducks in wetlands (Nudds 
and Bowlby  1984 ; Lagerquist and Ankney  1989 ). 

 Because they migrate and reproduce in highly seasonal environments, water-
fowl face many energetic demands throughout their annual life cycle. 
Accordingly, diet can vary considerably throughout the year, depending on 
motivations for foraging related to major life-cycle events (e.g., ontogenesis, 
migration, clutch formation, feather molt) and composition and availability of 
prey in foraging habitats. The annual progression of the life cycle of waterfowl 
starting in spring is: breeding (territory establishment, clutch formation, incuba-
tion, and brood rearing); remigial feather molt in late summer; fall migration; 
overwintering; and fi nally spring migration to the breeding grounds (Fig.  16.2 ). 
Most species in our discussion are seasonally monogamous, forming pair bonds 
on the wintering grounds and maintaining them through spring migration and 
breeding. Pairs subsequently dissolve after clutches are completed and females 
are responsible for brood rearing independent of their mates. This life-history 
trait is important in considering the relative importance of invertebrates in wet-
lands throughout the annual cycle of males and females, which have highly vari-
able nutrient demands within a year. In general, protein demands increase 
throughout spring into the breeding season; with peak invertebrate consumption 
on the breeding grounds and followed by a transition to plant- based (seeds and 
vegetative material) diets late in the breeding season and throughout the non-
breeding periods (Fig.  16.2 ).

   Migration among birds and presumably ducks is fueled almost exclusively by 
lipids because of its high-energy density and  suitability   for extramuscular storage 
(Jenni and Jenni-Eiermann  1998 ). Invertebrates are generally sought as protein 
sources rather than lipid or carbohydrate energy sources, which are often derived 
from plant-based foods. Therefore invertebrates are not consumed as much during 
migration as during the breeding season, except in cases of species with more 
carnivorous diets (e.g., lesser scaup, Anteau and Afton  2008b ; Anteau et al.  2014 ), 
or those seeking to build or maintain protein reserves during migration for use 
in clutch formation. The tendency to transition from plant-based diets to ani-
mal-based diets late in winter and throughout spring migration in anticipation of 
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nutrient demands for reproduction has been documented in many species (e.g., 
Euliss and Harris  1987 ), with some dabbling ducks selectively foraging on inver-
tebrates disproportionate to their availability in wetlands during spring migration 
(Tidwell et al.  2013 ). 

 Waterfowl lay relatively large, nutrient-rich eggs and therefore incur substan-
tial protein and lipid costs during clutch formation, which are often satisfi ed by 
invertebrate consumption on the breeding grounds or reserve accumulation prior 
to arrival on the breeding grounds (Ankney et al.  1991 ; Alisauskas and Ankney 
 1992 ). Duck diet studies ranging from generally herbivorous species, such as 
gadwalls ( Anas strepera ; Ankney and Alisauskas  1991 ) or canvasbacks ( Aythya 
valisineria ; Bartonek and Hickey  1969 ), to carnivorous species, such as lesser 
scaup (Afton and Hier  1991 ) or northern shovelers (Ankney and Afton  1988 ), 
have consistently illustrated the ubiquity of invertebrate consumption during the 
breeding season. Protein, and therefore invertebrate demands, remain throughout 
the breeding season associated with ontogenic growth of precocial young, which 
depart the nest and begin feeding on invertebrates ( aquatic   and emerging adults) 
within 24 h of hatching (Sedinger  1992 ). Distribution and abundance of aquatic 
invertebrates during brood rearing periods can infl uence habitat use, behavior 
and growth rates of broods and individual ducklings and, thus, are often the focus 

  Fig. 16.2    Generalized life-cycle and diet requirements of omnivorous waterfowl. The relative size 
of the circle outside the life cycle illustrates the relative reliance on plant-based foods or inverte-
brates in waterfowl diets during each phase in their life cycle. Although many exceptions and 
deviations on this pattern exist, the general pattern for increasing reliance on invertebrates during 
the breeding season and plants-based foods during the non-breeding season holds across many 
omnivorous waterfowl species       
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of wetland management strategies in breeding habitats (Hunter et al.  1984 ; Cox 
et al.  1998 ). 

 Protein demands also increase after breeding when adult (>second year) 
males and females undergo synchronous replacement of fl ight feathers during 
the remigial molt. This synchronous molting strategy of waterfowl renders them 
fl ightless for periods of 2–7 weeks (Hohman et al.  1992 ) during which selection 
for wetlands with abundant invertebrate food sources has been documented for 
some species (Kohler and Kohler  1998 ). After completion of the remigial molt, 
waterfowl initiate fall migration and most species rely on plant-based diets that 
are often subsidized by grains in agricultural fi elds. Use of invertebrates during 
this period appears to be restricted to species with carnivorous diets (e.g., lesser 
scaup; Afton et al.  1991 ) or those constrained to large water bodies (Ross et al. 
 2005 ). Plant-based diets tend to persist throughout the wintering period in many 
species until the aforementioned shift from plant-based diets to invertebrates 
occurs in anticipation of spring migration or breeding. Despite the prevalence of 
plant material in waterfowl diets during fall and winter, invertebrate consump-
tion during the period is ubiquitous (e.g., Baldassarre et al.  1983 ; Euliss and 
Harris  1987 ; Ballard et al.  2004 ) and is likely necessary to  deriv  e essential 
amino acids for metabolism or for maintenance and synthesis of somatic tissues 
(Loesch and Kaminski  1989 ; Heitmeyer and Fredrickson  1990 ; Richardson and 
Kaminski  1992 ).  

    Goals of Waterfowl Management in  Wetlands   

 The three principle motivations for wetland management for waterfowl are (1) 
provision of space for non-foraging activities (i.e., courtship and pair formation, 
or roosting) (2) facilitating waterfowl-based recreation (i.e., observing or hunting) 
and (3) provision of food for foraging waterfowl. These three motivations are 
rarely mutually exclusive and the focus of this chapter is on the fi nal motivation 
(food) so we only briefl y mention the fi rst two (space for waterfowl and (or) rec-
reation) to provide context for some wetland-management programs targeting 
waterfowl that may not emphasize food resources as a desired management out-
come. Management focused on provision of space for waterfowl seeks to provide 
either roosting habitats, refuges from hunting pressure during fall and winter, or 
nesting cover. As alluded to earlier, many waterfowl shift from wetland food 
resources to terrestrial food resources, generally in the form of waste agricultural 
seeds, throughout the non-breeding period. However, these species still seek out 
and use wetlands for roosting and supplemental foraging habitats, which can 
become limiting in some landscapes (Fox et al.  1994 ; Anteau et al.  2011b ). 
Accordingly, some wetland management strategies aim to provide suitable roost-
ing cover for waterfowl without any explicit concern for food within those habi-
tats. Another common objective for wetland management during the non-breeding 
season is to provide refuge from anthropogenic disturbances (primarily hunting) 
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for migrating or wintering waterfowl (Madsen  1995 ; Knapton et al.  2000 ). In 
general, most ducks included in our discussion nest in upland habitats around 
wetlands and use wetlands only for foraging or roosting. However, some species 
nest over water in wetland  vegetation   and therefore have specifi c nesting habitat 
requirements that can be the focus of wetland management practices (e.g., red-
heads,  Aythya americana ; Low  1945 ). 

 Many waterfowl-based wetland management strategies aim to increase 
abundance of food resources for waterfowl during at least one period of their 
annual life cycle. Wetland management for invertebrates and waterfowl is the 
focus of this chapter, so we will only briefly mention the context of that man-
agement, and provide more detail on methods and results later. In general, 
   wetland management practices for waterfowl foods overwhelmingly focus on 
the manipulation of vegetation or hydrologic regimes to promote early succes-
sional plant communities capable of producing large quantities of carbohy-
drate-rich seeds for waterfowl during the non-breeding period. Primary 
waterfowl breeding habitats in northern temperate and arctic latitudes, where 
invertebrates are most important in the diet, are rarely subject to management 
control, whereas wetland complexes used during non- breeding periods at mid- 
and southern latitudes, where waterfowl consume mostly plant-based diets, 
are often subject to substantial annual management control. Despite the over-
all focus on plant-based foods in many waterfowl management practices, 
invertebrate community responses to plant-focused manipulations are increas-
ingly recognized at southern latitudes (e.g., Gray et al.  1999 ; Davis and 
Bidwell  2008 ; Foth et al.  2014 ; Tapp and Webb  2015 ) and some management 
and conservation efforts are ongoing at northern latitudes with the intention to 
increase invertebrate abundance in wetlands used by migrating or breeding 
waterfowl (e.g., Hornung and Foote  2006 ; Anteau and Afton  2008a ; Anteau 
et al.  2011a ). 

 An additional motivation for wetland management relevant to waterfowl aims 
to attract waterfowl or infl uence their distribution to satisfy wetland and waterfowl- 
based recreationists, such as observers, photographers, or hunters. Such manage-
ment engages a broad constituency, can foster strong sociopolitical and fi nancial 
support for wetland conservation (e.g., Enck et al.  1993 ; Adams et al.  1997 ; 
Vrtiska et al.  2013 ), and may provide positive local economic impacts that 
strengthen support for wetland conservation (Gren et al.  1994 ; Grado et al.  2001 ). 
Nongovernmental organizations with recreation-based constituencies, such as 
Ducks Unlimited, Inc. in North America, have made substantial contributions to 
wetland conservation and in raising  public   awareness and support for wetland 
conservation issues beyond those relevant exclusively to recreational endeavors 
(Tori et al.  2002 ). Widespread public interest in waterfowl conservation, driven 
strongly by waterfowl hunters in the case of North America (Organ et al.  2010 ), 
along with the international migratory behavior of waterfowl across the world has 
led to the development of many international conservation strategies with net ben-
efi ts for wetlands and aquatic invertebrates therein. For example, since its incep-
tion in 1986,  the North American Waterfowl Management Plan (NAWMP)   and 
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associated funding support mechanisms in the United States, Canada, and Mexico 
have expended over $4 billion (USD) on conservation of over 63,000 km 2  of wet-
land habitats throughout North America (NAWMP  2012 ). A  comparable   interna-
tional agreement and conservation strategy exists in Eurasia (African-Eurasian 
Waterbird Agreement) to identify conservation priorities for Eurasian waterfowl 
and other wetland-dependent birds.  

    Where Wetlands Important to Waterfowl Occur 

 Wetlands of importance to waterfowl occur in many regions of the Northern 
Hemisphere, and in North America in particular. Their geographic location may 
partly relate to their importance in providing invertebrate forage. In the United 
States, wetlands most subject to active waterfowl management tend to occur in the 
 mid- and southern latitudes  . Key regions include California’s Central Valley, wet-
lands of the Great Basin region in Oregon, Nevada, and Utah, the Playa Lakes 
region of Texas, the Mississippi Alluvial Valley, the Upper Mississippi River and its 
associated pools and wetlands, and Nebraska’s Rainwater Basin. Within most of 
these areas large wetland complexes (e.g., Bear River Migratory Bird Refuge in 
Utah) are managed primarily for waterfowl and other migratory birds and, there-
fore, are well suited to the provision of plant and animal foods. Other regions, such 
as the Mississippi Alluvial Valley, comprise predominantly small, privately owned 
wetlands (e.g., rice fi elds) that provide habitat for migrating and wintering water-
fowl. Breeding habitats at more northern latitudes in the United States and Canada, 
including the Prairie Pothole Region, the Boreal Forest, and Arctic region of Canada 
and Alaska, are keystone habitats for waterfowl, but because of their geographic 
isolation and extreme climatic variability, receive little direct active management 
for waterfowl. 

 Hagy et al. ( 2014 ) reviewed wetland conservation issues of relevance to 
waterfowl  in Latin America  . They concluded that most priorities involved 
inventorying existing wetland areas and bird populations; management of wet-
lands at meaningful scales in this region (for invertebrates or otherwise) was not 
a common priority. Numerous important wetland systems exist for waterfowl 
outside of North America, but many are not subject to management consider-
ation. Much of coastal United Kingdom and continental Europe and Africa con-
tain thousands of areas deemed critical wetland habitats for migratory waterfowl, 
most of which are accounted for and may be investigated using the Critical 
Site Network Tool and associated publications (  http://wow.wetlands.org/
INFORMATIONFLYWAY/CRITICALSITENETWORKTOOL/tabid/1349/lan-
guage/en-US/Default.aspx    ). Notable regions include the Camargue Region of 
France, the Ebro Delta of Spain, and the rice-growing regions of Australia and 
Japan. Wetland areas in Argentina are often subject to waterfowl hunting, but 
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the extent of wetland management on these sites is poorly documented (Ferreyra 
et al.  2014 ). Many of these regions are associated with rice or other agriculture 
subject to fl ooding, although managed marshes exist in some regions, especially 
the Camargue, that provide important foraging habitats for migratory waterfowl 
(Arzel et al.  2009 ). 

 Unfortunately, little has been written on management of wetlands outside of 
North America for invertebrate production for waterfowl. Most studies of inver-
tebrates and waterfowl in these other regions describe associations between 
duck use and invertebrate abundances (e.g., Phillips  1991 ), foraging ecology 
(e.g., Giles  1990 ), or diet (e.g., Mouronval et al.  2007 ). Similarly, critical net-
works of wetlands for waterfowl exist throughout Asia, Australia and New 
Zealand, Africa, and the Indian Subcontinent, but the extent of management for 
invertebrates in these regions is largely undocumented. Detailing the interna-
tional scope of wetlands managed for waterfowl would be untenable for this 
chapter; therefore, we focus on general  ecological principles   of wetland man-
agement that should broadly apply to invertebrate communities and waterfowl, 
acknowledging that the majority of examples and insights are of North American 
studies.   

    Wetland Management Strategies 

  Wetland management   for waterfowl takes many forms that can generally be 
classifi ed into three strategies; hydrologic manipulations, direct-vegetation 
 manipulations  , and biotic manipulations (of vertebrates). Use of these strategies 
is rarely exclusive and they are often implemented simultaneously in systems 
ranging from geographically isolated wetlands such as Playa Lakes or prairie 
wetlands to coastal or riverine wetlands. Similarly, a wide gradient of manage-
ment intensity exists with two extremes spanning from systems that may receive 
management on decades-long return intervals to those that receive active manip-
ulations or management on intraannual (seasonal) or perhaps even daily time-
scales. For example, as we discuss in detail below, efforts to eradicate fi sh 
populations in prairie wetlands over a few years can have long-lasting positive 
impacts that favor improved waterfowl habitat for many years after active man-
agement has occurred. In contrast many wetland management strategies for 
waterfowl use seasonal or even monthly/weekly management of vegetation or 
water levels based on fi ne-tuned understanding of seasonal habitat needs of 
waterfowl. Our discussion focuses primarily on active management strategies 
applied on annual time scales, but we also discuss longer-term management 
strategies, specifi cally related to biotic manipulation of vertebrates or invasive 
species in managed wetlands.  
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     Hydrologic Manipulations   

 Hydrologic manipulations in wetlands are typically achieved using levees contain-
ing water control structures with the capacity to introduce or remove water from the 
wetland (Fredrickson and Taylor  1982 ; Gray et al.  1999 ). Examples of water control 
structures include screw and fl ap gates and fl ash-board (also referred to as drop- 
board) risers (Gray et al.  2013 ). Water can be introduced to manage wetlands 
through gravity-fl ow water source from a higher elevation or through use of gas or 
electric pumps capable of moving water across elevation gradients and into man-
aged wetlands (Gray et al.  2013 ). 

 Water-level manipulations in wetlands are often done for a variety of manage-
ment objectives related to providing favorable water depths for foraging water birds, 
eliciting a vegetative response, or promoting dry soil conditions that allow for addi-
tional management activities such as direct-vegetation or soil manipulations 
(Fredrickson and Taylor  1982 ; Isola et al.  2000 ; Taft et al.  2002 ; Greer et al.  2007 ). 
Within seasonal wetlands managed for early successional  moist-soil plant commu-
nities  , water levels are typically reduced during spring, to provide suitable condi-
tions for germination and growth of annual grasses, sedges, rushes, and forbs. These 
plants are fast growing, reach sexual maturity quickly (i.e., <3 months), and produce 
large quantities of seeds with relatively high nutritional quality for dabbling ducks 
(Haukos and Smith  1993 ; Gray et al.  1999 ). To reduce monocultures of perennially 
emergent plants, including cattail ( Typha  spp.) and phragmites ( Phragmites austra-
lis ), which are also poor producers of seeds for waterfowl, managers of prairie wet-
lands often periodically draw down water levels in late spring every 4–6 years 
(Merendino et al.  1990 ; Gray et al.  2013 ). This water-level manipulation disrupts 
the life-history needs of these two wetland species, allowing other plants to 
recolonize. 

 Within managed wetlands, the duration and timing of inundation, or hydro-
period, as well as depth of fl ooding, can infl uence macroinvertebrate abundance, 
species richness, community composition, and production (Batzer and Resh 
 1992 ). However the relationship between hydroperiod and invertebrate commu-
nity response is not consistent among wetlands types and has resulted in contra-
dictory results (Neckles et al.  1990 ; Schneider and Frost  1996 ; Hall et al.  2004 ; 
Batzer  2013 ). For example, temporary and seasonal wetlands in California with 
longer hydroperiods had greater invertebrate diversity and abundance for some 
taxa (Batzer and Resh  1992 ), whereas hydroperiod explained minimal variation 
in invertebrate metrics within seasonal woodland wetlands in northern Minnesota 
and Wisconsin (Palik et al.  2001 ; Batzer et al.  2004 ; Hanson et al.  2010 ). 
Alternatively, emergent invertebrate taxonomic richness, biomass, and produc-
tion peaked in riparian wetlands along the Platte River with intermediate hydro-
periods, compared to sites with longer or shorter hydroperiods (Whiles and 
Goldowitz  2001 ). The contradictory results of  numerous   studies examining the 
relationship between  wetland   hydrology and invertebrate communities led 
Batzer ( 2013 ) to conclude that while hydrology, and specifi cally hydroperiod, 
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was clearly important in structuring invertebrate communities within seasonally 
fl ooded wetlands, generalization about the direction and strength of this rela-
tionship was likely confounded by the sensitivity of invertebrates to other envi-
ronmental factors (e.g., water and air temperature, water depth and chemistry, 
predators, etc.). 

 Hydroperiod can indirectly infl uence wetland invertebrate diversity and produc-
tion by supporting populations of vertebrate predators, which are often implicated 
as a primary factor structuring wetland invertebrate communities (Schneider and 
Frost  1996 ; Corti et al.  1997 ; Wissinger  1999 ). Depending on the water source, 
inundating wetlands and maintaining water levels for longer time periods allows for 
the colonization and survival of fi sh, which prey on invertebrates (Batzer and Resh 
 1992 ). Wetlands with shorter hydroperiods or those that are drawn down more fre-
quently typically support lower vertebrate predator densities, especially fi sh (Batzer 
and Wissinger  1996 ). In a study that simultaneously evaluated effects of hydrope-
riod and predation on Mississippi River fl oodplain invertebrate communities, total 
invertebrate taxa richness, abundance, and biomass were lower in sites with more 
predators and the strength of this relationship increased with  duration   of fl oodplain 
inundation (Corti et al.  1997 ). Schneider and Frost ( 1996 ) reported greater abun-
dance and diversity of predators in vernal ponds with longer hydroperiods and sub-
sequent increased effects of biotic interactions, particularly predation, on invertebrate 
populations. 

 The timing of spring water-level drawdowns in managed wetlands infl uences the 
macrophyte community composition, with earlier drawdowns often resulting in ger-
mination  of   moist-soil plant species capable of producing large biomasses of seeds 
(Fredrickson and Taylor  1982 ; Gray et al.  2013 ). However, there is also potential for 
early drawdowns to preclude invertebrate taxa with longer life-history stages 
(Wilbur  1987 ; Neckles et al.  1990 ). Wetlands with shorter hydroperiods, or those 
drawn down earlier in the spring, may restrict presence of some species because 
they are unable to complete the aquatic portion of their life cycle before water is 
removed from the wetland or they lack capacity to survive longer dry periods in 
desiccation-resistant life stages (Schneider and Frost  1996 ; Corti et al.  1997 ). In 
addition, managed wetlands with differing hydrology or spring drawdown dates 
exhibit distinct temporal patterns of insect emergence, which can result in varying 
peaks of adult insect biomass availability along a temporal gradient (Whiles and 
Goldowitz  2001 ). 

 Late-summer inundation of managed seasonal wetlands can infl uence inverte-
brate communities: Anderson and Smith ( 2000 ) reported the greatest invertebrate 
abundance and biomass in playas fl ooded in September (compared to later November 
inundation) and Batzer et al. ( 1993 ) found greater densities of benthic midge larvae 
 in   moist-soil wetlands inundated earlier in autumn. Although both studies noted 
that earlier fl ooding schedules did not necessarily  r  efl ect natural conditions, early 
fall fl ooding is sometimes implemented by wetland managers to create inundated 
wetland habitat for autumn migrating shorebirds and early migrating dabbling 
ducks (Batzer et al.  1993 ; Anderson and Smith  2000 ). 
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  Wetland   hydrology is often manipulated to directly alter macrophyte distribu-
tion, structure, and community composition, which in turn can infl uence aquatic 
invertebrate communities, making it challenging to separate the effects of manipu-
lating hydroperiod and  vegetation   on invertebrates (Fredrickson and Taylor  1982 ; 
Batzer and Resh  1992 ; Hall et al.  2004 ; Batzer  2013 ). Hydrologic variation is the 
driving force structuring diversity and production of wetland plants, which increase 
structural habitat for invertebrates, serve as refugia from predators, provide attach-
ment sites, and produce detritus consumed by many invertebrates (Batzer and 
Wissinger  1996 ). Whiles and Goldowitz ( 2001 ) reported greatest plant species rich-
ness and production at Platte River wetlands with intermediate levels of fl ood dura-
tion and speculated that the high invertebrate species richness and production at 
these same sites could be linked to macrophyte communities. In an experimental 
study that manipulated wetland plant density, de Szalay and Resh ( 2000 ) found 
greater macroinvertebrate diversity in areas with high densities of emergent plants, 
but also reported greater overall invertebrate abundance and lower diversity in open 
water areas. Given that invertebrate communities vary with wetland plant species 
composition, as well as varying structure or density within the same plant species, 
it is  challenging   to understand and differentiate the effects of various wetland man-
agement practices on aquatic macroinvertebrates (Olson et al.  1995 ; Streever et al. 
 1995 ; Batzer  2013 ). 

     Direct-Vegetation Manipulations   

 Wetland vegetation may be manipulated to achieve habitat objectives for migrat-
ing waterbirds, and these techniques strive to set back plant succession to 
enhance overall seed production and improve water-cover ratios. Such tech-
niques also may infl uence abundance and diversity of aquatic invertebrates. 
Common manipulations include prescribed burning (Fig.  16.3a ), grazing, mow-
ing, and disking of soils, sometimes in conjunction with planting agricultural 
grains. Davis and Bidwell ( 2008 ) reported that wetlands experiencing these dif-
ferent types of  vegetation   manipulation yielded similar aquatic invertebrate 
richness and diversity, although these metrics were generally greatest in grazed 
wetlands and least in disked wetlands. Notably, plant biomass in mowed areas 
was less than unmanipulated areas, supporting the need to leave some vegeta-
tion intact (Davis and Bidwell  2008 ). Although direct manipulations didn’t 
offer a distinct advantage in enhancing invertebrate communities, the authors 
suggested direct manipulations were reasonable given management objectives 
of controlling nuisance plant species and enhancing seed production (Davis and 
Bidwell  2008 ). In a study evaluating autumn invertebrate communities in man-
aged, seasonally inundated wetlands in the Lower Mississippi Alluvial Valley, 
Tapp and Webb ( 2015 ) reported no effects of mowing on invertebrate biomass 
or family richness but did fi nd invertebrate production was approximately ten 
times greater on sites that were mowed.
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  Fig. 16.3    These photos illustrate two types of active wetland management for waterfowl habitat 
conducted by the US Fish and Wildlife service at the 130 km 2  Horicon National Wildlife Refuge 
in southeastern Wisconsin, USA. Figure ( a ) depicts the use of prescribed fi re as a direct-vegetation 
manipulation intended to increase availability of open foraging habitats and macrophyte diversity 
in a 1200 ha wetland impoundment that was completely dominated by cattail vegetation. Figure 
( b ) shows a trap full of carp in the Rock River that feeds the wetland complex. The trap uses an 
electronic barrier and vertical bars in the river to capture and remove carp moving upstream to 
spawn (Photos courtesy of USFWS)       
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   Gray et al. ( 1999 ) reported that aquatic invertebrate biomass and diversity was 
greatest in mowed and control plots in moist-soil units in Mississippi, with tilled 
and disked plots generally being least in these metrics. In a study of an experimen-
tally manipulated cattail marsh, Murkin et al. ( 1982 ) reported invertebrate popula-
tions were unaffected by various treatments to manipulate vegetation cover-water 
ratios, but noted that dabbling duck  pair   densities were correlated positively with 
invertebrate biomass on treated plots. Overall, direct manipulations of  vegetation   
appears to have mostly neutral infl uences on invertebrate biomass and diversity, 
with potentially positive effects on production, and thus appear to be a reasonable 
practice when such manipulations obtain other desirable management objectives.  

     Biomanipulation   

  Wetland management strategies   designed to manipulate vertebrate populations to 
improve wetland functioning or suitability for waterfowl are often termed bioma-
nipulation. The most common of these practices focus on the management of 
fi shes because the presence of fi shes can have a strong infl uence on invertebrate 
composition and nutrient dynamics in wetland food webs. Aquatic invertebrates 
are generally less abundant in wetlands that harbor fi sh populations owing to 
direct predation by fi sh, changes in phytoplankton and  macrophyte communities  , 
or a combination of both (Mallory et al.  1994 ; Hanson and Riggs  1995 ; Parkos 
et al.  2003 ). In wetlands of the Prairie Pothole Region (PPR), the presence of fi sh 
had a greater infl uence on  macroinvertebrate composition   than surrounding land-
use attributes (Tangen et al.  2003 ). It has even been suggested that the absence of 
fi shes can promote greater richness of aquatic birds, plants, amphibians and inver-
tebrates in small, isolated wetlands (Scheffer and van Geest  2006 ). Thus, the 
introduction and (or) management of fi shes in wetlands raises important concerns 
among wildlife biologists because of potential interactions between fi shes and 
waterfowl. 

 Wetland macroinvertebrates represent important food resources for both fi sh 
and waterfowl. In a South Dakota study, diets of spring-migrating lesser scaup 
were similar (92%) to those of yellow perch ( Perca fl avescens ), an intensively 
managed sport fi sh (Strand et al.  2008 ).  Fishes   can also have important indirect 
effects on wetland invertebrate communities. The presence of fi sh in a New York 
marsh resulted in reduced abundance of snails and midge predators, but greater 
abundance of epiphytic midges owing to indirect effects of fi sh on competitive/
predatory release from other invertebrates (Batzer et al.  2000 ). Although a vari-
ety of fi shes are known to inhabit wetlands  a  nd shallow lakes, two species in 
particular—fathead minnow ( Pimphales promelas ) and common carp ( Cyprinus 
carpio )—have been well studied with regard to their effects on food web struc-
ture and nutrient cycling in shallow lakes and wetlands and provide a good case-
study of the role of biotic manipulations in wetland management for 
waterfowl. 
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     Fathead Minnow      

 The fathead minnow is widely distributed in central North America (Scott and 
Crossman  1973 ) and has been introduced to many areas along the Atlantic and 
Pacifi c coast drainages in the United States (Andreasen  1975 ). Commonly found in 
wetlands, fathead minnow densities can reach over 350,000/ha (Duffy  1998 ). 
Because fathead minnows are a valued baitfi sh, they are easily moved among water-
bodies via “bait bucket” introductions by anglers. Fathead minnow are also com-
monly harvested from wetlands and sold to commercial bait dealers (Duffy  1998 ). 
In palustrine wetlands of eastern South Dakota, the annual wholesale value of fat-
head minnows averaged about $232/ha in the early 1990s (Carlson and Berry  1990 ). 

 The effects of fathead minnow on wetland invertebrates have been well docu-
mented (see Zimmer et al. Chap.   8     of this volume). Early work in Minnesota showed 
that invertebrate abundance, biomass, and taxon richness were lower in wetlands 
containing fathead minnows (Hanson and Riggs  1995 ). Similarly, a study of 19 
semi-permanent wetlands in west-central Minnesota showed that invertebrate com-
munity structure was affected by fathead minnow abundance, wetland depth, and 
abundance of aquatic macrophytes, with fathead minnow being the most infl uential 
parameter measured (Zimmer et al.  2000 ). In addition to reducing invertebrate 
abundance, fathead minnows are known to affect other important biotic and abiotic 
attributes in wetlands (Anteau and Afton  2008a ; Anteau et al.  2011a ). In the eastern 
PPR, wetlands that contained  fathead minnows h  ad fewer cladocerans, calanoid 
copepods, ostracods, and larval tiger salamanders but greater turbidity, total phos-
phorus, and chlorophyll- a  concentrations (Zimmer et al.  2001 ,  2002 ). Because fat-
head minnows often represent a dominant species in wetlands where fi sh occur, they 
can have strong ecosystem affects that infl uence plant and invertebrate abundance 
(Zimmer et al.  2002 )—that ultimately affects waterfowl use. Mallard ducklings, for 
example, grew and survived better in  fi shless   wetlands compared to wetlands that 
 contained   fathead minnow (Cox et al.  1998 ).  

     Common Carp      

 Native to Europe and Asia, the common carp has been introduced worldwide and is 
found on every continent except Antarctica (Weber and Brown  2009 ). In North 
America, common carp are often a dominant species in shallow lakes and riverine 
wetlands and are considered by biologists as a nuisance species with regard to 
waterfowl management in wetlands. A survey of National Wildlife Refuge manag-
ers in the United States revealed that 80% of refuges with wetland impoundments 
identifi ed common carp as a management challenge (Ivey et al.  1998 ). The benthi-
vorous feeding behavior of adult carp can have direct, “bottom-up” effects on 
aquatic systems that results in increased nutrient concentration, greater turbidity, 
and reduced submerged macrophyte abundance (Parkos et al.  2003 ). Similarly, 
nutrient enhancement via excretion and (or) increased decomposition of aquatic 
macrophytes can increase turbidity and have profound effects on ecosystem state 

16 Invertebrates in Managed Waterfowl Marshes

http://dx.doi.org/10.1007/978-3-319-24978-0_8


580

(i.e., clear- or turbid-water state; Scheffer et al.  1993 ). In Great Lakes wetlands, 
carp-related turbidity above 20 nephelometric turbidity units was associated with 
fewer submerged plant species (mean = 2.6 plants) than observed in wetlands with 
lower turbidity (mean = 10.5 plants; Lougheed et al.  1998 ). 

 Life-history attributes of common carp, such as rapid growth and early maturation, 
contribute to their success in introduced environments, where they can rapidly 
expand to reach high biomass (>3000 kg/ha; Weber and Brown  2009 ). In experi-
mental wetlands, total phosphorus, turbidity, and suspended solids were positively 
related to carp biomass (175–476 kg/ha), whereas macrophyte and macroinverte-
brate abundance decreased with increasing carp biomass (Parkos et al.  2003 ). Early 
life stages of common carp (<100 mm total length) are known to consume zoo-
plankton (Meijer et al.  1990 ), but effects of common carp on zooplankton densities 
are often equivocal. Common carp have been associated with increases (Drenner 
et al.  1998 ; Parkos et al.  2003 ) and decreases (Lougheed et al.  1998 ) in zooplankton 
biomass. At  sizes   greater than 100 mm, common carp switch to foraging on benthic 
macroinvertebrates and detritus and can reduce benthic invertebrate abundance and 
diversity. In a recent review, Weber and Brown ( 2009 ) found that in 94% of the 
surveyed literature, benthic macroinvertebrates decreased in response to  common 
carp.   Invertebrate taxa that are negatively infl uenced by common carp include 
amphipods, annelids, chironomids, and odonates (Miller and Crowl  2006 ; Weber 
and Brown  2009 ; Anteau et al.  2011a ). Both predation (Kloskowski  2011 ) and 
reduction of macrophytes (Matsuzaki et al.  2007 ) are believed to be responsible for 
the reduction of invertebrate biomass in carp-invaded communities. 

 The establishment of common carp has long been implicated in the disappear-
ance of aquatic macrophytes and reduction of waterfowl use in shallow lakes and 
wetlands (Bajer et al.  2009 ). At biomass concentrations of <30 kg/ha, carp were 
shown to have no effect on macrophytes or waterfowl abundance in Illinois  wetlands. 
However, when carp biomass exceeded 250 kg/ha, vegetative cover declined by 
17% and waterfowl use was only 10% of that documented before carp became 
established (Bajer et al.  2009 ). Similarly, Ivey et al. ( 1998 ) estimated that carp inva-
sion in Malheur National Wildlife Refuge in Oregon reduced waterfowl production 
there to 25% of the level observed prior to carp invasion. Because fi shes such as 
carp and fathead minnow can  have   dramatic effects on wetland plants, invertebrates, 
and waterfowl, a variety of management approaches have been developed  to   aid in 
control or removal of these wetland fi shes (Fig.  16.3b ).   

    Control/Manipulation of Wetland  Fish Populations   

 Biomanipulation is a common technique used to improve water quality and ecosys-
tem functioning in eutrophic lakes and wetlands. In a review of biomanipulation 
techniques commonly applied to fi sh assemblages, Drenner and Hambright ( 1999 ) 
found that partial fi sh removal was the most successful technique (90%) in improv-
ing water quality and habitat conditions for plants and aquatic invertebrates. In a 
related study of 18 Dutch shallow lakes, removing less than 70% of fi sh biomass 
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had no impact on water turbidity, but in lakes where fi sh biomass was reduced 
below 30% of their initial abundance, water clarity improved appreciably (Drenner 
and Hambright  1999 ). Other techniques, such as piscivorous fi sh stocking (26% of 
studies reviewed), piscivore stocking with partial fi sh removal (60%), and elimina-
tion of fi sh followed by re-stocking (67%) generally appear to be less successful at 
combating eutrophication (Drenner and Hambright  1999 ). 

 In efforts to restore waterfowl populations in Lake Christina, Minnesota, the lake 
was chemically treated with rotenone in the late 1980s to reduce the abundance of 
benthivorous fi sh (primarily carp). Early responses to fi sh removal showed that the 
cladoceran community shifted from small-bodied taxa (e.g.,  Bosmina  spp.) to larger 
cladoceran taxa (e.g.,  Daphnia  spp.) within 6 months (Hanson and Butler  1990 ). 
Concomitant with changes in zooplankton composition, chlorophyll- a  concentra-
tions declined and water transparency and submergent macrophytes increased dra-
matically (Hanson and Butler  1990 ). Three years post-treatment, use of Lake 
Christina by migrating waterfowl increased signifi cantly, presumably due to changes 
in macroinvertebrate abundance and submerged plants (Hanson and Butler  1994 ). 
Although reductions in fi sh biomass can have profound effects on plant- invertebrate- 
waterfowl interactions in wetlands, they are generally not permanent because over 
time, because fi sh populations increase via recruitment, invasion, and (or) introduc-
tions. For example, Lake Christina has been chemically treated three times in the 
last 40 years to reduce effects of benthivorous fi sh. Similar efforts  to   reduce carp 
populations through direct removal or through rotenone treatments in systems man-
aged for waterfowl are ubiquitous across the United States and report variable long- 
term success (Fig.  16.4 ; e.g., Cahoon ( 1953 ) at Lake Mattamuskeet in North 
Carolina or Weier and Starr ( 1950 ) in coastal marshes in Ohio).

   Stocking of piscivorous fi sh, such as  walleye ( Sander vitreus )  , has been used to 
control fathead minnow populations in wetlands. Fisheries managers in the PPR 
often use semi-permanent and permanent wetlands to temporarily rear juvenile wall-
eye, thus providing an opportunity to evaluate effects of walleye stocking on wetland 
attributes. In Minnesota wetlands, the stocking of walleye fry (12,000 fry/ha) resulted 
in signifi cant reductions in fathead minnow populations (Herwig et al.  2004 ; Ward 
et al.  2008 ). In addition, walleye stocking resulted in increases in water clarity, cla-
doceran abundance, and some macroinvertebrates whereas phytoplankton biomass 
declined (Reed  2006 ; Potthoff et al.  2008 ; Fig.  16.4 ). Changes in biotic and abiotic 
wetland attributes following stocking of walleye fry was attributed to their rapid diet 
shift from invertebrates to small fi sh (i.e., fathead minnows). As with fi sh removal 
techniques, however,  effects   of walleye stocking can be short-lived, requiring 
repeated re-stocking to maintain desired wetland conditions (Potthoff et al.  2008 ).  

    Other  Biomanipulations   

  Fish   are the most commonly manipulated vertebrates in wetlands managed for 
waterfowl because of their direct and indirect impacts on food web structure. 
However, other vertebrates are often targeted for reduction (or removal) in efforts 
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to improve wetland conditions for waterfowl. Aquatic mammals have received 
considerable attention in this respect where a variety of strategies have been used to 
manage their populations in waterfowl marshes. Muskrats ( Ondatra zibethicus ) and 
beavers (    Castor canadensis ) for example can be “friend or foe” to wetland manag-
ers and are often a focus of habitat management strategies. Beavers and muskrats 
have well-documented roles in improving waterfowl habitat in wetlands through 
their impacts on water levels (Beard  1953 ; see beaver wetlands Chap.   12     of this 
volume) and vegetation density and composition (Clark  2000 ; de Szalay and 
Cassidy  2001 ), respectively. Further, habitat heterogeneity created by beavers may 
infl uence aquatic invertebrates, such as increasing diversity (Hood and Larson 
 2014 ). However, confl icts between these species and wetland management objec-
tives often exist and can become the focus of population reduction efforts. The most 
common confl icts between wetland managers and beavers relate to construction of 
dams in areas that interfere with water control structures—beavers often respond to 
drawdowns in managed systems by constructing dams on outlet pipes. Similarly, 
muskrat populations can be of management concern in cases where their abundance 
has negative impacts on desired vegetation within a wetland or because of their 
tendency to construct burrows in the steep slopes of dikes around wetland impound-
ments. Considerable design and engineering efforts go into abating the latter of 
these issues related to the optimal slope and dimensions of dikes around impound-
ments or through burying fence to prevent burrowing into dikes. 

  Fig. 16.4    Stocking walleye fi ngerlings to reduce fathead minnow abundance has proven to be an 
effective management strategy for improving wetland habitat and water quality in Prairie Pothole 
wetlands. By reducing fathead minnow abundance, walleyes impose a trophic cascade, resulting in 
increased water clarity, submerged macrophytes, and greater macroinvertebrate abundance. Below 
are two wetlands—one stocked with walleye to reduce fathead minnow density (walleye stocked) 
and one that contains only fathead minnows (control site). Photo courtesy of B. Herwig, Minnesota 
Department of Natural Resources       
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  Nutria ( Myocastor coypus )   is another aquatic mammal garnering increased 
attention among wetland managers in North America. Nutria were imported to 
several states for fur production during the 1930s, and were also deemed useful as 
a means to control undesirable aquatic vegetation (Carter and Leonard  2002 ). Since 
this time, nutria have become well established in the wild in several North American 
states, and are most abundant along the Gulf Coast and in Oregon (Carter and 
Leonard  2002 ). Nutria can cause crop damage, destroy wetland infrastructure via 
burrowing (e.g., undermining levees), and have been implicated in the loss of coastal 
wetlands in Louisiana though  direct    vegetation   damage. Therefore, nutria likely 
indirectly infl uence wetland invertebrate populations through the removal of impor-
tant vegetation and substrates, and destruction of wetland infrastructure. Fortunately, 
control techniques, such as trapping and toxicants, exist to reduce nutria popula-
tions where they have become problematic. 

 Ironically, another emerging threat for waterfowl habitat in North America 
comes from an exotic species of waterfowl, the  mute swan ( Cygnus olor )   which was 
introduced from its native range in Europe (Petrie and Francis  2003 ). Mute swans 
are increasingly a concern for wetland and waterfowl managers across a diversity of 
ecosystems because of their impacts on aquatic plant productivity and potential 
indirect effects on invertebrate populations. Many studies have shown reductions in 
aquatic macrophytes in wetlands associated with grazing by mute swans (e.g., Allin 
and Husband  2003 ; Tatu et al.  2007 ; Stafford et al.  2012 ); however, the direct effects 
of such grazing on macroinvertebrates in these wetlands are equivocal (e.g., Allin 
and Husband  2003 ) and understudied. Direct control efforts on mute swans have 
been conducted  in   some systems though such efforts are often met with controversy 
from the general public (Ellis and Elphick  2007 ).   

     Controversies and Challenges   

 Of controversies facing wetland management for waterfowl, we suggest the fore-
most is the notion that active waterfowl management, for invertebrates and other-
wise, promotes static, artifi cial situations intended to maintain consistent hydrology 
and cover-water ratios that approximate 50:50 (i.e., hemi-marsh; Weller and 
Spatcher  1965 ). Various studies support the notion that waterfowl abundance in 
breeding, migratory, and wintering regions is greatest in wetlands where cover- 
water interspersion approaches even ratios (Kaminski and Prince  1984 ; Smith et al. 
 2004 ; Webb et al.  2010 ). However, these intended recommendations may work 
against normal wetland hydrologic cycles, resulting in wetlands that are less pro-
ductive or functional over the long-term, which may impede ecosystem health and 
services. Recent clarifi cations to wetland management concepts have encouraged 
more natural manipulations (e.g., use of fi re) and hydrology under controlled situa-
tions. Nonetheless, the mandate to manage migratory birds may create a mismatch 
in wetland quality and productivity, and we suggest this topic requires specifi c study 
on the costs and benefi ts of such practices. We note, however, that wetland 
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complexes, properly managed, may rotate through various stages; thus, in some 
situations static conditions may be more easily avoided. 

 Another important and contemporary challenge to waterfowl management for 
invertebrates is accessibility of water for active wetland management. This is of 
recent and particular importance in the western United States, where many states 
can experience drought conditions that lead to confl icts for water use. Regions that 
actively manage wetlands (e.g., in the Klamath Basin; Burke et al.  2004 ) face pres-
sure on providing water for wetland management given urban and agriculture 
requirements in the area and downstream. In arid areas, wetlands that remain 
unfl ooded during breeding or migration may result in considerable losses of water-
fowl habitat, and prolonged dry periods exacerbate the need for solutions to water 
shortages that address ecological and anthropogenic demands (Burke et al.  2004 ). 
Water banks, where water is temporarily purchased from willing sellers for specifi c 
uses, may provide one mitigation option, but long-term solutions are evasive (Burke 
et al.  2004 ). 

 Perhaps the greatest challenge to effective wetland management to provide 
invertebrates for waterfowl is the lack of consistent and conclusive trends identifi ed 
by previous research on the environmental factors and ecological processes that 
infl uence wetland  invertebrate   communities (Batzer  2013 ). Inability to detect con-
sistent patterns in invertebrate response to wetland management practices may be 
because invertebrates, which are tremendously diverse taxa, are simultaneously 
infl uenced by numerous ecological and environmental factors including detritus, 
hydrology, water chemistry, and predation (Batzer  2013 ). Many studies have evalu-
ated effects of wetland management on invertebrate biomass and community com-
position, however invertebrate secondary production, or the formation of animal 
biomass over time, is less commonly evaluated and the dynamics of aquatic inver-
tebrate populations are likely an important element to consider when determining 
the implications of wetland management for waterfowl (Anderson and Smith  2000 ; 
Whiles and Goldowitz  2001 ; Tapp and Webb  2015 ). Secondary production of inver-
tebrate communities incorporates invertebrate abundance, biomass, growth, and 
even colonization of different invertebrate taxa, which may make it a useful metric 
to evaluate overall invertebrate response to wetland habitat management strategies 
(Benke and Huryn  2010 ). Studies of aquatic invertebrates are challenging, time- 
consuming, and often costly; however, this frontier in wildlife and wetland research 
needs to be explored more fully if best management practices are to be science- 
driven. Research on waterfowl selection of different invertebrate groups relative to 
different life-history events may provide more insight into when and where inverte-
brates as a food resource are most limiting, and which should be the focus of man-
agement. In addition, variation inherent in  invertebrate   communities make active 
management for invertebrates diffi cult, and recommendations, management strate-
gies, and best practices are lacking. The dearth of information may be apparent from 
our literature review, and we believe new emphasis be focused on bottom-up pro-
cesses that relate to invertebrate communities with respect to active and passive 
wetland management practices (Box  16.1 ). 
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  Box 16.1: Neonicotinoids: An Emerging Threat to Invertebrate 
Communities in Managed Wetlands? 

 Neonicotinoids are a class of pesticide developed in the 1980s that have been 
widely adopted for agricultural use throughout North America and Europe, in 
large part because they are selectively more toxic to insects than vertebrates 
(Kollmeyer et al.  1999 ; Tomizawa and Casida  2005 ), and their use has grown 
considerably since 2000 promoted by their fl exible use, and systemic (uptake by 
the plant) activity (Goulson  2013 ). However, >90 % of active ingredients found 
in neonicotinoids applied as seed treatments enter the soil, where half- life can 
range from 200 to >1000 days (Goulson  2013 ). Given the relatively long half-
life and high degree of water solubility of many neonicotinoids, repeated appli-
cation has the potential to accumulate high concentrations in soils, which can 
then leach to groundwater or surface water following precipitation events 
(Gupta et al.  2008 ; Starner and Goh  2012 ). Recently, neonicotinoids were 
detected in >90 % of wetlands sampled within the prairie pothole region of 
Saskatchewan (Main et al.  2014 ), whereas Hladik et al. ( 2014 ) reported neonic-
otinoid occurrence in all Midwestern streams sampled, many with concentra-
tions exceeding acute and chronic exposure levels for aquatic macroinvertebrates. 
In addition to  receiving   neonicotinoids indirectly through hydrologic inputs 
from the surrounding watershed, managed wetlands also have the potential for 
increased  neonicotinoid concentrations   through direct application as part  of 
  moist-soil management practices. Portions of managed wetlands are sometimes 
planted with agricultural grains (usually corn) as part of the  soil disturbance   to 
reset vegetative successional patterns (though disking action) and provide an 
alternative, high carbohydrate food source for dabbling ducks, however if 
managers use neonicotinoid-treated seed, direct application of these insecticides 
has the potential to infl uence wetland macroinvertebrate communities. 

 Beketov et al. ( 2008 ) demonstrated that a single-pulse application of the 
neonicotinoid thiacloprid altered long-term community structure of stream 
macroinvertebrates in a mesocosm, with populations of longer-lived species 
less likely to recover. A study in the Netherlands reported a signifi cant nega-
tive correlation between  imidacloprid concentrations   in surface waters and 
macroinvertebrate abundance, including orders Diptera and Ephemeroptera, 
which commonly occur in wetland ecosystems (Van Dijk et al.  2013 ). 
However, this study relied on disparate, previously collected data, where 
invertebrate and neonicotinoid samples were collected in different locations 
(up to 1 km apart) and times (up to 160 days apart) (Van Dijk et al.  2013 ). 
Prolonged exposure in water to the neonicotinoid imidacloprid was linked to 
changes in growth, persistence, and community composition of aquatic inver-
tebrates, particularly to individuals in the functional group known as shred-
ders, potentially reducing ecosystem functions related to decomposition, 
nutrient cycling, and water quality (Kreutzweiser et al.  2009 ; Agatz et al. 
 2014 ; Chagnon et al.  2015 ). Currently, little is known on  neonicotinoid   
concentrations in managed wetlands and the potential to impact on aquatic 
invertebrate communities, however if results of lab studies translate to fi eld 
conditions, direct application of neonicotinoid-treated seeds in managed 
wetlands could pose an emerging threat to wetland invertebrates. 
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       Conclusions 

 Invertebrates in managed wetlands ( Appendix ) clearly provide valuable food 
resources for waterfowl during all portions of the annual cycle. Because many species 
rely on proteinaceous foods prior to and during nesting, and young feed almost 
exclusively on aquatic invertebrates, management to promote these resources may 
be particularly valuable. However, it appears that  invertebrate production   for water-
fowl is often a consequence of other wetland management practices intended to 
promote desirable vegetation and carbohydrate-rich foods. Correspondingly, few 
studies have involved invertebrate production in managed waterfowl marshes, 
although this topic is beginning to receive more attention. 

 Managed wetlands for waterfowl occur globally, but we have focused on those in 
North America and Europe. However, wetland management strategies vary consid-
erably even within close geographic areas. Hydrologic manipulations are common, 
which involve controlling hydroperiods and extent of inundation to achieve desired 
results. These techniques may infl uence macroinvertebrates, but results are incon-
sistent. Direct manipulations of  vegetation   may also affect invertebrate abundances 
and diversity, but likely provide results similar to unmanaged wetlands. Vertebrates 
may also be managed to  “biomanipulate” wetlands  . Fish, in particular fathead min-
nows and common carp, can negatively infl uence invertebrate abundance, biomass, 
and richness in wetlands of importance to waterfowl. These species may be subject 
to control, thereby improving water quality, ecosystem function, and invertebrate 
populations. Finally, other vertebrate species, such as mute swans and nutria, may 
alter wetland habitats in a fashion that negatively impacts invertebrate foods for 
waterfowl. It may also be desirable to control these species. 

 Wetland management for waterfowl may create long-term artifi cially static 
hydrologic patterns with the potential to negatively impact wetland ecosystem pro-
cesses. Efforts are ongoing to improve hydrologic practices for waterfowl. Issues of 
availability of water resources for wetland management affect many regions, espe-
cially in western North America.  Climate change   could exacerbate these issues and 
present important socioeconomic and ecological challenges. Finally, the infl uence 
of waterfowl habitat management on invertebrates remains poorly understood, and 
a unifi ed approach, perhaps in the context of adaptive resource management, would 
improve understanding and effi ciency of management strategies for waterfowl.      

     Appendix 

 Aquatic invertebrates collected from waterfowl marshes across North America.
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