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ABSTRACT

The importance of aquatic vegetation in structuring invertebrate
cemmunities of a northern prairie marsh are investigated in two field
experiments.

In the first experiment, responses by the Chironomidae (Diptera) to the
experimental flooding of ten diked marshes in the Delta Marsh, Manitoba were
followed over four years. Emergence traps were used in three 'preflood'
vegetation types (the terrestrial annual Aster laurentianus, and two emergent
macrophytes, Scolochloa festucacea and Scirpus lacustris validus) flooded at
two water depths (shallow: 20-40 cm, deep: 50-70 cm). Highest number of
chironomids (9,168 m-2 yr-1) emerged from the deep Aster sites in the first year.
The highest biomass of chironomids (22,007 mg m-2 yr1) was from the deep
Scirpus sites in the fourth year. In Aster, a diverse group of chironomids,
including epiphytic and bottom-dwelling species, were present from the first
application of water. Numbers, biomass and size classes were similar over the
four years. In the two emergent macrophyte habitats, small epiphytic species,
particularly Corynoneura cf. scutellata, dominated emergence during the first
two years. Prolonged flooding contributed to the death of the emergent
macrophytes, epiphytic species declined in abundance and benthic species,
particularly Chironomus tentans and Glyptotendipes barbipes, increased in
numbers. The potential of chironomids as a food resource for waterfowl was
initially greatest from the Aster habitat but became greater from the Scolochloa
and Scirpus habitats in the third and fourth years. Comparisons are made with
developmental sequences reported for reservoirs, and the unmanaged Delta
Marsh.

A second field experiment examined how the seasonal development of
submersed vegetation affects benthic invertebrates. Potamogeton pectinatus
was either removed via clipping or permitted to grow in fenced plots.
Invertebrates (primarily copepods) were more abundant in the clipped plots.
Chironomid larval numbers and adult emergence did not differ between
treatments, although Polypedilum halterale and Cladotanytarsus sp. were more
abundant in clipped plots, and more Corynoneura cf. scutellata emerged from
pondweed plots. Algal biomass beneath the pondweed tended to be lower
than in the clipped piots suggesting that by shading the bottom, submersed
macrophytes reduced algal biomass and indirectly affected benthic inverteorate
abundances.
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1. INTRODUCTION

Agriculture, urban expansion and other human activities contribute to a
continuing loss of North American wetlands. Interest in wetland preservation is
increasing, although the rate of loss is still very high (Miliar 1989; Wilen 1989).
Wetlands are important for many reasons including water storage and
purification, protection of shorelines from erosion, recreation and wildlife habitat
(Brande 1980). However, much of the concern for wetland preservation comes
from recognition that these habitats are crucial to migratory waterfowl
populations. Wetlands of the prairie pothole region for example, produce
between 50 and 75% of North American waterfow| (Batt et al. 1989). Along with
the increasing demand to protect and conserve remaining wetlands, there is
also pressure to manage intensively many of the protected areas to maintain
high waterfow! productivity in the face of continued habitat loss.

Recent studies of waterfowl feeding have revealed that aquatic
invertebrates are a crucial food resource for waterfowl, especially during
reproduction and early growth of broods (Murkin and Batt 1987; Swanson and
Duebbert 1989). These organisms also are involved in a number of important
ecosystem functions such as food chain support, decomposition and nutrient
cycling within wetlands (Murkin and Wrubleski 1988). For these reasons the
study of the aquatic invertebrate fauna of wetlands is extremely important, and
consideration must be given to the effects of wetland management practices on
invertebrate communities.

1.1 Previous studies of wetland invertebrates. @ Most work on the
invertebrates of North American freshwater marshes! has been descriptive
faunal surveys (e.g., Judd 1949, 1953; Watts 1970; Smith 1968; Hanson and
Swanson 1989; Wrubleski and Rosenberg 1990). Because cf the taxonomic
challenges with important groups and the perceived lack of importance of
wetland invertebrates, other than pestiferous species, very little process-level
work has been undertaken (Rosenberg and Danks 1987b). However, before
detailed ecological work can proceed a basic knowledge of the fauna present is
required. The Biological Survey of Canada recognized the need for more
information on the taxonomy and ecology of aquatic insects of Canadian
wetland habitats and established a project to coordinate interest in this area
and to summarize existing knowledge. The culmination of this effort was the
publication of a conference proceedings "Aquatic Insects of Peatlands and
Marshes in Canada" (Rosenberg and Danks 1987a) which summarizes our
present knowledge of the insect fauna of Canadian wetlands. This thorough
and informative publication provides a much needed basis for future work on
the aquatic insects of wetland habitats.

Ecological studies within freshwater wetlands have concentrated on the
role of habitat features such as aquatic vegetation and water levels, and their

1 For the purposes of this review the term marsh is used in a very general sense
to include most shallow freshwater habitats but not peatland or swamp type
habitats (Zoltai 1987).



effects on invertebrate communities. Krull (1970), Voigts (1976), Henson
(1988), and Wrubleski and Rosenberg (1990) have examined invertebrate
abundances and commurity comgosition in different aquatic plant communities.
Driver (1977) attempted to correiate chironomid community composition with
permanence of prairie potholes. Murkin and Kadlec (1986b) reported on the
effects of prolonged flooding on the invertebrate communities of a series of
experimental marshes in the Delta Marsh, Manitoba, and Neckles et al. (1990)
examined the role of water levels on the invertebrate community of seasonal
marshes. Corkum (1984) and Wrubleski and Ross (1989) have reported on
diel activities of the invertebrate fauna of marshes. Unfortunately, almost no
autecological studies have been done (but see Corkum 1985).

A number of investigations of aquatic invertebrate communities of
wetland habitats have been done in conjunction with waterfow! studies.
Waterfow! production and habitat use have been correlated with invertebrate
abundances by McKnight and Low (1969), Kaminski and Prince (1981), Murkin
et al. (1982), Talent et al. (1982), and Murkin and Kadlec (1986a), and the
effects of waterfow! feeding and disturbance on invertebrate populations have
been examined by Collins and Resh (1985), Smith et al. (1986), Peterson et al.
(1989), and Wrubleski (1989).

Field experiments are only recently being undertaken within wetland
habitats. Smith et al. (1986), Peterson et al. (1989) and Wrubleski (1989) used
exclosures to determine impacts of waterfowl feeding on invertebrate
communities. Campeau (1990) examined the roles of detritus and algae in
supporting invertebrate populations in wetlands. Morrill and Neal (1990)
investigated the impact of an experimental application of the insecticide
deltamethrin on the Chironomidae of prairie ponds.

Descriptive studies still are needed to provide basic information about
the aquatic invertebrate fauna of wetland habitats. However, field experiments
provide a greater understanding of their ecological and functional relationships
in this habitat, and this approach should be encouraged.

1.2 Wetland management and aquatic invertebrates. Much of the interest in
the aquatic invertebrates of North American wetlands has been generated by
studies of waterfow! food habits which have revealed that breeding hens and
their young are dependent upon invertebrates as a primary source of protein
(Murkin and Batt 1987; Swanson and Duebbert 1989). = As noted above,
wegerfow! habitat use is often correlated with availability of invertebrates. The
now widely recognized importance of aquatic invertebrates to waterfow! has
provided ®vidence needed to justify study of the effects of wetland management
techniques on aquatic invertebrate communities.

Wetland management, however, is still in its infancy and much of its
practice is based on trial and error rather than sound scientific principles
(Weller 1978). Most management practices are designed to provide food and
cover for waterfowl through manipulation of plant communities (Fredrickson and
Taylor 1982), and it is the effects of management on vegetation that has
received the greatest emphasis. Nevertheless, several investigations have



considered aquatic invertebrate responses to wetland management practices,
and in particular the impacts of drawdown (artificial drainage and reflooding).
The first such study was by Kadlec (1962) who concluded that drawdown of
waterfow! impoundments in Michigan was detrimental to invertebrate
populations. McKnight and Low (1969) provided qualitative evidence that
drawdown of salt marshes in Utah actually enhanced aquatic invertebrate
numbers. Whitman (1974), studying impoundments within the Tintamarre and
Missaquash Marshes of Nova Scotia, found that those less than four years old
provided the highest numbers of invertebrates as food for waterfowl. Danell
and Sjoberg (1982) reported that in a Swedish lake highest numbers of
chironomids occurred in the fifth year of flooding, coincident with peak
production of waterfowl broods. Kenow and Rusch (1989) reported that
nektonic invertebrates increased in numbers over a three year period following
flooding of impoundments within the Horicon Marsh, in Wisconsin. Except for
the study of Kadlec (1962), drawdown has generally been reported to increase
invertebrate numbers over those found in nearby mature (older) areas.

Howsver, with the exception of Kenow and Rusch (1989), none of the
studies listed above have followed invertebrate responses within a single
wetland from the first application of water, and except for Danell and Sjéberg
(1982) none of these studies have attempted to identify invertebrates further
than the order or family level. Interpretation of management effects at these
higher taxonomic levels can be problematic (e.g., Resh and Unzicker 1975;
Rosenberg et al. 1986). Therefore, additional work is necessary to understand
responses of the aquatic invertebrates to drawdown and other wetland

management practices.

1.3 Marsh ecology research program. To understand further the effects of
wetland management practices, and in particular drawdown, the Delta
Waterfowl and Wetlands Research Station and Ducks Unlimited Canada
established the Marsh Ecology Research Program (MERP) in 1979. This was a
long-term (10 years), interdisciplinary program, centred around a series of ten
experimental marshes situated within the Delta Marsh in south-central Manitoba
(Figure 1.1). Its stated purpose was to develop a clearer understanding of
ecological processes in northern prairie marshes and how these processes
influence the distribution and abundance of the flora and fauna within marshes.
The aquatic invertebrates were identified as one of seven specific research
interests within the program (Batt et al. 1983; Murkin et al. 1984).

1.4. Objectives of this thesis. In Chapter 2, | describe the development of the
chironomid community following reflooding of these experimental marshes
which had undergone a drawdown. The Chironomidae were selected for
intensive study for several reasons: 1) they are one of the most abundant and
diverse invertebrate groups in the Delta Marsh, as well as other freshwater
marshes (Wrubleski 1987), 2) they perform a number of important ecological
functions within wetlands and are also an important waterfowl food resource
(Wrubleski 1987), 3) emergence traps can be used to sample adults which can
then be identified to species much more readily than immature stages, and 4) a
previous study of chironomids within the unmanaged Delta Marsh provides
information for comparative purposes (Wrubleski and Rosenberg 1990). The



present study describes the most intensively sampled and longest running data
set for any specific invertebrate group within a wetland habitat to date.
Biological requirements of dominant species, derived from the published
literature, are used to help explain observed patterns of overall chironomid
community development. The effects of aquatic plant communities and water
depth on community development are also discussed.

In Chapter 3, | use a condensed data set from Chapter 2 to provide
information for wetland managers as to the observed responses of the
chironomids to drawdown in a northern prairie marsh. Because of the known
importance of these insects, their responses to this management technique are
important. Numbers, biomass and size class information are used to evaluate
chironomid production from different plant communities and water depths within
the experimental cells.

In Chapter 4, | describe a field experiment which examined the effects of
submersed vegetation on the benthic community of a shallow marsh. Hall et al.
(1970), Danell and Sjéberg (1982), Johnson and Mulla (1983) and Wrubleski
(1989) have noted differences between benthic invertebrate communities when
submersed vegetation is present or absent. Aquatic macrophytes are known to
alter their physical environment (e.g., Kollman and Wali 1976; Dale and
Gillespie 1977; O'Neill Morin and Kimball 1983), but the effects of these
modifications on invertebrate communities of wetlands and other aguatic
habitats has not been well documented.

In Chapter 5, | summarize my findings and make suggestions as to future
research needs. | also comment on the present state of invertebrate research in
wetlands. Problems with sampling and identification greatly hamper our
understanding of aquatic invertebrates in these habitats. Increased effort will be
required if we are to progress in our understanding of invertebrate community
dynamics in these habitats.
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2. CHIRONOMID (DIPTERA: CHIRONOMIDAE) COMMUNITY
DEVELOPMENT FOLLOWING EXPERIMENTAL WATER-LEVEL
MANIPULATIONS IN A NORTHERN PRAIRIE MARSH,
DELTA MARSH, MANITOBA, CANADA

2.1 SYNOPSIS

This study describes the development of the chironomid community in a
series of newly flooded marshes. Emergence traps were used to compare
chironomid communities among three 'preflood’ vegetation types (the terrestrial
annual Aster laurentianus and two emergent macrophytes, Scolochloa
festucacea and Scirpus lacustris validus) and two water depths, over a four year
period. Chironomids colonized the marshes rapidly with high numbers of
individuals and species found in the first year of flooding. Patterns of
community development differed between the Aster habitat and the two
emergent macrophytes. In Aster, a diverse group of chironomids, including
epiphytic and bottom-dwelling species, were present from the first application of
water. In the two habitats with emergent macrophytes, epiphytic species,
particularly Corynoneura cf. scutellata, dominated chironomid emergence
during the first two years. Prolonged flooding resulted in the death of the
macrophytes, epiphytic species declined in abundance and benthic species,
particularly Chironomus tentans and Glyptotendipes barbipes, increased in
numbers. Comparisons are made with developmental sequences reported for
chironomid communities in reservoirs, and an area of the unmanaged Delta

Marsh. :

2.2 INTRODUCTION

Chironomids are an abundant and diverse family of aquatic insects. They
dominate benthic assemblages of many freshwater habitats and are one of the
first groups to colonize newly created water bodies. Chironomid colonization
and succession have been studied in a variety of new reservoirs (e.g., Armitage
1977, 1983; Sephton et al. 1983; Brown and Oldham 1984; Rosenberg et al.
1984) and other shallow water habitats (e.g., Clement et al. 1977; Street and
Titmus 1979; Titmus 1979; Danell and Sjéberg 1982; Barnes 1983), but the
dynamics of chironomid assemblages have not been examined in newly
created wetland habitats.

The flooding of a series of experimental marshes in southern Manitoba
enabled me to study chironomid colonization and succession within these
structurally complex habitats. During the drawdown phase, marsh bottoms
were colonized by a variety of terrestrial and aquatic macrophytes (van der Valk
et al. 1989; van der Valk and Welling 1988; Welling et al. 1988). Flooding of
this 'preflood' vegetation provided a diverse array of habitats for chironomid
colonization. Marsh vegetation does influence chironomid community
composition (Wrubleski 1987; Wrubleski and Rosenberg 1990), but how these
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effects are manifested is not well understood. In the experimental cells,
terrestrial plants were drowned and aquatic macrophytes survived for varying
periods of time, depending upon depth of flooding (van der Valk, unpubl. data).
Death of these plants contributed to an abundance of plant litter on the bottom
and additional habitat for chironomids. Thus, within these experimental cells,
habitats available for colonization by the chironomids varied in form,
abundance and duration.

In this paper, | describe changes in the abundance, diversity and species
composition of the chironomid community within these experimentally flooded
marshes. Observations were made over a period of four years to evaluate
changes in the chironomid community and their relationship to changes in the
plant communities. Information about habitat requirements of the dominant
species are used to explain underlying patterns of chironomid community
development. Comparisons are made with sequences of community
development reported for reservoir habitats (e.g., MclLachlan 1974).
Comparisons are also made with an unmanaged area of the Delta Marsh
(Wrubleski and Rosenberg 1990) to determine the effects of this disturbance on
chironomid community parameters such as diversity and dominance.

2.3 STUDY AREA

A complex of 10 contiguous, rectangular, 4-6 ha experimental marshes
(cells) were established in 1979 by the Marsh Ecology Research Program
(MERP) in the Delta Marsh, in south-central Manitoba (50° 11' N, 98° 19' W).
The dikes were built of earth excavated from within each cell. Water levels
were manipulated and maintained by electric pumps. In 1980-1982 the cells
were flooded to a depth 1 m above average Delta Marsh water levels (Batt et al.
1983; Murkin et al. 1984). The cells were drained (drawdown) during 1983 and
1984, and then reflooded in June-August of 1985. Vegetation and water
chemistry in the cells have been described by Kadlec (1986a,b, 1989), van der
Valk (1986), van der Valk and Welling (1988), Gurney and Robinson (1988)
and van der Valk et al. (1989).

2.4 MATERIALS AND METHODS

2.4.1 Sampling. The design of the reflooding experiment for the Marsh
Ecology Research Program (MERP) called for three cells to be flooded at the
long-term average of the Delta Marsh ('low' treatment), three flooded to a depth
60 cm above average ('high' treatment), and four to be flooded to a depth 30 cm
above average (‘'medium’ treatment) (Batt et al. 1983; Murkin et al. 1984). The
experimental cells varied widely in the development of plant communities on
the drawdown surfaces (van der Valk et al. 1989; van der Valk and Welling
1988; Welling et al. 1988), and water depths following reflooding increased
from north to south within the cells. This variation rendered the cells unsuitable
as 'replicates’ for the study of chironomid community responses, and therefore |
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selected the following habitats, based on praflood vegetation, as treatments
rather than the cells: Aster, Scolochloa and Scirpus. These plant species
formed extensive stands on the drawdown surfaces of the experimental cells
(van der Valk, unpubl. data). Each habitat was sampled at two water depths,
shallow (20-40 cm) and deep (50-70 c¢m). The deep flooding sites were
anticipated to lose their emergent macrophyte cover faster than the shallow

sites.

Aster laurentianus Fern. was one of the dominant terrestrial annuals to
grow on the dry marsh bottoms (van der Valk 1986, as A. brachyactis Biake)
and was drowned following flooding. Scolochloa festucacea (Willd.) Link
(whitetop) and Scirpus lacustris L. ssp. validus (Wahl.) Koyama (softstem
bulrush) were selected to represent emergent macrophyte habitats from the five
species that dominated the drawdown surfaces of the cells (Welling et al. 1988,
van der Valk and Welling 1988). Scolochloa festucacea is tolerant to seasonal
flooding but not to prolonged flooding (Millar 1973; Neckles et al. 1985).
Scirpus lacustris validus is more tolerant to flooding than S. festucacea, but
intolerant to long periods of flooding (Harris and Marshall 1963; Shay and Shay

1986).

Each vegetation-water depth combination was sampled with six
emergence traps, for a total of 36 traps. | used a modified LeSage and Harrison
(1979) mode! 'week' trap (basal area = 0.5 m2). Traps were set out when there
was sufficient water at a site to float them. The same trap sites were used for
each of the four years of this study (1985-88). At each site, three stakes, 2 m
apart and in a line, were driven into the substrate. The emergence trap was
anchored to the centre stake and one of the outside stakes, and switched to the
opposite outside stake at approximately monthly intervals to reduce trap and
disturbance effects below the trap.

Deep water sites, which were at lower elevations, were flooded earlier
than shallow water sites at higher elevations. Initiation of sampling varied
between 16 May and 20 July, 1985. Within each habitat-water depth
combination the six emergence trap sites were not flooded at the same time, but
all were flooded within two weeks of each other, except for two shallow Scirpus
sites that were flooded 9 weeks before the other four sites (data from these 9
weeks were excluded from the analyses). In 1987 and 1988 traps were set out
in the last week of April and emptied weekly through the third week of October,
providing data for 24 weekly sample periods. In 1986, traps were not set out
until the first week of May and data were collected over 23 weeks.

2.4.2 ldentification of Chironomidae. All adults were identified to species.
Nomenclature follows Oliver et al. (1990). Determinations were verifieda by Dr.
Don Oliver, Biosystematics Research Centre, Ottawa, and representative
specimens have been deposited in the Canadian National Collection, Ottawa.

2.4.3 Lost traps, missing data and data summation. Samples were lost in
the fall of each year, particularly in 1985, because traps were sunk or damaged
by muskrats. Other traps were occasionally upset by strong winds throughout
the year. In some instances when a trap was damaged or upset it was replaced
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immediately. For these samples, the number of individuals present in the
sample was adjusted proportionately to estimate the catch as if the trap had
been in place for the full 7 days (e.g., a sample from a trap in place for 3 days
was multiplied by 2.3 to equal a 7 day sampling period). Most traps, however,
were not replaced until their next regularly scheduled visit. Highest number of
complete sample losses was 23 of 138 samples (16.7%) for shallow Scolochloa
sites in 1986. Total sample losses in the shallow sites were 0.7% and 5.8% in
the deep sites over the four years.

Numbers collected from each trap during every week were summed for the
entire sampling season, multiplied by 2 to give no. m-2 and then used to
determine mean annual emergence (no. m-2yr-1 + SE, n=6) for each habitat-
water depth combination. To determine the chironomid emergence from each
trap over the entire season the data lost during each week that a trap was not
operating were estimated using the procedure outlined in Appendix 1.

2.4.4 Community parameters. The chironomid assemblages collected within
each habitat-depth combination were compared by several methods. Number
of species (species richness) collected within each was determined. Species
diversity was estimated using the Shannon-Wiener (H') function (Krebs 1989, p.
361). The relative dominance index (RDI) of McNaughton (1967, after Driver
1977), the proportion of emergence represented by the two most abundant
species, was also determined for each habitat-depth combination. Two
similarity indices were used to compare communities and changes within and
among communities over time. Jaccard's similarity coefficient is a binary index
based on presence-absence and therefore gives equal weight to all species
(Krebs 1989, p. 295). The percentage similarity index of Renkonen (1938, from
Krebs 1989, p. 304) uses rela‘ive abundances and is influenced heavily by
dominant species. Non-transforried data were used for the determination of all
similarity and dominance indices.

2.4.5 Statistical analysis. Emergence data were log1g (x+1) transformed
prior to analysis to stabilize the variances. Year comparisons were done within
habitat and depths by one-way ANOVA followed by Tukey's test (P<.05) to
compare individual year means as recommended by Day and Quinn (1989).
Habitats were compared within years and depths with one-way ANOVA and
Tukey's test to compare individual habitats, and depths were compared within
habitat and year by t-tests (P<.05). All analyses were done with SYSTAT (vers.
3.2) on a Macintosh computer.

2.5 RESULTS

2.5.1 Total Chironomidae. Chironomids colonized the marsh cells rapidly and
large populations were found during the first year of flooding (Table 2.1). The
highest number of total chironomids collected in any one year was during the
first year of flooding in the deep Aster sites (Table 2.1). Scolochloa and Scirpus
sites had their highest numbers emerging during the fourth year but these
numbers were not significantly different from numbers observed in the first year.
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The trends for total numbers emerging over the four years did not differ among
habitats but did differ between depths. In the shallow sites little change was
found among years, except for a significant increase in numbers emerging from
the Scirpus sites between the third and fourth years of flooding. In the deep
sites there was a trend for high numbers emerging in the first year of flooding
followed by a decline in the second and/or third years and a subsequent

increase in the fourth year of flooding.

Comparisons of total thironomid numbers emerging among the three
habitats showed few differences (Table 2.1). Among shallow sites Aster tended
to have higher numbers emerging than the two emergent vegetation habitats
but these differences were only significant in 1987. Among the deep sites Aster
tended to be higher during the first two years but then numbers of emerging
chironomids increased from the two emergent habitats, particularly in the fourth
year. The only significant difference, however, was a very low number
emerging from the Scirpus habitat in 1986.

Few differences were found between numbers of total chironomids
emerging between depths within each habitat (Table 2.1). In 1985, deep Aster
and Scirpus sites had higher emergence than their corresponding shallow sites,
however this was a function of the longer flooding times in the deeper sites
(Chapter 3). In 1987 and 1988, deep Scirpus sites had higher numbers
emerging than the shallow sites.

Seasonal trends in emergence for total chironomids varied among years
(Figures 2.1-3). In 1985, patterns of emergence differed among the three
habitats. Emergence peaked in period 13 (early August) for both depths in the
Aster habitat. In the Scolochloa habitat emergence peaked in late August -
early September (period 17) in the deep sites but showed a low continuous
emergence in the shallow sites. Weekly numbers emerging rose much more
slowly in deep Scolochloa sites than the other two habitats. In the Scirpus
habitat no readily obvious peaks were observed at either depth. Emergence in
all three habitats shifted to a primarily early spring emergence in subsequent
years (Figures 2.1-3). The large July-August peaks in emergence from the
deep sites in 1985, were not observed in subsequent years. Aster continued to
have a low continuous emergence throughout the summer in 1986, 1987 and
1988, particularly from the shallow sites, whereas Scolochloa and Scirpus had
very low emergence after the end of June in 1986 and 1987, but in 1988 a
greater proportion of emergence was found later in the summer, but from the
deep sites rather than the shallow sites as found in Aster.

2.5.2 Species composition. Underlying the changes in the numbers of
Chironomidae are changes in the abundances of the subfamilies, tribes and
species. Although patterns in total numbers were similar among habitats over
the four years (Table 2.1), species composition differed among habitats and
varied over the duration of this experiment, as outlined below.

2.5.2.1 Chironomini. Aster sites were dominated by the Chironomini
during all four years (Table 2.1). In the first year of flooding, the deep Aster sites
were dominated by Chironomus atrella (Townes), which represented 39.7% of
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the chironomids collected (Table 2.2). This species represented only 6.7% of
emergence from shallow Aster sites in the first year, where another member of
this tribe, Chironomus tentans Fab., was the most abundant species.
Chironomus tentans was the most abundant species from this habitat at both
depths during the next three years, whereas Chironomus atrella had much
lower emergence in subsequent years (Table 2.2; Appendix 2A).
Glyptotendipes barbipes (Staeg.) was also very abundant in this habitat over
the four years (Table 2.2).

During the first two years of flooding, members of the Chironomini were a
much smaller sroportion of the emergence from the two emergent vegetation
habitats (Table 2.1). Dicrotendipes nervosus (Staeg.) was abundant during
these first two years (Tables 2.3,2.4). However, by the fourth year in the shallow
sites (66.0 - 76.7%) and the third year in the deep sites (66.2 - 75.2%),
Chironomini represented a much greater proportion of the emergence from
these two habitats (Table 2.1). This increase in abundance was due primarily to
Chironomus tentans and Glyptotendipes barbipes (Tables 2.3,2.4).

2.5.2.2 Orthocladiinae. During the first few years in the Scolochloa and
Scirpus habitats the Orthocladiinae, and specifically Corynoneura cf. scutellata
Winn., dominated emergence numbers (Tables. 2.1,2.3,2.4). However, by the
third year this species declined considerably in number and proportion of
emergence in these two habitats and was not among the five most abundant
species in the fourth year (Tables 2.3,2.4). Orthocladiinae represented a small
but constant proportion of chironomid emergence from the Aster habitat (Table
2.1). Corynoneura cf. scutellata was present in this habitat (Table 2.2; Appendix
2A) but did not dominate emergence as it had in the two emergent vegetation
habitats.

Other orthoclads were also important components of emergence from the
experimental cells. Cricotopus sylvestris (Fab.) and/or C. ornatus (Meig.) were
consistently among the five most abundant species in Aster and Scolochloa
sites but were not as abundant in the Scirpus habitat (Tables 2.2-4).
Limnophyes prolongatus (Kieff.), a semi-terrestrial species, had very low
abundances in the Aster sites (Appendix 2A) but was abundant in Scolochloa
and Scirpus sites in the first two years of flooding and then declined in
abundance (Tables 2.3,2.4; Appendix 2B,C).

2.5.2.3 Tanytarsini. The Tanytarsini showed almost no significant
changes in total numbers over the four year period (Table 2.1). In the shallow
sites, it was significantly less abundant in Scirpus than in Aster during the first
three years. The most abundant species was Paratanytarsus sp. 1 which was
particularly numerous in the first few years of flooding (Tables 2.2-4).
Tanytarsus sp. 1 was the most abundant species in shallow Scolochloa sites in
1987, and the second most abundant species in deep Aster sites in the same
year (Table 2.2). Numbers were considerably greater in deep Aster sites in the
first year but it was third in abundance after Chironomus tentans and C. atrella
(Table 2.2).
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2.5.2.4 Tanypodinae. This group had very low numbers in the first years
of flooding but showed significant increases by the fourth year in shallow Aster,
deep Scolochloa, and both Scirpus sites (Table 2.1). Much of the increase over
the four years was due to Tanypus punctipennis Meig (Tables 2.2-3), but almost
all species showed some increase in numbers over the four year period

(Appendix 2).

2.5.2.5 Pseudochironomini. This tribe was represented by one species,
Pseudochironomus middlekauffi Town. (Appendix 2). It showed consistent
increases in abundance in all three habitats and at both depths during the four
years, and was the third most abundant species in shallow Scolochloa in the

fourth year (Table 2.3).

2.5.3 Chironomid community parameters. As with the number of
chironomids collected, high numbers of species were present within the
experimental cells in the first year of flooding (Figure 2.4A). Aster had higher
numbers in the first year at both depths and maintained this higher number of
species in the shallow sites over the four year period. In the deep sites
however, Scolochloa and Scirpus reached comparable numbers by the third or
fourth years of flooding (Figure 2.4A). Numbers of species collected increased
steadily in the deep sites over the four years and by the fourth year were higher
than in the shallow sites.

Aster had the highest species diversity in the first year of flooding (Figure
2.4B) and the lowest relative dominance (Figure 2.4C), whereas the deep
Scirpus sites had very low diversity in the first year of flooding (Figure 2.4B) due
to the dominance of emergence by Corynoneura cf. scutellata and
Paratanytarsus sp. 1 (Table 2.4; Figure 2.4C). In the shallow Aster sites
diversity dropped in the second year and then increased steadily in the third
and fourth years (Figure 2.4B) and relative dominance showed the opposite
pattern (Figure 2.4C). The deep Aster sites exhibited a steady increase in
diversity from the first year onwards whereas the dominance of the two most
abundant species declined in the second year and then remained stable. Both
Scolochloa and Scirpus had increasing diversities up to the the third year of
flooding but then exhibited a decrease in diversity with a concurrent increase in
dominance due to a large increase in the emergence of Chironomus tentans
and Glyptotendipes barbipes in both habitats and at both depths (Tables
2.3,2.4). Diversity was highest and dominance lowest about the time that some
emergent vegetation still remained and large amounts of plant litter had been
deposited on the bottom. The greatest amount of microhabitat, both in terms of
emergent vegetation and plant litter, was available at this time. With the
subsequent elimination of the emergent macrophytes, diversity dropped and
dominance by benthic species increased.

The two similarity indices displayed different patterns (Figures 2.5-2.7).
Jaccard's coefficient revealed Aster and Scolochloa habitats to be more similar
in species composition in the first year of flooding, but the percentage similarity
coefficient indicated Scolochloa and Scirpus as the most similar habitats over
the entire four years (Figure 2.5). The percentage similarity values were heavily
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influenced by the dominance of emergence by Corynoneura cf. scutellata
during the first few years in Scolochloa and Scirpus, and by the subsequent shift
to Chironomus tentans by the fourth year, which was also the dominant species
in the Aster habitat (Tables 2.2,3,4). This explains the increasing percentage
similarity between Aster and the two emergent vegetation habitats over the four
years (Figure 2.5B).

When comparing the chironomid communities between depths within
each habitat, Jaccard's coefficient revealed very similar communities in the first
year of flooding (Figure 2.6A). Aster increased in similarity over the four years
and Scirpus declined slightly to have the least similar communities in its shallow
and deep sites by the fourth year of flooding. The percentage similarity index
indicated reiatively similar communities between the two depths within each of
the three habitats (Figure 2.6B).

When comparing changes in the chironomid communities over the four
years the percentage similarity index indicated much less change within the
Aster habitat than in the two emergent vegetation habitats (Figure 2.7B). The
dramatic “hanges in percentage similarity within the two emergent vegetation
habitats is a reflection of the domination of emergence by Corynoneura cf.
scutellata during the first two years and the subsequent shift to Chironomus
tentans. |n the two emergent vegetation habitats greatest percentage similarity
among years was between 1985-1986 whereas Jaccard's coefficient revealed
greatest similarity in species composition among years to be between 1987-
1988 (Figure 2.7).

2.6 DISCUSSION

2.6.1 Chironomid habitat and species biology. The chironomid assemblage
within the experimental cells was dramatically influenced by changes in the
aquatic macrophyte community following water levei manipulations. Two very
different patterns of chironomid community development were observed in the
Aster and the emergent macrophyte habitats.

Aster was drowned following flooding and little live vegetation remained.
The large input of plant litter contributed to a highly structured habitat, and along
with the abundant metaphyton that developed in this habitat (Wrubleski, pers.
observ.), a wide range of microhabitats became availabie for chironomid
colonization. Aster had a varied community with both small epiphytic
chironomids (e.g., Corynoneura, Cricotopus, Paratanytarsus) and larger benthic
or mining species (Chironomus, Glyptotendipes) abundant over the four years.
Aster litter seems to resist decay and can persist within the cells for many years
(Murkin, pers. comm.), thereby providing a relatively stable habitat. This may
explain the lack of significant changes within this community over the four year
period.

Scolochloa and Scirpus habitats showed more dynamic changes in
chironomid community composition over time. During the first two years these
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habitats were dominated by Corynoneura cf. scutellata. Larvae of Corynoneura
are very small free-living grazers dependent upon submersed surfaces (Table
2.5). The live stems and leaves of Scolochloa and Scirpus provided ideal
habitat for this species, as well as other epiphytic species such as
Paratanytarsus sp.1 and several Cricotopus species (Table 2.5). The survival of
these piants during the initial flooding delayed deposition of plant litter at that
time (Wrubleski, pers. observ.) and this may have prevented large populations
of mining species such as Chironomus tentans and Glyptotendipes barbipes
from becoming established in the first few years. Although both of these
species have been reported to mine plant litter or other soft materials, they are
more often reported to live in soft highly organic bottom sediments (Table 2.5)
which would have been present in these two habitats. Their absence in the two
emergent vegetation habitats could indicate that factors other than availability of
plant litter were responsible for the absence of bottom-dwelling species.
Emergent macrophytes can produce unfavourable conditions on the bottom.
They restrict algal growth, an important food resource for these species (Table
2.5), through shading (Straskraba and Pieczynska 1970; Gurney and Robinson
1988). They can also prevent mixing of the water column and contribute to low
oxygen conditions on the bottom (Dvorak 1969; Suthers and Gee 1986).

Prolonged flooding, particularly at the deeper depths, eliminated emergent
macrophytes by the fourth year (van der Valk, pers. comm.; Figure 2.8). The
death of these plants contributed to a large deposition of plant litter and reduced
shading of the bottom. Epiphytic species declined in numbers and benthic
species dominated the chironomid assemblage. Corynoneura ct. scutellata
declined to levels similar to that found in the Aster habitat. Chironomus tentans
and Glyptotendipes barbipes, species that were abundant in the Aster habitat
from the time of initial flooding, also became abundant in both the Scolochloa
and Scirpus habitats after the death of the emergent plants. Driver (1977)
reported that C. tentans increased in abundance following increased water
levels on a prairie pond. He suggested that the increase in this species was
attributed to its ability to use not only the dead stems and roots of Scirpus
americanus Pers. but also the open areas created by the loss of vegetation. My
results concur with Driver's observation that Chironomus tentans increases in
abundance when emergent vegetation was flooded, but without information on
larval distributions the basis for this response is unclear.

The death of Aster, Scolochloa and Scirpus due to flooding resulted in the
deposition of abundant plant litter to the bottom. In wetland habitats, plant litter
has been thought to be an important food resource for invertebrate production
(Mann 1988), but recent developments have indicated that algae may be a
more important food resource for invertebrates in freshwater wetlands (Murkin
1989; Campeau 1990; Chapter 4). A review of food habits of the dominant
chironomid species present in the experimental cells indicates that algae are
indeed important (Table 2.5). Street and Titmus (1982) were able to separate
the effects of food and habitat provided by straw additions to a gravel-pit lake.
Their findings indicated that habitat structure was a more important determinant
of animal distributions than the availability of piant litter as food. Aquatic
macrophytes and their resuitant plant litter provide an important habitat for
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chironomids, but it may be the highly productive algal communities of wetlands
(Crumpton 1989) that are the rost important food resource for chironomids.

Changes in the chironomid community of the experimental cells can be
related to observed changes in habitat structure. However, interactions
between individual species are unknown in this habitat and cannot be ruled out
as unimportant. Cantrell and McLachlan (1977), for example, found that
competition between two benthic chironomids determined habitat distribution in
a newly created reservoir. In the Scolochloa and Scirpus habitats of the
experimental cells, a striking shift from an assemblage dominated by
Corynoneura cf. scutellata to one dominated by Chironomus tentans was
observed (Figure 2.9). In Aster, Corynoneura did not contribute significantly to
emergence so no relationship is apparent, but in the Scolochloa and Scirpus
habitats there was a clear negative relationship of abundance between these
two species. Published information indicates that neither species use the same
microhabitat (Table 2.5) and so a negative relationship between them is more
likely to be explained by changes in habitat structure over time and the
requirements of these two species than by competitive effects. Interactions
between other species pairs, however, must be studied by direct experiments
before conclusions about possible interactions may be drawn.

2.6.2. Comparisons with reservoir studies. Studies of aquatic invertebrate
colonization and succession have been done primarily in man-made reservoirs
(e.g., Nursall 1952; Paterson and Fernando 1970; Sephton et al. 1983; Brown
and Oldman 1984; Voshell and Simmons 1984). Invertebrate community
development in reservoirs has been characterized by four phases (McLachlan
1974, after Morduchai-Boltovskoi 1961). 1) The first phase is short and occurs
during the initial filling of impoundments when river fauna and terrestrial
invertebrates are present within the reservoir. 2) A second productive phase
coincides with the final filling of the reservoir. This high productivity has been
attributed to the release of nutrients from the flooded vegetation and surface
soils. The length of time needed to reach peak abundances (often reported to
be between 1 to 4 years) is determined by such factors as basin morphology,
climate, water chemistry and invertebrate population structure (Armitage 1977;
Sephton et al. 1983). This peak in invertebrate numbers is often dominated by
chironomids, particularly Chironomus plumosus-type larvae (McLachlan 1974).
3) A subsequent decline in invertebrate abundances has been attributed to loss
of the flooded terrestrial vegetation through decomposition, consumption by
invertebrates and sedimentation. Increasing populations of fish and predatory
invertebrates (e.g. leeches, odonates) have also been suggested as
contributing to the decline in invertebrate densities (Andersson and Danell
1982). 4) Eventually invertebrate abundances reach an equilibrium which is
determined by prevailing conditions within and outside the water body.
Although this general pattern of invertebrate community development has been
reported often (now considered part of the 'reservoir paradigm'; Hecky et al.
1984), Wiens and Rosenberg (1984) found little evidence of McLachlan's
(1974) four phases in the responses of benthic invertebrates to reservoir
formation in Southern Indian Lake, Manitoba.
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The generalized pattern observed in reservoirs can be compared with
development of the chironomid community in the diked marshes of the present
study. The first phase of reservoir fauna development can be seen in the
experimental cells in the abundance of semi-terrestrial chironomids, such as
Limnophyes prolongatus, in Scolochloa and Scirpus during the first few years
following flooding. However, with continued flooding this species declined in
abundance. A similar response was also noted when these experimental cells
were flooded as part of an earlier water level manipulation (Murkin and Kadlec

1986; Wrubleski, unpubl. data).

The second or 'productive’ phase in reservoirs varies in duration and
timing and is generally the result of high production by a single species. In the
Aster habitat numbers were highest in the second year in the shallow sites and
in the first year in the deep sites, but these numbers were not significantly
different from most other years. Biomass of emerging chironomids showed
much the same pattern (Chapter 3). The composition of the chironomid
community did not show great differences over time as indicated by the high
similarity values among years (Figure 2.7), and the community was not
dominated by one or two species as was the case in the two emergent
vegetation habitats (Figure 2.4C).

In the Scolochloa and Scirpus habitats, few differences in total numbers
were observed in the shallow sites over the four years, but in the deep sites
numbers were high in the first and fourth years of flooding. Biomass was
highest in the fourth year (Chapter 3). Corynoneura cf. scutellata dominated
during the first two years and Chironomus tentans dominated in the fourth year.
The high abundances of Chironomus tentans, following the death of the
emergent macrophytes and the addition of litter to the bottom, are consistent
with reservoir studies where Chironomus species often dominate following
flooding of the terrestrial vegetation (McLachlan 1974).

Few reservoir studies have reported high numbers of Orthocladiinae
during reservoir formation. This is probably due to several factors; 1) orthoclads
prefer vegetated habitats and most reservoir studies tend to focus on the deeper
open-water or profundal habitats where few aquatic macrophytes are found.
Paterson and Fernando (1970), Armitage (1977, 1983) and Ertlova (1980)
sampled littoral habitats during reservoir formation and reported high numbers
of orthoclads. 2) In reservoir studies bottom sediments are usually sampled
rather than submersed or emergent vegetation, and 3) Corynoneura larvae, in
particular, are extremely small and easily overlooked in any benthic sampling
program. Street and Titmus (1979) reported that very different results were
obtained when larval sampling and emergence trap sampling programs were
used to describe the colonization of several small gravel-pit ponds by
chironomids, and suggested that the importance of larger benthic species as
pioneers may have been overestimated in previous colonization studies where
larval sampling alone had been done. [f a benthic sampling program had been
used in the experimental cells this phase in the development of the chironomid
community would have been missed entirely.
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Whether it serves as food or habitat, the eventual loss of the plant litter to
consumption, decomposition or siitation resuits in a decline in invertebrate
numbers in reservoirs. In the experimental cells, chironomid abundances within
the Scolochloa and Scirpus habitat, and probably Aster as well, can be
expected to decline over the next few years. Decomposition of Scirpus and
Scolochloa litter is rapid (Murkin et al. 1989) and little of it will remain as habitat
for invertebrates. As more flood-tolerant emergent macrophytes or submersed
macrophytes develop within the cells and provide new habitat, numbers of
chironomids and other invertebrates can be expected to recover.

As in reservoir studies, my resuits suggest that the contribution of plant
litter following flooding was the principal factor regulating the development of
the chironomid community of the experimental cells. In the experimental cells
however, chironomid responses to the additions of litter took place in two
phases. First was the death of the terrestrial annuals which provide an
immediate pulse of coarse detritus to the bottom. Prolonged flooding caused
the death of emergent macrophytes and a second pulse of plant litter was
added to the marsh bottom, resuiting in a second pulse of chironomid

production.

2.6.3 Comparisons with the unmanaged Delta Marsh. Data presented in
Wrubleski and Rosenberg (1990) permit a comparison of the chironomid
assemblages within the experimental cells with Bone Pile Pond (BPP, see
Chapter 4 for a description), an unmanipulated area of the Delta Marsh.
Although many newly created water bodies are reported to produce higher
numbers of chironomids than older, mature areas (see Chapter 3 for
references), this was not so for the experimental cells. Numbers emerging from
the cells were comparable to those found in emergent vegetation habitats of
BPP, but did not match the high numbers found in the Potamogeton habitat
(Chapter 3). Numbers of species were higher in the Potamogeton habitat of
BPP than in the experimental cells, but by year four species richness from the
experimental cells was similar to that found in the Scirpus and Typha habitats of
BPP (Table 2.6, Figure 2.4).

Chironomid species diversity in the two emergent vegetation habitats of
the experimental cells was related to habitat structural diversity. In the first few
years chironomid habitat was principally the emergent vegetation and by the
fourth year it was the litter on the bottom. In year three, both emergent
vegetation and litter were present and provided a greater variety of habitats and
consequently chironomid diversity was greatest at this time. Diversity was
greater in the Aster habitat than the two emergent vegetation habitats and
probably this was related also to higher habitat diversity in Aster sites. Species
diversities in the experimental cells in the third year of flooding were
comparable to values for BPP. Diversity was lower in the Potamogeton habitat
of BPP in 1980 due to a large number of Tanypus punctipennis (Wrubleski and
Rosenberg 1990). Relative dominance values tended to be lower in BPP,
somewhat comparable to those in the deep Aster sites in the second to fourth
years of flooding.
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The Scirpus and Typha habitats in BPP had an abundance of semi-
terrestrial chironomid species, including Limnophyes immucronatus and L.
prolongatus (Table 2.6; Wrubleski and Rosenberg 1990). This was not so in
the two emergent vegetation habitats of the experimental cells. Limnophyes
prolongatus was abundant initially in Scolochloa and Scirpus habitats but then
declined in abundance with prolonged flooding (Tables 2.3,2.4). Water levels
within BPP fluctuated greatly and occasionally there was no surface water
present in the Scirpus and Typha habitats. This would explain the abundances
of semi-terrestrial species in these habitats. Flooding to depths of 20-40 cm
greatly reduced the abundances of these species in the experimental cells.

Tanypus punctipennis was a dominant species in the Potamogeton habitat
of BPP (Table 2.6). Tanypus species prefer soft mud substrates through which
they can move easily (e.g., Parkin and Stahi 1981; Titmus and Badcock 1981).
Their gradual increase in numbers in the experimental cells (Tables 2.2-4,
Appendix 2) may be an indication of changing substrate conditions within the
cells, however, the exact reason remains unknown.

2.6.4 Conclusions. Freshwater wetlands are dynamic habitats. Vegetation
and water chemistry vary with water levels which fluctuate within and among
years. The aquatic macrophytes, which typify wetlands, provide structurally
complex habitats for aquatic invertebrates such as chironomids. Species
composition and abundances of the chironomid assemblages within these
habitats can change considerably among years (e.g., Morrill and Neal 1990;
Wrubleski and Rosenberg 1990) but the factors responsible are not known.
The results of the present study indicate that habitat changes, and specifically
changes in vegetation, are important factors regulating chironomid communities
in northern prairie wetlands.

The exact mechanisms of this regulation remain unknown. We do know
that aquatic macrophytes provide habitat for many species. For example, in this
study the two emergent macrophytes provided habitat for Corynoneura cf.
scutellata and other epiphytic species. Death of the these plants due to
excessive flooding benefited larger benthic species. This benefit may be in one
or all of the following forms. 1) Plant litter provides a soft material in which these
species could burrow. 2) Algae and bacteria would colonize the abundant
surface area provided by the litter and in turn provide an excellent food
resource for chironomids. 3) The absence of emergent macrophytes would
contribute to increased mixing of the water column and greater algal production
on the bottom. Further studies are needed to determine how dense stands of
emergent macrophytes inhibit benthic chironomids. Field experiments, such as
those described in Chapter 4 and Straskraba and Pieczynska (1970), are
needed to tease apart the interactions between emergent macrophytes and
chironomids. Much of this effort must use information about larvae. Emergence
trap samples provide detailed descriptions of patterns, but are not capable of
providing the information necessary to evaluate larval responses, the life cycle
stage at which habitat manipulations have their true effects.
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Number of Adults Trapped (m-2wk-1)

24007 1985 Aster - Total Chironomidae

—o— Shallow
—eo— Deep

0 T Y T T T T T
123 456 7 8 9101112131415 1617 18192021 2223 24
Period
May | June | July | Aug. l Sept. | Oct.

Figure 2.1. Seasonal frends in mean (+ SE, n=6) weekly emergence
for Chironomidae from the Aster habitat of the experimental cells.
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Number of Adults Trapped (m-2wk-1)

Scolochloa - Total Chironomidae

1985

2400 ] 1988

——o— Shailow

—e— Deep

1200 1
800 1
400 A
O-J T L L IR § ] L) ¥ L L LI L] T T ¥ ¥
12345678 91011121314151617 181920212223 24
Period
May June July | Aug. | Sept. Oct.

Figure 2.2. Seasonal trends in mean (+ SE, n=6) weekly emergence
for Chironomidae from the Scolochloa habitat of the experimental cells.



Number of Adults Trapped (m-2wk-1)

12004 1989 - Scirpus - Total Chironomidae

800 -

400

ogoo4 1988

24001 -—a— Shallow
—e— Deep
2000

1600 1

1200 1

800 +

400 -

0 LB i  § L4 L) L | ) | T 1] 1 L]
1 234567 8 9 1011121314151617 1819 202122 2324
Period
May | June | July I Aug. | Sept. | Oct.

Figure 2.3. Seasonal trends in mean (+ SE, n=6) weekly emergence
for Chironomidae from the Scirpus habitat of the experimental cells.
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Figure 2.6. Jaccard's similarity coefficient (A) and percentage
similarity values (B) for between depth comparisons of
chironomid emergence from the experimental cells.
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Figure 2.7. Jaccard's similarity coefficient (A) and percentage
similarity values (B) for comparisons of chironomid emergence

among years from the experimental cells.






Figure 2.8. The south end of cell 1 of the experimental cells showing loss of
Scirpus at deep sites over a two year period. A. July, 1986. B. July, 1988.
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Figure 2.9. Proportion of chironomid emergence represented by
Chironomus tentans and Corynoneura cf. scutellata from the three
habitats sampled in the experimental cells.
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3. MANAGEMENT OF FRESHWATER WETLANDS:
RESPONSES OF THE CHIRONOMIDAE (DIPTERA)
TO THE EXPERIMENTAL FLOODING OF A SERIES OF
DRAWDOWN MARSHES

3.1 SYNOPSIS

The Chironomidae (Diptera) are an important food resource for breeding
waterfowl and their young. However, few attempts have been made to
document their responses to wetland management. This study followed
chironomid responses to the experimental flooding of ten diked areas in the
Delta Marsh, Manitoba. Emergence traps were used to monitor chironomid
emergence from three preflood vegetation types (the terrestrial annual Aster
laurentianus, and two emergent macrophytes, Scolochlna festucacea and
Scirpus lacustris validus) flooded at two water depths (shallow: 20-40 cm, deep:
50-70 cm) over a four year period. The highest number of chironomids (9,168
m-2 yr1) emerged from the deep Aster sites in the first year of flooding. The
highest biomass of chironomids (22,007 mg m-2 yr1) was from the deep
Scirpus sites in the fourth year. Numbers, biomass and size classes of
emerging chironomids were similar over the four years from the Aster habitat.
However, the Scolochloa and Scirpus habitats were dominated initially by the
smallest size-class, but shifted steadily toward production of much larger
individuals over the four-year experiment. The potential of chironomids as a
food resource for waterfowl was greatest from the Aster habitat during the first
few years of flooding but as a consequence of shifts in species composition
became greater in the Scolochloa and Scirpus habitats in the third and fourth
years.

3.2 INTRODUCTION

Drawdown (artificial drainage) and reflooding have been increasingly
used in marsh management in an effort to restore declining productivity of
wetlands (Weller 1978). Stable water levels apparently are detrimental to long-
term wetland productivity (Harris and Marshall 1963; Weller 1978). Drawdown
enables many emergent macrophytes, as well as terrestrial annuals, to become
established on the dry marsh bottom and reapplication of water floods this
vegetation. The emergent macrophytes survive, depending upon the water
depth, but the terrestrial plants drown and contribute to the detritus food chain.

Aquatic invertebrates of freshwater marshes are an extremely important
food resource for waterfow! (e.g., Krapu 1981; Sugden 1973; Street 1977, 1978;
Murkin and Batt 1987) and high use of new wetlands by waterfowl is believed to
be a result, in part, of high invertebrate abundances in these new areas.
McKnight and Low (1969) reported high densities of chironomids and corixids
after reflooding of drawdown impoundments in Utah. Whitman (1974) reported
that highest invertebrate densities occurred in impoundments less than four
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years old, and older impoundments had fewer invertebrates and less waterfow!
use. Peak production of duck broods on a shallow Swedish lake was
coincident with peak chironomid abundances, five years after flooding (Danell
and Sjdberg 1982). However, not all studies have recorded large increases in
invertebrates following drawdown and reflooding. Kadlec (1962) reported very
low densities of invertebrates following reflooding of a large impoundment in
Michigan and suggested that it may be harmful to invertebrate populations.

The vegetational changes that take place in wetlands have received
intensive study (e.g., Weller and Fredrickson 1974; van der Valk and Davis
1978; van der Valk 1981, 1982, 1987 and references therein), but invertebrate
responses to these changes are not well understood. Trends in development of
invertebrate communities have been suggested from several studies which
sampled wetlands of different ages (Whitman 1974) or vegetational structure
(Voigts 1976). Danell and Sjéberg (1982) followed invertebrate responses in
years 3-7 after creation of a shallow lake in northern Sweden, and Kenow and
Rusch (1989) reported the responses of the nektonic invertebrate community to
three years of continual flooding in several impoundments of the Horicon
Marsh, Wisconsin. However, invertebrate community development from the
time of reflooding has not been followed within a single wetland. In this study |
describe the responses of the Chironomidae (numbers, biomass and size
classes) to the reflooding of a series of experimental marshes during a four year
period. Chironomids are one of the most abundant aquatic insect groups within
these habitats and are also a valuable waterfowl food (Wrubleski 1987).

3.3 MATERIALS AND METHODS

3.3.1 Study area. This study was conducted within the experimental marshes
(cells) of the Marsh Ecology Research Program (MERP) in the Delta Marsh, in
south-central Manitoba (50° 11' N, 98° 19' W). A complex of 10 contiguous 4-6
ha diked marshes were built in 1979, of earth excavated from within each cell.
Water levels were manipulated and maintained with electric pumps.
Descriptions of the long-term experimental design and water-level
manipulations within the cells are given in Batt et al. (1983), Murkin et al. (1984)
and van der Valk et al. (1988). Vegetation and water chemistry in the cells i;ave
been described by Kadlec (1986a,b, 1989), van der Valk and Welling (1988)
and van der Valk et al. (1989). During 1983 and 1984 the cells were drained
(drawdown). Water was reapplied in June-August 1985.

3.3.2 Sampling. Floating emergence traps were used to sample adult
chironomids at the water surface. Emergence traps have two main advantages
over conventional bottom sampling; adults can be identified more readily to
species than benthic larvae, and emergence samples require less effort per
sample and thus more habitats can be sampled. The trap used was a modified
version of the 'week' trap (basal area = 0.5 m2) described by LeSage and
Harrison (1979).
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Emergence trap sites were established within the cells in the spring and
summer of 1985. Sites were stratified according to pre-flood habitat and water
depth. Three of the dominant habitat types, based on preflood vegetation
surveys, were selected for sampling; these were Aster laurentianus Fern.,
Scolochloa festucacea (Willd.) Link (whitetop) and Scirpus lacustris L. ssp.
validus (Wahl.) Koyama (softstem bulrush). Each habitat was sampled at two
water depths, shallow (20-40 cm) and deep (50-70 ¢m). Six traps were used for
each habitat-water depth combination for a total of 36 traps.

Traps were set out as soon as sufficient water was in place to float them.
Deep water sites, which were at lower elevations, were flooded much earlier
than shallow water sites at higher elevations. Consequently initiation of
sampling varied between 16 May and 20 July. Within each habitat-water depth
combination the six emergence trap sites were not flooded at the same time, but
most were flooded within a few weeks of each other, except for two shallow
Scirpus sites that were flooded 9 weeks before the other four sites (data from
these 9 weeks were excluded from the analyses). In 1987 and 1988, traps were
set out at the same sites in the last week of April and emptied weekly through
the third week of October to provide data for 24 weeks or sample periods. In
1986, traps were not set out until the first week of May and data were collected
over 23 weeks.

3.3.3 Data summation. All chironomids were identified to species (see
Chapter 2). Numbers collected from each trap during every week were
summed for the entire sampling season, multiplied by 2 to give no. m-2 and then
used to determine mean annual emergence (no. m2 yr-1 £ SE, n=6) for each
habitat-water depth combination. Procedures used to generate missing data for
traps lost due to muskrat damage and wind storms are reported in Appendix 1.
A length-weight regression {(Wrubleski and Rosenberg 1990) was used to
determine biomass (mg m-2 yr-1) of emerging chironomids. Separate counts for
each sex were not made during sorting, therefore sex ratios from a previous
study in the Deita Marsh (Wrubleski 1984) were used to partition the numbers
for each species between males and females before determination of biomass.
In addition, a relative frequency distribution of size classes (1 mm) was
determined for each habitat-water depth combination, based on body length
(pronotum to penultimate abdominal segment).

3.3.4 Statistical analysis. Emergence numbers and biomass were compared
using a split plot ANOVA with habitat, depth and depth x habitat as whole plot
sources which were tested against traps nested within depth x habitat (Table
3.1). Year, year x depth, year x habitat and year x depth x habitat were split
plot sources which were tested against the residual (year x trap (depth x
habitat)). Analyses were conducted using the PROC GLM procedure of SAS
(SAS Institute Inc. 1985). Data were log1g (x+1) transformed prior to analysis to
stabilize the variances, but untransformed data are presented in the figures.
Year comparisons were done within habitat and depths by one-way ANOVA
followed by Tukey's HSD test [P<.05; as recommended by Day and Quinn
(1989)] to compare individual year means Habitats were compared within
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years and depths with one-way ANOVA and Tukey's HSD test to compare
individual habitats, and depths were compared within habitat and year by t-tests
(P<.05). All one-way ANOVAs, Tukey's HSD tests and t-tests were done with

SYSTAT (vers. 3.2) on a Macintosh computer.

3.4 RESULTS

The overall split plot ANOVA indicated that numbers and biomass of
emerging chironomids differed significantly between depths, and among
habitats and years (Table 3.1). The depth x habitat interaction was nearly
significant for both numbers (F= 2.71, df=2,30, P=.08) and biomass (F=2.81,
df=2,30, P=.08) suggesting that chironomids responded differently to prefiood
vegetation and depth of flooding. Numbers of chironomids emerging each year
varied between depths (depth x year, F=2.87, df=3,90, P=.04) but biomass did
not (F=1.19, di=3,90, P=.32). Data for both annual numbers and biomass
showed significant interactions between habitat and year indicating that
habitats had different outputs over the four years. The three-way depth x habitat
x year interaction was significant for biomass and nearly so for numbers,
indicating that chironomids responded differently to preflood vegetation and
water depth and that these differences also varied annually.

One-way ANOVA for habitat comparisons within depths and years
indicated that in 1986, Scirpus-deep had a significantly lower emergence than
the other two habitats, and in 1987 Aster-shallow had a higher emergence than
- the other two shallow habitats (Figure 3.1). Differences among habitats in
chironomid biomass were more striking than were those for numbers (Figure
3.2). Biomass of chironomids emerging from Aster was much higher than that
from the other two habitats in 1985, 1986 and 1987 in the shallow depths and
1985 and 1986 in the deeper habitats. In 1986 all three habitats differed
significantly from each other in the deep sites and in 1988 Scirpus had a much
higher emergence than Aster.

In 1985, significantly more chironomids emerged from the deep sites than
from shallow sites in Aster and Scirpus, and the same trend was marginally
significant (t=2.211, P=0.051) in Scolochloa (Figure 3.1). These differences
may reflect the fact that deep sites were flooded much earlier than shallow sites.
Therefore, these data were reanalyzed using equal time periods (i.e., those
weeks that both habitats were flooded together). Because these analyses
indicate no differences bexvween depths (Aster: numbers t=0.65, P=.53, biomass
t=1.51, P=.16, Scirpus: numbers t=1.58, P=.14), | conclude that the significant
differences found above were due simply to the deep sites being flooded for
longer periods. In 1986, no differences were found between depths. In both
1987 and 1988 higher numbers and biomass of chironomids emerged from the
deep sites in Scirpus compared to the shallow sites. In Scolochloa, there were
marginally more chironomids emerging from deep water in 1988 (number:
t=2.122, P=.06; biomass: t=1.958, P=.08).
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In shallow water, similar numbers of chironomids emerged in all years,
except for a significant increase in emergence in the Scirpus habitat between
1987 and 1988. In the deep water sites, | observed a trend for high emergence
in 1985, followed by declining numbers during 1986 and 1987 and a
subsequent increase in 1988 (Figure 3.1). In terms of biomass, a significant
increase in emergence in 1988 was observed in both Scolochloa and Scirpus
in the shallow waters. This increase was also observed in the deep sites but
started in 1987 in the Scirpus habitat. Biomass of emerging chironomids did not
differ over the four years in shallow or deep waters from Aster.

There were cong;.’ anges in sizes of emerging chironomids in
Scolochloa and Scirg. .. during the four years (Figure 3.3) which
reflected changes :n spe:. -0 sition (Chapter 2). In 1985, emergence was
dominated by small indiv. a.ticularly in the 1-1.99 mm size class. Over
the next four years ii:re - - . shift to much larger individuals. This was very

apparent for the deep ha!.i~ s where the 3.00 - 9.99 mm size class dominated
emergence. The shallow hahitats had a more bimodal distribution of sizes,
similar to that observed in the Aster habitat. In Aster, the pattern present in all
four years and both depths was similar with a bimodal distribution of sizes with
peaks around 2-5 mm and 7-10 mm.

3.5 DISCUSSION

3.5.1 Reflooding of drawdown marshes and its effect on the chironomids.
Several studies have reported larger numbers of invertebrates in newly flooded
marsh habitats than in nearby older wetlands (McKnight and Low 1969;
Whitman 1974; Street and Titmus 1979). After the first four years of flooding, the
highest number of chironomids recorded from the experimental cells (9,168 m-2
yr-! from deep Aster sites in 1985) was only about two-thirds of the highest
numbers that have been recorded from the unmanaged Delta Marsh (15,601.2
m-2yr?! from the pondweed habitat of Bone Pile Pond [BPP] [Wrubleski and
Rosenberg 1990]). Deep Scirpus sites, however, had comparable emergence
numbers (4,574.4 - 8,148 m-2 yr-1) to that found in the Scirpus habitat of BPP
(4,024.0 - 6,193.2 m2yr1). Numbers of chironomids emerging from shallow
Scolochloa sites (841.0 - 3,340.4 m-2 yr-1) tended to be similar to those from a
seasonally flooded Scolochloa habitat in the Delta Marsh (2,500 m-2 yr-1
[Wrubleski 1987]), but numbers emerging from deep Scolochloa sites,
particularly in the first (6,165.4 m-2yr1) and fourth (7,983.6 m2yr1) years, were
much higher.

Although highest numbers emerging from the MERP cells were not as high
as from the unmanaged Deita Marsh, biomass was significantly greater.
Highest biomass emerging from the experimental cells was from deep Scirpus
sites in 1988 (22,007.22 mg m-2 yr-!) and was more than 5 times that found in
the Scirpus habitat of BPP (2,922 - 3,866.2 mg m-2 yr-1) and almost twice that of
the highest biomass estimated from the pondweed habitat (9,174.0 - 13,431.5
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mg m-2 yr-1), the most productive habitat in BPP (Wrubleski and Rosenberg
1990j). Most of this higher biomass, particularly in years three and four in the
Scolochloa and Scirpus habitats, was in the larger size classes. Figure 3.4
illustrates size class distributions for chironomids emerging from BPP. 1t is
apparent that although numbers might be higher from the pondweed habitat of
BPP, most individuals were of smaller size, explaining the lower total biomass

compared to the experimental cells.

Trends in numbers and biomass of chironomids emerging over the four
year period differed among the habitats and depths sampled. Numbers of
chironomids emerging from the shallow water depths showed few significant
changes over time, whereas the deep water sites showed a general trend for
high numbers emerging in the first year, with a decline in numbers in the
second and/or third years in all three habitats, and significant increases by the
fourth year in Scolochloa and Scirpus habitats. Biomass of chironomids
emerging from both water depths showed very little change over time in Aster,
whereas in Scolochloa and Scirpus there was a significant increase in biomass
emerging by the third or fourth years of flooding. Whitman (1974) reported
highest numbers of larval chironomids in wetland impoundments less than one
year old. Danell and Sjéberg (1982) found highest numbers of chironomids
emerging in year five of a newly flooded lake managed for waterfowl!, with a
considerable decline in numbers in subsequent years (emergence was not
sampled during the first three years). They also noted a decrease in mean
larval chironomid size from the third to seventh years of flooding. My resuits
suggest that little change in size occurred in Aster, whereas in Scolochloa and
Scirpus a shift to larger-sized individuals, particularly in the deep waters,
occurred over the four years.

Aquatic invertebrate populations in wetland habitats do respond to
changes in vegetation and water depth (Voigts 1976; Murkin and Kadlec 1986;
Kenow and Rusch 1989). In the experimental cells differences in chironomid
emergence were found between the Aster and the two emergent macrophyte
habitats sampled. Aster laurentianus is a terrestrial annual characteristic of
mud-flats, and cannot survive flooding. Consequently, a large amount of plant
litter was added to the bottom in one large pulse with no or very little standing
emergent vegetation present. Metaphyton developed extensively in these
open, sunny areas (Wrubleski, pers. observ.). This material provided a
structurally complex habitat with abundant algal production. It was colonized by
a variety of chironomid species, including larger benthic and mining species
such as Chironomus tentans, C. atrella and Glyptotenaipes barbipes, as well as
smaller epiphytic species such Paratanytarsus sp. 1 and several Cricotopus
species (Chapter 2).

In the Scolochloa and Scirpus habitats, not as much litter was added to the
bottom due to their initial tolerance of flooding. These dense stands of live
stems shaded the bottom in these habitats restricting benthic algal production.
Gurney and Robinson (1988) reported a significant negative correlation
between macrophyte stem density and the amount of metaphyton present within
the experimental cells. The large amount of metaphyton-free surface area
provided by the stems and jeaves ¢ these emergent macrophytes provided an
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excellent habitat for Corynoneura cf. scutellata, the most abundant species in
these habitats during the first two years of flooding (Chapter 2). The members
of this genus are small free-living grazers dependent upon submersed surfaces
(Kesler 1981). However, after several years of flooding, these macrophytes
began to die back (van der Valk, pers comm.; Figure 2.8), particularly at the
deeper flooding depths, and a large input of plant litter was added to the bottom
beginning in the second year of flooding. Consequently there was a marked
increase in the same benthic and mining species observed in the Aster habitat
and a dramatic decline in the epiphytic species (Chapter 2). Driver (1977) and
Murkin and Kadlec (1986) both reported increases by Chironomus tentans
following the death of ermergent macrophytes due to excessive flooding.

3.5.2 Management implications. Aquatic macroinvertebrates are an important
food resource for breeding waterfow!l and their young (e.g., Krapu 1981,
Sugden 1973, Street 1977, 1978, Murkin and Batt 1987) and the effects of
marsh management on invertebrate populations must be considered. In this
experiment, preflood vegetation and depth of flooding produced different
abundances of chironomids as potential waterfow! food.

Although chironomids as a group are known to be an important food
resource for waterfowl the relative importances of the different species is
unknown. One important consideration is probably the size of the individual
chironomids produced by each habitat. Data from the experimental cells show
a wide range of sizes of chironomid adults were produced and this varied by
habitat and depth and over the four years of this experiment. However, studies
of waterfowl food habits have generally ignored the importance of invertebrate
size (Nudds and Bowlby 1984) so it is not known which species are important
waterfowl food. It is unlikely that the smallest size class reported in this study
(1.0 - 1.99 mm) is valuable as food for waterfowl, but all other sizes are likely to
be consumed.

The Aster habitat produced a variety of chironomids, with many in the
larger size classes becoming established at the time of flooding. Scolochloa
and Scirpus on the other hand, produced very smail chironomids during their
first two years of flooding, and not until the third and fourth years were large
numbers of the larger-sized chironomids produced. Production was greater in
the deep-water habitats, depths that are probably too deep for most dabbling
duck species. However, during emergence periods these chironomids become
a readily available food resource for waterfowl (Swanson and Sargeant 1972;
Swanson 1977; Sjéberg and Danell 1982).

The presence of emergent vegetation and the abundance of plant litter on
the bottom are the two most important features regulating the abundances of the
larger-sized chironomids within experimental marshes. Dense stands of
emergent vegetation were beneficial to the smallest-sized chironomids but had
a negative effect on the larger benthic chironomids Sevural studies have
reported low numbers of invertebrates in dense stands of emergent
macrophytes compared to other more open habitats (Voigts 1976; Wrubleski
and Rosenberg 1990).
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In my study, the abundance of plant litter in the Aster habitat at the time of
flooding, and in years three and four in the Scolochloa and Scirpus habitats,
was probably an important contributor to the high numbers of large benthic
chironomids. Thus my results concur with suggestions by McKnight and Low
(1969), Whitman (1974), Kaminski and Prince (1981) and others that abundant
plant litter from the preflood vegetation is responsible for high invertebrate
production observed in new wetland habitats. However, other factors are
undoubtedly also important. Andersson and Danell (1982) failed in an attempt
to increase invertebrate production by adding terrestrial plant litter to an existing
wetland. They attributed a lack of response to the existence of abundant
predatory invertebrates already present, and suggested that one benefit of
drawdown was the elimination of the more slowly colonizing predatory
invertebrates. A similar experiment in flooded gravel pits in England was
successful in producing larger numbers of invertebrates in a habitat that was
structutally very simple (Street and Titmus 1982; Street 1982).

Whitman (1974) suggested that optimum conditions for invertebrate
production in newly created wetlands occurred during the first 1.5 to 4 years of
age, anc! recommended drawdown between the ages < 5 to 7 years to improve
food and cover for waterfowl. In the present study, chironomid production was
high from the first application of water and continued to be high through to the
fourth year, first from the flooded terrestrial vegetation and then from the
drowned emergent macrophyte habitats. In the experimental cells it is
anticipated that this high chironomid production will decline as the coarse
detritus inputs within these habitats disappear. Because of the flooding, new
emergent macrophyte regrowth will not occur so no large inputs of detritus will
take place. Invertebrate production will decline in subsequent years unless
submersed vegetation is able to invade and provide additional habitat for
inverteprates. It is apparent that the management of freshwater wetlands for the
benefit of aquatic invertebrates and thus the waterfowl, must consider the
producticn of plant litter during the drawdown phase (Murkin et al. 1989). An
abundance of vegetation must be encouraged during drawdown to provide an
abuncant pooi of litter when water is reapplied.
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Figure 3.1. Mean (+ SE, n=6) annual emergence of chironomids over a four
year period from three habitats and two water depths in the experimental
marshes. *indicates a significant difference between depths within habitat
and year (t-test, P<.05). Habital means with the same subscripts are not
significantly different, within year and depth (Tukey's HSD test following
significant ANOVA, P<.05). Lines below each graph indicate means that are
not significantly different across years (Tukey's HSD test following significant
ANOVA, P<.05). A dotted line is used to connect a solid line when the years
that do not differ sigrificantly are seperated by a year that does differ
significantly from those underlined.
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experimental marshes. (See Figure 3.1 for explanation of symbols).

59



60

"seyssew |eluawuadxa ay} ui pajdwes syidap Jayem om} pue sienqey sa1y) sy} woiy pouad
1eak unoj e 18A0 SSEID B21S WW 00 | Youo AQ pajussaidal 80usbiaws PILIOUOIIYD [BNUUE JO uoipodold -g'¢ ainbi4
(ww) sse|) azig
66'6-008 669-009 66v-00¢ 662-002

668-008 669-009 66%-00 66Z-002

66%6-006 ; ©5L-00L ; 665-00G o 66E-00C ; 664 -001

666-006 , 66°2-00Z ; 66G-005 , 66€-00€ , 661-001

668-008 669-009 66-00v 662-002

66'6-006 , 66'2-00° ; 66'-00'G , 66€-00€ , 66'4-00'}

i T TET AT 4EnT
Jl‘ L 0¢ L 02 ml_ 02
deaq iz :
X Mmojjey i I
g6l [ SO gge [ 886+ |
N 1 R ] y . 1 . = | I | N | ) N . I | ﬁ
2] = 0 i =] 0 0
mu_ﬁn_ Su_J|_m|_ j mu_ﬁ.._ 7317 S._El_ J_&ul w2 &__ m_mj
02 02 - 02
/861 . L1 /861 | 1861 |
. . L | ISP IR DR R ) o y N T |
T e yedyl’ 7 T veyy %ds.ﬁm._ﬁmL.o
L 02 |Foz 02
L o L op - o
9861 A oo 9861 0o 9861 | 4o
—— ] 1 } , —r} —r 1 . | I Tt ] — - b=yt . 0
-+ m«_nr_s,_ ° gu/n "’ Y™ m._ hj|
) 02 L 02 L 02
sndiog oV B0[20/02S - Ov 18)sy S86L Loy
oo G861 [0
ss6L @ [

Buibiowz siaquiny Jo uoipodoid



Proportion of Numbers Emerging

60q
.
50 -

J
40

Potamogeton

30

20 4

10 ~

o

50

AN

N

/ = R/

40 Typha

30

20

10

MMM

DN\
]
3

|

—

0 i 1
50
Scirpus

40 d 1980

%
30 1981

20

0 7
0 !—V/Zl—-% gz [ AT AT Yom

I
I 2.00 -2.29 I 4.00 - 4.99 l 6.00 - 6.99 8.00 - 8.99 I
1.00 - 1.99 .00 -3.99 5.00 - 5.99 7.00-7.99 9.00 - 9.99

Size Class (mm)

Figure 3.4. Proportion of annual ¢hironomid emergence represented
by each 1.00 mm size class over a two year period from three habitats
sampled in Bore Pile Pond, Delta Marsh. Calculated from data in
Wrubleski and Rosenberg (1990).

61



3.6 LITERATURE CITED

Andersson, A. and K Danell 1982. Response of freshwater
macroinvertebrates to addition of terrestrial plant litter. Journal of Applied

Ecology 19:319-325.

Batt, B. D. J., P. J. Caldwell, C. B. Davis, J. A. Kadlec, R. M. Kaminski, H. R.
Murkin and A. G. van der Valk. 1983. The Delta Waterfowl Research
Station - Ducks Unlimited (Canada) Marsh Ecology Research Program,
pp. 19-23. In: H. Boyd (ed.). First western hemisphere waterfowl and
waterbird symposium. Edmonton, Alberta.

Danell, K. and K. Sjoberg. 1982. Successional patterns of plants, invertebrates
and ducks in a man-made lake. Journal of Applied Ecology 19:395-409.

Day, R. W. and G. P. Quinn. 1989. Comparison of treatments after an analysis
of variance in ecology. Ecological Monographs 59:433-463.

Driver, E. A. 1977. Chironomid communities in small prairie ponds: some
characteristics and controls. Freshwater Biology 7:121-133.

Gurney, S. E. and G. G. C. Robinson. 1988. The influence of water level
manipulation on metaphyton production in a temperate freshwater
marsh. Verhandlungen Internationale Vereinigung fiir Theoretische und
Angewandte Limnologie 23:1032-1040.

Harris, S. W. and W. H. Marshall. 1963. Ecoicgy of water level manipulations
on a northern marsh. Ecology 44:331-343.

Kadlec, J. A. 1962. Effects of a drawdown on a waterfowl impoundment.
Ecology 43:267-281.

Kadlec, J. A. 1986a. Effects of flooding on dissolved and suspended nutrients
in small diked marshes. Canadian Journal of Fisheries and Aquatic
Sciences 43:1999-2008.

Kadlec, J. A. 1986b. Input - output nutrient budgets for small diked marshes.
Canadian Journal of Fisheries and Aquatic Sciences 43:2009-2016.

Kadlec, J. A. 1989. Effects of deep flooding and drawdown on freshwater
marsh sediments, pp. 127-143. /n: Sharitz, R. R. and J. W. Gibbons
(eds.). Freshwater wetlands and wildlife. Conf-8603101, DOE
Symposium Series No. 61. USDOE Office of Scientific and Technical
Information, Oak Ridge, Tennessee.

Kaminski, R. M. and H. H. Prinrce. 1981. Dabbling duck activity and foraging
responses to aquatic macroinvertebrates. The Auk 98:115-126.

62



Kenow, K. P. and D. H. Rusch. 1989. An evaluation of plant and invertebrate
response to water level manipulation of subimpoundments of Horicon
Marsh, Wisconsin, pp. 1153-1163. /n: Sharitz, R. R. and J. W. Gibbons
(eds.). Freshwater wetlands and wildlife. Conf-8603101, DOE
Symposium Series No. 61. USDOE Office of Scientitic and Technical
Information, Oak Ridge, Tennessee.

Kesler, D. H. 1981. Grazing rate determination of Corynoneura scutellata
Winnertz (Chironomidae: Diptera). Hydrobiologia 80:63-66.

Krapu, G.L. 1981. The role of nutrient reserves in mallard reproduction. The
Auk 98: 29-38.

LeSage, L. and A.D. Harrison. 1979. Improved traps and techniques for the
study of emerging aquatic insects. Entomological News 90:65-78.

McKnight, D.E. and J.B. Low. 1969. Factors affecting waterfowl production on a
spring-fed salt marsh in Utah. Transactions of the North American
Wildlife and Natural Resources Conference 34:307-314.

Murkin, H. R. and B. D. J. Batt. 1987. Interactions of vertebrates and
invertebrates in peatlands and marshes, pp. 15-30. /n: Rosenberg, D. M.
and H. V. Danks (eds.). Aquatic insects of peatlands and marshes in
Canada. Memoirs of the Canadian Entomological Society 140.

Murkin, H. R., B. D. J. Batt, P. J. Caldwell, C. B. Davis, J. A. Kadlec and A. G. van
der Valk. 1984. Perspectives on the Delta Waterfow! Research Station -
Ducks Unlimited Canada Marsh Ecology Research Program.
Transactions of the North American Wildlife and Natural Resources
Conference 49:253-261.

Murkin, H. R. and J. A. Kadlec. 1986. Responses by benthic
macroinvertebrates to prolonged flooding of marsh habitat. Canadian
Journal of Zoology 64:65-72.

Murkin, H. R., A. G. van der Valk and C. B. Davis. 1989. Decomposition of four
dominant macrophytes in the Delta Marsh, Manitoba. Wildlife Society
Bulletin 17:215-221.

Nudds, T. D. and J. N. Bowlby. 1984. Predator-prey size relationships in North
American dabbling ducks. Canadian Journal of Zoology 62:2002-2008.

SAS Institute Inc. 1985. SAS User's Guide: Statistics. Version 5 Edition. SAS
Institute Inc., Cary, North Carolina.

Sj6berg, K. and K. Danell. 1982. Feeding activity of ducks in relation to diel
emergence of chironomids. Canadian Journal of Zoology 60:1383-1387.

63



Street, M. 1977. The food of mallard ducklings in a wet gravel quarry, and its
relation to duckling survival. Wildfowl 28:113-125.

Street, M. 1978. The role of insects in the diet of mallard ducklings - an
experimental approach. Wildfowl 29: 93-100.

Street, M. 1982. The use of waste straw to promote the production of
invertebrate foods for waterfow! in man-made wetlands, pp. 98-103. In:
Scott, D. A. (ed.). Managing wetlands and their birds; a manual of
wetland and watetfow! management. International Waterfow! Research

Bureau, Slimbridge, England.

Street, M. and G. Titmus. 1979. The colonisation of experimental ponds by
Chironomidae (Diptera). Aquatic Insects 1:233-244.

Street, M. and G. Titmus. 1982. A field experiment on the value of
allochthonous straw as food and substratum for lake macro-
invertebrates. Freshwater Biology 12:403-410.

Sugden, L.G. 1973. Feeding ecology of pintail, gadwall, American widgeon
and lesser scaup ducklings in southern Alberta. Canadian Wildlife

Service Report Series No. 24.

Swanson, G. A. 1977. Diel food selection by Anatinae on a waste-stabilization
system. Journal of Wildlife Management 41:226-231.

Swanson, G. A. and A. B. Sargeant. 1972. Observation of nighttime feeding
behavior of ducks. Journal of Wildlife Management 36:959-961.

van der Valk, A. G. 1981. Succession in wetlands: a Gleasornian approach.
Ecology 62:688-696.

van der Valk, A. G. 1982. Succession in temperate North American wetlands,
pp. 169-179. In: Gopal, B., R. E. Turner, R. G. Wetzel and D. F. Whigham
(eds.). Wetlands: ecology and management. National Institute of
Ecology, Jaipur, India.

van der Valk, A. G. 1987. Vegetation dynamics of freshwater wetlands: a
selective review of the literature. Archiv fur Hydrobiologie Ergebnisse
der Limnologie 27:27-39.

van der Valk, A. G. and C. B. Davis. 1978. The role of seed-banks in the
vegetation dynamics of prairie glacial marshes. Ecology 59:322-335.

van der Valk, A. G., B. D. J. Batt, H. R. Murkin, P. J. Caldwell and J. A. Kadlec.
1988. The Marsh Ecology Research Program (MERP): The organization
and administration of a long-term mesocosm study, pp. 46-51. In:
Proceeding of the Oceans '88 Conference. Baltimore, Maryland.

64



van der Valk, A. G. and C. H. Welling. 1988. The development of zonation in
freshwater wetlands, pp. 145-158. In: During, H. J., M. J. A. Werger and
J. H. Willems (eds.). Diversity and patterns in plant communities. SPB
Academic Publishing, The Hague, The Netherlands.

van der Valk, A. G., C. H. Welling and R. L. Pederson. 1989. Vegetation
change in a freshwater wetland: a test of a priori predictions, pp. 207-
217. In: Sharitz, R. R. and J. W. Gibbons (eds.). Freshwater wetlands
and wildlife. Conf-8603101, DOE Symposium Series No. 61. USDOE
Office of Scientific and Technical Information, Oak Ridge, Tennesses.

Voigts, D.K. 1976. Aquatic invertebrate abundance in relation to changing
marsh vegetation. American Midland Naturalist 95:313-322.

Weller, M. W. 1978. Management of freshwater marshes for wildlife, pp.
267:284. In: Good, R. E., D. F. Whigham and R. L. Simpson (eds.).
Freshwater wetlands. Ecological processes and management potential.
Academic Press, New York.

Weller, M. W. and L. H. Fredrickson. 1974. Avian ecology of a managed glacial
marsh. Living Bird 12:269-291.

Whitman, W.R. 1974. The response of macro-invertebrates to experimental
marsh management. Ph.D. Dissertation, University of Maine, Orono,
Maine.

Wrubleski, D. A. 1984. Species composition, emergence phenologies and
relative abundances of Chironomidae (Diptera) from the Delta Marsh,
Manitoba, Canada. M.Sc. Thesis, University of Manitoba, Winnipeg,
Manitoba.

Wrubleski, D. 1987. Chironomidae (Diptera) of peatlands and marshes in
Canada, pp. 141-161. In: Rosenberg, D. M. and H. V. Danks (eds.).
Aquatic insects of peatlands and marshes in Canada. Memories of the
Entomological Society Canada 140.

Wrubleski, D. A. and D. M. Rosenberg. 1990. The Chironomidae (Diptera) of
Bone Pile Pond, Delta Marsh, Manitoba, Canada. Wetlands 10:243-275.

65



4. THE EFFECT OF SUBMERSED MACROPHYTES
ON THE BENTHIC INVERTEBRATE COMMUNITY
OF A FRESHWATER MARSH

4.1 SYNOPSIS

A field experiment was undertaken in Delta Marsh, Manitoba, to examine
the effect of seasonal development of submersed vegetation on benthic
invertebrates. Sago pondweed (Potamogeton pectinatus) was either removed
via clipping or permitted to grow in fenced 5 x 5 m plots. Aquatic invertebrates
were sampled with emergence traps and bottom cores. Invertebrates (primarily
copepods) were more abundant in the clipped plots than the pondweed plots at
the end of the season. Total chironomid larvae and adult emergence did not
differ between the two treatments, although Polypedilum halterale and
Cladotanytarsus sp. were more abundant in the clipped plots, and Corynoneura
cf. scutellata had a higher emergence from the pondweed plots. Algal biomass
beneath pondweed tended to be lower than in plots where the plants had been
removed suggesting that by shading the bottom, aquatic macrophytes reduce
bottcm algal biomass and indirectly influence benthic invertebrate communities.

4.2 INTRODUCTION

Shallow freshwater wetlands are frequently dominated by aquatic
macrophytes. In northern latitudes, the seasonal development of submersed
macrophytes has a major effect on the physical and biological processes within
open-water areas. Submersed macrophytes alter their surrounding physico-
chemical environment (e.g., Kollman and Wali 1976; Dale and Gillespie 1977;
O'Neill Morin and Kimball 1983; Carpenter and Lodge 1986), and they
influence aquatic invertebrate cfsmamunities by increasing habitat structural
complexity, and by providing additional food and living space within the water
column for many species (e.g., Berg 1949, 1950; Krull 1970; Soszka 1975;
Menzie 1980). Areas with submersed macrophytes have been reported to
support higher densities of invertebrates than areas without vegetation
(Wcehischlag 1950; Gerking 1957; Krull 1970), the general assumption being
that these plants increase the amount of colonizable surface area for
invertebrates in the water column. Recent evidence, however, suggests that
invertebrate colonization of submersed macrophytes is not based solely on the
amount of surface area available, but that each plant species differs in its ability
to support invertebrate populations (Cyr and Downing 1988).

The habitat value of these plants has been well documented, but their
negative effects on some members of the invertebrate community are not as
well known. For example, Richard et al. (1985) found that the total number of
zooplankton spe:.. was reduced following elimination of submersed
vegetation, but thai mean densities increased. The presence of submersed
vegetation also can have a marked effect on z:zoplankton community
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composition (Rabe and Gibson 1984). Dense beds of submersed macrophytes
also may have adverse affects on benthic invertebrates. Hall et al. (1970) and
Danell and Sjoberg (1982) noted shifts in chironomid communities, from benthic
to epiphytic species, when submersed vegetation invaded new areas. Johnson
and Mulla (1983) reported lower densities of benthic chironomids in areas with
Eurasian milfoil than in areas without, and Wrubleski (1989) suggested that
Chironomus species were absent beneath a dense bed of sago pondweed.
Changes in water circulation patterns, temperature, dissolved oxygen and
benthic algal abundances may have caused the declines in benthic chironomid
species reported above. However, there have been no experimental studies of
the mechanism for this inhibition. In this paper | describe a field experiment
designed to examine the interactions among submersed vegetation, the
physico-chemical environment, and the benthic invertebrate community of a
shallow prairie marsh.

4.3 STUDY AREA

This study was conducted in the Delta Marsh at the south end of Lake
Manitoba, in south-central Manitoba (50° 11' N, 98° 19' W). Description 0! li 2
marsh vegetation and water chemistry are given in Léve and Léve 1357,
Anderson and Jo..2s (1976), Anderson (1978). Shay and Shay (198¢), and
Kadlec (1986).

Bone Pile Pond (BPP) is a long, narrow bay separated from the main
marsh by a dense stand of hybrid cattail (Typha glauca Godr.) at its eastern
end. Surface water pH ranged from 8.5-10.5 and conductivity ranged from
2350-3725 uS cm-1 at 25°C (Wrubleski, unpubl. data). The bottom is relatively
flat and is composed of thick organic muck (~ 36.5% organic matter). Wind
seiches on Lake Manitoba and the Delta Marsh result in continually fluctuating
water levels within the pond (range 18 - 40 cm). The water column and much of
the bottom sediments freeze in the winter (Wrubleski 1984).

The open-water area of the pond is dominated by sago pondweed
(Potamogeton pectinatus L.), with some bladderwort (Utricularia vulgaris L.)
also present early in the season. Waterfowl feeding removes much of the
pondweed during July and August of most years (Wrubleski 1989). Two
species of emergent plants, cattail and hardstem bulrush (Scirpus lacustris L.
ssp. glaucus (Sm.) Hartm.), surround the open-water area. Carp (Cyprinus
carpio L.) were present in the pond in 1986 and from 19 May to 8 June in 1987.
Their activities within the pond disrupt development of the pondweed
(Wrubleski, unpubl. observ.). A weir was constructed at the eastern end of the
pond, at the beginning of June, to prevent more carp from entering the pond
and to permit those aiready present to leave.
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4.4 MATERIALS AND METHODS

4.4.1 Experimental treatments. Six experimental treatment plots, each 5 x 5
m, were established at random positions in the western end of BPP on 18-19
May, 1987, using a pre-existing grid system (Wrubleski 1984). Plots wera
assigned randomly to one of two treatments: (1) pondweed (pondweed
permitted to grow) or (2) clipped (pondweed removed by clipping). Plots were
enclosed by a fence of 5-cm mesh stucco wire, 0.5m high, to prevent access by
waterfowl. To minimize exclosure effects, fences did not extend more than
10 cm below the water surface. A centre post within each plot was used to
anchor one side of an emergence trap and to hold maximum-minimum
thermometers. String and brightly colored flagging tape were strung across the
tops of the exclosures to deter waterfowl from landing inside them, however
waterfowl were observed within the pondweed plots on two occasions in late

August.

Clipping of the pondweed began on 18 June and continued through the
summer as regrowth occurred. No clipping was done during the week
preceding algal and core sampling. Pondweed was clipped at the mud-water
interface using small hand-held clippers. Clipped pondweed was collected and
removed. All work within the exclosures was done from a canoe to minimize

disturbance of the pond bottom.

4.4.2 Pondweed biomass. Pondweed biomass was determined at monthly
intervals within exclosures. Three replicate pondweed foliage samples were
removed from each plot using a cylindrical aluminium quadrat (314.2 cm?2).
Above-ground, green plant material was sorted in the laboratory, dried and

weighed.

4.4.3 Environmental variables. Surface and bottom water temperatures were
recorded every 2 d, starting on 18 June, with maximum-minimum thermometers
at the centre of each plot. Accumulated degree-days were calculated for each
plot by summing the differences (in degrees) between each 2-d mean
temperature and 0°C, and multiplying by 2.

Dissolved oxygen levels were determined weekly during the minimum-
maximum periods of the diel cycle (i.e. 700-800 h and 1500-1600 h
respectively; Wrubleski and Ross 1989). Measurements were made at the
surface and approximately 5 cm above the bottom using a YS! model 57 oxygen
meter with a self stirring probe. During these visits, water samples were
collected from the surface and bottom of each plot and returned to the
laboratory for determination of pH and conductivity.

4.4.4 Algal communities. Epiphytic algae (haptobenthic algae or periphyton
colonizing solid substrates) were sampled using vertically-positioned acrylic
rods as artificial substrates following Goldsborough et al. (1986). The rods
were 80 cm long, 0.6 cm in diameter and precut (scored) at 5§ cm intervals for
subsampling. The first 25 cm of each rod extended into the substrate.
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Eighteen rods were placed in each plot on § June. At approximately
monthly intervals (3 and 31 July, 1 September), § rods were removed from each
plot (three rods were spares). From four of the rods, the 5§ cm section of rod
immediately below the water surface and the 5 cm section above the pond
bottom were removed and placed in labelled vials. These same sections were
removed from the fifth rod but were preserved in Lugol's solution for later
identification of the algal community.

On 31 July a second set of rods (6) was placed in each plot. This set was
introduced when it became apparent that the rods were occasionally rubbed
during pondweed clipping, and that this could introduce artificial differences
among rods. This second set was added after pondweed regrowth slowed and
the amount of clipping required in the plots was reduced.

Epipelic algae (herpobenthic algae) living on the sediments were sampled
as described by Eaton and Moss (1966). Five, S00 ml samples of surface
sediments, from an area of the bottom 22.9 cm2, were collected from each plot
using a hand-held vacuum pump. Samples were returned to the laboratory,
washed into glass beakers and left in the dark for 24 h. Surface water was then
removed and beakers were placed outside under ambient light. Lens tissue
papers (traps) cut to the diameter of the beakers were placed on the sediment
~.rfaces. These tissues were then removed the following morning at 1000 h,
~w tissues were replaced and removed at 1400 h and again at 1900 h. The
three lens tissues from each sample were combined into a single vial. Four
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samples from each plot were analyzed for chlorophyll a and the fifth was

preserved for algal identification.

Planktonic algae (phytoplankton) were sampled at monthly intervals (11
June, 9 July and 15 August). By 4 September the pondweed had already
begun to senesce and settle to the bottom, so it was impossible to obtain
samples. Five, 500 ml water samples were obtained from the surface and from
immediately above the bottom in each plot. Samples were returned to the
laboratory and vacuum filtered through Whatman GF/C filter papers. Four
samples were frozen for chlorophyll a determinations and the fifth was
preserved for identification of the algae. Samples from 9 July were later found
to be unusable.

All algal samples used for chlorophyll a determination were frozen for at
least 24 h to enhance pigment extraction. A known volume of 90% methanol
was then added to each sample and vortexed 3 times over a 24-h dark period at
5°C (Gurney and Robinson 1989). Phaeophytin-corrected chiorophyil a levels
were determined spectrophotometrically after Marker et al. (1980).

4.4.5 Invertebrates. Benthic invertebrates were sampled with a hand-held
corer (17.35 cm2). Three core samples were collected from each plot at
monthly intervals: 8 June (preclipping), 6 July, 3 August and 2 September.
Plants were moved to the side in an attempt to minimize contamination of core
samples with epiphytic invertebrates. Immediately after collection. surface
water was removed via a valve in the side of the corer and the samples were



returned to the laboratory. Samples were ther: washed through a 250 um sieve,
preserved in 95% ethyl alcohol and stained with Rose Rengal to facilitate
sorting. Samples were later sorted under a dissecting stereomicroscope at 60x
magnification. Chironomid larvae were slide mounted in polyvinyl alcohol and

identified to genera.

Emerging adult insects were sampled with a modified LeSage anc
Harrison (1979) model 'week' emergence trap (basal area 0.5 m2), A single
trap was placed in each plot on 27 May. Traps were emptied at 2-d intervals
until 6 September (20 d preclipping and 82 d postclipping). Trap. were
anchored to the centre post and one of the fence posts, and repositioned *~ithin
the plots at biweekly intervals to minimize shading of the pondweed.

All adult chironomids were identified to species. Nomenclature follows
Oliver et al. (1990). A length-weight regression (Wrubleski and Rosenberg
1990) was used to calculate biomass of emerging chironomids. Because some
species of Trichoptera are capable of ovipositing beneath the water surface and
then re-emerging (Nielsen 1948; Badcock 1953), females that were nuiliparous
and gravid were considered newly emerged, as were all males. Parous
females were treated as old (oviposited) females (Corbet 1966).

4.4.6 Statistical analysis. Nested ANOVA were used to test significance of
differences in pondweed biomass, algal (epiphytic, epipelic and planktonic)
biomass, and benthic invertebrate densities between treatments (n = 3
plots/treatments). t-tests were used to test significance of differences in insect
emergence between the two treatments. Prior to statistical analyses data were
transformed [logqg (x+1)] to stabilize the variances, but untransformed data are
presented in the tables and figures. All analyses were done on a Macintosh
personal computer using SYSTAT (version 3.2).

4.5 RESULTS

4.5.1 Pondweed biomass. Prior to initiation of clipping, pondwescd biosiass
was similar between the two areas (Table 4.1). Pondweed growth was rzi.d
during June and July and clipping only reduced biomass by 60% in ti:a July
samples. However, after the middle of July, pondweed biomass in the clipped
plots remained low. During the last two weeks of July, waterfowl began to
increase in numbers within the pond and through August and September they
consumed much of the pondweed outside of the exclosures (Wrubleski, unpubi.

data).

4.5.2 Environmental variables. None of the four parameters measured
showed strong effects of the pondweed or clipping treatments. No significant
differences were detected for conductivity and pH. Dissolved oxygen levels
differed significantly between treatments on cily two dates (8 and 24 July), with
pondweed plots showing higher levels of dissolved oxygen (Wrubleski, unpubl.
data). Bottom temperatures within the clipped plots were slightly warmer than
under the pondweed (Figure 4.1). These differences were most appareni
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during calm weather (e.g., 24-28 July) but disappeared during windy weather.
Accumulated degree days did not differ significantly between treatments
(t=2.114, df=4, P=.10).

4.5.3 Algal communities. Levels of epiphytic chlorophyll &, present at the
surface and bottom in the two treatments, did not differ during July (Figure 4.2).
By September, however, more epiphytic chlorophyll a was present in the
clipped plots. Differences were significant for the one month samples but not for
the samples in place for 3 months. Differences beiween ~2 clipped and
pondweed plots probably were accentuated at the water's .urface due to
abrasion of the rods by pondweed movement.

At no time did the amount of chlorophyll a present in the epipelon differ
significantly between the two treatments (Figure 4.3). However, a distinct trend
for greater biomass was evident in the clipped plots towards the end of the
season, with a nearly significant difference in biomass in September.

Before the initiation of clipping, planktonic algal abunaances were similar
between the clipped and pondweed plots (Figure 4.4). The August samples
showed a trend for higher abundances i1 the clipped plots at both the surface
and the bottom but these differences were not significant.

4.5.4 Invertebrates. By 2 September significantly higher number- of benthic
irvertebrates occurred in the clipped plots than in the pondweed : its (Table
4.2), due to higher numbers of copepods and ostracods in the cli;.,>ed plots.
The considerably higher numbers of copepods in the clipped piots was due
mainly to the Harpacticoida. Cyclopoida was the most abundant group of
copepods in the pondweed plots, although even they iznded to be more
abundant in clipped than in pondv:ced plots. Cladocera had higher numbers
in the pondweed plots, and the difference was nearly significant in September
(F=6.445, df=1,4, P=.06).

The overall abundances of Chironomidae did not diff>r between the two
treatments (Table 4.2). Corynoneura sp. present in the core samples may have
been due to larvae falling off the pondweed when taking cores in these plots.
Corynoneura sp. are most often found on submersed vegetation (Kesler 1981).
However, even if Corynoneura from the core samples are removed, there is no
difference in total Chironomidae between treatments (F=0.032, df=1,4, P=.87).
Polypedilum spp. and Cladotanytarsus sp. did show significantly nigher
numbers in the clipped plots in August and September.

Tanypus punctipennis Meig. had significa1tly higher emergence in the
clipped plots than the pondweed plots (Table 4.3). However, the core samples
showed no ditferences in larval abundance between treatments (Table 4.2),
suggesting some kind c¢f bias for this species in the emergence samples.
Pupae of Tanypus species, as with other Tanypedinae, are highly mobile and it
would seem that the pupae of this species congregated in the clipped plots prior
to emergence. Therefore, data on T. punctipennis have been excluded from
Total Chironomidae, Tanypodinae or emerging biomass estimates in Table 4.3.
This presumed bias is not apparent for the other Tanypodinae.
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During the 20-d period before clipping began, Procladius bellus (Loew)
and Parachironomus tenuicaudatus (Mall.), had significantly cifferent
emergence rate~ hetween the two treatments (Table 4.3). With P. bellus, these
differences are .r~tably due tc chance alone due to the low number of
individuals colle . =~ .Jo explanation can be offered for P. tenuicaudatus.

Following clipning, there was no significant difference (t=2.078, df=4,
=.11) in the numbers of total Chironomidae emerging between the two
treatments hut the subfamily Orthocladiinae did have significantly greater
numbers &'~ ing from the pondweed plots (Table 4.3}. The seasonal pattern
showed a constant trend of higher emergence from the pondweed plots as the
season progressed (Figure 4.5A). The increasing difference in emergence was
due primarily to Corynoneura cf. scutellata Winn. (Figure 4.58). Biomass of
emerging chironomids was not significantly dinerent (t=1.913, df=4, P=.13)
betweer treatments (Table 4.3).

Three chironomid species showed significant difference. between
treatments (Table 4.3). Both Tanypus punctipennis and Polypedilum halterale
(Cog.) had significantly higher numbers emerging from the clipped plots,
showing emergence peaks not apparent in the pondweed piots (Figure 5C,D).
Emergence results for P. halterale, unlike for T. punctipenriis, agres with those
of the core samples. Cladotanytarsus sp., which had a significantly higher
number of larvae in the clipped plots (Table 4.2), had a nearly significant
(t=2.513, df=4, P=.06) higher emergence from the clipped plots as well.
Corynoneura cf. scutellata had a significantly higher emergence from the
pondweed plots (Table 4.3).

Mayftlies and caddisflies also were cotiactzd in the emergence traps. The
mayfiy Callibaetis fluctuans (Walsh) showed no difference in emergence
between the two treatments (Table 4.3). Agraylea multipunctata Curtis was the
nost abundant trichopteran, representing 77.1% of all caddiisflies collected.
Emergence of this species (new females and males) showed no difference
between treatments, but older females were significantly more abundant in the
clipped plots, suggesting an ovipositional preference by the females for open-
water areas.

4.5 DISCUSSION

4.6.1 Submersed vegetation and benthic invertebrates. Submersed
vegetation may provide additionai habitat for invertebrates within the water
column, but their presence can also have a marked effect on those
invertebrates living on the bottom. By September in BPP, total benthic
invertebrate numbers were higher in the clipped plots, but individual
invertebrate groups varied in their responses to the treatments. Copepods,
particularly the Harpacticoida, wers considerably more abundant in the areas
without submersed macrophytes. Ciadocera on the other hand, were more
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abundant under the plants. Total chironomids showed no differences between
the two treatments but scme differences in species abundarces were found.

Only one other study, Johnson and Mulla (1983), has compared benthic
invertebrate communities between vegetated and artificially created non-
vegetated areas. They observed lower numbers of chironomid larvaa under
Myriophyllum spicatum than in areas where the plants were eliminated by
herbicides. In BPP, total larval chironomid numbers were similar between
treatments, but twr: genera (Polypedilurm and Cladotanytarsus) did have
significantly lower larval numbers under the pondweed.

Although the general assumption that benthos numbers are higher in
areas with plants than areas without plants is widely held, only a few studies
(e.g., Wohlischlag 1950; Krull 1970; Menzia 1980; Engel 1985,1988; Schramm
and uirka 1989) actually have compare-- ‘he k ithic tauna between vegetated
and ‘naturally occurring' non-vegetate< & «uo, aiid these comparisons should
be viewed with cauticn. The absence oi submersed macrophytes may be due
to sediment type, vertebrate activities, water depth or currents. Thesze factor:
also affect occurrence of benthic invertebrates. For example, Thoip (1988)
reported the! open patches in dense ved: of submersed vegetation, created by
the sp2wning activities of male centrarchid fish, had significantly lower benthic
invertebrate diversities and densities than areas occupied by vegetation, and
that these differences were still apparent the foliowing year. The experimental
approach taken in the p:esent study minimizes these pro:lems.

The emergence trap coliections permit a comparison of numbers ard
biomass of emerging chironomids (both epiphytic and beiithic) betwee*:
vegetated and non-vegetaied habitats. My results indicate no differences in
total numbers or biomass of emerging chironorr.i s between these two habitats,
although Corynoneura cf. scutellata dic '3 a higher emergence from the
pondwzed plo's. In BPP, the presence of Fotamogeton pectinatus did benefit
one smali epi' ytic species tut otherwise did not contribute to any increass in
chironomid ni -2rs over what was present in the bare sedirnents. Because of
the dominance of C. cf scutellata in the pondwe2d emergence collections,
average individual size of chironomids was 144.0 pg as compared to 221.2 ug
from the clipped plots. In a previous waterfowl exclosure study within BPP,
Wrubleski (1989) found that chironemid emergence from pondweed was also
dominated by smaller epiphytic species, whereas larger benthic Chironomus
species dominated emergence from areas where the plants had been removed
by waterfowl.

The development of submersed vegetation was beneficial to some benthic
invertebrates in BPP. Cladocera, for example, had higher densities under the
pondweed. Ir: lake littoral zones, submersed macrophytes stabilize the bottom
where high wave energies can make the bottom sedimcnis very loose and
unstable, thereby benefiting benthic invertebrates in these habitats (McLachlan
1969; Jonasson and Lindegaard 1979; Schramm and Jirka 1989).

4.6.2 Factors responsible for regulating benthic invertebrates. The
seasonal development of dense beds of submersed macrophytes can have a
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major impact on physico-chemical parameters within the water column and on
the bottom (e.g., Buscemi 1958; Koliman and Wali 1976; Dale and Gillespie
1977; O'Neill Morin and Kimball 1983; Wylic zana Jones 1987), and several of
these pararieters have been suggssizd as potential factors limiting
abundances of benthic invertebrates (Hall . al. 1970; Danell and Sjéberg
1982; Wrubleski 1989). Restriction of water circulation and shading of the
bottom, along with high respiraticn rates of decomposing vegetation, can
contribute to very low oxygen levels on the bottom (Buscemi 1958; Wylie and
Jones 1987). Anoxic conditions beneath a dense bed of Myriophyllum
spicatum may have explained a depauperate sediment fauna in a study by
Learner et al. (1989). Fish (1966) reported that removal of a dense cover of
Lagarosiphon major (Ridley) Moss. resuited in a large increase in chironomid
larval numbers, and speculated that this was due to better oxygen conditions
present on the bottom following removal of the plants. Temperatures on the
bottom beneath vegetation are also lower due to stratification caused by
vegetation impeding circulation (Kollman and Wali 1976; Dale and Gillespie
1977; O'Neill Morin and Kimball 1983)

These features were observed in Bone Pile F >nd, but the extent of the
differences between the two treatments were noi great and were only readib-
apparent for short periods. Wind-induced mixing ot the shallow wate:,
facilitated by removal of pondweed from the rest of the pond by waterfowl, is
probably responsible for the lack of siratification of temperatures, oxygen, pH
and conductivities. Mixing of the water 2olumn would ailso preclude the effects
of allelochemicals produced by pondweed as being responsible for influencing
the invertebrate community beneath the vegetation, as has been found for
Myricptiyllum spicatum (Dhillon et al. 1982).

Evidence from this study suggests that algal abundances were associated
with differences in benthic invertebrate communities between the two
treatments. By shading of the bottom, pondweed restricted benthic algal
production in BPP. Light levels were not measured during this study but
readings of photosynthetically active radiation (LE m-2 s-1) taken the previnus
year in BPP indicated that approximately 60.3% of surface light levels reached
the bottom in areas free of vegetation as opposed to only 2.1% underneath the
pondweed (water depth = 15 - 20 cm). Several studies have reported low algal
production beneath submersed macrophytes. Brandl et al. (1970) reported a
more than 50% reduction in phytoplankton production beneath weed beds, and
Goulder (1969) measured no phytoplankton production beneath a dense bed of
Ceratophyllum. O'Neill Morin and Kimbali (1983) reportea light levels declined
with depth in a Myriophyllum heterophyllum Michx. bed and this restricted
periphyton growth on the the lower plant stems.

Algae are an important focd resource for many benthic invertebrates (see
review in Lamberti and Moore 1984) and this may also be so for the
invertebrates of freshwater wetlands, where traditionally invertebrate production
has been thought to be dependent upon the processing of detritus (Mann 1988;
Murkin 1989). Shading by emergent (Straskraba and Pieczynska 1970; Gurney
and Robinson 1988; Hosseini and van der Valk 1989a,b) and submersed
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(studies cited above) vegetation in wetland habitats restricts algal communities
and can thereby negatively impact invertebrate communities. An analogous
situation occurs in lotic habitats where shading by riparian vegetation reduces
algal abundances in streams, and this in turn results in lower aquatic
invertebrate densities and secondary production (Murphy et al. 1981; Hawkins
et al. 1982; Behmer and Hawkins 1986; Feminella et al. 1989).

Interactions amony submersed macrophytes, the physico-chemical
environment, and benthic invertebrates are complex. These plants greatly
increase ‘he physical complexity of open-water areas and provide additional
habitat within the water column for many invertebrates, but at the same time
they ma; oenefit or inhibit different components of the benthic invertebrate
community. Thus, dense beds of submersed vegetation are not benign
environments as suggested by Nelson and Kadlec (1984). The value of
Potamogeton pectinatus as habitat for chironomids and other invertebrates
requires further investigation. The findings of the present study suggest that the
seasonal development of this plant contributes to shading of the pond bottom
and thereby restricts algal production, and thus indirectly has a negative impact
on the food resources of some benthic invertebrates. The relative importance of
alyae as a tood resource for the inversiebrates of ‘freshwater wetlands remains
srknown but the results of the present study point to a need for a further
examination of the relationship between the invertebrate and algal communities
of freshwater rarshes.
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Figure 4.2. Mean (+ SE; n=3; df=1,4 in all nested ANOVA) epiphytic algal
biomass (as chiorophvll a) on artificial substrates in clipped and pondweed
plots in Bone Pile #ord, 1987. Samples were collected at the surface and
bottom of the waier column. 1 September samples were obtained from
substrates in place for three months and one month.
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Figure 4.4. Mean (+ SE; n=3; df=1,4 in all nested ANCVA) planktonic
algal biomass (as chlorophyll a) in clipped and pondweed plots in Bone
Pile Pond, 1987.
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ABSTRACT

The importance of aquatic vegetation in structuring invertebrate
communities of a northern prairie marsh are investigated in two field
experiments.

In the first experiment, responses by the Chironomidae (Diptera) to the
experimental flooding of ten diked marshes in the Delta Marsh, Manitoba were
followed over four years. Emergence traps were used in three ‘preflood'
vegetation types (the terrestrial annual Aster laurentianus, and two emergent
macrophytes, Scolochloa festucacea and Scirpus lacustris validus) flooded at
two water depths (shallow: 20-40 cm, deep: 50-70 cm). Highest number of
chironomids (9,168 m-2 yr-1) emerged from the deep Aster sites in the first year.
The highest biomass of chironomids (22,007 mg m-2 yr-1) was from the deep
Scirpus sites in the fourth year. In Aster, a diverse group of chironomids,
including epiphytic and bottom-dwelling species, were present from the first
application of water. Numbers, biomass and size classes were similar over the
four years. In the two emergent macrophyte habitats, small epiphytic species,
particularly Corynoneura cf. scutellata, dominated emergence during the first
two years. Prolonged flooding contributed to the death of the emergent
macrophytes, epiphytic species declined in abundance and benthic species,
particularly Chironomus tentans and Glyptotendipes barbipes, increased in
numbers. The potential of chironomids as a food resource for waterfow! was
initially greatest from the Aster habitat but became greater from the Scolochloa
and Scirpus habitats in the third and fourth years. Comparisons are made with
developmental sequences reported for reservoirs, and the unmanaged Delta
Marsh.

A second field experiment examined how the seasonal development of
submersed vegetation affects benthic invertebrates. Potamogeton pectinatus
was either removed via clipping or permitted to grow in fenced plots.
Invertebrates (primarily copepods) were more abundant in the clipped plots.
Chironomid larval numbers and adult emergence did not differ between
treatments, although Polypedilum halterale and Cladotanytarsus sp. were more
abundant in clipped plots, and more Corynoneura cf. scutellata emerged from
pondweed plots. Algal biomass beneath the pondweed tended to be lower
than in the clipped plots suggesting that by shading the bottom, submersed
macrophytes reduced algal biomass and indirectly atfected benthic invertebrate
abundances.
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1. INTRODUCTION

Agriculture, urban expansion and other human activities contribute to a
continuing loss of North American wetlands. Interest in wetland preservation is
increasing, although the rate of loss is still very high (Miliar 1989; Wilen 1989).
Wetlands are important for many reasons including water storage and
purification, protection of shorelines from erosion, recreation and wildlife habitat
(Brande 1980). However, much of the concern for wetland preservation comes
from recognition that these habitats are crucial to migratory waterfow!
populations. Wetlands of the prairie pothole region for example, produce
between 50 and 75% of North American waterfow! (Batt et al. 1989). Along with
the increasing demand to protect and conserve remaining wetlands, there is
also pressure to manage intensively many of the protected areas to maintain
high waterfow! productivity in the face of continued habitat loss.

Rscent studies of waterfowl feeding have revealed that aquatic
invertebrates are a crucial food resource for waterfowl, especially during
reproduction and early growth of broods (Murkin and Batt 1987; Swanson and
Duebbert 1989). These organisms also are involved in a number of important
ecosystem functions such as food chain support, decomposition and nutrient
cycling within wetlands (Murkin and Wrubleski 1988). For these reasons the
study of the aquatic invertebrate fauna of wetlands is extremely important, and
consideration must be given to the effects of wetland management practices on

invertebrate communities.

1.1 Previous studies of wetland invertebrates. Most work on the
invertebrates of North American freshwater marshes! has been descriptive
faunal surveys (e.g., Judd 1949, 1953; Watts 1970; Smith 1968; Hanson and
Swanson 1989; Wrubleski and Rosenberg 1990). Because of the taxonomic
challenges with important groups and the perceived lack of importance of
wetland invertebrates, other than pestiferous species, very little process-level
work has been undertaken (Rosenberg and Danks 1987b). However, before
detailed ecological work can proceed a basic knowledge of the fauna present is
required. The Biological Survey of Canada recognized the need for more
information on the taxonomy and ecology of aquatic insects of Canadian
wetland habitats and established a project to coordinate interest in this area
and to summarize existing knowledge. The culmination of this effort was the
publication of a conference proceedings "Aquatic Insects of Peatlands and
Marshes in Canada" (Rosenberg and Danks 1987a) which summarizes our
present knowledge of the insect fauna of Canadian wetlands. This thorough
and informative publication provides a much needed basis for future work on
the aquatic insects of wetland habitats.

Ecological studies within freshwater wetlands have goncentrated on the
role of habitat features such as aquatic vegetation and water levels, and their

1 For the purposes of this review the term marsh is used in a very general sense
to include most shallow freshwater habitats but not peatland or swamp type
habitats (Zoltai 1987).



effects on invertebrate communities. Krull (1970), Voigts (1976), Henson
(1988), and Wrubleski and Rosenberg (1990) have examined invertebrate
abundances and community composition in different aquatic plant communities.
Driver (1977) attempted to correlate chironomid community composition with
permanence of prairie potholes. Murkin and Kadlec (1986b) reported on the
effects of prolonged flooding on the invertebrate communities of a series of
experimental marshes in the Delta Marsh, Manitoba, and Neckles et al. (1990)
examined the role of water levels on the invertebrate community of seasonal
marshes. Corkum (1984) and Wrubleski and Ross (1989) have reported on
diel activities of the invertebrate fauna of marshes. Unfortunately, almost no
autecological studies have been done (but see Corkum 1985).

A number of investigations of aguatic invertebrate communities of
wetland habitats have been done in conjunction with waterfow! studies.
Waterfowl production and habitat use have been correlated with invertebrate
abundances by McKnight and Low (1969), Kaminski and Prince (1981), Murkin
et al. (1982), Talent et al. (1982), and Murkin and Kadlec (1986a), and the
effects of waterfowl feeding and disturbance on invertebrate populations have
been examined by Collins and Resh (1985), Smith et al. (1986), Peterson et al.
(1989), and Wrubleski (1989).

Field experiments are only recently being undertaken within wetland
habitats. Smith et al. (1986), Peterson et al. (1989) and Wrubleski (1989) used
exclosures to determine impacts of waterfow! feeding on invertebrate
communities. Campeau (1990) examined the roles of detritus and algae in
supporting invertebrate populations in wetlands. Morrill and Neal (1990)
investigated the impact of an experimental application of the insecticide
deltamethrin on the Chironomidae of prairie ponds.

Descriptive studies still are needed to provide basic information about
the aquatic invertebrate fauna of wetjand habitats. However, field experiments
provide a greater understanding of their ecological and functional relationships
in this habitat, and this approach should be encouraged.

1.2 Wetland management and aquatic invertebrates. Much of the interest in
the aquatic invertebrates of North American wetlands has been generated by
studies of waterfow! food habits which have revealed that breeding hens and
their young are dependent upon invertebrates as a primary source of protein
(Murkin and Batt 1987; Swanson and Duebbert 1989). As noted above,
waterfowl habitat use is often correlated with availability of invertebrates. The
now widely recognized importance of aquatic invertebrates to waterfow! has
provided evidence needed to justify study of the effects of wetland management
techniques on aquatic invertebrate communities.

Wetland managenient, however, is still in its infancy and much of its
practice is based on trial and error rather than sound scientific principles
(Weller 1978). Most management practices are designed to provide food and
cover for waterfowl through manipulation of plant communities (Fredrickson and
Taylor 1982), and it is the effects of management on vegetation that has
received the greatest emphasis. Nevertheless, several investigations have



considered aquatic invertebrate responses to wetland management practices,
and in particular the impacts of drawdown (artificial drainage and reflooding).
The first such study was by Kadlec (1962) who concluded that drawdown of
waterfowl impoundments in Michigan was detrimental to invertebrate
populations. McKnight and Low (1969) provided qualitative evidence that
drawdown of salt marshes in Utah actually enhanced aquatic invertebrate
numbers. Whitman (1974), studying impoundments within the Tintamarre and
Missaquash Marshes of Nova Scotia, found that those less than four years old
provided the highest numbers of invertebrates as food for waterfowl. Danell
and Sjoberg (1982) reported that in a Swedish lake highest numbers of
chironomids occurred in the fifth year of flooding, coincident with peak
production of waterfowl broods. Kenow and Rusch (1989) reported that
nektonic invertebrates increased in numbers over a three year period following
flooding of impoundments within the Horicon Marsh, in Wisconsin. Except for
the study of Kadlec (1962), drawdown has generally been reported to increase
invertebrate numbers over those found in nearby mature (older) areas.

However, with the exception of Kenow and Rusch (1989), none of the
studies listed above have followed invertebrate responses within a single
wetland from the first application of water, and except for Danell and Sjéberg
(1982) none of these studies have attempted to identify invertebrates further
than the order or family level. Interpretation of management effects at these
higher taxonomic levels can be problematic (e.g., Resh and Unzicker 1975;
Rosenberg et al. 1986). Therefore, additional work is necessary to understand
responses of the aquatic invertebrates to drawdown and other wetland

management practices.

1.3 Marsh ecology research program. To understand further the effects of
wetland management practices, and in particular drawdown, the Delta
Waterfowl and Wetlands Research Station and Ducks Unlimited Canada
established the Marsh Ecology Research Program (MERP) in 1979. This was a
long-term (10 years), interdisciplinary program, centred around a series of ten
experimental marshes situated within the Deita Marsh in south-central Manitoba
(Figure 1.1). Its stated purpose was to develop a clearer understanding of
ecological processes in northern prairie marshes and how these processes
influence the distribution and abundance of the flora and fauna within marshes.
The aquatic invertebrates were identified as one of seven specific research
interests within the program (Batt et al. 1983; Murkin et al. 1984).

1.4. Objectives of this thesis. In Chapter 2, | describe the development of the
chironomid community following reflooding of these experimental marshes
which had undergone a drawdown. The Chironomidae were selected for
intensive study for several reasons: 1) they are one of the most abundant and
diverse invertebrate groups in the Delta Marsh, as well as other freshwater
marshes (Wrubleski 1987), 2) they perform a number of important ecological
functions within wetlands and are also an important waterfowl food resource
(Wrubleski 1987), 3) emergence traps can be used to sample adults which can
then be identified to species much more readily than immature stages, and 4) a
previous study of chironomids within the unmanaged Delta Marsh provides
information for comparative purposes (Wrubleski and Rosenberg 1990). The



present study describes the most intensively sampled and longest running data
set for any specific invertebrate group within a wetland habitat to date.
Biological requirements of dominant species, derived from the published
literature, are used to help explain observed patterns of overalil chironomid
community development. The effects of aquatic plant communities and water
depth on community development are also discussed.

In Chapter 3, | use a condensed data set from Chapter 2 to provide
information for wetland managers as to the observed responses of the
chironomids to drawdown in a northern prairie marsh. Because of the known
importance of these insects, their responses to this management technique are
important. Numbers, biomass and size class information are used to evaluate
chironomid production from different plant communities and water depths within
the experimental cells.

In Chapter 4, | describe a field experiment which examined the effects of
submersed vegetation on the benthic community of a shallow marsh. Hall et al.
(1970), Danell and Sjéberg (1982), Johnson and Mulla (1983) and Wrubleski
(1989) have noted differences between benthic invertebrate communities when
submersed vegetation is present or absent. Aquatic macrophytes are known to
alter their physical environment (e.g., Kollman and Wali 1976; Dale and
Gillespie 1977; O'Neill Morin and Kimball 1983), but the effects of these
modifications on invertebrate communities of wetlands and other aquatic
habitats has not been well documented.

In Chapter 5, | summarize my findings and make suggestions as to future
research needs. | also comment on the present state of invertebrate research in
wetlands. Problems with sampling and identification greatly hamper our
understanding of aquatic invertebrates in these habitats. Increased effort will be
required if we are to progress in our understanding of invertebrate community
dynamics in these habitats.
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2. CHIRONOMID (DIPTERA: CHIRONOMIDAE) COMMUNITY
DEVELOPMENT FOLLOWING EXPERIMENTAL WATER-LEVEL
MANIPULATIONS IN A NORTHERN PRAIRIE MARSH,
DELTA MARSH, MANITOBA, CANADA

2.1 SYNOPSIS

This study describes the development of the chironomid community in a
series of newly flooded marshes. Emergence traps were used to compare
chironomid communities among three 'preflood’ vegetation types (the terrestrial
annual Aster laurentianus and two emergent macrophytes, Scolochloa
festucacea and Scirpus lacustris validus) and two water depths, over a four year
period. Chironomids colonized the marshes rapidly with high numbers of
individuals and species found in the first year of flooding. Patterns of
community development differed between the Aster habitat and the two
emergent macrophytes. In Aster, a diverse group of chironomids, including
epiphytic and bottom-dwelling species, were present from the first application of
water. In the two habitats with emergent macrophytes, epiphytic species,
particularly Corynoneura cf. scutellata, dominated chironomid emergence
during the first two years. Prolonged flooding resulted in the death of the
macrophytes, epiphytic species declined in abundance and benthic species,
particularly Chironomus tentans and Glyptotendipes barbipes, increased in
numbers. Comparisons are made with developmental sequences reported for
chironomid communities in reservoirs, and an area of the unmanaged Delta

Marsh. :

2.2 INTRODUCTION

Chironomids are an abundant and diverse family of aquatic insects. They
dominate benthic assemblages of many freshwater habitats and are one of the
first groups to colonize newly created water bodies. Chironomid colonization
and succession have been studied in a variety of new reservoirs (e.g., Armitage
1977, 1983; Sephton et al. 1983; Brown and Oidham 1984; Rosenberg et al.
1984) and other shallow water habitats (e.g., Clement et al. 1977; Street and
Titmus 1979; Titmus 1979; Danell and Sjoberg 1982; Barnes 1983), but the

dynamics of chironomid assemblages have not been examined in newly

created wetland habitats.

The flooding of a series of experimental marshes in southern Manitoba
enabled me to study chironomid colonization and succession within these
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structurally complex habitats. During the drawdown phase, marsh bottoms .

were colonized by a variety of terrestrial and aquatic macrophytes (van der Valk
et al. 1989; van der Valk and Welling 1988; Welling et al. 1988). Flooding of
this ‘preflood’ vegetation provided a diverse array of habitats for chironomid
colonization. Marsh vegetation does influence chironomid community
composition (Wrubleski 1987; Wrubleski and Rosenberg 1990), but how these



effects are manifested is not well understood. In the experimental cells,
terrestrial plants were drowned and aquatic macrophytes survived for varying
periods of time, depending upon depth of flooding (van der Valk, unpubl. data).
Death of these plants contributed to an abundance of plant litter on the bottom
and additional habitat for chironomids. Thus, within these experimental cells,
habitats available for colonization by the chironomids varied in form,
abundance and duration.

In this paper, | describe changes in the abundance, diversity and species
composition of the chironomid community within these experimentally flooded
marshes. Observations were made over a period of four years to evaluate
changes in the chironomid community and their relationship to changes in the
plant communities. Information about habitat requirements of the dominant
species are used to explain underlying patterns of chironomid community
development. Comparisons are made with sequences of community
development reported for reservoir habitats (e.g., McLachlan 1974).
Comparisons are also made with an unmanaged area of the Delta Marsh
- (Wrubleski and Rosenberg 1990) to determine the effects of this disturbance on
chironomid community parameters such as diversity and dominance.

2.3 STUDY AREA

A complex of 10 contiguous, rectangular, 4-6 ha experimental marshes
(cells) were established in 1979 by the Marsh Ecology Research Program
(MERP) in the Delta Marsh, in south-central Manitoba (50° 11" N, 98° 19' W).
The dikes were built of earth excavated from within each cell. Water levels
were manipulated and maintained by electric pumps. In 1980-1982 the cells
were flooded to a depth 1 m above average Delta Marsh water levels (Batt et al.
1983; Murkin et al. 1984). The cells were drained (drawdown) during 1983 and
1984, and then reflooded in June-August of 1985. Vegetation and water
chemistry in the cells have been described by Kadlec (1986a,b, 1989), van der
Valk (1986), van der Valk and Welling (1988), Gurney and Robinson (1988)
and van der Valk et al. (1989).

2.4 MATERIALS AND METHODS

24.1 Sampling. The design of the reflooding experiment for the Marsh
Ecology Research Program (MERP) called for three cells to be flooded at the
long-term average of the Delta Marsh ('low’ treatment), three flooded to a depth
60 cm above average (‘high' treatment), and four to be flooded to a depth 30 cm
above average (‘medium' treatment) (Batt et al. 1983: Murkin et al. 1984). The
experimental cells varied widely in the development of plant communities on
the drawdown surfaces (van der Valk et al. 1989: van der Valk and Welling
1988; Welling et al. 1988), and water depths following reflooding increased
from north to south within the cells. This variation rendered the cells unsuitable
as 'replicates’ for the study of chironomid community responses, and therefore |

12



selected the following habitats, based on praflood vegetation, as treatments
rather than the cells: Aster, Scolochloa and Scirpus. These plant species
formed extensive stands on the drawdown surfaces of the experimental cells
(van der Valk, unpubl. data). Each habitat was sampled at two water depths,
shallow (20-40 cm) and deep (50-70 cm). The deep flooding sites were
anticipated to lose their emergent macrophyte cover faster than the shallow

sites.

Aster laurentianus Fern. was one of the dominant terrestrial annuals to
grow on the dry marsh bottoms (van der Valk 1986, as A. brachyactis Blake)
and was drowned following flooding. Scolochloa festucacea (Willd.) Link
(whitetop) and Scirpus lacustris L. ssp. validus (Wahl.) Koyama (softstem
bulrush) were selected to represent emergent macrophyte habitats from the five
species that dominated the drawdown surfaces of the cells (Welling et al. 1988;
van der Valk and Welling 1988). Scolochloa festucacea is tolerant to seasonal
flooding but not to prolonged flooding (Millar 1973; Neckles et al. 1985).
Scirpus lacustris validus is more tolerant to flooding than S. festucacea, but
intolerant to long periods of flooding (Harris and Marshall 1963; Shay and Shay

1986).

Each vegetation-water depth combination was sampled with six
emergence traps, for a total of 36 traps. | used a modified LeSage and Harrison
(1979) model 'week' trap (basal area = 0.5 m2). Traps were set out when there
was sufficient water at a site to float them. The same trap sites were used for
each of the four years of this study (1985-88). At each site, three stakes, 2 m
apart and in a line, were driven into the substrate. The emergence trap was
anchored to the centre stake and one of the outside stakes, and switched to the
opposite outside stake at approximately monthly intervals to reduce trap and
disturbance effects below the trap.

Deep water sites, which were at lower elevations, were flooded earlier
than shallow water sites at higher elevations. Initiation of sampling varied
between 16 May and 20 July, 1985. Within each habitat-water depth
combination the six emergence trap sites were not flooded at the same time, but
all were flooded within two weeks of each other, except for two shallow Scirpus
sites that were flooded 9 weeks before the other four sites (data from these 9
weeks were excluded from the analyses). In 1987 and 1988 traps were set out
in the last week of April and emptied weekly through the third week of October,
providing data for 24 weekly sample periods. In 1986, traps were not set out
until the first week of May and data were collected over 23 weeks.

2.4.2 Identification of Chironomidae. All aduits were identified to species.
Nomenclature follows Oliver et al. (1990). Determinations were verified by Dr.
Don Oliver, Biosystematics Research Centre, Ottawa, and representative
specimens have been deposited in the Canadian National Collection, Ottawa.

2.4.3 Lost traps, missing data and data summation. Samples were lost in
the fall of each year, particularly in 1985, because traps were sunk or damaged
by muskrats. Other traps were occasionally upset by strong winds throughout
the year. In some instances when a trap was damaged or upset it was replaced
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immediately. For these samples, the number of individuals present in the
sample was adjusted proportionately to estimate the catch as if the trap had
been in place for the full 7 days (e.g., a sample from a trap in place for 3 days
was multiplied by 2.3 to equal a 7 day sampling period). Most traps, however,
were not replaced until their next regularly scheduled visit. Highest number of
complete sample losses was 23 of 138 samples (16.7%) for shallow Scolochloa
sites in 1986. Total sample losses in the shallow sites were 0.7% and 5.8% in
the deep sites over the four years.

Numbers collected from each trap during every week were summed for the
entire sampling season, multiplied by 2 to give no. m-2 and then used to
determine mean annual emergence (no. m2yr-1 + SE, n=6) for each habitat-
water depth combination. To determine the chironomid emergence from each
trap over the entire season the data lost during each week that a trap was not
operating were estimated using the procedure outlined in Appendix 1.

2.4.4 Community parameters. The chironomid assemblages collected within
each habitat-depth combination were compared by several methods. Number
of species (species richness) collected within each was determined. Species
diversity was estimated using the Shannon-Wiener (H') function (Krebs 1989, p.
361). The relative dominance index {RD!) of McNaughton (1967, after Driver
1977), the proportion of emergence represented by the two most abundant
species, was also determined for each habitat-depth combination. Two
similarity indices were used to compare communities and changes within and
among communities over time. Jaccard's similarity coefficient is a binary index
based on presence-absence and therefore gives equal weight to all species
(Krebs 1989, p. 295). The percentage similarity index of Renkonen (1938, from
Krebs 1989, p. 304) uses reiative abundances and is influenced heavily by
dominant species. Non-transformed data were used for the determination of all
similarity and dominance indices.

2.4.5 Statistical analysis. Emergence data were logig (x+1) transformed
prior to analysis to stabilize the variances. Year comparisons were done within
habitat and depths by one-way ANOVA followed by Tukey's test (P<.05) to
compare individual year means as recommended by Day and Quinn (1989).
Habitats were compared within years and depths with one-way ANOVA and
Tukey's test to compare individual habitats, and depths were compared within
habitat and year by t-tests (P<.05). All analyses were done with SYSTAT (vers.
3.2) on a Macintosh computer.

2.5 RESULTS

2.5.1 Total Chironomidae. Chironomids colonized the marsh cells rapidly and
large populations were found during the first year of flooding (Table 2.1). The
highest number of total chironomids collected in any one year was during the
first year of flooding in the deep Aster sites (Table 2.1). Scolochloa and Scirpus
sites had their highest numbers emerging during the fourth year but these
numbers were not significantly different from numbers observed in the first year.
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The trends for total numbers emerging over the four years did not differ among
habitats but did differ between depths. In the shallow sites little change was
found among years, except for a significant increase in numbers emerging from
the Scirpus sites between the third and fourth years of flooding. In the deep
sites there was a trend for high numbers emerging in the first year of flooding
followed by a decline in the second and/or third years and a subsequent

increase in the fourth year of flooding.

Comparisons of total chironomid numbers emerging among the three
habitats showed few differences (Table 2.1). Among shallow sites Aster tended
to have higher numbers emerging than the two emergent vegetation habitats
but these differences were only significant in 1987. Among the deep sites Aster
tended to be higher during the first two years but then numbers of emerging
chironomids increased from the two emergent habitats, particularly in the fourth
year. The only significant difference, however, was a very low number
emerging from the Scirpus habitat in 1986.

Few differences were found between numbers of total chironomids
emerging between depths within each habitat (Table 2.1). In 1985, deep Aster
and Scirpus sites had higher emergence than their corresponding shallow sites,
however this was a function of the longer flooding times in the deeper sites
(Chapter 3). In 1987 and 1988, deep Scirpus sites had higher numbers
emerging than the shallow sites.

Seasonal trends in emergence for total chironomids varied among years
(Figures 2.1-3). In 1985, patterns of emergence differed among the three
habitats. Emergence peaked in period 13 (early August) for both depths in the
Aster habitat. In the Scolochloa habitat emergence peaked in late August -
early September (period 17) in the deep sites but showed a low continuous
emergence in the shallow sites. Weekly numbers emerging rose much more
slowly in deep Scolochloa sites than the other two habitats. In the Scirpus
habitat no readily obvious peaks were observed at either depth. Emergence in
all three habitats shifted to a primarily early spring emergence in subsequent
years (Figures 2.1-3). The large July-August peaks in emergence from the
deep sites in 1985, were not observed in subsequent years. Aster continued to
have a low continuous emergence throughout the summer in 1986, 1987 and
1988, particularly from the shallow sites, whereas Scolochloa and Scirpus had
very low emergence after the end of June in 1986 and 1987, but in 1988 a
greater proportion of emergence was found later in the summer, but from the
deep sites rather than the shallow sites as found in Aster.

2.5.2 Species composition. Underlying the changes in the numbers of
Chironomidae are changes in the abundances of the subfamilies, tribes and
species. Although patterns in total numbers were similar among habitats over
the four years (Table 2.1), species composition differed among habitats and
varied over the duration of this experiment, as outlined below.

2.5.2.1 Chironomini. Aster sites were dominated by the Chironomini
during all four years (Table 2.1). In the first year of flooding, the deep Aster sites
were dominated by Chironomus atrella (Townes), which represented 39.7% of
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the chironomids collected (Table 2.2). This species represented only 6.7% of
emergence from shallow Aster sites in the first year, where another member of
this tribe, Chironomus tentans Fab., was the most abundant species.
Chironomus tentans was the most abundant species from this habitat at both
depths during the next three years, whereas Chironomus atrella had much
lower emergence in subsequent years (Table 2.2; Appendix 2A).
Glyptotendipes barbipes (Staeg.) was also very abundant in this habitat over
the four years (Table 2.2).

During the first two years of flooding, members of the Chironomini were a
much smaller proportion of the emergence from the two emergent vegetation
habitats (Table 2.1). Dicrotendipes nervosus (Staeg.) was abundant during
these first two years (Tables 2.3,2.4). However, by the fourth year in the shallow
sites (66.0 - 76.7%) and the third year in the deep sites (66.2 - 75.2%),
Chironomini represented a much greater proportion of the emergence from
these two habitats (Table 2.1). This increase in abundance was due primarily to
Chironomus tentans and Glyptotendipes barbipes (Tables 2.3,2.4).

2.5.2.2 Orthocladiinae. During the first few years in the Scolochloa and
Scirpus habitats the Orthocladiinae, and specifically Corynoneura cf. scutellata
Winn., dominated emergence numbers (Tables. 2.1,2.3,2.4). However, by the
third year this species declined considerably in number and proportion of
emergence in these two habitats and was not among the five most abundant
species in the fourth year (Tables 2.3,2.4). Orthocladiinae represented a small
but constant proportion of chironomid emergence from the Aster habitat (Table
2.1). Corynoneura cf. scutellata was present in this habitat (Table 2.2; Appendix
2A) but did not dominate emergence as it had in the two emergent vegetation
habitats.

Other orthoclads were also important components of emergence from the
experimental cells. Cricotopus sylvestris (Fab.) and/or C. ornatus (Meig.) were
consistently among the five most abundant species in Aster and Scolochloa
sites but were not as abundant in the Scirpus habitat (Tables 2.2-4).
Limnophyes prolongatus (Kieff.), a semi-terrestrial species, had very low
abundances in the Aster sites (Appendix 2A) but was abundant in Scolochloa
and Scirpus sites in the first two years of flooding and then declined in
abundance (Tables 2.3,2.4; Appendix 2B,C).

2.5.2.3 Tanytarsini. The Tanytarsini showed almost no significant
changes in total numbers over the four year period (Table 2.1). In the shallow
sites, it was significantly less abundant in Scirpus than in Aster during the first
three years. The most abundant species was Paratanytarsus sp. 1 which was
particularly numerous in the first few years of flooding (Tables 2.2-4).
Tanytarsus sp. 1 was the most abundant species in shallow Scolochloa sites in
1987, and the second most abundant species in deep Aster sites in the same
year (Table 2.2). Numbers were considerably greater in deep Aster sites in the
first year but it was third in abundance after Chironomus tentans and C. atrella
(Table 2.2).
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2.5.2.4 Tanypodinae. This group had very low numbers in the first years
of flooding but showed significant increases by the fourth year in shallow Aster,
deep Scolochloa, and both Scirpus sites (Table 2.1). Much of the increase over
the four years was due to Tanypus punctipennis Meig (Tables 2.2-3), but almost
all species showed some increase in numbers over the four year period

(Appendix 2).

2.5.2.5 Pseudochironomini. This tribe was represented by one species,
Pseudochironomus middlekauffi Town. (Appendix 2). It showed consistent
increases in abundance in all three habitats and at both depths during the four
years, and was the third most abundant species in shallow Scolochloa in the

fourth year (Table 2.3).

2.5.3 Chironomid community parameters. As with the number of
chironomids collected, high numbers of species were present within the
experimental cells in the first year of flooding (Figure 2.4A). Aster had higher
numbers in the first year at both depths and maintained this higher number of
species in the shallow sites over the four year period. In the deep sites
however, Scolochloa and Scirpus reached comparable numbers by the third or
fourth years of flooding (Figure 2.4A). Numbers of species collected increased
steadily in the deep sites over the four years and by the fourth year were higher
than in the shallow sites.

Aster had the highest species diversity in the first year of flooding (Figure
2.4B) and the lowest relative dominance (Figure 2.4C), whereas the deep
Scirpus sites had very low diversity in the first year of flooding (Figure 2.4B) due
to the dominance of emergence by Corynoneura cf. scutellata and
Paratanytarsus sp. 1 (Table 2.4; Figure 2.4C). In the shallow Aster sites
diversity dropped in the second year and then increased steadily in the third
and fourth years (Figure 2.4B) and relative dominance showed the opposite
pattern (Figure 2.4C). The deep Aster sites exhibited a steady increase in
diversity from the first year onwards whereas the dominance of the two most
abundant species declined in the second year and then remained stable. Both
Scolochloa and Scirpus had increasing diversities up to the the third year of
flooding but then exhibited a decrease in diversity with a concurrent increase in
dominance due to a large increase in the emergence of Chironomus tentans
and Glyptotendipes barbipes in both habitats and at both depths (Tables
2.3,2.4). Diversity was highest and dominance lowest about the time that some
emergent vegetation still remained and large amounts of plant litter had been
deposited on the bottom. The greatest amount of microhabitat, both in terms of
emergent vegetation and plant litter, was available at this time. With the
subsequent elimination of the emergent macrophytes, diversity dropped and
dominance by benthic species increased.

The two similarity indices displayed different patterns (Figures 2.5-2.7).
Jaccard's coefficient revealed Aster and Scolochloa habitats to be more similar
in species composition in the first year of flooding, but the percentage similarity
coefficient indicated Scolochioa and Scirpus as the most similar habitats over
the entire four years (Figure 2.5). The percentage similarity values were heavily
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influenced by the dominance of emergence by Corynoneura cf. scutellata
during the first few years in Scolochloa and Scirpus, and by the subsequent shift
to Chironomus tentans by the fourth year, which was also the dominant species
in the Aster habitat (Tables 2.2,3,4). This explains the increasing percentage
similarity between Aster and the two emergent vegetation habitats over the four
years (Figure 2.5B).

When comparing the chironomid communities between depths within
each habitat, Jaccard's coefficient revealed very similar communities in the first
year of flooding (Figure 2.6A). Aster increased in similarity over the four years
and Scirpus declined slightly to have the least similar communities in its shallow
and deep sites by the fourth year of flooding. The percentage similarity index
indicated relatively similar communities between the two depths within each of
the three habitats (Figure 2.6B).

When comparing changes in the chironomid communities over the four
years the percentage similarity index indicated much less change within the
Aster habitat than in the two emergent vegetation habitats (Figure 2.7B). The
dramatic changes in percentage similarity within the two emergent vegetation
habitats is a reflection of the domination of emergence by Corynoneura cf.
scutellata during the first two years and the subsequent shift to Chironomus
tentans. In the two emergent vegetation habitats greatest percentage similarity
among years was between 1985-1986 whereas Jaccard's coefficient revealed
greatest similarity in species composition among years to be between 1987-
1988 (Figure 2.7).

2.6 DISCUSSION

2.6.1 Chironomid habitat and species biology. The chironomid assemblage
within the experimental cells was dramatically influenced by changes in the
aquatic macrophyte community following water level manipulations. Two very
different patterns of chironomid community development were observed in the
Aster and the emergent macrophyte habitats.

Aster was drowned following flooding and little live vegetation remained.
The large input of plant litter contributed to a highly structured habitat, and along
with the abundant metaphyton that developed in this habitat (Wrubleski, pers.
observ.), a wide range of microhabitats became available for chironomid
colonization. Aster had a varied community with both small epiphytic
chironomids (e.g., Corynoneura, Cricotopus, Paratanytarsus) and larger benthic
or mining species (Chironomus, Glyptotendipes) abundant over the four years.
Aster litter seems to resist decay and can persist within the cells for many years
(Murkin, pers. comm.), thereby providing a relatively stable habitat. This may
explain the lack of significant changes within this community over the four year
period.

Scolochloa and Scirpus habitats showed more dynamic changes in
chironomid community composition over time. During the first two years these
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habitats were dominated by Corynoneura cf. scutellata. Larvae of Corynoneura
are very small free-living grazers dependent upon submersed surfaces (Table
2.5). The live stems and leaves of Scolochloa and Scirpus provided ideal
habitat for this species, as well as other epiphytic species such as
Paratanytarsus sp.1 and several Cricotopus species (Table 2.5). The survival of
these plants during the initial flooding delayed deposition of plant litter at that
time (Wrubleski, pers. observ.) and this may have prevented large populations
of mining species such as Chironomus tentans and Glyptotendipes barbipes
from becoming established in the first few years. Although both of these
species have been reported to mine plant litter or other soft materials, they are
more often reported to live in soft highly organic bottom sediments (Table 2.5)
which would have been present in these two habitats. Their absence in the two
emergent vegetation habitats could indicate that factors other than availability of
plant litter were responsible for the absence of bottom-dwelling species.
Emergent macrophytes can produce unfavourable conditions on the bottom.
They restrict algal growth, an important food resource for these species (Table
2.5), through shading (Straskraba and Pieczynska 1970; Gurney and Robinson
1988). They can also prevent mixing of the water column and contribute to low
oxygen conditions on the bottom (Dvorak 1969; Suthers and Gee 1986).

Proionged flooding, particularly at the deeper depths, eliminated emergent
macrophytes by the fourth year (van der Valk, pers. comm.; Figure 2.8). The
death of these plants contributed to a large deposition of plant litter and reduced
shading of the bottom. Epiphytic species declined in numbers and benthic
species dominated the chironomid assemblage. Corynoneura cf. scutellata
declined to levels similar to that found in the Aster habitat. Chironomus tentans
and Glyptotendipes barbipes, species that were abundant in the Aster habitat
from the time of initial flooding, also became abundant in both the Scolochloa
and Scirpus habitats after the death of the emergent plants. Driver (1977)
reported that C. tentans increased in abundance following increased water
levels on a prairie pond. He suggested that the increase in this species was
attributed to its ability to use not only the dead stems and roots of Scirpus
americanus Pers. but also the open areas created by the loss of vegetation. My
results concur with Driver's observation that Chironomus tentans increases in
abundance when emergent vegetation was flooded, but without information on
larval distributions the basis for this response is unclear.

The death of Aster, Scolochloa and Scirpus due to flooding resulted in the
deposition of abundant plant litter to the bottom. In wetland habitats, plant litter
has been thought to be an important food resource for invertebrate production
(Mann 1988), but recent developments have indicated that algae may be a
more important food resource for invertebrates in freshwater wetlands (Murkin
1989; Campeau 1990; Chapter 4). A review of food habits of the dominant
chironomid species present in the experimental cells indicates that algae are
indeed important (Table 2.5). Street and Titmus (1982) were able to separate
the effects of food and habitat provided by straw additions to a gravel-pit lake.
Their findings indicated that habitat structure was a more important determinant
of animal distributions than the availability of plant litter as food. Aquatic
macrophytes and their resultant piant litter provide an important habitat for
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chironomids, but it may be the highly productive algal communities of wetlands
(Crumpton 1989) that are the most important food resource for chironomids.

Changes in the chironomid community of the experimental cells can be
related to observed changes in habitat structure. However, interactions
between individual species are unknown in this habitat and cannot be ruled out
as unimportant. Cantrell and McLachlan (1977), for example, found that
competition between two benthic chironomids determined habitat distribution in
a newly created reservoir. In the Scolochloa and Scirpus habitats of the
experimental cells, a striking shift from an assemblage dominared by
Corynoneura cf. scutellata to one dominated by Chironomus tentans was
observed (Figure 2.9). In Aster, Corynoneura did not contribute significantly to
emergence so no relationship is apparent, but in the Scolochloa and Scirpus
habitats there was a clear negative relationship of abundance between these
two species. Published information indicates that neither species use the same
microhabitat (Table 2.5) and so a negative relationship between them is more
likely to be explained by changes in habitat structure over time and the
requirements of these two species than by competitive effects. Interactions
between other species pairs, however, must be studied by direct experiments
before conclusions about possible interactions may be drawn.

2.6.2. Comparisons with reservoir studies. Studies of aquatic invertebrate
colonization and succession have been done primarily in man-made reservoirs
(e.g., Nursall 1952; Paterson and Fernando 1970; Sephton et al. 1983: Brown
and Oldman 1984; Voshell and Simmons 1984). Invertebrate community
development in reservoirs has been characterized by four phases (McLachlan
1974, after Morduchai-Boltovskoi 1961). 1) The first phase is short and occurs
during the initial filling of impoundments when river fauna and terrestrial
invertebrates are present within the reservoir. 2) A second productive phase
coincides with the final filling of the reservoir. This high productivity has been
attributed to the release of nutrients from the flooded vegetation and surface
soils. The length of time needed to reach peak abundances (often reported to
be between 1 to 4 years) is determined by such factors as basin morphology,
climate, water chemistry and invertebrate population structure (Armitage 1977;
Sephton et al. 1983). This peak in invertebrate numbers is often dominated by
chironomids, particularly Chironomus plumosus-type larvae (McLachlan 1974).
3) A subsequent decline in invertebrate abundances has been attributed to loss
of the fiooded terrestrial vegetation through decomposition, consumption by
invertebrates and sedimentation. Increasing populations of fish and predatory
invertebrates (e.g. leeches, odonates) have also been suggested as
contributing to the decline in invertebrate densities (Andersson and Danell
1982). 4) Eventually invertebrate abundances reach an equilibrium which is
determined by prevailing conditions within and outside the water body.
Although this general pattern of invertebrate community development has been
reported often (now considered part of the 'reservoir paradigm'; Hecky et al.
1984), Wiens and Rosenberg (1984) found little evidence of McLachlan's
(1874) four phases in the responses of benthic invertebrates to reservoir
formation in Southern Indian Lake, Manitoba.
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The generalized pattern observed in reservoirs can be compared with
development of the chironomid community in the diked marshes of the present
study. The first phase of reservoir fauna development can be seen in the
experimental cells in the abundance of semi-terrestrial chironomids, such as
Limnophyes prolongatus, in Scolochloa and Scirpus during the first few years
following fiooding. However, with continued flooding this species declined in
abundance. A similar response was also noted when these experimental cells
were flooded as part of an earlier water level manipulation (Murkin and Kadlec

1986; Wrubleski, unpubl. data).

The second or 'productive’ phase in reservoirs varies in duration and
timing and is generally the resuit of high production by a single species. In the
Aster habitat numbers were highest in the second year in the shallow sites and
in the first year in the deep sites, but these numbers were not significantly
different from most other years. Biomass of emerging chironomids showed
much the same pattern (Chapter 3). The composition of the chironomid
community did not show great differences over time as indicated by the high
similarity values among years (Figure 2.7), and the community was not
dominated by one or two species as was the case in the two emergent

vegetation habitats (Figure 2.4C).

In the Scolochloa and Scirpus habitats, few differences in total numbers
were observed in the shallow sites over the four years, but in the deep sites
numbers were high in the first and fourth years of flooding. Biomass was
highest in the fourth year (Chapter 3). Corynoneura cf. scutellata dominated
during the first two years and Chironomus tentans dominated in the fourth year.
The high abundances of Chironomus tentans, following the death of the
emergent macrophytes and the addition of litter to the bottom, are consistent
with reservoir studies where Chironomus species often dominate following
flooding of the terrestrial vegetation (McLachlan 1974).

Few reservoir studies have reported high numbers of Orthocladiinae
during reservoir formation. This is probably due to several factors; 1) orthoclads
prefer vegetated habitats and most reservoir studies tend to focus on the deeper
open-water or profundal habitats where few aquatic macrophytes are found.
Paterson and Fernando (1970), Armitage (1977, 1983) and Ertlova (1980)
sampled littoral habitats during reservoir formation and reported high numbers
of orthoclads. 2) In reservoir studies bottom sediments are usually sampled
rather than submersed or emergent vegetation, and 3) Corynoneura larvae, in
particular, are extremely small and easily overlooked in any benthic sampling
program. Street and Titmus (1979) reported that very different results were
obtained when larval sampling and emergence trap sampling programs were
used to describe the colonization of several small gravel-pit ponds by
chironomids, and suggested that the importance of larger benthic species as
pioneers may have been overestimated in previous colonization studies where
larval sampling alone had been done. If a benthic sampling program had been
used in the experimental cells this phase in the development of the chironomid
community would have been missed entirely.
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Whether it serves as food or habitat, the eventual loss of the plant litter to
consumption, decomposition or siltation resuits in a decline in invertebrate
numbers in reservoirs. In the experimental cells, chironomid abundances within
the Scolochloa and Scirpus habitat, and probably Aster as well, can be
expected to decline over the next few years. Decomposition of Scirpus and
Scolochloa litter is rapid (Murkin et al. 1989) and little of it will remain as habitat
for invertebrates. As more flood-tolerant emergent macrophytes or submersed
macrophytes develop within the cells and provide new habitat, numbers of
chironomids and other invertebrates can be expected to recover.

As in reservoir studies, my resulits suggest that the contribution of plant
litter following flooding was the principal factor regulating the development of
the chironomid community of the experimental cells. In the experimental cells
however, chironomid responses to the additions of litter took place in two
phases. First was the death of the terrestrial annuals which provide an
immediate pulse of coarse detritus to the bottom. Prolonged flooding caused
the death of emergent macrophytes and a second pulse of plant litter was
added to the marsh bottom, resulting in a second pulse of chironomid
production.

2.6.3 Comparisons with the unmanaged Deita Marsh. Data presented in
Wrubleski and Rosenberg (1990) permit a comparison of the chironomid
assemblages within the experimental cells with Bone Pile Pond (BPP, see
Chapter 4 for a description), an unmanipulated area of the Delta Marsh.
Although many newly created water bodies are reported to produce higher
numbers of chironomids than older, mature areas (see Chapter 3 for
references), this was not so for the experimental cells, Numbers emerging from
the cells were comparable to those found in emergent vegetation habitats of
BPP, but did not match the high numbers found in the Potamogeton habitat
(Chapter 3). Numbers of species were higher in the Potamogeton habitat of
BPP than in the experimental cells, but by year four species richness from the
experimental cells was similar to that found in the Scirpus and Typha habitats of
BPP (Table 2.6, Figure 2.4).

Chironomid species diversity in the two emergent vegetation habitats of
the experimental cells was related to habitat structural diversity. In the first few
years chironomid habitat was principally the emergent vegetation and by the
fourth year it was the litter on the bottom. In year three, both emergent
vegetation and litter were present and provided a greater variety of habitats and
consequently chironomid diversity was greatest at this time. Diversity was
greater in the Aster habitat than the two emergent vegetation habitats and
probably this was related also to higher habitat diversity in Aster sites. Species
diversities in the experimental cells in the third year of flooding were
comparable to values for BPP. Diversity was lower in the Potamogeton habitat
of BPP in 1980 due to a large number of Tanypus punctipennis (Wrubleski and
Aosenberg 1990). Relative dominance values tended to be lower in BPP,
samewhat comparable to those in the deep Aster sites in the second to fourth
years of flooding.
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The Scirpus and Typha habitats in BPP had an abundance of semi-
terrestrial chironomid species, including Limnophyes immucronatus and L.
prolongatus (Table 2.6; Wrubleski and Rosenberg 1990). This was not so in
the two emergent vegetation habitats of the experimental cells. Limnophyes
prolongatus was abundant initially in Scolochloa and Scirpus habitats but then
declined in abundance with prolonged flooding (Tables 2.3,2.4). Water levels
within BPP fluctuated greatly and occasionally there was no surface water
present in the Scirpus and Typha habitats. This would explain the abundances
of semi-terrestrial species in these habitats. Flooding to depths of 20-40 cm
greatly reduced the abundances of these species in the experimental cells.

Tanypus punctipennis was a dominant species in the Potamogeton habitat
of BPP (Table 2.6). Tanypus species prefer soft mud substrates through which
they can move easily (e.g., Parkin and Stah! 1981; Titmus and Badcock 1981).
Their gradual increase in numbers in the experimental cells (Tables 2.2-4,
Appendix 2) may be an indication of changing substrate conditions within the
cells, however, the exact reason remains unknown.

2.6.4 Conclusions. Freshwater wetlands are dynamic habitats. Vegetation
and water chemistry vary with water levels which fluctuate within and among
years. The aquatic macrophytes, which typify wetlands, provide structurally
complex habitats for aquatic invertebrates such as chironomids. Species
composition and abundances of the chironomid assemblages within these
habitats can change considerably among years (e.g., Morrill and Neal 1990;
Wrubleski and Rosenberg 1990) but the factors responsible are not known.
The results of the present study indicate that habitat changes, and specificaily
changes in vegetation, are important factors regulating chironomid communities
in northern prairie wetlands.

The exact mechanisms of this regulation remain unknown. We do know
that aquatic macrophytes provide habitat for many species. For example, in this
study the two emergent macrophytes provided habitat for Corynoneura cf.
scutellata and other epiphytic species. Death of the these plants due to
excessive flooding benefited larger benthic species. This benefit may be in one
or all of the following forms. 1) Plant litter provides a soft material in which these
species could burrow. 2) Algae and bacteria would colonize the abundant
surface area provided by the litter and in turn provide an excellent food
resource for chironomids. 3) The absence of emergent macrophytes would
contribute to increased mixing of the water column and greater algal production
on the bottom. Further studies are needed to determine how dense stands of
emergent macrophytes inhibit benthic chironomids. Field experiments, such as
those described in Chapter 4 and Straskraba and Pieczynska (1970), are
needed to tease apart the interactions between emergent macrophytes and
chironomids. Much of this effort must use information about larvae. Emergence
trap samples provide detailed descriptions of patterns, but are not capable of
providing the information necessary to evaluate larval responses, the life cycle
stage at which habitat manipuiations have their true effects.
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Number of Adults Trapped (m-2wk-1)

Aster - Total Chironomidae

2400+ 1985

—a— Shallow

1200+
! —e— Deep
8004
400+
()J T T T T T T
12 3 456 7 8 9101112131415 1617 18192021 2223 24
Period
May l June | July | Aug. | Sept. l Oct.

Figure 2.1. Seasonal trends in mean (+ SE, n=6) weekly emergence
for Chironomidae from the Aster habitat of the experimental cells.
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Number of Adults Trapped (m-2wk-1)

Scolochloa - Total Chironomidae

1985

2400~ 1988
2000 -
1600 - —o— Shallow
| —— Deep
1200 -
800 -
400 -
0# T T 1 ) ] T ¥ L) T 1] T ) )
123456 78 9101112131415 1617 1819 20 21 22 23 24
Period
May June July | Aug. , Sept. l Oct.

Figure 2.2. Seasonal trends in mean (+ SE, n=6) weekly emergence
for Chironomidae from the Scolochloa habitat of the experimental cells.
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Number of Adults Trapped (m-2wk-1)

12004 1985 Scirpus - Total Chironomidae

1
ogoo+ 1988

2400 - —a— Shallow
—e— Deep
2000 -

1600

1200 ~

0 LI B | T T T T ™1 Y T 1 1 3 T
1 23 456789 1011121314151617 1819 202122 2324
Period
May | June | July | Aug. | Sept. | Oct.

Figure 2.3. Seasonal trends in mean (+ SE, n=6) weekly emergence
for Chironomidae from the Scirpus habitat of the experimental cells.
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Figure 2.6. Jaccard's similarity coefficient (A) and percentage
similarity values (B) for between depth comparisons of
chironomid emergence from the experimental cells.
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Figure 2.7. Jaccard's similarity coefficient (A) and percentage
similarity values (B) for comparisons of chironomid emergence

among years from the experimental cells.






Figure 2.8. The south end of cell 1 of the experimental cells showing loss of
Scirpus at deep sites over a two year period. A. July, 1986. B. July, 1988.
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Figure 2.9. Proportion of chironomid emergence represented by
Chironomus tentans and Corynoneura cf. scutellata from the three
habitats sampled in the experimental cells.
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3. MANAGEMENT OF FRESHWATER WETLANDS:
RESPONSES OF THE CHIRONOMIDAE (DIPTERA)
TO THE EXPERIMENTAL FLOODING OF A SERIES OF
DRAWDOWN MARSHES

3.1 SYNOPSIS

The Chironomidae (Diptera) are an important food resource for breeding
waterfowl and their young. However, few attempts have been made to
document their responses to wetland management. This study followed
chironomid responses to the experimental flooding of ten diked areas in the
Delta Marsh, Manitoba. Emergence traps were used to monitor chironomid
emergence from three preflood vegetation types (the terrestrial annual Aster
laurentianus, and two emergent macrophytes, Scolochloa festucacea and
Scirpus lacustris validus) flooded at two water depths (shallow: 20-40 cm, deep:
50-70 cm) over a four year period. The highest number of chironomids (9,168
m-2 yr-1) emerged from the deep Aster sites in the first year of flooding. The
highest biomass of chironomids (22,007 mg m-2 yr!) was from the deep
Scirpus sites in the fourth year. Numbers, biomass and size classes of
emerging chironomids were similar over the four years from the Aster habitat.
However, the Scolochloa and Scirpus habitats were dominated initially by the
smallest size-class, but shifted steadily toward production of much larger
individuals over the four-year experiment. The potential of chironomids as a
food resource for waterfowl was greatest from the Aster habitat during the first
few years of flooding but as a consequence of shifts in species composition
became greater in the Scolochloa and Scirpus habitats in the third and fourth
years.

3.2 INTRODUCTION

Drawdown (artificial drainage) and reflooding have been increasingly
used in marsh management in an effort to restore declining productivity of
wetlands (Weller 1978). Stable water levels apparently are detrimental to long-
term wetland productivity (Harris and Marshall 1963; Weller 1978). Drawdown
enables many emergent macrophytes, as well as terrestrial annuals, to become
established on the dry marsh bottom and reapplication of water floods this
vegetation. The emergent macrophytes survive, depending upon the water
depth, but the terrestrial plants drown and contribute to the detritus food chain.

Aquatic invertebrates of freshwater marshes are an extremely important
food resource for waterfowl (e.g., Krapu 1981; Sugden 1973; Street 1977, 1978;
Murkin and Batt 1987) and high use of new wetlands by waterfowl! is believed to
be a result, in part, of high invertebrate abundances in these new areas.
McKnight and Low (1969) reported high densities of chironomids and corixids
after reflooding of drawdown impoundments in Utah. Whitman (1974) reported
that highest invertebrate densities occurred in impoundments less than four
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years old, and older impoundments had fewer invertebrates and less waterfow!
use. Peak production of duck broods on a shallow Swedish lake was
coincident with peak chironomid abundances, five years after flooding (Danell
and Sjéberg 1982). However, not all studies have recorded large increases in
invertebrates following drawdown and reflooding. Kadlec (1962) reported very
low densities of invertebrates following reflooding of a large impoundment in
Michigan and suggested that it may be harmful to invertebrate populations.

The vegetational changes that take place in wetlands have received
intensive study (e.g., Weller and Fredrickson 1974; van der Valk and Davis
1978, van der Valk 1981, 1982, 1987 and references therein), but invertebrate
responses to these changes are not well understood. Trends in development of
invertebrate communities have been suggested from several studies which
sampled wetlands of different ages (Whitman 1974) or vegetational structure
(Voigts 1976). Danell and Sj6berg (1982) followed invertebrate responses in
years 3-7 after creation of a shallow lake in northern Sweden, and Kenow and
Rusch (1989) reported the responses of the nektonic invertebrate community to
three years of continual flooding in several impoundments of the Horicon
Marsh, Wisconsin. However, invertebrate community development from the
time of reflooding has not been followed within a single wetland. In this study |
describe the responses of the Chironomidae (numbers, biomass and size
classes) to the reflooding of a series of experimental marshes during a four year
period. Chironomids are one of the most abundant aquatic insect groups within
these habitats and are also a valuable waterfowl food (Wrubleski 1987).

3.3 MATERIALS AND METHODS

3.3.1 Study area. This study was conducted within the experimental marshes
(cells) of the Marsh Ecology Research Program (MERP) in the Delta Marsh, in
south-central Manitoba (50° 11' N, 98° 19' W). A complex of 10 contiguous 4-6
ha diked marshes were built in 1979, of earth excavated from within each cell.
Water levels were manipulated and maintained with electric pumps.
Descriptions of the long-term experimental design and water-level
manipulations within the cells are given in Batt et al. (1983), Murkin et al. (1984)
and van der Valk et al. (1988). Vegetation and water chemistry in the cells have
been described by Kadlec (1986a,b, 1989), van der Valk and Welling (1988)
and van der Valk et al. (1989). During 1983 and 1984 the cells were drained
(drawdown). Water was reapplied in June-August 1985.

3.3.2 Sampling. Floating emergence traps were used to sample adult
chironomids at the water surface. Emergence traps have two main advantages
over conventional bottom sampling; adults can be identified more readily to
species than benthic larvae, and emergence samples require less effort per
sample and thus more habitats can be sampled. The trap used was a modified
version of the 'week' trap (basal area = 0.5 m2) described by LeSage and
Harrison (1979).



Emergence trap sites were established within the cells in the spring and
summer of 1985. Sites were stratified according to pre-flood habitat and water
depth. Three of the dominant habitat types, based on preflood vegetation
surveys, were selected for sampling; these were Aster laurentianus Fern.,
Scolochloa festucacea (Willd.) Link (whitetop) and Scirpus lacustris L. ssp.
validus (Wahl.) Koyama (softstem bulrush). Each habitat was sampled at two
water depths, shallow (20-40 cm) and deep (50-70 cm). Six traps were used for
each habitat-water depth combination for a total of 36 traps.

Traps were set out as soon as sufficient water was in place to float them.
Deep water sites, which were at lower elevations, were flooded much earlier
than shallow water sites at higher elevations. Consequently initiation of
sampling varied between 16 May and 20 July. Within each habitat-water depth
combination the six emergence trap sites were not flooded at the same time, but
most were flooded within a few weeks of each other, except for two shallow
Scirpus sites that were flooded 9 weeks before the other four sites (data from
these 9 weeks were excluded from the analyses). In 1987 and 1988, traps were
set out at the same sites in the last week of April and emptied weekly through
the third week of October to provide data for 24 weeks or sample periods. In
1986, traps were not set out until the first week of May and data were collected
over 23 weeks.

3.3.3 Data summation. All chironomids were identified to species (see
Chapter 2). Numbers collected from each trap during every week were
summed for the entire sampling season, multiplied by 2 to give no. m-2 and then
used to determine mean annual emergence (no. m2yr1 + SE, n=6) for each
habitat-water depth combination. Procedures used to generate missing data for
traps lost due to muskrat damage and wind storms are reported in Appendix 1.
A length-weight regression (Wrubleski and Rosenberg 1990) was used to
determine biomass (mg m-2 yr-1) of emerging chironomids. Separate counts for
each sex were not made during sorting, therefore sex ratios from a previous
study in the Delta Marsh (Wrubleski 1984) were used to partition the numbers
for each species between males and females before determination of biomass.
In addition, a relative frequency distribution of size classes (1 mm) was
determined for each habitat-water depth combination, based on body length
(pronotum to penultimate abdominal segment).

3.3.4 Statistical analysis. Emergence numbers and biomass were compared
using a split plot ANOVA with habitat, depth and depth x habitat as whole plot
sources which were tested against traps nested within depth x habitat (Table
3.1). Year, year x depth, year x habitat and year x depth x habitat were split
plot sources which were tested against the residual (year x trap (depth x
habitat)). Analyses were conducted using the PROC GLM procedure of SAS
(SAS Institute Inc. 1985). Data were log1g (x+1) transformed prior to analysis to
stabilize the variances, but untransformed data are presented in the figures.
Year comparisons were done within habitat and depths by one-way ANOVA
followed by Tukey's HSD test [P<.05; as recommended by Day and Quinn
(1989)] to compare individual year means Habitats were compared within
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years and depths with one-way ANOVA and Tukey's HSD test to compare
individual habitats, and depths were compared within habitat and year by t-tests
(P<.05). All one-way ANOVAs, Tukey's HSD tests and t-tests were done with

SYSTAT (vers. 3.2) on a Macintosh computer.

3.4 RESULTS

The overall split plot ANOVA indicated that numbers and biomass of
emerging chironomids differed significantly between depths, and among
habitats and years (Table 3.1). The depth x habitat interaction was nearly
significant for both numbers (F= 2.71, df=2,30, P=.08) and biomass (F=2.81,
df=2,30, P=.08) suggesting that chironomids responded differently to preflcod
vegetation and depth of flooding. Numbers of chironomids emerging each year
varied between depths (depth x year, F=2.87, df=3,90, P=.04) but biomass did
not (F=1.19, df=3,90, P=.32). Data for both annual numbers and biomass
showed significant interactions between habitat and year indicating that
habitats had different outputs over the four years. The three-way depth x habitat
x year interaction was significant for biomass and nearly so for numbers,
indicating that chironomids responded differently to preflood vegetation and
water depth and that these differences also varied annually.

One-way ANOVA for habitat comparisons within depths and years
indicated that in 1986, Scirpus-deep had a significantly lower emergence than
the other two habitats, and in 1987 Aster-shallow had a higher emergence than
* the other two shallow habitats (Figure 3.1). Differences among habitats in
chironomid biomass were more striking than were those for numbers (Figure
3.2). Biomass of chironomids emerging from Aster was much higher than that
from the other two habitats in 1985, 1986 and 1987 in the shallow depths and
1985 and 1986 in the deeper habitats. In 1986 all three habitats differed
significantly from each other in the deep sites and in 1988 Scirpus had a much
higher emergence than Aster.

In 1985, significantly more chironomids emerged from the deep sites than
from shallow sites in Aster and Scirpus, and the same trend was marginally
significant (+=2.211, P=0.051) in Scolochloa (Figure 3.1). These differences
may reflect the fact that deep sites were flooded much earlier than shallow sites.
Therefore, these data were reanalyzed using equal time periods (i.e., those
weeks that both habitats were flooded together). Because these analyses
indicate no differences between depths (Aster: numbers t=0.65, P=.53, biomass
t=1.51, P=.16; Scirpus: numbers t=1.58, P=.14), | conclude that the significant
differences found above were due simply to the deep sites being flooded for
longer periods. In 1986, no differences were found between depths. In both
1987 and 1988 higher numbers and biomass of chironomids emerged from the
deep sites in Scirpus compared to the shallow sites. In Scolochloa, there were
marginally more chironomids emerging from deep water in 1988 (number:
t=2.122, P=.06,; biomass: t=1.958, P=.08).
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In shallow water, similar numbers of chironomids emerged in all years,
except for a significant increase in emergencs in the Scirpus habitat between
1987 and 1988. In the deep water sites, | observed a trend for high emergence
in 1985, followed by declining numbers during 1986 and 1987 and a
subsequent increase in 1988 (Figure 3.1). In terms of biomass, a significant
increase in emergence in 1988 was observed in both Scolochloa and Scirpus
in the shallow waters. This increase was also observed in the deep sites but
started in 1987 in the Scirpus habitat. Bic-ii»=s of emerging chironomids did not

differ over the four years in shallow or <. - s from Aster.

There were conspicuous changes: s >f emerging chironomids in
Scolochloa and Scirpus habitats dur:. >dr years (Figure 3.3) which
reflected changes in species comp. o . woter 2). In 1985, emergence was

dominated by small individuals, particuiz..y :a the 1-1.9% mm size class. Over
the next four years there was a shift ta muct larger individuals. This was very
apparent for the deep habitats where the 9.00 - 9.99 mm size class dominated
emergence. The shallow habitats had a more bimodal distribution of sizes,
similar to that observed in the Aster habitat. In Aster, the pattern present in all
four years and both depths was similar with a bimodal distribution of sizes with
peaks around 2-5 mm and 7-10 mm.

3.5 DISCUSSION

3.5.1 Reflooding of drawdown marshes and its effect on the chironomids.
Several studies have reported larger numbers of invertebrates in newly flooded
marsh habitats than in nearby older wetlands (McKnight and Low 1969;
Whitman 1974; Street and Titmus 1979). After the first four years of flooding, the
highest number of chironomids recorded from the experimental cells (9,168 m-2
yr-1 from deep Aster sites in 1985) was only about two-thirds of the highest
numbers that have been recorded from the unmanaged Delta Marsh (15,601.2
m-2yr1 from the pondweed habitat of Bone Pile Pond [BPP] [Wrubleski and
Rosenberg 1990]). Deep Scirpus sites, however, had comparable emergence
numbers (4,574.4 - 8,148 m-2 yr-1) to that found in the Scirpus habitat of BPP
(4,024.0 - 6,193.2 m2yr-1). Numbers of chironomids emerging from shallow
Scolochloa sites (841.0 - 3,340.4 m2 yr1) tended to be similar to those from a
seasonally flooded Scolochloa habitat in the Delta Marsh (2,500 m-2 yr-1
[Wrubleski 1987]), but numbers emerging from deep Scolochloa sites,
particularly in the first (6,165.4 m-2yr1) and fourth (7,983.6 m-2yr1) years, were
much higher.

Although highest numbers emerging from the MERP cells were not as high
as from the unmanaged Delta Marsh, biomass was significantly greater.
Highest biomass emerging from the experimental cells was from deep Scirpus
sites in 1988 (22,007.22 mg m-2 yr-1) and was more than 5 times that found in
the Scirpus habitat of BPP (2,922 - 3,866.2 mg m-2 yr*; and almost twice that of
the highest biomass estimated from the pondweed habitat (9,174.0 - 13.431.5
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mg m-2yr1), the most productive habitat in BPP (Wrubleski and Rosenberg
1990). Most of this higher biomass, particularly in years three and four in the
Scolochloa and Scirpus habitats, was in the larger size classes. Figure 3.4
illustrates size class distributions for chironomids emerging from BPP. It is
apparent that although numbers might be higher from the pondweed habitat of
BPP, most individuals were of smaller size, explaining the lower total biomass

compared to the experimental cells.

Trends in numbers and biomass of chironomids emerging over the four
year period differed among the habitats and depths sampled. Numbers of
chironomids emerging from the shallow water depths showed few significant
changes over time, whereas the deep water sites showed a general trend for
high numbers emerging in the first year, with a decline in numbers in the
second and/or third years in all three habitats, and significant increases by the
fourth year in Scolochloa and Scirpus habitats. Biomass of chironomids
emerging from both water depths showed very liitle change over time in Aster,
whereas in Scolochloa and Scirpus there was a significant increase in biomass
emerging by the third or fourth years of flooding. Whitman (1974) reported
highest numbers of larval chironomids in wetland impoundments less than one
year old. Danell and Sjéberg (1982) found highest numbers of chironomids
emerging in year five of a newly flooded lake managed for waterfowl, with a
considerable decline in numbers in subsequent years (emergence was not
sampled during the first three years). They also noted a decrease in mean
larval chironomid size from the third to seventh years of flooding. My results
suggest that little change in size occurred in Aster, whereas in Scolochloa and
Scirpus a shift to larger-sized individuals, particularly in the deep waters,
occurred over the four years.

Aquatic invertebrate populations in wetland habitats do respond to
changes in vegetation and water depth (Voigts 1976; Murkin and Kadlec 1986;
Kenow and Rusch 198Y9). In the experimental cells differences in chironomid
emergence were found between the Aster and the two emergent macrophyte
habitats sampled. Aster laurentianus is a terrestrial annual characteristic of
mud-flats, and cannot survive flooding. Consequently, a large amount of plant
litter was added to the bottom in one large pulise with no or very little standing
emergent vegetation present. Metaphyton developed extensively in these
open, sunny areas (Wrubleski, pers. observ.). This material provided a
structurally complex habitat with abundant algal production. It was colonized by
a variety of chironomid species, including larger benthic and mining species
such as Chironomus tentans, C. atrella and Glyptotendipes barbipes, as well as
smaller epiphytic species such Paratanytarsus sp. 1 and several Cricotopus
species (Chapter 2).

In the Scolochloa and Scirpus habitats, not as much litter was added to the
bottom due to their initial tolerance of flooding. These dense stands of live
stems shaded the bottom in these habitats restricting benthic algal production.
Gurney and Robinson (1988) reported a significant negative correlation
between macrophyte stem density and the amount of metaphyton present within
the experimental cells. The iarge amount of metaphyton-free surface area
provided by the stems and leaves of these emergent macrophytes provided zn
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excellent habitat for Corynoneura cf. scutellata, the most abundant species in
these habitats during the first two years of flooding (Chapter 2). The members
of this genus are small free-living grazers dependent upon submersed surfaces
(Kesler 1981). However, after several years of flooding, these macrophytes
began to die back (van der Valk, pers comm.; Figure 2.8), particularly at the
deeper flooding depths, and a large input of plant litter was added to the bottom
beginning in the second year of flooding. Consequently there was a marked
increase in the same benthic and mining species observed in the Aster habitat
and a dramatic decline in the epiphytic species (Chapter 2). Driver (1977) and
Murkin and Kadlec (1986) both reported increases by Chironomus tentans
following the death of emergent macrophytes due to excessive flooding.

3.5.2 Management implications. Aquatic macroinvertebrates are an important
food resource for breeding waterfow! and their young (e.g., Krapu 1981,
Sugden 1973, Street 1977, 1978, Murkin and Batt 1987) and the effects of
marsh management on invertebrate populations must be considered. In this
experiment, preflood vegetation and depth of flooding produced different
abundances of chironomids as potential waterfow! food.

Although chironomids as a group are known to be an important food
resource for waterfowl the relative importances of the different species is
unknown. One important consideration is probably the size of the individual
chironomids produced by each habitat. Data from the experiment:l cells show
a wide range of sizes of chironomid adults were produced and this varied by
habitat and depth and over the four years of this experiment. However, studies
of waterfow! food habits have generally ignored the importance of invertebrate
size (Nudds and Bowlby 1984) so it is not known which species are important
waterfowl food. It is unlikely that the smallest size class reported in this study
(1.0 - 1.99 mm) is valuable as food for waterfowl, but all other sizes are likely to
be consumed.

The Aster habitat produced a variety of chironomids, with many in the
larger size clesses becoming established at the time of flooding. Scolochloa
and Scirpus on the other hand, produced very small chironomids during their
first two years of flooding, and not until the third and fourth years were large
numbers of the larger-sized chironomids produced. Production was greater in
the deep-water habitats, depths that are probably too deep for most dabbling
duck species. However, during emergence periods these chironomids become
a readily available food resource for waterfowl (Swanson and Sargeant 1972;
sSwanson 1977; Sjéberg and Danell 1982).

The presence of emergent vegetation and the abundance of plant litter on
the bottom are the two most important features regulating the abundances of te
larger-sized chironomids within experimental marshes. Dense stands of
emergent vegetation were beneficial to the smallest-sized chironomids but had
a negative effect on the larger benthic chironomids Several studies have
reported low numbers of invertebrates in dense stands of emergent
macrophytes compared to other more open habitats (Voigts 1976; Wrubleski
and Rosenberg 1980).
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In my study, the abundance of plant litter in the Aster habitat at the time of
flooding, and in years three and four in the Scolochloa and Scirpus habitats,
was probably an important contributor to the high numbers of large benthic
chironomids. Thus my results concur with suggestions by McKnight and Low
(1969), Whitman (1974), Kaminski and Prince (1981) and others that abundant
plant litter from the preflood vegetation is responsible for high invertebrate
production observed in new wetland habitats. However, other factors are
undoubtedly also important. Andersson and Danell (1982) failed in an attempt
to increase invertebrate production by adding terrestrial plant litter to an existing
wetland. They attributed a lack of response to the existence of abundant
predatory invertebrates already present, and suggested that one benefit of
drawdown was the elimination of the more slowly colonizing predatory
invertebrates. A similar experiment in flooded gravel pits in England was
successful in producing larger numbers of invertebrates in a habitat that was
structurally very simple (Street and Titmus 1982; Street 1982).

Whitman (1974) suggested that optimum conditions for invertebrate
production in newly created wetlands occurred during the first 1.5 to 4 years of
age, and recommended drawdown between the ages of 5 to 7 years to improve
food and cover for waterfowl. In the present study, chironomid production was
high from the first application of water and continued to be high through to the
fourth year, first from the flooded terrestrial vegetation and then from the
drowned emergent macrophyte habitats. In the experimental cells it is
anticipated that this high chironomid production will decline as the coarse
detritus inputs within these habitats disappear. Because of the flooding, new
emergent macrophyte regrowth will not occur so no large inputs of detritus will
take place. Invertebrate production wili decline in subsequent years unless
submersed vegetation is able to invade and provide additional habitat for
invertebrates. It is apparent that the management of freshwater wetlands for the
benefit of aquatic invertebrates and thus the waterfowl, must consider the
production of plant litter during the drawdown phase (Murkin et al. 1989). An
abundance of vegetation must te encouraged during drawdown to provide an
abundant pool cf litier whe water is reapplied.
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Figure 3.1. Mean (+ SE, n=6) annual emergence of chironomids over a four
year period from three habitats and two water depths in the experimental
marshes. *indicates a significant diffarence between depths within habitat
and year (t-test, P<.05). Habitat means with the same subscripts are not
significantly different, within year and depth (Tukey's HSD test following
significant ANOVA, P<.05). Lines below each graph indicate means that are
not significantly different across years (Tukey's HSD test following significant
ANOVA, P<.05). A dotted line is used to connect a solid line when the years
that do not differ significantly are seperated by a year that does differ
significantly from those underlined.
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4. THE EFFECT OF SUBMERSED MACROPHYTES
ON THE BENTHIC INVERTEBRATE COMMUNITY
OF A FRESHWATER MARSH

4.1 SYNOPSIS

A field experiment was undertaken in Delta Marsh, Manitoba, to examine
the effect of seascna! development of submersed vegetation on benthic
invertebrates. Sago pondweed (Potamogeton pectinatus) was either removed
via clipping or permitted to grow in fenced 5 x 5 m plots. Aquatic invertebrates
were sampled with emergence traps and bottom cores. Invertebrates (primarily
copepods) were more abundant in the clipped plots than the pondweed plots at
the end of the season. Total chironomid larvae and adult emergence did not
differ between the two treatments, although Polypedilum halterale and
Cladotanytarsus sp. were more abundant in the clipped plots, and Corynoneura
cf. scutellata had a higher emergence from the pondweed plots. Algal biomass
beneath pondweed tended to be lower than in plots where the plants had been
removed suggesting that by shading the bottom, aquatic macrophytes reduce
bottom algal biomass and indirectly influence benthic invertebrate communities.

4.2 INTRODUCTION

Shallow freshwater wetlands are frequently dominated by aquatic
macrophytes. In northern latitudes, the seasonal development of submersed
macrophytes has a major effect on the physical and biological processes within
open-water areas. Submersed macrophytes alter their surrounding physico-
chemical environment (e.g., Koliman and Wali 1978; Dale and Gillespie 1977,
O'Neill Morin and Kimball 1983; Carpenter and Lodge 1986), and they
influence aquatic invertebrate communities by increasing habitat structural
complexity, and by providing additional food and living space within the water
column for many species (e.g., Berg 1949, 1950; Krull 1970; Soszka 1975;
Menzie 1980). Areas with submersed macrophytes have been reported to
support higher densities of invertebrates than areas without vegetation
(Wehischlag 1950; Gerking 1957; Krull 1970), the general assumption being
that these plants increase the amount of colonizable surface area for
invertebrates in the water column. Recent evidence, however, suggests that
invertebrate colonization of submersed macrophytes is 1ot based solely on the
amount of surface area available, but that each plant species differs in its ability
to support invertebrate populations (Cyr and Downing 1988).

The habitat value of these plants has been well documented, but their
negative effects on some membes= =f the invertebrate community are not as
well known. For example, Richard : ai. (1985) found that the total number of
zooplankton species was reduced following elimination of submersed
vegetation, but that mean densities increased. The presence of submersed
vegetation also can have a marked effect on zooplankton commuaity
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composition (Rabe and Gibson 1984). Dense beds of submersed macrophytes
also may have adverse atfects on benthic invertebrates. Hall et al. (1970) and
Danell and Sjéberg (1982) noted shifts in chironomid communities, from benthic
to epiphytic species, when submersed vegetation invaded new areas. Johnson
and Mulla (1983) reported lower densities of benthic chironomids in areas with
Eurasian milfoil than in areas without, and Wrubleski (1989) suggested that
Chironomus species were absent beneath a dense bed of sago pondweed.
Changes in water circulation patterns, temperature, dissolved oxygen and
benthic algal abundances may have caused the declines in benthic chironomid
species reported above. However, there have been no experimental studies of
the mechanism for this inhibition. In this paper | describe a field experiment
designed to examine the interactions among submersed vegetation, the
physico-chemical environment, and the benthic invertebrate community of a
shallow prairie marsh.

4.3 STUDY AREA

This study was conducted in the Delta Marsh at the south end of Lake
Manitoba, in south-central ManitoLa (50° 11' N, 98° 19' W). Descriptions of the
marsh vegetation and water chemistry are given in Léve and Léve (1954),
Anderson and Jones (1976), Anderson (1978), Shay and Shay (1986), and
Kadlec (1986).

Bone Pile Pond (BPP) is a long, narrow bay separated from the main
marsh by a dense stand of hybrid cattail (Typha glauca Godr.) at its eastern
end. Surface water pH ranged from 8.5-10.5 and conductivity ranged from
2350-3725 uS cm-1 at 25°C (Wrubleski, unpubl. data). The bottom is relatively
flat and is composed of thick organic muck (~ 36.5% organic matter). Wind
seiches on Lake Manitoba and the Delta Marsh result in continually fluctuating
water levels within the pond (range 18 - 40 cm). The water column and much of
the bottom sediments freeze in the winter (Wrubleski 1984).

The open-water area of the pond is dominated by sago pondweed
(Potamogeton pectinatus L.), with some bladderwort (Utricularia vulgaris L.)
also present early in the season. Waterfowl feeding removes much of the
pondweed during July and August of most years (Wrubleski 1989). Two
species of emergent plants, cattail and hardstem bulrush (Scirpus lacustris L.
ssp. glaucus (Sm.) Hartm.), surround the open-water area. Carp (Cyprinus
carpio L.) were present in the pond in 1986 and from 19 May to 8 June in 1987.
Their activities within the pond disrupt development of the pondweed
(Wrubleski, unpubl. observ.). A weir was constructed at the eastern end of the
pond, at the beginning of June, to prevent more carp from entering the pond
and to permit those already present to leave.
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4.4 MATERIALS AND METHODS

4.4.1 Experimental treatments. Six experimental treatment plots, each 5 x 5
m, were established at random positions in the western end of BPP on 18-19
May, 1987, using a pre-existing grid system (Wrubleski 1984). Plots wera
assigned randomly to one of two treatments: (1) pondweed (pondweed
permitted to grow) or (2) clipped (pondweed removed ‘by clipping). Plots were
enclosed by a fence of 5-cm mesh stucco wire, 0.5m high, to prevent access by
waterfowl. To minimize exclosure effects, fences did not extend more than
10 cm below the water surface. A centre post within each plot was used to
anchor one side of an emergence trap and to hold maximum-minimum
thermometers. String and brightly colored flagging tape were strung across the
tops of the exclosures to deter waterfowl from landing inside them, however
waterfowl were observed within the pondweed plots on two occasions in late

August.

Clipping of the pondweed began on 18 June and continued through the
summer as regrowth occurred. No clipping was done during the week
preceding algal and core sampling. Pondweed was clipped at the mud-water
interface using smalil hand-held clippers. Clipped pondweed was collected and
removed. All work within the exclosures was done from a canoe to minimize

disturbance of the pond bottom.

4.4.2 Pondweed biomass. Pondweed biomass was determined at monthly
intervals within exclosures. Three replicate pondweed foliage samples were
removed from each plot using a cylindrical aluminium quadrat (314.2 cm?2).
Above-ground, green plant material was sorted in the laboratory, dried and

weighed.

4.4.3 Environmental variables. Surface and bottom water temperatures were
recorded every 2 d, starting on 18 June, with maximum-minimum thermometers
at the centre of each plot. Accumulated degree-days were calculated for each
plot by summing the differences (in degrees) between each 2-d mean
temperature and 0°C, and multiplying by 2.

Dissolved cxygen levels were determined weekly during the minimum-
maximum periods of the diel cycle (i.e. 700-800 h and 1500-1600 h
respectively; Wrubleski and Ross 1989). Measurements were made at the
surface and approximately 5 cm above the bottom using a YSI model 57 oxygen
meter with a self stirring probe. During these visits, water samples were
collected from the surface and bottom of each plot and returned to the
laboratory for determination of pH and conductivity.

4.4.4 Algal communities. Epiphytic algae (haptobenthic algae or periphyton
colonizing solid substrates) were sampled using vertically-positioned acrylic
rods as artificial substrates following Goldsborough et al. (1986). The rods
were 80 cm long, 0.6 cm in diameter and precut (scored) at 5 cm intervals for
subsampling. The first 25 cm of each rod extended into the substrate.
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Eighteen rods were placed in each plot on 5 June. At approximately
monthly intervals (3 and 31 July, 1 September), 5 rods were removed from each
plot (three rods were spares). From four of the rods, the 5 cm section of rod
immediately below the water surface and the 5 cm section above the pond
bottom were removed and placed in labelled vials. These same sections were
removed from the fifth rod but were preserved in Lugol's solution for later
identification of the algal community.

On 31 July a second set of rods (6) was placed in each plot. This set was
introduced when it became apparent that the rods were occasionally rubbed
during pondweed clipping, and that this could introduce artificial differences
among rods. This second set was added after pondweed regrowth slowed and
the amount of clipping required in the plots was reduced.

Epipelic algae (herpobenthic algae) living on the sediments were sampled
as described by Eaton and Moss (1966). Five, 500 ml samples of surface
sediments, from an area of the bottom 22.9 cm2, were collected from each plot
using a hand-held vacuum pump. Samples were returned to the laboratory,
washed into gisns beakers and left in the dark for 24 h. Surface water was then
removed and - zkers were placed outside under ambient light. Lens tissue
papers (traps) vut to the diameter of the beakers were placed on the sediment
surfaces. These tissues were then removed the following morning at 1000 h,
new tissues were replaced and removed at 1400 h and again at 1900 h. The
three lens tissues from each sample were combined into a single vial. Four
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samples from each plot were analyzed for chlorophyll a and the fifth was _

preserved for algal identification.

Planktonic algae (phytoplankton) were sampled at monthly intervals (11
June, 9 July and 15 August). By 4 September the pondweed had already
begun to senesce and settle to the bottom, so it was impossible to obtain
samples. Five, 500 ml water samples were obtained from the surface and from
immediately above the bottom in each plot. Samples were returned to the
laboratory and vacuum filtered through Whatman GF/C filter papers. Four
samples were frozen for chlorophyll a determinations and the fifth was
preserved for identification of the algae. Samples from 9 July were later found
to be unusable.

All algal samples used for chlorophyll a determination were frozen for at
least 24 h to enhance pigment extraction. A known volume of 90% methano!
was then added to each sample and vortexed 3 times over a 24-h dark period at
5°C (Gurney and Robinson 1989). Phaeophytin-corrected chiorophyll a levels
were determined spectrophotometrically after Marker et al. (1980).

4.4.5 Invertebrates. Benthic invertebrates were sampled with a hand-held
corer (17.35 cm?2). Three core samples were collected from each plot at
morithly intervals: 8 June (preclipping), 6 July, 3 August and 2 September.
Plants were moved to the side in an attempt to minimize contamination of core
sampies with epiphytic invertebrates. Immediately after collection, surface
water was removed via a valve in the side of the corer and the samples were



returned to the laboratory. Samples were then washed through a 250 um sieve,
preserved in 95% ethy! alcohol and stained with Rose Bengal to facilitate
so-ing. Samples were later sorted under a dissecting stereomicroscope at 60x
magnification. Chironomid larvae were slide mounted in polyvinyl alcoho! and

identified to genera.

Emerging adult insects were sampled with a modified LeSage and
Harsison (1979) model 'week' smergence trap (basal area 0.5 m2). A single
trap was placed in each plot on 27 May. Traps were emptied at 2-d intervals
until 6 Sepiuember (20 d preclipping and 82 d postclipping). Traps were
anchored to the centre post and one of the fence posts, and repositioneri within
the plots at biweekly intervals to minimize shading of the pondweed.

All adult chironomids were identified to species. Nomenclature follows
Oliver et al. (1990). A length-weight regression (Wrubleski and Rosenberg
1990) was used to calculate biomass of emerging chironomids. Because some
species of Trichoptera are capable of ovipositing beneath the water surface and
then re-emerging (Nielsen 1948; Badcock 1953), females that were nuliiparous
and gravid were considered newly emerged, as were all males. Parous
females were treated as old (oviposited) females (Corbet 1966).

4.4.6 Statistical analysis. Nested ANOVA were used to test significance of
differences in pondweed biomass, algal (epiphytic, epipelic and planktonic)
biomass, and benthic invertebrate densities between treatments (n = 3
plots/treatments). t-tests were used to test significance of differences in insect
emergence between the two treatments. Prior to statistical analyses data were
transformed [logqq (x+1)] to stabilize the variances, but untransformed data are
presented in the tables and figures. All analyses were done on a Macintosh
personal computer using SYSTAT (version 3.2).

4.5 RESULTS

4.5.1 Pondweed biomass. Prior to initiation of clipping, pondweed biomass
was similar between the two areas (Table 4.1). Pondweed growth was rapid
during June and July and clipping only reduced biomass by 60% in the July
samples. However, after the middle of July, pondweed biomass in the clipped
plots remained low. During the last two weeks of July, waterfowl began to
increase in numbers within the pond and through August and September they
<c;ons)umed much of the pcndweed outside of the exclosures (Wrubleski, unpubl.
ata).

4.5.2 Environmental variables. None of the four parameters measured
showed strong effects of the pondweed or clipping treatments. No significant
- .zie detected for conductivity and pH. Dissolved oxygen levels
differed significantly between treatments on only two dates (8 and 24 July), with
pondweed plots showing higher levels of dissolved oxygen (Wrubleski, unpubl.
data). Bottom temperatures within the clipped plots were slightly warmer than
under the pondweed (Figure 4.1). These differences were most apparent
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during calm weather (e.g., 24-28 July) but disappeared during windy weather.
Accumulated degree days did not differ significantly between treatments
(t=2.114, df=4, P=.10).

4.5.3 Algai communities. Levels of epiphytic chlorophyll g, pressnt at the
surface and bottom in the two treatments, did not differ during July (Figure 4.2).
By September, however, more epiphytic chlorophyll a was present in the
clipped plots. Differences were significant for the one month samples but not for
the samples in place for 3 months. Differences between the clipped and
pondweed plots probably were accentuated at the water's surface due to
abrasion of the rods by pondweed movement.

At no time did the amount of chlorophyl!l a present in the epipelon differ
significantly batween the two treatments (Figure 4.3). However, a distinct trend
for greater biomass was evident in the clipped plots towards the end of the
season, with a nearly significant difference in biomass in September.

Before the initiation of clipping, planktonic algal abundances were simiiar
between the clipped and pondweed plots (Figure 4.4). The August sampies
shovwed a trend for higher abundances in the clipped plots at both the surtace
and the bottom but these differences were not significant.

4.5.4 Invertebrates. By 2 September significantly higher numbers of benthic
invertebratas occurred in the clipped plots than in the pondweed plots (Table
4.2), due to higher numbers of copepods and ostracods in the clipped piots.
Tne considerably higher anumbers of copepods in the clipped plots was due
mainly to the Harpacticoida. Cyclopoida was the mos? abundant group of
copepods in the pondweed plots, although even they tended to be more
abundant in clipped than in pondweed plots. Cladocera had higher numbers
in the pondweed plots, and the difference was necriy significant in September
(F=6.445, df=1,4, P=.06).

The oveiall abundances of Chironomidae :id not differ betvicen the two
treatments (Table 4.2). Corynoneura sp. present in the core samples may have
been due to larvae falling off the pondweed when taking cores in the. plots.
Corynoneura sp. are most often found on submersed vegetation (Kesler 1981).
However, even if Corynoneura from the core samples are remaoved, there is no
difference in total Chironcmidae between treatments (F=0.032, df=1,4, P=.87).
Polypedilum spp. and Cladotanytarsus sp. did show significantly higher
numbers in the clipped picts in August and September.

Tanypus punctipennis Meig. had significantly higher emergence in the
clipped plots than the pondweed plots (Table 4.3). However, the core samples
showed no differences in larval abundarce between treatments (Table 4.2),
suggesting some kind of bias for this species in the emergence sampies.
Pupae of Tanypus species, as with other Tanypodinae, are highly mobile and it
would seem that the pupae of this species congregated in the clipped plots prior
to emergence. Therefore, data on T. punctipennis have been excluded from
Total Chironomidae, Tanypodinae or emerging biomass estimates in Table 4.3.
This presumed bias is not apparent for the other Tanyporinae.
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During the 20-d period before clipping began, Procladius bellus (Loew)
and Parachironomus tenuicaudatus (Mall.), had significantly different
emergence rates between the two treatments (Table 4.3). With P. bellus, these
differences are prchably due *~ chance alone due to the low number of
individuals collected. No explana* .~ ean be offered for P. tenuicaudatus.

Following clipping, there ..as ' 0 significant difference ({=2.078, df=4,
P=.11) in the numbers of {otal C-i';onomidae emerging between the two
treaiments, but the subfamily Orthocladiinae did have significantly greater
numbers emerging from the nnndweed plots (Table 4.3). The seasonal pattern
showed a constant trend of =~ er emergence from the pondweed plots as the
season progressed (Figure 4.5-). The increasing difference in emergence was
due primarily to Corny'noneura cf. scutellata Winn. (Figure 4.5B). Biomass of
emerging chironomids was not significant!ly differeni (t=1.913. df=4, P=.13)
between treatments (Table 4.3).

Three chiranomid specics showed significant differences »etweer
treatments (Table 4.3}. Both Tanypus punctipennis and Polypedilum hailterale
(Cnq.) had significantly higher numbers emerging from the clipped plots,
showing emergence peaks not apparent in the pondweed plms (Figure 5C,D).
Emergence resuis for P. halterale, unlike for T. punctipennis, agree with those
of the core samples. Cladotanytarsus sp., which had a significantly higher
number oi larvae in the clipped plots (Table 4.2), had & nearly significant
(t=2.513, df=4, P=.06) higher emergence from the clipped plots as well.
Corynoneura cf. scuteliata had a significantly higher emergence from the
pondweed plots (Table 4.3).

Mayflies and caddisflies also were collected in the em.arg=nce traps. The
mayfly Callibaetis flictuans (Walsh) chowed no difference in emergence
betweer the two treatments (Table 4.3). Agraylea multipunctata Curtis was the
most abundant trichopteran, representing 77.1% of all caddistflies collected.
Emergence of this species (new females and males) showed no difference
between treatments, but older females were significantly more abundant in the
clipped plots, suggesting an ovipositional preference by the females for open-
water areas.

4.6 DISCUSSION

4.6.« Submersed vegetation and benthic invertebrates. Submersed
vegetation may provide additional habitat for invertebrates within the water
column, but their presence can also have a marked effect on those
invertebrates living on the bottom. By September in BPP, total benthic
invertebrate numbers were higher in the clipped plots, but individual
invertebrate groups varied in their responses to the treatments. Copepods,
particularly the Harpacticoida, were considerably more abundant in the areas
without submersed macrophytes. Cladocera on the other hand, were more
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abundant under the plants. Total chironomids showed no differences between
the two treatments but some differences in species abundances were found.

Only one other study, Johnson and Mulla (1983), has compared benthic
invertebrate communities between vegetated and artificially craated non-
vegetated areas. They observed lower numbers of chironemid larvae under
Myriophyllum spicatum than in areas where the plants were eliminated by
herbicides. In BPP, total larval chironomid numbers were similar between
treatments, but two genera (Polypedilum and Cladotanytarsus) did have
significantly lower larval numbers under the pzndweed.

Although the general assumption that benthos num%ers are higher in
areas with plants than areas without plants is widely held, oniy a few studies
(e.g., Wohischlag 1950; Krull 1970; Menzie 1980; Eagel 1535,1988: Schramm
and Jirka 1989) actually have compared the benthic fau~» betwr.a:n vagetated
and 'naturally occurring’ non-vegetated areas, and thes: r=.psarisons should
be viewed with caution. The absence of submersed macrophyies - ay be due
to sediment type, vertebrate activities, watar depth or currents. Thase factors
also affect occurrence of benthic invertebrates. For example, Thorp (1288)
reported that open patches in dense beds of submer:2d vegetation, created by
the spawning activities of maie centrarchid fish, had signiicantly lower benthic
invertebrate diversities znd densities than areas occupied by vegetatior, and
that these differences were still apparent the foliowing year. The experimental
approach taken in the present study minimizes these problems.

The emergence irap collections permit a comparison of numbers and
biomass of emerging chironomids (both epiphytic and benthic) between
vegetated and non-vegetated habitats. My results indicate no differences in
total numbers or biomass of emerging chironomids between these: two habitats,
although Corynoneura cf. scutellata did have a higher ¢ »zrjence from the
pondweed plots. In BPP, the presence of Potamogeton peviinatus did benefit
one small epiphytic species but atherwise did not contribute tc any increase in
chironomid nurabers over wha' - 2s present in the bare sediments. Because of
the dominance of C. cf scutena:a in the pondweed emergence collections,
average individual size of chironomids was 144.0 ug as compared to 221.2 ug
from the clipped plots. In a previous waterfow! exclosure study within BPP,
Wrubleski (1989) found that chironomid emergence from pondweed was also
dominated by smaller epiphytic species, whereas larger benthic Chironomus
species domir:ated emergence from areas where the plants had been removed
by waterfowl.

The development of submersed vegetation was beneficial to some benthic
invertebrates in BPP. Cladocera, for example, had higher densities under the
pondweed. In lake littoral zones, submersed macrophytes stabilize the bottom
where high wave energies can make the bottom sediments very loose and
unstable, thereby benefiting benthic invertebrates in these habitats (McLachlan
1969; Jonasson and Lindegaard 1979; Schramm and Jirka 1989).

4.6.2 Fac. s responsible for regulating benthic invertebrates. The
seasonal development of dense beds of submersed macrophytes can have a
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major impact on physico-chemical parameters within the water column and on
the bottom: (e.g., Buscemi 1958; Koliman and Wali 1976, Dale and Gillespie
1977; O'Neill Morin and Kimball 1983; Wylie and Jones 1987}, and saveral of
these parameters have been suggested as potential fac:ors limiting
abundances of benthic invertebrates (Hall et al. 1970; Dar=. and Sjéberg
1982; Wrubleski 1989). Restriction of water circulation and shading of the
bottom, along with high respiration rates of decomposing vegetation, can
contribute to very low oxygen levels on the bottom (Buscemi 1958; Wylie and
Jones 1987). Anoxic conditions beneath a dense bed of Myriophyllum
spicatum may have explained a depauperate sediment fauna in a study by
Learner et al. (1989). Fish (1966) reported that removal of a dense ccver of
Lagarosiphon major (Ridley) Moss. resulted in a large increase in chironomid
larval numbers, and speculated that this was due to better oxygen conditions
present on the bottom following removal of the plants. Temperatures on the
bottom beneath vegetation are also lower due tc stratification caused by
vegetation impeding circulation (Kollman and Wali 1976; Dale and Gillespie
1977; O'Neill Morin anu Kimball 1983)

These features were observed in Bone Pile Pond, but the ext 'nt of the
differences between the two treatments were not great and were oniy readily
apparent for short periods. Wind-induced mixing of the shallow water,
facilitated by removal of pondweed from the rest of the pond by waterfow!, is
probablv - .sp.onsible for the lack of stratification of te nperatures, oxygen, pH
and concuictivities. Mixing cf the water column would also preclude the effects
of allelocinemicals produced by pondweed as being responsible for influencing
the invertebrate community beneath ihe vegetation. as has been found for
Myriophyllutn spicatum (Ghnillon et al. 1982).

Evidence rom this study suggests that algal abundances were associated
with differences in benthic invertebrate communities between the two
treatments. By shading of the bottom, pondweed restricted benthic algal
produ~tion in BPP. Light levels were not measured during this study but
readings of photosynthetically active radiation (uE m-2 s-1) taken the previous
year in BPP indicated that approximately 60.3% of surface light levels reached
the bottom in areas free of vegetation as opposed to only 2.1% underneath the
pondweed (water depth = 15 - 20 cm). Several studies have reported low algal
production beneath submersed macrophytes. Brandi et al. (1970) reported a
more than 50% reduction in phytoplankton production beneath weed beds, and
Goulder (1969) measured no phytop'ankton production beneath a dense bed of
Ceratophyllum. O'Neill Morin and Kimball (1983) reported light levels declined
with depth in a Myriophyllum heterophyllum Michx. bed and this restricted
periphyton growth on the the lower plant stems.

Algae are an important food resource for many benthic invertebrates (see
review in Lambe:rti and Moore 1984) and this may also be so for the
invertebrates of freshwater wetlands, where traditionally invertebrate production
has been thought to be dependent upon the processing of detritus (Mann 1988;
Murkin 1989). Shading by emergent (Straskraba and Pieczynska 1970; Gurney
and Robinson 1988; Hosseini and van der Valk 1989a,b) and submersed

74



(studies cited above) vegetation in wetland habitats restricts algal communities
and can thereby negatively impact invertebrate communities. An analogous
situation occurs in lotic habitats where shading by riparian vegetation reduces
algal abundances in streams, and this in turn results in lower aquatic
invertebrata densities and secondary production (Murphy et al. 1981; Hawkins
et al. 1982; 3ehmer and Hawkins 1986; Feminella et al. 1989).

Interactions among submersed macrophytes, the physico-chemical
environment, ar.d benthic invertebrates are complex. These plants greatly
increase the physical complexity of open-water areas and provide additional
habitat within the water column for many invertebrates, but at the same time
they may benefit or inhit:! different components of the benthic invertebrate
community. Thus, dense beds of submersed vejgetation are not benign
environments as suggested by Nelson and Kadlec {1984). The value of
Potamoge::n pectinatus as habitat for chironomids and other invertebrates
requires further investigaticn. The findings of the prasent study suggest that the
geasonal development of this plant contributes to shading of the pond bottom
and thereby restricts algal production, and thus indirectly has a negative impact
on the fooo resaurces of some benthic invertebrates. The relative importance of
algae as a foad rescurce for the invertebrates of fresh.water wetla-ds remains
unknown bizl it results of the present study point to a need for a further
examination ot the relationship between the invertebrate and algal communities
of freshwater marshes.
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Figure 4.2. Mean (+ SE; n=3; df=*.4 ir all nested ANOVA) epiphytic algal
biomass (as chlorophyll a) on artific’al substrates in clipped and pondweed
ciots in Bone Pile Pond, 1987. Samples were collected at the surface and
bottom of the water column. 1 September samples were obtained from
substrates in place for three months and one month.
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Figure 4.4. Mean (+ SE; n=3; df=1,4 in all nested ANOVA) planktonic
algal biomass (as chlcrophyli &) in clipped and pondweed plots in Bone
Pile Pond, 1987.
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' Figure 4.5. Mean (+SE; n=3) number of chironomid adults emerging from
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5. CONCLUSIONS

5.1 Summary. Aquatic macrophytes are a dominant feature of wetland
habitats. The results of the present studies demonstrate that they are also
important determinants of invertebrate communities in these habitats.

In Chapter 2, chironomid production differed among the habitats (plant
communities) and water depths sampled and these differences varied over the
four years of the study. Two distinct patterns of chironomid community
deveiopment were found and these patterns were related to macrophyte
responses to the flooding, the structure of the plants, and the amount of litter
present on the bottom. Terrestrial plants such as Aster were drowned following
flooding, creating a habitat with ample plant litter and metaphyton. An abundant
chironomid fauna developed from the first application of water with both
epiphytic and benthic species present. A different pattern was found in the two
emergent vegetation habitats. Initially, small epiphytic species (primarily
Corynoneura cf. scutellata) dominated and benthic species were absent. The
abundance of live and dead standing stems provided excellent habitat for
epiphytic chironomids. However, prolonged flooding gradually reduced the
abundances of emergent vegetation, epiphytic chironomids declined in
abundance and benthic species increased substantially.

Two possible explanations could account for responses of the benthic
species in the emergent vegetation habitats. 1) Dense stands of emergent
macrophytes may have produced unfavourable conditions on the bottom that
restricted benthic chironomids. These plants have been shown to influence
algal communities through shading, and physico-chemical parameters by
preventing mixing of the water column (Straskraba and Pieczynska 1970).
Such conditions may have restricted the development of a benthic chironomid
community while the emergent macrophytes were present. 2) An alternative
explanation may be a lack of plant litter in these habitats. Both Scolochloa and
Scirpus initially survived the flooding so no large input of litter occurred at that
time. Not until the second year did these plants begin to die due to flooding and
large inputs of litter occur (Figure 2.8). Both of the dominant benthic species,
Chironomus tentans and Glyptotendipes barbipes, have been reported to mine
plant litter, but also are known to live in the sediments. Whether the availability
of decayed water-soaked vegetation is important to these species in wetland
habitats remains unknown.

From a management standpoint, production of chironomids as potential
waterfow! food varied among habitats, depths and over time (Chapter 3).
Initially, the Aster habitat was more productive, at least in terms of larger
chironomids that might be consumed by waterfowl. But by years three and four,
the two emergent vegetation habitats were more productive, particularly in
deeper water. It is apparent from this study that consideration must be given to
the types of vegetation that colonize the drawdown surfaces of marshes and
their subsequent responses to flooding, when attempting to increase
invertebrate production following drawdown.
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Submersed macrophytes are known for their ability to support epiphytic
invertebrate populations, however, their potential influence on benthic
invertebrates has not been as well recognized. In Chapter 4, | demonstrated
that dense beds of submersed vegetation can have a negative impact on some
members of the benthic community and that this impact appears to operate
through shading of the algal communities. The algae of wetland habitats are
only now being recognized as an important food resource for the aquatic
invertebrates in these habitats (Murkin 1989; Campeau 1990).

5.2 Aquatic Invertebrate research in wetland habitats. The study of aquatic
invertebrate communities in wetland habitats lags behind that of studies in other
aquatic habitats (Danks and Rosenberg 1987). One important reason for this
has been the generally perceived lack of importance of the invertebrates in
wetland habitats (Rosenberg and Danks 1987a). But recent findings have
demonstrated their importance in a number of ecological processes within
these habitats (Murkin and Wrubleski 1988; Rosenberg and Danks 1987b and
the papers therein). Even with this increased awareness, efforts to study the
invertebrate communities in wetlands are surprisingly few and rather cursory
when compared to current research activities in lotic habitats.

Why are studies of wetland invertebrates so few and of such poor quality
when compared to other aquatic habitats? First, as noted above, the fact that
aquatic invertebrates perform important ecological functions within wetland
habitats has been recognized only recently (Murkin and Wrubleski 1988).
Second, many of the studies have been done in conjunction with other
activities, and are more or less efforts to explain things like waterfow! feeding
ecology or to develop wetland management practices. Therefore, not enough
time or effort are allocated for detailed study of invertebrates. These two
reasons may reflect the newness of this area of research and one can hope that
more time and effort will be expended.

Now that interest is increasing, difficulties with sample collection and
processing pose the greatest problem for aquatic invertebrate study in wetland
habitats. Sampling devices are gradually improving and now include methods
of obtaining samples that eliminate or reduce the amount of extraneous material
collected, such as activity traps (Murkin et al. 1983) and emergence traps.
However these same techniques are not without their shortcomings as
demonstrated in Chapter 4 for emergence traps.

The aquatic invertebrates of wetlands, as well as of most other aquatic
habitats, are numerous, small and diverse. A great deal of time and effort is
required to sort, identify and count samples. The production of large numbers of
samples often constrains the amount and kind of effort that can be put into
sample processing, and this can have a marked effect on the resuits obtained.
For example, Murkin and Kadlec (1986) reported benthic densities in the Delta
Marsh averaged 1,200 m-2: and that these numbers were low compared to
some lakes and reservoir studies cited. They suggested that these low
densities were a function of conditions common to wetiand habitats, such as
anoxic conditions in summer and complete freezing in winter. Benthic densities
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in Bone Pile Pond (BPP) of the Delta Marsh, which does not go anoxic but does
freeze solidly in winter (Wrubleski 1984), ranged from 115,000 to 440,000 m~
(Chapter 4). These widely divergent numbers taken from the same marsh are
probably not due to actual differences between the experimental cells and BPP,
but to differences in sample processing (both studies used similarly sized ccrers
to sample the benthos). In the Murkin and Kadlec (1986) study, samples were
sieved through a 500 pm mesh and live sorted shortly after collection. Samples
from BPP were sieved through a smaller mesh (250 um), stained with Rose
Bengal and preserved in alcohol, and later sorted under a stereomicroscope at
60x magnification. This greater effort in processing benthic samples from BPP
has resulted in benthic density estimates that are 100 to 400 times greater.

It could be argued that very small invertebrates (such as the harpacticoid
copepods in Chapter 4), that would have been overlooked by cruder sorting
methods, are not important duck food and therefore insignificant. However, size
is not necessarily a good indicator of the importance of an organism to the
environment in which it lives, and its direct importance to waterfowl should not
be used as criteria for determining its apparent value in wetlands. These
smaller animals are food for larger secondary consumers and their importance
on up the food chain can be significant.

Another area in need of greater effort is the level of identification of the
invertebrates collected. Few attempts have been made to identify wetland
invertebrates to the species level. Many groups have individuals that are small
and require slide mounting for proper identification. Keys are not available for
many groups. A considerable amount of time is needed to acquire adequate
taxonomic expertise, and this is outside the time constraints of many studies.
However, species are the basic biological units. It is only at this level that
changes within invertebrate communities can be properly documented and
explained. In Chapters 2 and 3, for example, changes in the chironomids as a
whole could not be interpreted without some knowledge of the species involved
and information on their ecology. In Chapter 4, further identification of the
Crustacea might have provided more useful insights into the interactions
between submersed vegetation and benthic invertebrates.

5.3 Future directions and needs. Considerable time and effort went into the
invertebrate sampling and identification in the present thesis. Differences in
individual species responses were observed and these were used to help
explain overall invertebrate community responses to the reflooding of the
experimental cells and the seasonal development of submersed vegetation in a
shallow bay of the Delta Marsh. However, | am still limited by the lack of
information for many of the species. Even for the dominant chironomids in the
experimental cells, little information on ecological requirements is available and
almost all of it comes from habitats other than wetlands. An important area for
future research are detailed ecological studies of dominant species within
wetlands, such as Chironomus tentans and Glyptotendipes barbipes for
example. Better information on their ecology in wetland habitats would heip
explain observed patterns within the experimental cells.
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The role of aguatic vegetation in determining invertebrate communities in
wetland habitats needs further study. Their ability to support epiphytic species
is well documented but their apparent inhibitory effects on benthic species as
demonstrated in the present studies requires further investigation. Are these
effects manifested through alterations of physico-chemical parameters or
through the shading of algae as suggested in Chapter 4? The role of algae as
a food resource for aquatic invertebrates in wetland habitats needs
examination.
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APPENDIX 1. MISSING DATA CALCULATIONS

Emergence trap samples were occasionally lost due to muskrat activity
and wind storms. Mean annual emergence (no. m-2 yr-1 + SE) for each habitat-
water depth combination is determined from the collections of the six traps used
for each combination. Numbers collected from each trap during every week
(period) were summed for the entire sampling season. However, if a trap was
not operating for a week then part of the annual total for that particular trap was
missing. Therefore, an estimate of the missing value must be determined. This
was done by determining trends between the missing trap and the remaining
five traps within the same habitat-water depth combination. Data for a five week
period (three weeks before the trap ioss, the week of the trap loss and one week
after the loss) were used.

The table below presents data for species sp30A (Paratanytarsus sp. 1)
during periods 13 to 17 from the deep Scirpus habitat in 1985. Trap 2 was lost
during week 16.

Trap
Week| 1 2 3 4 5 6
13 | 43 26 11 1 7 5
14 | 81 42 7 34 23 1
15 | 47 36 68 69 1 3
16 | 21 37 93 2 0
17 137 46 109 98 2 0

To estimate the missing value, these data were subjected to a regression
analysis using PROC GLM of SAS with the SOLUTION option in the MODEL
statement (Freund and Littell 1981). The program commands for the above
data in a file called 85svd3 are as follows:

CMS F DEF AAA DISK 85SVD30A data20 A!;
DATA numbers;

INFILE AAA;

INPUT period trap sp30A;

TITLE 'Isq means for data set 85SVD30A’;
PROC GLM;

CLASS period trap;

MODEL sp30A=period trap/solution;
LSMEANS period trap;

Table 6.1 is the SAS output for this analysis. It provides the intercept
(absolute value of the overall least squares mean with the effect of the last row
(week) and column (trap) means removed (|36.0 - (1.8 + 65.3)] = 31.1). The
mean for each row (week) and column (trap) are determined and then
standardized with the last row and column which have been set to zero (see
below).

94



Trap
Week| 1 2 3 4 5 6 Week X Week Effect
13 | 43 26 11 1 7 5 16.5 -49.8
14 | 81 42 7 34 23 1 31.3 -34.0
15 | 47 36 68 69 1 3 37.3 -28.0
16 | 21 37 93 2 0 30.6 -34.7
17 | 137 46 109 S8 2 0 65.3 0.0
Trap X|65.8 36.2 46.4 59.0 7.0 1.8 36.0
Trap
Effect|64.0 344 446 572 5.2 0.0

Using the intercept or corrected mean (31.1) and the effect for week 16
(-34.7) and the effect for trap 2 (34.4), an estimate for the missing trap value is
obtained (30.8 rounded off to 31). This number is then inserted into the raw
data tables for Paratanytarsus sp. 1 for week 16, trap 2 in the deep Scirpus
habitat for 1985. The figure below illustrates the estimated value for trap 2 in
week 16 in relation to the patterns observed for the five other traps.

20

15
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10

Number trap

5

0 -

Q -

Q -

0 -

—O— Trap 2

14 15 16 17

Period

- These analyses were run for each species that might be expected to be
in the missing sample. This was inferred by the presence of a species in
samples from the missing trap the week before or the week after the trap sample
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was lost. If a species had not been recorded before or after the missing sample
then it was assumed to not have been present at all. This procedure would
underestimate rare species that might have been sporadically present in the
samples from a particular habitat-water depth combination. Because this
method of estimating the missing value standardizes the each week and trap
effect to the last row and column by setting these to zero, the missing sample
cannot be in the last period or in trap 6. If a sample from trap 6 were missing it
was simply switched with trap 5.
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VITA

| was born in Moose Jaw, Saskatchewan on February 21, 1955. We
initially lived in Gull Lake, Saskatchewan but then moved to Estevan where |
attended school. | spent a great deal of time playing in the prairies and this is
where | developed my interest in prairie sloughs, which were always so full of
life. After completing high school in 1973 | went on to do an undergraduate
degree in biology at the University of Regina. Larry Bogdan and Alina Walther,
two very special people, encouraged my interests in prairie marshes. Dr
Walther was my supervisor for an undergraduate thesis that | did on the aquatic
invertebrate populations of a marsh near Regina. This thesis was instrumental
in getting me a summer job with Ducks Uniimited Canada. During that summer
| visited the Delta Waterfow! Research Station in Manitoba. Encouraged to
develop my interests in the invertebrates of prairie marshes by people at Ducks
Unlimited and Delta, | entered a M.Sc. program with David Rosenberg at the
University of Manitoba in 1979. Bruce Batt and Henry Murkin actively
encouraged my studies at Delta and provided the support necessary for me to
continue my studies at the University of Alberta with John Spence in 1984.
Having completed my dissertation | am now employed at Ducks Unlimited in
Winnipeg where | am continuing my studies of prairie marshes.



