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measured quantitatively. Observations made anecdotally
during our other research projects at the Delta Marsh
Recognition of the importance of waterfowl in indicate that tern feces introduced accidentally into small
aquatic ecosystems has been largely from the perspectivenclosures can lead to marked increases in N and P levels
of those wishing to foster waterfowl! stocks. While this (Goldsborough, unpublished data). Recent experiments
management-oriented view and its associated researdh which analytical grade N and P were added to
has lead to new understanding of wetland ecosystemgnclosures showed that nutrient enrichment can affect
such basic issues as the degree to which waterfowthe quantity and composition of plants, leading to
contribute to the maintenance and development ofbundant surface mats of filamentous green algae (e.qg.,
wetland ecosystems as a whole remain unresolved. I€@ampeatet al. 1994; Murkinet al. 1994; McDougaét
particular, the role that waterfowl! play in regulating plant al. in press). Concomitant effects on the invertebrate
communities in wetlands is uncertain. Clearly, largefauna were also noted (B. Hann, unpublished data).
populations of grazing waterfowl can reduce plantTherefore, it is reasonable to hypothesize that natural
biomass. Lauridsest al. (1993), for example, noted sources of N and P may be significant factors in
that plant biomass in an area in a shallow European lakeegulating the Delta marsh ecosystem.
from which grazing cootd~lica atra) were excluded This study was designed to address the impact that
was up to 6.5 times higher than in areas where cootwaterfowl feces have on algal and plant production
were abundant. Similar observations were made bywithin in situenclosures in Delta Marsh. Based on the
Wrubleski (1984) during his study of the impact of results of our research in wetland enclosures enriched
grazing ducks in an area of Delta Marsh, Manitoba.with inorganic N and P (McDouget al.in press), results
However, effects of waterfowl on vegetation are notfrom preliminary laboratory microcosms to which feces
wholly negative, as their feces and decomposingwere added, and a conceptual model for freshwater
carcasses release nutrients which can stimulate plantetlands developed by Goldsborough and Robinson
growth (Gere and Andrikovics 1992). Moss and Leah(1996), our hypotheses for this experiment were as
(1982) studied an English wetland, described as beindpllows:
“guanotrophic”, for which feces of black-headed gulls « Mineralization of waterfowl feces releases abundant

Introduction

(Larus ridibundu$ accounted for 53-72% of the total
phosphorus (P) input. Snow gee€i#nén caerulescens
caerulescenys are known to make significant
contributions to the nitrogen (N) budget of sub-arctic

salt marshes that are their summer breeding ground

(Bazely and Jefferies 1989). Recently, Maratyal.

(1994) estimated that flocks of Canada ge@sarta  °

canadensisand mallard ducksApas platyrhynchgs
contributed as much as 70% of the P budget of
Wintergreen Lake, Michigan, USA. Decomposition of
waterfowl carcasses is also an important contributor of

nutrients; Parmenter and Lamarra (1991) found that dead

pintail ducks Anas acutaslost 65% of their total N
and 30% of their P over a period of 10 months.

Despite the fact that birds are abundant in Canadian

wetlands, the relative importance of their feces to plant
nutrition and growth in prairie wetlands has not been
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N and P, some of which is immediately bound up by
wetland sediments and submersed macrophytes.
However, a portion is made available to the water
column for assimilation into algal biomass. This
stimulation should be most evident at high,
intermittent loading levels.

Nutrients from waterfowl feces will alter the
composition and relative abundance of the primary
producer assemblage, leading to a shift in the wetland
from an epiphyton-dominated “open” state to a
metaphyton-dominated “sheltered” state. Consequent
deterioration of invertebrate habitat under dense
metaphyton cover will decrease invertebrate
diversity, and decrease the abundance of
phytophilous microcrustaceans and macro-
invertebrates.
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Methods uniform moist slurry which was poured uniformly over
the surface of the target enclosure. The slurry initially
Enclosures remained at the water surface but it was mixed into the

water column using a wooden paddle. Four of the six

Ten enclosures, 5m x 5m in size, were constructegxperimental enclosures were pulsed (spiked) with the
in Blind Channel in late May 1995; of these, six were waterfowl feces slurry on 28 June 28 1995 and 21 July
used in the present experiment (Fig. 1). The enclosure$995. The experimental treatments were as follows: 1)
were supported by high density foam blocks fastenedigh feces load comprising 19.23 g total P and 7.90 g
under the 40 cm wide wooden walkways which allowedtotal N per addition per enclosure, 2) low feces load
the enclosures to float just above the water surface. AZomprising 1.92 g total P and 0.79 g total N per addition
translucent plastic curtain was suspended from eacper enclosure, and 3) untreated controls. There were two
frame. At the base of each curtain was a metal rodeplicate enclosures of each treatment. Feces loadings
embedded into the sediments in order to anchor theere chosen to approximate N and P loadings similar
curtains to prevent lateral flow between the enclosureso those employed in earlier nutrient enrichment
and the surrounding marsh. Water depth during the studgxperiments; they were not intended to simulate natural
was about 1 m so each enclosure enclosed approximatelyaterfowl input levels.
20,000 L of marsh water. Gee-type minnow traps were
placed in each enclosure once the curtains were deploye®ampling and Analysis
so the effects of potential secondary consumers were

reduced. Measurements of light extinction, concentration of
major nutrients, algal productivity (carbon assimilation),
Collection, mixing, and addition of feces algal biomass (total chlorophyll), algal identification and

macrophyte abundance were monitored in the six
Fresh feces from Canada gedB3mfita canadensjs  enclosures between June and August 1995. Light
and mallard ducksAhas platyrhynchgavere collected  extinction was measured biweekly during bright, sunny
from captive and wild flocks at the Delta Waterfowl days with a Li-Cor LI-185 meter and a submersible
and Wetlands Research Station between May and Julguantum sensor. Water samples were collected below
1995, and stored at -30°C until required for experimentathe water surface and analyzed weekly for soluble
additions. The feces was thawed and mixed to make seactive phosphorus (SRP), ammonia-N, soluble
reactive silicon (Staintoet al. 1977), and nitrate-N
(APHA 1992). Alkalinity and pH were measured
concurrently with measurements of algal carbon

9 Hi](;;h assimilation (see below). Only data for SRP and
Control feces ammonia-N are included in this report.
Phytoplankton were sampled at three randomly
selected positions in each enclosure at weekly intervals.
s 2 Four liters of enclosure water were collected using a
f';icg;s o plastic tube inserted vertically throughout the water

column; the samples were filtered through a 100 pm
mesh net to remove zooplankton. One liter of the filtrate
was retained for analysis and the remainder was returned
to the enclosure. Phytoplankton productivity (ugC/L/h)
was determined from measuring the rate of carbon
assimilation. Fifty milliliters were taken from each of
the original 1 L water samples. It was dispensed in equal
. portions into two screw-cap test tubes, one of which
Control was blackened with elastic tape. Each of the sub-samples
were inoculated with a radiolabeled bicarbonate solution
(0.5 pCi/mL) and placed in a 25°C water bath under

Figure 1. Schematic diagram of 5 x 5 m enclosures useaaturating irradiance for four hours. The samples were

in Blind Channel during 1995. Shaded enclosures Weré_hen removed from the bath and collected onto glass
used in concurrent experiments (Higgins and Hann, thi iber filters (Whatman GF/C) under gentle vacuum. The

volume; McDougal and Goldsborough, this volume: filters were placed over concentrated HCI for at least 1
Sandila,nds and Hann, this volume) ' " minute, which volatilized any excess inorga@, and

Low
feces
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placed into vials containing 5mL of Beckman samples were stored at 4°C for later identification and
ReadySafe™ liquid scintillation cocktail. The cell counts. Cells were counted at 400X using a 0.1 mL
radioactivity of each vial was determined using aPalmer Cell on a Zeiss Axiolab phase contrast
Beckman liquid scintillation counter. Phytoplankton microscope. Phytoplankton from the following three
biomass was determined from measuring its totaldivisions were identified using Prescott (1978) and
chlorophyll content. Sub-samples (400mL) were takencounted: Cyanophyta, Chrysophyta (Bacillariophyceae
from each of the original 1 L samples and collected ontoonly), and Chlorophyta. At 400X the field of view was
glass fiber filters (Whatman GF/C) under vacuum. The0.495 mm diameter and each field of view comprised
filters were stored at -30°C for later analysis. Each filterone quadrat. Each sub-sample was counted, moving the
was immersed in 5 mL of 90% methanol for 24 hours instage from left to right and top to bottom until a total of
the dark at room temperature. Each sample was the&00 cells or 50 quadrats, whichever came first, was
transferred into a cuvette and its absorbance was reagached. Calculated algal density data (cells/L) are not
at two wavelengths, 665nm and 750nm, with a Milton-included in this report.
Roy Spectronic 601 spectrophotometer against a blank
of 90% methanol. Each sample was then injected withPeriphyton
50 pL of 1¢® M HCI, allowed to stand in the dark for
one hour, then its absorbance was re-read at the same Periphyton were sampled weekly using 90 cm long
settings as before. The two sets of readings providedcrylic rods that served as artificial substrata for attached
the information necessary to calculate the totalalgae (Goldsborougét al.1986). These rods were pre-
chlorophyll content (ug/L) of each sample using thenotched at specific lengths, with each segment used for
equation provided by Market al. (1980). measurements of algal productivity, biomass, particulate
Additional phytoplankton sub-samples (200mL) phosphorus, or identification (Fig. 2). Sixty-four rods
were taken from each of the original 1 L samples,were positioned in early June so that an 8 x 8 grid was
collected onto glass fiber filters (Whatman GF/C), andfashioned in each enclosure. The rods were not sampled
stored at 4°C for later analysis of total particulatefor three weeks from the day they were placed in the
phosphorus. The samples were combusted at 550°C ienclosures. Three rods were sampled randomly from
a muffle furnace for 1 hour, cooled, then injected with
25mL 1N HCI and boiled on a hot plate for 10 minutes.
The samples were diluted to 100 mL with distilled
deionized water and 10 mL were poured into glass vials 12 cm - waste
where each sample received 2 mL of mixed molybdate
reagent (4 parts acid molybdate to 1 part L-ascorbic

acid). The samples were mixed and allowed to stand 10 cm - chiorophyll

for 30 minutes to permit colour (blue) development. The | 5em- phosphoru's
samples were then transferred into glass cuvettes and | 3cm - productivity
the absorbance was read in a spectrophotometer at 885 | 3cm - productivity
nm against a blank of 10mL distilled water and 2mL | 5cm- phosphorus

mixed molybdate reagent. A standard curve for
phosphorus was developed each time that samples were
analyzed. The values obtained from the standard curve
were graphed using a Lineweaver-Burke transformation 12 cm - waste
from which we were able to calculate the concentration
of phytoplankton particulate phosphorus (ugP/L). These
data are not included in this report.

Sub-samples (100 mL) of the original 1 L sample
were taken for subsequent algal identification and cell 30 cm - insediments
counts. Cells in the samples were allowed to settle
overnight at 4°C then the majority of the water in the
sample bottle was siphoned off, leaving the settled algal
cells in approximately 10mL volume. This concentrated
volume was centrifuged at 5,000 rpm for 10 minutes,Figure 2. Schematic showing the segmentation of acrylic
after which 4 mL of the sample containing the algalrods (0.64 cm diameter, 90 cm long) used as artificial

cells were removed and poured into scintillation vials, substrata for periphytic algae in experimental enclosures
each containing 1 mL of acid Lugol’s solution. The in Delta Marsh.

10 cm - chlorophyll
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each enclosure each week using a plastic tube thdor measurements of alkalinity and pH. Three flasks,
fastened around the rod while simultaneously taking eeach containing 100 mL of filtered water, were
water column sample from around the rod. The waterefrigerated overnight. The blackened beakers
was removed carefully from the tube so as not to disturlzontaining the sediment were transported to the UFS
the periphyton growing on the substratum. This waterweather station. There, any overlying water was
was filtered through a 100 um plankton net for siphoned off and the sediment was covered with lens
zooplankton analysis (Pettigrew and Hann 1996). Thepaper filters (Whatman #1), pre-cut to the same diameter
rods were snapped at the notched points with needleas the beaker. The lens paper served to trap the upwardly
nose pliers and the segments for total chlorophyllmigrating epipelon. Each beaker was covered with a
analysis (2 x 10 cm segments per rod), particulateclear plastic bag, held in place by an elastic band, and
organic phosphorus analysis (2 x 5 cm segments pdeft undisturbed on the weather station platform
rod), and algal identification (5 cm segment per rod)overnight. The following morning (07:00), any excess
were placed in separate empty test tubes while thevater that had collected underneath the lens paper was
segments for productivity analysis (2 x 3 cm segmentgarefully siphoned off with a glass pipette attached to
per rod) were placed in test tubes with 25 mL of pre-the hand-operated vacuum pump. At 10:00, the lens
filtered marsh water previously taken from the papers were removed and placed into the corresponding
enclosures. 100 mL of filtered water. The flasks were shaken
Periphyton productivity (ug/cfth), chlorophyll  vigorously for 15 minutes to dislodge the epipelon
content (ug/cr), and particulate phosphorus content trapped in the lens filter fibers. Then the water containing
(ng/cn?) were determined using the same basicthe suspended algal cells was used to measure epipelon
procedures as performed for the phytoplankton samplesarbon assimilation (ug/céfh) and total chlorophyll (ug/
For productivity and chlorophyll measurements, intactcm?) using the same procedures as used for
rod segments were retained during analysis. Fophytoplankton samples.
phosphorus analysis, periphytic algae were scraped from
its substratum using a soft bristled paint brush into aSediment
petri dish containing a minimal amount of water. The
contents of the petri dish were collected onto glass fiber  Two milliliters of fresh sediment were removed from
filters (Whatman GF/C) for analysis. Phosphorus dataeach of the blackened beakers using a syringe to measure
are not reported here. total sediment phosphorus content. The sediment
Rod segments preserved with acid Lugol’'s solutionsamples were put into pre-weighed vials, dried at 100°C
were stored at 4°C for later identification and cell counts.for 24 hours, and weighed. The samples were then
The vials were emptied into a petri plate and the rodprocessed using the same procedure as used for
were scraped with a rubber policeman. Sub-samplephytoplankton samples. Calculated phosphorus
were taken from the contents on the petri plate andoncentrations (pug/g) are not included in this report.
counted using the same procedure as for phytoplankton
samples. Calculated algal censity data (cell§are  Macrophytes
not included in this report.
Submersed macrophytes were sampled bi-weekly at
Epipelon three randomly selected positions in each enclosure,
starting on 12 June. The sampler was modified from
Epipelon was sampled at three randomly selectedPip and Stewart (1976) and enclosed all macrophytes
sites in each enclosure at bi-weekly intervals. A smallcontained in 0.09 fof the enclosure bottom. Following
plastic tube, attached to a side-arm vacuum flask and eollection, macrophytes were rinsed of phytophilous
hand-operated vacuum pump, was used to suction ujpvertebrates using water from the enclosure, placed into
the surface sediments enclosed within a 10 cm diameteax glass jar and shaken vigorously to dislodge epiphytes.
PVC tube that was embedded in the surface sedimentbhe cleaned macrophyte samples were brought back to
in the enclosure. When the flask was filled, its contentshe lab where a sub-sample was taken to measure its
were transferred into a 1 L sample bottle for surface area (length and diameter of stems, leaves).
transportation back to the laboratory. The contents ofSmall sub-samples, sorted by plant species, were placed
the plastic sample bottles were emptied into blackenedn small pre-weighed aluminum dishes, dried at 100°C
2L plastic bottles and left undisturbed in the dark forfor 24 hours, and weighed. This allowed us to establish
approximately 24 hours. Then, 400 mL of the overlying empirical relationships between the surface ared)(cm
water of each sample were filtered through glass fiberand weight (g) of macrophyte species in the enclosures.
filters (Whatman GF/C), from which 40 mL were taken Plant tissue not used in surface area measurements was

46 UFS (Delta Marsh) Annual Report, Vol. 30, 1995



Purcell and Goldsborough Effects of waterfowl feces on wetland algae

placed in pre-weighed aluminum plates and dried aRResults
100°C for 24 hours, re-weighed, and used to calculate
macrophyte biomass in the enclosure @/mM sub- The nutrient concentrations in the water column for
sample of the dry macrophyte tissue was placed in preSRP (Fig. 3a) in the control and low organic load
weighed glass vials for total phosphorus analysis (ugénclosures remained low throughout the sampling
0). These data are not reported here. The total volumperiod. The high organic load enclosures, however,
of water used to clean the macrophytes, containingshowed increased levels of SRP after each nutrient
dislodged epiphyton, was recorded but only 1 L to wasaddition, particularly during August. Ammonia
brought back to the lab for analysis of epiphyton biomassoncentrations in the water column (Fig. 3b) peaked
(total chlorophyll content). Known volumes (200 - 400 with each nutrient addition in the high organic load
mL) of the sample were filtered (Whatman GF/C) for enclosures and continued to increase throughout August.
epiphyton chlorophyll (ug/cfh and total phosphorus The control and low organic load enclosures showed
(ng/cnt) analyses. Phosphorus data are not included imo difference in their ammonia concentrations.
this report.
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Figure 3. Changes in soluble reactive phosphorus (mg/L; top panel) and ammonia-N (mg/L; bottom panel) in the
water column over a 13-week period in experimental enclosures. Additions of fresh waterfowl feces occurred on 28
June and 21 July.
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Phytoplankton productivity (Fig. 4a) and chlorophyll organic load enclosures but not in the control enclosures.
concentrations (Fig. 4b) both increased after the firsiThe increase in low organic load enclosures was short
nutrient addition on 28 June in high organic load lived then remained low throughout the month of
enclosures. However, this increase lasted only one weelAugust. The control enclosures had consistently low
Phytoplankton productivity remained low throughout levels of periphyton chlorophyll throughout the
the remainder of the sampling period in all three sampling period.
treatments. Phytoplankton chlorophyll concentrations  Epipelon productivity (Fig. 6a) and chlorophyll
increased through the month of August but there wagoncentrations (Fig. 6b) showed no treatment effects.
no difference between the three treatments. There were no differences between the three treatments

Periphyton productivity (Fig. 5a) and chlorophyll throughout the sampling period.
concentrations (Fig. 5b) show different trends.  Epiphyte chlorophyll (Fig. 7) increased steadily
Periphyton productivity was essentially low in all three through the month of July in the high organic load
treatments with a slight difference between the highenclosures. The controls and low organic load
organic load enclosures and the other treatments towardmclosures, however, had low epiphyte chlorophyll
the end of July. There are no differences observed ivalues throughout the sampling period with no
periphyton chlorophyll between the three treatmentsdifference between these treatments.
until after the second nutrient addition on 21 July. Then Metaphyton was absent from all enclosures
periphyton chlorophyll increased in the high and low throughout the experiment.
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Figure 4. Changes in phytoplankton photosynthesis (top panel; ugC/L/h) and chlorophyll concentration (bottom
panel; pg/L) over a 13-week period in experimental enclosures. Additions of fresh waterfowl feces occurred on 28

June and 21 July.
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Figure 5. Changes in periphyton photosynthesis (top panel; pg@ycand chlorophyll concentration (bottom
panel; pg/crf) over a 13-week period in experimental enclosures. Additions of fresh waterfowl feces occurred on
28 June and 21 July.

Discussion applied. Nutrient levels continued to increase at the end
of the sampling period. Comparison of the results from
Certain algal communities appear to respond to highthis experiment with those from laboratory aquaria
concentrations of pulsed waterfowl feces additionsenriched with waterfowl feces (Purcell, unpublished
during the growing season. The biomass (chlorophyllidata) suggest this final increase in nutrient levels may
concentrations) response in high organic load enclosurelse attributed to the absence (senescence) of
as compared to the low organic load and controlsmacrophytes. The first addition of nutrients resulted in
appeared to be the most significant in the periphytorincreased productivity and biomass of phytoplankton.
and epiphytes than responses by phytoplankton andt this period, the macrophytes had yet to become
epipelon. There was an increase in photosynthesis iestablished. The second nutrient addition, when
the phytoplankton community after the first addition macrophytes was profuse, resulted in little change to
for approximately one week, however no response waghytoplankton productivity and biomass. This suggests
observed when the second nutrient addition was addedhat the second nutrient addition was utilized
Metaphyton mats, observed in inorganic nutrientimmediately by the macrophytes.
additions (McDougal and Goldsborough 1995) were not  We did not observe a shift in community structure
observed with the addition of waterfowl feces. from an epiphyte-dominated system to a phytoplankton-
Nutrient levels increased in the enriched enclosureglominated system. We propose that the reason for this
as compared to the controls when the additions werevas the abundance of macrophytes which were able to
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Figure 6. Changes in epipelon photosynthesis (top panel; u§@jand chlorophyll concentration (bottom panel;
pg/cn®) over a 13-week period in experimental enclosures. Additions of fresh waterfowl feces occurred on 28 June

and 21 July.
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Figure 7. Changes in epiphyton chlorophyll concentration (|#ytrer a 13-week period in experimental enclosures.
Additions of fresh waterfowl feces occurred on 28 June and 21 July.
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