Effect of fish and submersed macrophytes on the
abundance of zooplankton in a prairie wetland
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Introduction The objectives of this study were: (1) to examine
the effects of planktivorous fish on the zooplankton
Presence or absence of fish has been examined asmmunity, and to test the hypothesis that planktonic
an indicator for assessing habitat quality for waterfowl zooplankton density will be lower when planktivorous
(Mallory et al.1994). Fish can have a profound influence fish are present than when fish are absent, and (2) to
on the food web dynamics via the trophic cascadedetermine if submersed macrophytes provide a refuge
(Carpenteret al. 1985). This top-down control in the for phytophilous zooplankton against predation from
aquatic food web can affect waterfowl which feed in fish, and to test the hypothesis that in the presence of
wetlands. Planktivorous fish such as fathead minnowsplanktivorous fish, phytophilous zooplankton density
and brook stickleback feed mainly on zooplanktonwill remain higher within the refuge provided by the
which in turn feed on phytoplankton. Schrivedral. macrophytes.
(1995) found that with increasing fish density, the
zooplankton community changed from large-bodied Methods
cladocerans to small cladocerans, as predicted by the
size-efficiency hypothesis (Brooks and Dodson 1965).Study Site
At high fish density, Schrivest al. (1995) also found a
shift to cyclopoid copepods. This change in the The study was conducted in Blind Channel, Delta
zooplankton community (both cladocerans andMarsh. Water depth is shallow (~1m) allowing the
copepods) results in decreased grazing pressure on tlggowth of submersed macrophytes, including primarily
primary producers which may then respond byPotamogeton (P. zosteriformis, P. pectinatas)d
increasing in biomass due to decreased grazing. Ceratophyllum demersunThe planktivorous fish
Macrophytes provide a structurally complex habitat Pimephalegpromelas(fathead minnow) an€ulaea
for many organisms. Macrophytes act as a refuge foinconstangbrook stickleback) are commonly found in
many invertebrates in wetlands and are thus anotheDelta Marsh and were present in the enclosures in 1996.
indicator of habitat quality for waterfowl (Mallorgt
al. 1994). Water lilies were found to provide a refuge Experimental Design
for large-bodied zooplankton from planktivorous fish
(Timms and Moss 1984). The amount of submersed The effect of fish on zooplankton abundance was
macrophytes in the habitat may also affect when theexamined by comparison of control enclosures when
shift in the cladoceran community, from large to small fish were absent (1995) or present (1996). Experimental
cladocerans, occurs as fish numbers increase (Schrivenclosures (5 m x 5 m) consisted of floating platforms
et al.1995). from which impermeable polyethylene curtains
The zooplankton community is composed of extended down through the water column and into the
planktonic and phytophilous components. The sediments approximately 10 cm. The bottoms of the
planktonic component includes those species found ircurtains were weighted with iron bars, sealing the inside
the water column that filter-feed, e.Daphniasp.,  water from the Blind Channel.
Bosmindongirostris, Diaphanosomap.,Ceriodaphnia The experimental design in 1995 involved a set of
dubia, calanoid and cyclopoid copepods (cyclopoid enclosures from which all the fish were removed,
copepods are not filter-feeders but are present in th@respective of treatment. Four enclosures received a
water column). The phytophilous component includesnutrient addition treatment, two enclosures received a
the cladocerans that feed on the epiphyton associatetiacrophyte removal treatment, and two controls which
with submersed macrophytes, e.@hydorussp. had no fish, no nutrient addition and no macrophytes
Simocephaluserrulatus S. vetulus and Eurycercus  removed. In 1996, nutrient addition and macrophyte
longirostris. exclusion treatments were applied, but fish removal/
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exclusion was unsuccessful. Thus the controls received 100
no nutrients, no macrophyte removal when fish were_ °%]
present. Comparison of macrophyte removal/ exclusiorg % |
treatments between 1995 (no fish) and 1996 (fishg ™|
present) was not possible since removal of macrophyteg 6% 1
in 1995 was not successful. S 50
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The planktonic component of the zooplankton — 0]
community was sampled quantitatively using a water 1
column sampler (described in Hann and Goldsborough | June | auly | August
1997). Samples were taken weekly (June through
August) using a clear acrylic cylinder (5.5 cm in Figure 1. Planktonic cladoceran density (+ SE) in 1995
diameter, 4 L volume), filtered through a 53 um mesh(no fish) and 1996 (fish present).
net, and preserved with 1 mL of formalin. The
phytophilous component was sampled semi- 897 %
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guantitatively with funnel traps (described in Hannand 700 |
Goldsborough 1997) which were set on top of
submersed macrophytes overnight. Funnel trap sample
were filtered through a 53 pum mesh net and preserve
as above. Zooplankton present among the macrophyte
are trapped when moving vertically. Cladocerans anc
copepods in all samples were identified using Pennal § 5, |
(1989). Total numbers of cladocerans and copepod
(nauplii, cyclopoid copepodites, cyclopoid adults,
calanoid copepodites, and calanoid adults) were
determined from subsamples.

Macrophytes and_associated _invertebrates Wer(nl’:igure 2. Planktonic copepod density (+ SE) in 1995
sampled weekly using a Downing Box sampler(nO fish) and 1996 (fish present).
(Downing 1986). The microinvertebrates obtained by

this sampling technique represent both planktonicdensity had dropped to ~100 ind./L (Fig. 1). Cladoceran
members filtering among the macrophytes, anddensity then increased from ~50 ind./L to ~ 275 ind./L
phytophilous members which were found grazing by August (Fig. 1). Copepods in the water column
directly on the macrophyte surface. The declined from ~300 ind./L in early June to close to zero
microinvertebrate samples were obtained by filteringin mid-July (Fig. 2). Copepod density then increased in
the 6 L volume of the box through a 53 pm mesh netAugust to ~175 ind./L. Phytoplankton biomass (as Chl
and the contents were preserved. The macrophyte tissug reached a maximum level in early June (20 mg/L)
was dried at 105°C for 24 hours to obtain dry weight. and peaked again in early August at ~13 mg/L (Fig. 3).
Phytoplankton was sampled (McDougal and In the absence of fish, phytophilous cladocerans
Goldsborough 1996) weekly and quantitative estimategyenerally increased throughout the summer to reach a
of biomass (performed by R. McDougal) were obtainedpeak of 50,000//in August (Fig. 4). Copepod density
by analysis of chlorophyll a concentration (methods indecreased throughout June and July from ~55,000 ind./
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McDougalet al.1997). m? of wetland bottom to ~5000 ind.#ioy early August.
Density increased in early August to 40,000 inéldnd
Results decreased to a final density of ~30,000 ind ifmate

August (Fig. 5).
1995

1996

A rapid increase in cladoceran density was

documented in all enclosures when fish were absent (no  In 1996, when fish were present, planktonic
fish, Fig. 1). Planktonic cladocerans increased rapidly cladocerans did not increase rapidly after enclosure
from 50 ind./L to 650 ind./L after the enclosures wereinstallation (as they had in 1995) and numbers declined
in place and fish excluded (late June). By early Julyafter the enclosures were in place (Fig. 1). Cladoceran
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Figure 4. Phytophilous cladoceran density (+ SE) inind./L, Fig.1), even though there was an abundance of
1995 (no fish) and 1996 (fish present). phytoplankton available as food in late summer (Fig.
3). Phytoplankton biomass (as Ghlconcentration)
reached a maximum of ~28 mg/L in August, while the
8000 _ density of zooplankton remained low (Fig. 3).

. o When fish were present, phytophilous cladocerans
declined to low density by August (Fig. 2). The density
of phytophilous copepods generally declined throughout
the summer from almost 80,000 ind./m2 to ~5000 ind./
m? by early August (Fig. 5). During August density
increased to about 15,000 inc?/m

Cladoceran density declined first in the water column
(planktonic), then in the Downing Box samples
(planktonic/phytophilous), and finally in the funnel traps
June \ July | August (phytophilous) when fish were present (Fig. 6). Copepod

density also declined first in the water column, then in

Figure 5. Phytophilous copepod density (+ SE) in 1995the Downing Box, and lastly in the funnel traps (Fig.

(no fish) and 1996 (fish present). 7).
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Discussion density had been high the previous year with no fish.
This suggests that the fish prevented the increase in
Enclosure Effect seasonal abundance late in the season. The epiphyton

composition is not known for either year, and thus
The rapid increase after installation of the enclosuredlifferences in density could be due to inedibility of
is the result of release from predation by fish, andepiphyton, upon which the phytophilous cladocerans
because the cladocerans reproduced parthenogeneticalfged, in 1996.
they responded to this absence of fish by quickly
increasing in number. This enclosure effect has occurredhe Refuge
previously in enclosure experiments in Delta Marsh
(Hann and Goldsborough 1997; Pettigrew 1996) This A time lag occurred in the decline in densities of
high density of filter-feeding cladocerans did not persistcladocerans and copepods among different habitats.
as much of the food was removed due to intense grazin@ladoceran numbers declined first in the water column,
from the high density of zooplankton. Densities declinedthen in the Downing Box, and lastly in the funnel traps.
rapidly as a result of the decrease in available food. Thighis is consistent with the idea that macrophytes provide
enclosure effect did not occur in the presence of fishzooplankton with a refuge from fish predation. Diehl
probably because there was intense predation pressu(2992) demonstrated this time lag between open water
exerted on the zooplankton from the planktivorous fish.and among the macrophytes when macroinvertebrates
were preyed upon by fish. The fish probably have
Fish Effect reduced foraging ability among the macrophytes
because they feed visuall)Rotamogetonand
In the presence of fish, the cladocerans showed n€eratophyllumare structurally complex, providing a
enclosure effect, and density declined rapidly to a lowphysical and visual obstacle to foraging. Fish would
level that was maintained throughout the study. Numbersherefore be expected to forage in the open water first
were kept low even though there was much moreuntil that food supply is used up, and then move into
phytoplankton available as food in 1996 than in 1995 the least dense macrophytes to forage. This time lag in
during the period of late summer increase in seasonaleclining densities of zooplankton between open water
density of cladocerans. It is likely that this decline in and macrophytes may also be an artifact of enclosure.
zooplankton density was due to predation from fish andThe fish may be forced to forage in the macrophytes
probably not from lack of phytoplankton as food. The after feeding in the open water. If the fish were not
lower abundance of phytoplankton when fish wereenclosed, they may forage in another part of the marsh
absent than when fish were present supports the idea af the open water instead of being forced to feed among
top-down control on phytoplankton cascading from thethe macrophytes. Timms and Moss (1984) found that
planktivore level (Carpentet al.1985). This top-down cladocerans associated with plants were not affected by
control has been demonstrated in lakes (McQuten the presence of fish when macrophytes were present,
al. 1986; Carpentest al. 1987) and would be expected and that these cladocerans were able to migrate to the
to occur in shallow water systems also (Hanson andpen water at night to control phytoplankton. This did
Butler 1994). This is likely to happen in Delta Marsh not happen in our study, as phytoplankton biomass was
due to the presence of fathead minnows which feedhigh in 1996. Schriveet al. (1995) discussed the
primarily on cladocerans and copepods which caninteraction between two factors that influence predation
contribute ~73% of food volume (Held and Peterkaon zooplankton, macrophyte density and fish
1974). The composition of the phytoplankton abundance. When there are few macrophytes,
community was not investigated, thus it cannot bezooplankton can be controlled with relatively few fish,
determined if the phytoplankton was available and/orwhereas if macrophytes are dense, more fish are required
edible to the zooplankton in 1996. In 1996, to control zooplankton. Thus cladocerans associated
phytoplankton biomass could have been high becauswith plants may be able to control phytoplankton only
of inedibility by zooplankton, and therefore not subject when the macrophytes are dense and/or when fish
to grazing pressure. One such group of phytoplanktorabundance is low (Timms and Moss 1984). In 1996,
that is unavailable/inedible are the cyanobacteria, buthe fish could have been abundant enough to control
there was no indication of the characteristic colour of athe phytophilous zooplankton at the macrophyte density
cyanobacterial bloom in the enclosures. present at the time. It is not known how dense
Fish also seemed to have an effect on themacrophyte beds must be in order to provide protection
phytophilous cladocerans and copepods in 1996at different densities of planktivorous fish. Predation of
Density was very low throughout August, whereaszooplankton only in the water column may then occur
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if the density of planktivores is low and macrophyte Hanson, M.A. and Butler, M.G. 1994. Responses to food
density is high. Based on these statements, it is likely ~web manipulation in a shallow waterfowl lake.
that fish density was relatively high in 1996, since Hydrobiologia. 279/280: 457-466.

zooplankton declined in both the water column andHeld, J.W. and Peterka, J.J. 1974. Age, growth, and food

among the macrophytes. habits of the fathead minnoRimephales promelas
in North Dakota saline lakes. Trans. Am. Fish. Soc.
Acknowledgments 4: 743-756.

Mallory, M.L, Blancher, P.J., Weatherhead, P.J. and

Financial support was provided by the Society of McNicol, D. K. 1994. Presence or absence of fish
Wetland Scientists (Student Research Grant). We thank as a cue to macroinvertebrate abundance in boreal
the University Field Station staff for logistic support. wetlands. Hydrobiologia. 279/280: 345-351.
Algal analyses were performed by R. McDougal. McDougal, R.L. andGoldsborough, L.G. 1996. The
Assistance with sampling, collection, counting and effect of macrophyte exclusion and inorganic
analysis were provided by Sara Purcell, Caedin  nutrient addition on the algal communities in a
Pettigrew, C.J. Mundy, Liz Dykman, Steve Ellis and prairie wetland. University Field Station (Delta
field station staff. Thanks to Gordon Goldsborough for Marsh) Annual Report. 31:19-23.

his valuable advice. McDougal, R.L., Goldsborough, L.G. and Hann, B.J.
1997. Responses of a prairie wetland to press and
References pulse additions of inorganic nitrogen and

phosphorus: production by planktonic and benthic
Brooks, J.L. and Dodson, S.I. 1965. Predation, body  algae. Arch. Hydrobiol. 140:145-167.
size and composition of plankton. Science 150:28-McQueen, D.J., Post, J.R. and Mills, E.L. 1986. Trophic
35. relationships in freshwater pelagic ecosystems. Can.
Carpenter, S.R, Kitchell, J.F. and Hodgson, J.R. 1985. J. Fish. Aquat. Sci. 43:1571-1581.
Cascading trophic interactions and lake Pennak, R.W. 1989. Fresh-water Invertebrates of the

productivity. Bioscience 35:634-639. United States. 3rd. ed. The Ronald Press, New York.
Carpenter, S.R, Kitchell, J.F., Hodgson, J.R., CochranPettigrew, C. 1996. Response of microinvertebrates to

P.A., Elser, J.J., Elser, M.M., Lodge, D.M., organic nutrient additions in a prairie wetland.

Kretchmer, D. and He, X. 1987. Regulation of lake Honors Thesis. Department of Zoology, University

primary productivity by food web structure. of Manitoba. 87pp.

Ecology 68:1863-1876. Schriver, P, Bogestrand, J., Jeppesen, E. and
Diehl, S. 1992. Fish predation and benthic community =~ Sondergaard, M. 1995. Impact of submerged

structure: The role of omnivory and habitat macrophytes in fish-zooplankton-phytoplankton

complexity. Ecology 73: 1646-1661. interactions: large-scale enclosure experiments in
Downing, J.A. 1986. A regression technique for the a shallow eutrophic lake. Freshwater Biology. 33:

estimation of epiphytic invertebrate populations. 255-270.

Freshwater Biology 16:161-173. Timms, R. M. and Moss, B. 1984. Prevention of growth

Hann, B.J. and Goldsborough, L.G. 1997. Responses of potentially dense phytoplankton populations by
of a prairie wetland to press and pulse additions of  zooplankton grazing, in the presence of
inorganic nitrogen and phosphorus: invertebrate  zooplanktivorous fish, in a shallow wetland
community structure and interactions. Arch. ecosystem. Limnol. Oceanogr. 29: 472-486.
Hydrobiol. 140:169-194.

62 UFS (Delta Marsh) Annual Report, Vol. 31, 1996



