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Introduction (Krecker 1939; Rosine 1955; Gerking 1957; Gerrish and
Bristow 1979; Dvorak and Best 1982; Rooke 1986a,b).
Diverse invertebrate communities exist among thePlants with finely dissected leaves may have higher
submersed vegetation of ponds. The abundance dfivertebrate abundance per unit biomass or surface area
phytophilous invertebrates is probably related to a suitéhan broad-leaved plants (Pardue and Webb 1985;
of factors, including plant morphology, surface texture, Chilton 1990). Macrophytes with dissected leaves could
epiphytic algal growth and community composition, provide more substratum for periphyton (Dvorak and
nutrient content of the plant tissues, and the presence dest 1982) or could trap FPOM and CPOM from the
defensive chemicals (Downing and Cyr 1985). Thewater column (Rooke 1984, 1986a,b), thereby enriching
aquatic plants provide the invertebrates with shelter fronthe food supply for plant-associated invertebrates.
predators (Dvorak and Best 1982; Diehl 1992), act a®espite strong support for this hypothesis, largely based
spawning sites, and sites for attachment (Rooke 1984)n the premise that plant surface area increases with
1986a,b). The invertebrates can consume part of thextent of leaf dissection, other studies have been
plant (Lodge 1991) or its associated periphyton (Rookeequivocal. Complex-leaved macrophytes may act as
1984, 19864a,b). In eutrophic waters, the grazingbetter refuges from predation than finely dissected leaves
invertebrates may prevent algal blooms, therebyon plants (Irvineet al. 1990). Although abundances of
allowing submersed macrophytes to persist (Inghe different taxa varied depending on plant species,
al. 1990). macrophytes such &eratophyllum demersumand
Different submerged plants within a pond create Myriophyllum spp. in general did not support more
various microhabitats which should result in different invertebrates per unit plant biomass than broad-leaved
assemblages of invertebrates. Phytophilous invertebratgdants (Cyr and Downing 1988).
are not equally abundant on all plant species (Downing Most ecological research has focussed on open-water
and Cyr 1985), and associations between invertebratdsabitats rather than in the littoral zone of lakes and
and specific aquatic plant species in lakes havegonds. Littoral studies have been hampered by
frequently been examined (Quade 1969; Gerrish andlifficulties with quantitative sampling of the
Bristow 1979; Rooke 1986). Difonzo and Campbell vegetational and sediment substrata (Lastgd. 1988;
(1988) found that relative abundance and compositiorirvine et al. 1990). Sampling methods often give
of littoral cladoceran communities varied depending oninaccurate, imprecise estimates of invertebrate
the type of microhabitat (e.g., plant species, rocks, ombundance, and collection, processing, and counting can
water column). Some species may be specialized fobe laborious (Whiteside and Williams 1975; Downing
certain microhabitats, allowing resource partitioning in and Cyr 1985). Various techniques have been used for
the community. Other studies have shown associationsampling the phytophilous invertebrates: vacuum pumps
between macrophytes and macroinvertebrates(Campbellet al.1982), activity traps (Whiteside 1974;
particularly insects (Gerrish and Bristow 1979; Dvorak Whiteside and Lindegaard 1980; Murlehal. 1983),
and Best 1982; Rooke 1984; Chilton 1990). Theand plastic bags (DiFonzo and Campbell 1988). Many
densities of organisms also varied depending on the typkox-like samplers which clip the macrophytes and retain
of plant, yet the invertebrate species composition waghe sample have been devised (Macan 1949; Gerking
generally similar for all macrophytes (Gerrish and 1957; McCauley 1975; Minto 1977). The Downing box
Bristow 1979). sampler attempts to minimize habitat disturbance and
The morphology of the plant may play an important the loss of invertebrates during collection (Downing
role in determining invertebrate community composition 1984, 1986).
and preferred associations. The abundance of In this study, the associations between plants
invertebrates per unit macrophyte biomass may varymacrophytes Ceratophyllum demersumand
with plant species and the degree of leaf dissectiorPotamogeton zosteriforménd the macroalg@hara)
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and invertebrates were examined in a prairie wetlandRotifera, andChaetogasterThe bottles were throughly
pond. The objective was to determine if the structureshaken and successive 5 or 10 mL subsamples were
and relative abundances of invertebrate communitietaken using a wide bore syringe. Generally three
associated with these aquatic plants differed among plarsubsamples were counted per bottle. Where rotifer
taxa. numbers were very high, subsampling was modified to
two samples of 2 mL.
Materials and Methods
Results

Submersed vegetation and associated invertebrates
were sampled from Crescent Pond, a shallow prairie In general, the invertebrate species composition was
wetland pond located at the University of Manitoba Fieldsimilar for Ceratophyllum demersur@hara vulgaris
Station, Delta Marsh on three sampling dates in 1992and Potamogeton zosteriformi@able 1). The most
18 June, 29 June, and 16 July. On 18 June, onlabundant taxonomic groups in the study were the
Ceratophyllum demersumwas abundant enough to Cladocera, Copepoda, Rotifera, Chironomidae, and the
permit sampling, whereas by 29 Julmtamogeton Ostracoda. These microinvertebrates occurred in similar
zosteriformisandChara vulgariswere also sufficiently — abundance (numbers per gram dry weight of plant tissue)
abundant to allow quantitative sampling. in association wittCeratophyllumand Potamogeton

The Downing box sampler, a transparent, rigid but abundance was generally lowest v@thara (Fig.
plastic enclosure (30 x 20 x 10 cm) with a capacity of1). Other numerically important taxa wé&kaetogaster,
six litres, was used to collect the invertebrates with theHyalella azteca, Mesostom&astropodaliydra, and
surrounding vegetation. Random samples were takergraylea Numbers for macroinvertebrates such as the
in Crescent Pond approximately one metre away fronEphemeroptera, Odonata, Dytiscidae, Corixidae, and
theTyphaedge. Sampling was limited to monospecific Notonectidae were too low to permit quantitative
beds of the particular macrophyte where possible. Areasomparisons among plants (Fig. 2). The Cladocera were
where dense mats of floating filamentous algae occurrethe most diverse group with seventeen species found
were also avoided. On each of the sampling dates, fousssociated with the aquatic plants. The family
box samples were taken in tBeratophyllunbeds, and  Chydoridae predominated with ten species, of which
two box samples frorRotamogetorandChara. Chydoruswas most abundant.

The Downing box was lowered carefully into the On 18 June, the greatest abundance of Cladocera
water. When submerged, the box was gently closedccurred in association wi@eratophyllun{Fig. 3). The
around the macrophyte, cutting its stems. The clasps omean number of organisms per gram of macrophyte
the box sampler were then locked and the box lifted tdbiomass was at least two times greater than any
the surface. The contents of the box sampler were poureslibsequent value for other macrophytes on any sampling
through a filter of 100 mesh to concentrate thedate.Chydorusspp. comprised about 75% of the total
invertebrates. The vegetation was removed from the boxiuumber of Cladocer&eriodaphniadubia the second
and placed into plastic bottles. Samples were kept coanost abundant cladoceran, made up only about 15%.
during transport to the laboratory. To avoid captured By 29 June, the cladoceran population had drastically
invertebrate predators consuming other entrappedlecreased oBeratophyllunio less than half the 18 June
invertebrates, samples were processed as soon aalue (Fig. 3). Mean Cladocera numbers were slightly
possible. In the lab, the vegetation was sprayed withigher forPotamogetomhanCeratophyllumandChara
distilled water to dislodge any attached invertebrates Although Chydorusstill predominatedCeriodaphnia
The vegetation was then placed in a oven, dried at 60°@ubia and Diaphanosoma birgeicontributed
for 24 hours, then weighed to determine biomass. Thesubstantially to mean total cladoceran number.
invertebrates were concentrated into 65 mL bottles theiGraptoleberis testudinaria, Camptocercap., and
preserved in 10% formalin. Eurycercus longirostrisvere also more abundant on

The plants were identified using keys in FassettPotamogetorthan Ceratophyllumand Chara On 16
(1957). Edmondson (1959), Pennak (1978), MerrittandJuly, the mean total Cladocera numbers for
Cummins (1984), Wiggins (1977), and Brinkhurst CeratophyllumandPotamogetomvere very similar and
(1986) were used to identify the invertebrates. The entirssomewhat higher thaBhara(Fig. 3). Cladocera were
volume of the 65 mL bottles was examined under aeast abundant o&hara compared to the other
dissecting microscope to determine the total number ofmnacrophytes over the sampling period.
macroinvertebrates in the samples. Due to their large Most chydorids occurred in much lower numbers
abundance, subsampling was necessary for théhanChydorusHoweverPleuroxus procurvuappeared
Cladocera, Copepoda, Ostracoda, Chironomini,in moderate numbers @eratophyllumwas also well
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Table 1. Aquatic invertebrate taxa collected in Crescent
Pond, June-July 1992, in association with submersed
plants.

Hann

Pleuroxus procurvus

Cladocera Odonata
Alonasp. Lestessp.
Alonella excisa Coleoptera
Bosmina longirostris Dytiscidae
Camptocercusp. Acilius sp.
Ceriodaphnia dubia Dytiscussp.
Chydorussp. Hydroporussp.
Daphnia magna Haliplidae
Daphnia pulex/rosea Peltodytessp.
Diaphanosoma birgei Haliplus sp.
Eurycercus longirostris Hemiptera
Graptoleberis testudinaria Corixidae
Pleuroxus aduncus Notonectidae
Pleuroxus denticulatus Diptera

Chironomidae

Pseudochydorus globosus Chironomini

Scapholeberis kingi

Tanypodinae

Mean #lg Dry Weight of Plant Tissue

W J}ﬂ M.nnhﬂh.h

HYA  NAL  GAS HYD TRl MES CHA EPH ODO COR CON HYC NEM  HEL

Figure 2. Abundance of macroinvertebrates (mean
number per gram dry weight of plant tissue) associated
with submersed plants. Macroinvertebrate taxa are
identified as: HYA = Hyalella azteca (Amphipoda,
Crustacea), NAI = Naididae (Oligochaeta, Annelida),
GAS = Gastropoda (Mollusca), HYD = Hydra
(Cnidaria), TRI = Trichoptera (Insecta), MES =
Mesostoma (Turbellaria, Platyhelminthes), CHA =
Chaetogaster (Oligochaeta, Annelida), EPH =

Simocephalus vetulus Tanytarsini Ephemeroptera (Insecta), ODO = Odonata (Insecta),
Copepoda Orthocladiinae COR = Corixidae (Insecta), CON = Conchostraca
Calanoida Heleidae (Crustacea), HYC = Hydracarina (Arthropoda), NEM

Diaptomus nudus (=Ceratopogonidae) = Nematoda, HEL = Heleidae (Insecta).

Cyclopoida Annelida

Harpacticoida Naididae Cladocera

Rotifera Stylaria lacustris 2500

Ostracoda Chaetogastesp. ., 2000

Conchostraca Nematoda g N

Amphipoda Mollusca é 1500 \ | i

Hyalella azteca Gastropoda R Nowe |
Hydracarina Cnidaria 5 \%’ﬂﬂﬂ/ﬁ
Trichoptera Hydra oligactis = go0- -

Agrayleasp. Platyhelminthes ' L I

Ceracleasp. Turbellaria o 26/6 16/7
Ephemeroptera Mesostomasp. Sample Date
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Figure 1. Abundance of microinvertebrates (mean

Figure 3. Cladocera abundance (number per gram dry
biomass of plant tissue) associated with submersed
plants on three sampling dates.

represented oRotamogetonbut numbers orChara
were lowerPleuroxus denticulatugzas collected only

on Chara while Pleuroxus aduncuappeared equally
abundant on all macrophytes. Another common species
wasGraptoleberis testudinariavhich was found mostly
onCeratophyllumandPotamogetomather tharChara

On 18 JuneCamptocercuaumbers were quite high on
Ceratophyllumbut by 29 June more was collected on
Potamogetonthan Ceratophyllumand Chara

number per gram dry weight of plant tissue) associatedUycercus longirostrisvas most abundant on

with submersed plants.

Potamogeton. Alonsp. occurred o@eratophyllunand
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Potamogetorto a larger extent than @hara Alonella

excisawas collected only o@eratophyllum 2500 Rotffera
Ceriodaphnia dubiavas the second most numerous
cladoceran. It had consistently high numbers on , 2000 i
Potamogetoryet its greatest abundances occurred on % 1500 |
Ceratophyllum. Daphnia pulex/rosaadScapholeberis @ ]
kingi were scarce throughout all sampling dates and on £ 1000
all macrophytesDiaphanosoma birgewas found é — T
predominantly orPotamogeton. Simocephalus vetulus seo = Y
was abundant o@eratophyllunon 18 June, otherwise, % Ir/ ‘
its presence in the study was low. FinaBgsmina 189 Samaie pate 1o
longirostriswas collected only o@hara
Besides the cladocerans, the rotifers formed an | ~= Potamogeton —— Chara =~ Ceratophylum |

important and large part in the invertebrate communities
of the submerged vegetation in Crescent Pond. ArFigure 4. Rotifera abundance (number per gram dry
increasing trend in mean number of rotifers per grambiomass of plant tissue) associated with submersed
plant biomass became apparent over the sampling perigelants on three sampling dates.

for all macrophytes (Fig. 4), but much less sadbara
Cyclopoid copepods were the dominant suborder on all

. Copepoda

macrophytes. High numbers of copepods occurred on 1400
Potamogetonvhile bothCeratophyllumandCharahad -

. . 1200
smaller values (Fig. 5). The calanoid copepod g
Diaptomus nudusccurred in moderate numbers, chiefly 5 1000 ‘T T 1
on PotamogetonThe Ostracoda showed a substantial 3 800 /
increasing trend in mean number per gram plant biomass % 500 ‘
on the three aquatic plants over the sampling period (Fig. £ 9‘\
6). Ostracod abundance was also similar for all 400 ( N
macrophytes. 200 e

The Chironominae were the principal insect larvae 1806 Sami?foate e
found in the study (Fig. 7). The Tanypodinae, -
‘7-7 Potamogeton —+— Chara - Ceratophyllum |

Tanytarsini, and the Orthocladiinae had much less
representation in the samples. The Chironomidae
predominated on 18 June on @eratophyllunbut their  Figure 5. Copepoda abundance (number per gram dry
numbers drastically dropped by 29 June. Thebiomass of plant tissue) associated with submersed
chironomids then were found dPotamogetorto a  plants on three sampling dates.
greater extent tha@eratophyllum

Various other taxonomic groups comprised the

remainder of the invertebrate communities within Ostracoda
Crescent Pond. The oligochaet@haetogasterwas 700
collected in large numbers @eratophyllurron 18 June. 6500 3
Although it remained moderately abundant on g _ | I
Ceratophyllum its population onPotamogeton 5 /
increased substantially by 16 July. It was foun€bara 3 00
to a lesser extent. In the stuByylaria lacustrisoccurred £ 00y T
mainly onCeratophyllumon 18 June. The amphipod, & 200- 1\\ .
Hyalella aztecapredominated oReratophyllunover 1004 = \\%7/
the entire sampling period. Its abundances on ol d —
PotamogetorandCharawere similar and low. 1o Sam%?elstate o

Mesostomaumbers were large dDeratophyllum

‘ —m— Potamogeton —+— Chara —x— Ceratophylium ‘

on 18 June but then drastically dropped by 29 June.
Numbers were scarce on other plants. On both
Potamogetonand Chara, on 29 June, gastropod Figure 6. Ostracoda abundance (number per gram dry
abundance was high when compare@¢oatophyllum biomass of plant tissue) associated with submersed
Their mean numbers had only been moderately high oplants on three sampling dates.

UFS (Delta Marsh) Annual Report, Vol. 30, 1995 81



Invertebrates and wetland plants Hann

Ceratophylluron 18 June. In generélydrawas found Chironomidae

on PotamogetoandCeratophyllunrather tharChara 400
Finally, Agraylea the principal trichopteran, occurred 350
abundantly only oiCeratophyllumon 18 June. 2 300 -

The Cladocera can be separated according to feeding§ 2so
mode into filter-feeders, typically ingesting 3 200 \\
phytoplankton from the water column, and scraper- % 150 —
grazers, feeding on epiphyton on the surfaces of £ i : \ B—
submersed plants. Filterers occurred in highest 50- i _\TJE
abundance associated wi@eratophyllum slightly ol : : ‘

. . 18/6 29/6 16/7
lower numbers witiPotamogetonand substantially Sample Date
lower numbers witlChara (Fig. 8). Grazers occurred —
‘ -m - Potamogeton -+ Chara —#— Ceratophyllum

most abundantly o@eratophyllumlower numbers on .

Potamogetonand somewhat lower abundance on
Chara Overall, numbers of filter-feeders were Figure 7. Chironomidae abundance (number per gram
considerably lower than of grazers in association withdry biomass of plant tissue) associated with submersed
submersed plants. plants on three sampling dates.

Macroinvertebrates can be similarly separated into
trophic groups: predators and herbivore-detritivores.
Predators would be expected to utilize the plants as 20
surfaces only (e.g., “sit-and-wait predators”), whereas
herbivore-detritivores would feed on epiphyton on the
plant surfaces. As was observed for the cladoceran
grazers, the herbivore-detritivores and predators
occurred in highest abundance in association with
Ceratophyllumlower numbers witfPotamogetonand
lowest withChara (Fig. 9).

1000

Mean #lg Dry Weight of Plant Tissue

Discussion

. =

Grazers Filterers

Although the invertebrate species composition was

generally similar in association witeratophyllum  Figure 8. Microinvertebrate abundance (number per
demersum, Chara vulgarisand Potamogeton  gram dry weight of plant tissue) separated by feeding

zosteriformis differences in invertebrate abundance method into grazers and filter-feeders associated with
occurred for the taxonomic groups. Rooke (1984)sypmersed plants.

showed that although each macrophyte does not appear
to have a characteristic fauna associated with it, different
submersed plants do provide a specific substatum or
resource that can be utilized by different types of
invertebrates.

For the Cladocera, many genera did not indicate
affinities. Chydorusspp. dominated the cladoceran
communities of all the macrophyt&euroxus aduncus
also showed no preferences. In general, many species
favoured botlCeratophyllumandPotamogetorut not
Chara This was unexpected &eratophyllumand
Charaare more similar morphologically. However, the
very low abundance of many species in association with
Chara is perhaps attributable to the allelochemical ’ p——
properties of this macroalga. Preferences for certain
macrophytes were found mainly for the species ofFigure 9. Macroinvertebrate abundance (number per
Cladocera that occurred in lower numbé&stycercus  gram dry weight of plant tissue) separated by feeding
longirostris and Diaphanosoma birgeappeared to  method into herbivores/detritivores and predators
favourPotamogetoywhile Pleuroxus denticulatusas  associated with submersed plants.
found only onChara

%

Mean #/g Dry Weight of Plant Tissue
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The Rotifera did not prefer any specific plant species.Cyr, H. and Downing, J.A. 1988. The abundance of
This was not surprising since they are mainly planktonic ~ phytophilous invertebrates on different species of
and not really dependent on any plant surface. The submerged macrophytes. Freshw. B261.365-374.
copepods, particularlpiaptomus nudysappeared to Diehl, S. 1992. Fish predation and benthis community
favour Potamogeton The copepods are also structure—the role of omnivory and habitat
predominantly in the water column. Their abundance  complexity. Ecology73: 1646-1661.
in proximity toPotamogetomay have resulted because Difonzo, C.D. and Campbell, J.M. 1988. Spatial
Potamogetorbeds were not as dense as those of other  partitioning of microhabitats in littoral cladoceran
macrophytes. communities. J. Freshw. Ecdt. 303-313.

Fewer planktonic organisms (e.g., daphniid Downing, J.A. 1984. Sampling the benthos of standing
cladocerans, copepods, rotifers) were associated with  waters, Chapter k: A Manual on Methods for the
submersed vegetation, particularly dense beds of Assessment of Secondary Productivity in Fresh
macrophytes which develop as the season progresses. Waters, 2 edition. Downing J.A. and Rigler, F.H.
Low concentrations of dissolved oxygen may occur in  (eds.) IBP Handbook 17 Blackwell Scientific
these weed beds, especially at night when plants are Publications, Great Britain p. 87-130.
respiring, but physical conditions which are detrimentalDowning, J.A. 1986. A regression technique for the
to the filtering and feeding activities of zooplankton may estimation of epiphytic invertebrate populations.
be of greater importance in restricting their distribution Freshw. Biol.16: 161-173.

(Irvine et al. 1990). Downing, J.A. and Cyr, H. 1985. Quantitative estimation

For the Chironomidae, no preferences were  of epiphytic invertebrate populations. Can. J. Fish.
suggestedChaetogasterseemed to favour both Ag. Sci.42 1570-1579.

Ceratophyllumand Potamogetorrather thanChara. Dvorak, J. and Best, E.P.H. 1982. Macro-invertebrate

Hyalella aztecaclearly had a preference for communities associated with the macrophytes of
Ceratophyllum Chilton (1990) also found the highest Lake Vechten: structural and functional
densities of this amphipod d@eratophyllum This relationships. Hydrobiologi@5: 115-126.

macrophyte, which occurs in dense beds, may protedEdmondson, W.T. 1959. Fresh-water Biolog{! 2
the animal from predators or provide it with accumulated  edition. John Wiley and Sons, Inc. New York.
organic matter for food. Finally, preferences for a Fassett, N.C. 1957. A Manual of Aquatic Plants. The
specific aquatic plant were not detected for other taxa  University of Wisconsin Press (Ltd.), London.
such asvlesostomaGastropodailydra, andAgraylea.  Gerking, S.D. 1957. A method of sampling the littoral
macrofauna and its application. Ecola8g. 219-
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