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Changes in Distribution and Abundance of Submerged Macrophytes
in the Inner Bay at Long Point, Lake Erie:
Implications for Foraging Waterfowl
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Port Rowan, Ontario N0E 1M0
ABSTRACT. Submerged aquatic macrophytes in Long Point Bay provide food for several species of
migrating waterfowl, particularly diving ducks. The percent occurrence of several plant species in the
diets of six species (207 birds) of diving ducks were studied between 1992 and 1994. Of 29 plant species
consumed, Vallisneria americana was the most commonly occurring in the diet. Chara vulgaris, Potamogeton spp., Polygonum spp., and Najas flexilis/quadalupensis were also important dietary items. The
seeds of a number of emergent macrophyte species were also consumed. Submerged macrophytes were
sampled at 312 locations in the Inner Bay of Long Point, Lake Erie, in 1991, 1992, and 1995. Distribution and percent abundance were compared with a similar study in 1976 and with observations of macrophytes in 1962. In comparison with the 1976 study, Chara vulgaris is still dominant over much of the Bay.
V. americana and N. flexilis/N. guadalupensis have expanded their ranges, probably a result of increasing light penetration associated with the filtering of suspended material by introduced zebra mussels
Dreissena polymorpha. The continued widespread distribution of C. vulgaris, and the expansion of V.
americana and N. flexilis/N. guadalupensis, has probably benefitted waterfowl, as these species have a
high nutritive value and are readily consumed by diving ducks at Long Point. Myriophyllum spicatum, an
exotic species introduced in the early 1970s, increased in distribution between 1976 and 1991 but
decreased in distribution and percent abundance by 1995. Increased light transparency may have contributed to this decline, as M. spicatum typically grows best in turbid, eutrophic environments. The
decline of this species has probably been beneficial to waterfowl because it commonly out-competes
native plants and it is underutilized by ducks at Long Point. Ceratophyllum demersum appears to be a
more prominent member of the submerged macrophyte communities in the 1990s, as it was not reported
previously. In comparison with 1962, major changes have occurred in species composition and relative
abundance: M. spicatum, Najas spp., and Elodea canadensis have increased, Potamogeton spp. and
Nitella spp. have declined. Macrophyte distribution and abundance on the Inner Bay is influenced by
environmental, biological, geomorphological and geological variables. However, the anthropogenic
introduction of two exotic species, M. Spicatum and the zebra mussel, appears to have had a pronounced
influence on the community structure of submerged macrophytes in Long Point Bay.
INDEX WORDS: Submerged macrophytes, Chara vulgaris, Myriophyllum spicatum, Vallisneria americana, Najas flexilis/guadalupensis, Long Point, diving ducks, migration, zebra mussels, exotic species.

INTRODUCTION
Staging areas are important for north-temperate
and arctic breeding waterfowl, because birds acquire body fat on these wetlands that provides energy for spring and fall migration, as well as for egg

laying and incubation. However, a large proportion
of North America’s staging wetlands have been
drained, and many Great Lakes coastal wetlands
have been so degraded that the loss of aquatic
macrophytes has decreased their carrying capacity
for staging waterfowl (Dennis et al. 1984, Crowder
and Bristow 1988). This has caused large declines
in numbers of waterfowl using the affected wetlands, thereby increasing the importance of remaining mid-continental wetlands for migrating
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FIG. 1.

Geographic location and map of Long Point’s Inner Bay.

waterfowl. Therefore, it is important to monitor
aquatic vegetation as a food sources for migratory
waterfowl at remaining staging areas.
The relatively pristine state of Inner Long Point
Bay, Lake Erie (Fig. 1), as well as its geographic location (between 80°03′ and 80°28′ W, 42°32′ and
42°37′ N), on the Atlantic flyway, between wintering areas on the Gulf and Atlantic coasts and arctic
and prairie breeding areas makes it one of the most
important waterfowl staging areas in North America (Dennis et al. 1984, Prince et al. 1992, Pauls
and Knapton 1993, Petrie 1998). The importance of
the Inner Bay also lies in its extensive submerged
macrophyte beds, which annually attract tens of
thousands of staging diving ducks, mainly Aythya
spp., during spring and fall migration (Dennis et al.
1984, Petrie 1998). In fact, up to 8% of the North
American Canvasback (Aythya valisineria) population uses the Inner Bay during spring migration
(Petrie, unpubl. data). Diving ducks forage heavily
on aquatic plants to gain the body fat necessary for
migration and reproduction. The fact that Canvasbacks abandon traditionally used wintering and
staging areas when preferred foods (e.g., wild celery, Vallisneria americana) decline below a critical
threshold (Trauger and Serie 1974, Munro and
Perry 1983, Serie et al. 1983) illustrates the impor-

tance of conserving the ecological integrity and
species composition of aquatic macrophytes in
Long Point Bay.
Despite the importance of Long Point Bay as a
waterfowl staging area, and the known importance
of aquatic macrophytes to staging waterfowl, few
studies have documented the diets of waterfowl
staging at Long Point, or the distribution and abundance of submerged macrophytes in the Bay. Furthermore, it is unknown what effect the filtering
activities of zebra mussels (Dreissena polymorpha)
have had on the bay’s submerged macrophyte community. Berst and McCrimmon (1966) listed submerged macrophytes at about 30 sampling stations
in the Inner Bay during limnological surveys in the
early 1960s, and Smith (1979) plotted the distribution of macrophytes in the Inner Bay in the mid1970s. In this paper, the distribution and abundance
of submerged macrophytes in the Inner Bay in
1991, 1992, and 1995 are compared with the results
of Smith (1979) and with Berst and McCrimmon
(1966) to determine if changes in distribution and
abundance have occurred during the last 30 years.
The diets of six duck species were also studied
from 1992 to 1994 to determine which plant species
were most commonly consumed by diving ducks.
Changes in distribution and abundance of aquatic
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macrophytes are discussed relative to their importance to migratory diving ducks.
METHODS
Study Area
The Inner Bay at Long Point is shallow, with a
variable mean depth of between 1 and 2 m, and a
surface area of 78 km2. Over 90% of the substrate
of the Inner Bay is covered with several species of
submerged macrophytes (Smith 1979, Pauls and
Knapton 1993, Petrie 1998). In the 1970s and
1980s, the bay was eutrophic based upon measures
of total phosphorus, nitrate nitrogen, chlorophyll a
standing crops, and Secchi disc transparencies
(Leach 1981). However, a reduction in allowable
levels of phosphorus in laundry detergent, upgrading of sewage treatment plants, and the accidental
introduction of the filter feeding zebra mussel has
caused a substantial decline in dissolved nutrients
and phytoplankton levels and an increase in the
water transparency of Lake Erie, including Long
Point Bay (Phosphorus Management Strategies
Task Force 1980, Holland 1993, Leach 1993,
Nicholls and Hopkins 1993).
Big Creek is the major tributary of the Inner Bay,
draining a watershed of > 730 km 2 of primarily
agricultural land northwest of Long Point, and with
an annual discharge of about 250 × 106 m3 into the
Bay (Berst and MacCrimmon 1966, Leach 1981,
Stone and English 1993). Big Creek is the primary
source of suspended materials and nutrients entering the bay and, consequently, is an important factor in succession of aquatic plant communities in
the bay (Leach 1981). Furthermore, agricultural
crops have changed since the 1970s, from being
primarily tobacco to being mainly small grains and
several alternate crops (Wilcox 1994). This shift
has been associated with a different regime of fertilization, tillage, and water management. Thus,
changes in the status of the bay’s submerged macrophytes may have occurred in response to changes in
the watershed.
The substrate of Long Point Bay is primarily mud
at the mouth of Big Creek, sandy loam over most of
the central part of the bay, and sand bordering the
eastern and southeastern portions of the bay (Smith
1979, Thomas et al. 1976, Heathcote 1981). Mean
water temperature in the Inner Bay between May
and September is about 22°C (range = 18°C to
26°C), which provides favorable growing conditions for several species of submerged macrophytes
(Smith 1979, Pauls and Knapton 1993).
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Lake Erie is subject to short- and long-term
water-level changes (Lawrence and Nelson 1994).
Short-term fluctuations are caused by storm surges,
wind setup, and seiches, which can result in a local
rise (and fall) of up to 2 m in a few hours. Mean
yearly water levels were below the long-term mean
water level from the early 1950s to the late 1960s
but have been increasing since then and in 1995
were about 0.5 m higher than the long-term mean
(Yee and Cuthbert 1985, Bishop 1990, Lawrence
and Nelson 1994).
Sampling Methods
An imaginary grid system was set up across the
bay at 400-m intervals on a north-south axis and
500-m intervals on an east-west axis, providing 326
potential sampling stations across the bay. Distance
between sampling stations was determined by averaging the time needed to travel between stations
400 m apart, with this initial distance being determined using a LORAN-C navigational system.
Transect lines were determined using two fixed
shoreline points 500 m apart, and a boat was operated at full throttle for the determined length of
time along each fixed transect line (Pauls and
Knapton 1993). Smith (1979) set up a grid system
using the same methods and dimensions and sampled at 312 stations; the difference in number of
stations resulted from more samples being collected
in shallower, inshore water during the 1990s.
Samples were collected at each of the 326 stations in 1991, 1992, and 1995. The sampling period
was mid-July to late August in each year. This is
the peak period of growth for several species of
macrophytes (e.g., Madsen et al. 1989). At each
station, four Ekman dredge samples were taken
from different positions around an anchored boat.
Samples were brought to the surface, emptied into a
tray, and sorted to species. Mean percent abundances were calculated from the four samples, following the Braun-Blanquet method of determining
plant abundance (Mueller-Dombois and Ellenberg
1974). Water depth and Secchi disc readings were
taken at each sampling station in 1991, 1992, and
1995. In 1976, samples were collected from 50 × 50
cm quadrants at each station by SCUBA divers
(Smith 1979), and the relative density and relative
dominance values were calculated.
Plants were identified to species using Gleason
(1952), Hellquist and Crow (1980), and a reference
collection. Maps of the distribution and percent
abundance of dominant macrophytes for each year
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were generated using SPANS-a computerized
Geographic Information System, selecting
“potential mapping,” which draws a specific radius
around each station, hence avoiding overlap of
information.
Data analysis involved comparing distributions
and percent abundances across years. All four years
(1976, 1991, 1992, and 1995) were used to compare
distributions. For analysis of frequencies, the number of stations occupied by a species were compared each year using goodness-of-fit G-tests of
independence. If there were significant differences
among years, data were converted to presence-absence, and inter-year comparisons were carried out
using sign tests (Sokal and Rohlf 1981). To assess
abundance, Kruskal-Wallis one-way ANOVAs were
applied to the four data sets, and pairwise comparisons between years were run using Wilcoxon
paired-sample tests. Caution was used in interpreting results of analysis of difference between the
1976 and the 1990s data sets because of the different methods of assessing abundance; however, it
seems reasonable to conclude that the two methods
would give a comparable indication of abundance.
The 707 ha Long Point Waterfowl Management
Unit is open to controlled hunting 4 days per week.
Hunters must report their kill to the Unit office
daily. Dietary samples were collected from a sample of six species (Lesser Scaup, Aythya affinis;
Greater Scaup; Aythya marila; Canvasback; Redhead, Aythya americana; Bufflehead, Bucephala albeola; Common Goldeneye, Bucephala clangula)
of these hunter-shot birds between 1992 and 1994.
A drawback to this simple collection method is that
by not removing dietary samples immediately after
collection, those samples are predisposed to post
mortem digestion, resulting in a sample that is biased toward less readily digested materials. Also,
because few birds had food items in their esophagus, the contents of the gizzard were included in the
dietary analysis, potentially causing a bias toward
hard foods (Swanson and Bartonek 1970). However, this is more critical when quantifying consumption of soft-bodied invertebrates. Since the
objective was to determine which species of plants
are most consistently consumed by diving ducks at
Long Point, these sampling biases were also reduced because of a focus on the percent occurrence
of each plant species in waterfowl diets rather than
on the aggregate percent dry mass of individual dietary components. Only data from birds that contained at least 0.05 g of food were analyzed.

RESULTS
Plant Consumption by Waterfowl
Overall, 29 aquatic plant species were eaten by
207 ducks that were examined. V. americana (tubers and vegetation) was the most common food on
a percent occurrence as well as on an aggregate percent dry mass basis (Table 1). V. americana is a particularly important food of Canvasbacks and
Redheads at Long Point (Table 1). Chara vulgaris
was the second most common food on a percent occurrence basis, and it was eaten by 5 of 6 species
analyzed (Table 1). Despite its widespread distribution at Long Point, Myriophyllum spicatum was
eaten by only 2 species and by less than 6% of the
ducks sampled. Elodea canadensis was not eaten by
any of the ducks sampled, but this species is eaten
in large quantities by American Wigeon (Anas
americana), and in smaller quantities by Black
Ducks (Anas rubripes), Gadwall (Anas strepera)
and Mallards (Anas platyrhynchos) at Long Point
(Petrie 1998). Najas flexilis/N. guadalupensis was
consumed by all six species of ducks, although not
in large quantities (Table 1); Najas spp. is eaten by
most species of dabbling ducks at Long Point
(Petrie 1998). Several species of Potamogeton,
Polygonum, and the seeds of numerous emergent
macrophytes were also eaten (Table 1).
Species Occurrence and Distribution in the 1990s
Eighteen species of submerged macrophytes were
identified in the Inner Bay during the 1990s. Of
these, four species, C. vulgaris, V. americana, M.
spicatum, and N. flexilis, were widespread, and each
occurred at > 30% of stations in the Inner Bay in
each year (except for M. spicatum in 1995) (Table 2).
Four other species, N. guadalupensis, Potamogeton
richardsonii, E. canadensis, and Ceratophyllum demersum, were at more than 10% of the stations during the 1990s (Table 2). Only two of the eight most
widespread species, M. spicatum (G = 24.8, P <
0.01) and E. canadensis (G = 17.1, P < 0.01),
showed differences in number of occupied stations
among the years, 1991, 1992, and 1995. M. spicatum
occurred at fewer stations in 1995 (n = 88) than in either 1991 (145) or 1992 (135), whereas E. canadensis occurred at more stations in 1995 (74) than in
either 1991 (39) or 1992 (41). The other 10 species
were at fewer than 10 stations (< 3% occurrence) in
each year of the study; these include several species
of Potamogeton (P. pectinatus, P. gramineus, P.
pusillus, P. crispus, P. illinoensis, P. natans, P. zos-

Uniden. Stems and Leaves
Unidentified Tubers

Stems & Leaves of Emergent Macrophytes
Arrowhead
Sagittaria latifolia

Stems & Leaves of Submergent Macrophytes
Wild celery (tubers)
Vallisneria americana
Wild celery (vegetation)
Vallisneria americana
Musk grass
Chara vulgaris
Naiad
Najas guadalupensis
Naiad
Najas spp.
Sago pondweed
Potamogeton pectinatus
Pondweed
Potamogeton pusillus
Eurasian milfoil
Myriophyllum spicatum

Unidentified Seeds

Seeds of Emergent Macrophytes
Hard Stem Bulrush
Scirpus acutus
Bulrush
Scirpus fluviatilis
American Bulrush
Scirpus americanus
Soft-stem bulrush
Scirpus validus
Burr reed
Sparganium eurycarpum
American lotus
Nelumbo lutea
Pickerel weed
Pontederia cordata
Sedge
Carex aquatilius

Seeds of Submergent Macrophytes
Variable Pondweed
Potamogeton gramineus
Sago Pondweed
Potamogeton pectinatus
Richardson’s pondweed
Potamogeton richardsonii
Floating-leaved pondweed Potamogeton natans
Pondweed
Potamogeton pusillus
Naiad
Najas flexilis
Naiad
Najas quadalupensis
Coontail
Ceratophyllum demersum
Smart weed
Polygonum lapathifolium
Smart weed
Polygonum pensylvanicum
Smart weed
Polygonum amphibium
Smart weed
Polygonum persicaria
Smart weed
Polygonum punctatum
Eurasian Milfoil
Myriophyllum spicatum
Bullhead Waterlily
Nuphar variegata
Water Shield
Brasenia schreberi
White-water Buttercup
Ranunculus longirostris

Scientific Name

52.5
34.4

3.3

4.9

65.0
38.0

11.5
3.8

3.8

7.6

7.4

1.6

15.4
7.6
7.6

15.4
11.5
3.8

3.8

Greater
Scaup
n = 26

21.3
9.8

6.6
13.1
3.3
11.5

9.8
1.6

13.1
1.6

Lesser
Scaup
n = 61

29.6
25.0

6.8

15.9
61.4
11. 4
4.5

18.2
9.1
9.1
4.5
18.2
2.3
2.3

2.3

4.5
4.5
6.8
4.5
6.8
2.3
11.4

6.8
9.1
6.8
4.5
2.3
2.3

CanvasBack
n = 44

32.6
23.9

2.2

4.3
15.2
30.4
8.7
2.2
2.2
4.3
8.7

2.2

15.2

4.3

4.3

4.3

2.2
2.2

6.5

6.5
6.5
6.5
8.7
4.3
4.3

n = 46

Redhead

45.0
40.0

5.0

10.0

5.0

5.0

5.0
5.0
5.0
5.0

5.0
5.0

80.0
10.0

10.0

10.0
10.0

10.0
20.0

10.0

10.0

20.0
5.0

5.0
5.0
5.0

10.0

5.0

Bufflehead Goldeneye
n = 20
n = 10

45.4
30.0

0.5

5.8
16.9
12.6
4.3
1.0
1.9
1.0
2.4

1.4

15.5
6.3
4.3
1.9
9.2
0.5
1.0
0.5

6.8
3.9
4.3
2.9
1.4
2.9
0.5
1.4
5.8
1.9
1.4
2.4
0.5
3.4
6.8
3.4
4.3

26.0
8.4

0.2

14.5
29.8
4.6
2.0
0.1
0.3
0.3
3.0

0.01

0.4
0.1
0.3
0.2
0.7
1.1
0.1
0.1

3.3
0.3
0.4
0.3
0.2
0.1
0.02
1.3
0.6
0.3
0.1
0.1
0.01
0.2
0.1
0.02
0.2

Overall Agg. %
% Occ. Dry Mass
n = 207 n = 207

Percent occurrence of plant foods in the diet of 6 species of diving ducks collected at Long Point, Lake Erie, 1992–1994.

Common Name

TABLE 1.
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TABLE 2. Percent frequency of occurrence of the most widespread submerged
macrophytes in the Inner Bay at Long Point, Lake Erie, in 1976 and 1991, 1992
and 19951.
Plant species
1976
Chara vulgaris
54.6
Vallisneria americana
31.7
Myriophyllum spicatum
24.2
Najas flexilis/guadalupensis
33.0
Potamogeton richardsonii
12.6
Elodea canadensis
11.6
Ceratophyllum demersum
0
1Sample size: 312.
2G test of differences among years.

1991
62.2
54.2
42.0
66.3
16.7
12.5
15.6

1992
69.5
55.1
38.8
62.2
14.1
13.4
15.2

1995
63.5
56.7
23.7
62.8
16.3
19.2
15.6

P2
ns
< 0.01
< 0.01
< 0.01
ns
< 0.05

TABLE 3. Mean percent abundance of the most common submerged macrophytes in Long
Point’s Inner Bay: stations where the plant occurred.
Plant species
1976
Chara vulgaris
84.9 ± 18.6
Vallisneria americana
26.4 ± 40.9
Myriophyllum spicatum
33.0 ± 31.8
Najas flexilis/guadalupensis
15.7 ± 18.9
Potamogeton richardsonii
10.3 ± 11.8
Elodea canadensis
11.2 ± 9.8
Ceratophyllum demersum
0
1Sample size: 312.
2G test of differences among years.

1991
74.6 ± 28.6
24.8 ± 23.5
32.5 ± 27.5
17.6 ± 18.3
7.3 ± 8.7
9.9 ± 18.9
13.5 ± 15.8

teriformis, and P. strictifolius). Heteranthera dubia,
and Nitella sp. were also rare and highly localized,
occurring at fewer than 10 stations.
Distributions and Abundance—1976 vs 1990s
N. flexilis, and N. guadalupensis were combined
for comparison as Smith (1979) made no distinction
between them. Mean percent abundance was calculated only for those stations at which a particular
macrophyte occurred. Five of the seven most widespread submerged macrophyte species and
species/groups differed (P < 0.05) in their distribution (i.e., number of stations occupied) among years
(Table 2). Six of the seven most common macrophytes differed in percent abundance (Kruskal-Wallis one-way ANOVAs, P < 0.05), among years
(Tables 3, 4).
The distribution of V. americana increased between 1976 and the 1990s (P < 0.01). This can be
attributed to the expansion of the species along the
north and south shores of the bay from its 1976 dis-

1992
72.7 ± 31.3
17.2 ± 15.9
30.1 ± 32.1
15.8 ± 15.7
7.3 ± 6.2
7.5 ± 7.5
16.1 ± 13.5

1995
74.7 ± 32.2
24.7 ± 23.3
23.0 ± 27.5
17.8 ± 19.7
10.0 ± 9.0
9.0 ± 12.2
15.2 ± 16.6

P2
< 0.05
< 0.05
< 0.01
ns
< 0.05
< 0.05
< 0.01

tribution which was primarily in the west and
northwest parts of the bay (Fig. 2). The percent
abundance of V. americana was the lowest in 1992
(P < 0.05) (Tables 3, 4).
Although the percent abundance of M. spicatum
was relatively constant among years (Table 3), its
distribution increased between 1976 and the early
1990s (1976 v 1991: Z = 4.54; 1976 v 1992: Z =
4.23; both tests, P < 0.01) (Table 2). However, the
distribution of M. spicatum declined (P < 0.01) between 1992 and 1995 (Table 2), and percent abundance declined (P < 0.01) to below 1976 levels
(Tables 3, 4). M. spicatum has an unusual distribution in the Inner Bay; it forms dense monotypic
stands in the deepest part of the bay near the confluence of the Inner and Outer Bays, but it is scattered as a co-dominant among the macrophyte
communities along the western and northwestern
boundaries of the bay (Fig. 3).
Although the mean percent abundance of Najas
spp. did not differ among years (P > 0.05), there
was an almost two-fold increase in the number of
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Distribution and abundance of Vallisneria americana in the Inner Bay, Long Point.

stations occupied in the 1990s relative to the number in 1976 (1976 v 1991: Z = 6.46; 1976 v 1992: Z
= 6.13; 1976 v 1995: Z = 6.18; all tests, P < 0.01).
Both Najas species occur primarily in the western
half of the Inner Bay. The two species have expanded into the southeast and center of the bay
since 1976 but the number of occupied stations was
constant in the 1990s (Fig. 4).
Chara vulgaris occurred at more stations than
other submerged macrophytes and was distributed

throughout the bay except for the northwest and
west shoreline and the sand substrate along the
south shore (Fig. 5). More stations were occupied
in the 1990s than in 1976, but the differences were
not significant (Table 2). The mean percent abundance of C. vulgaris was greater in 1976 than in
1992 but all other inter-year comparisons were not
significant (Tables 3, 4). Mean percent abundance
in the 1990s was remarkably constant (Table 3);
this is primarily due to the fact that Chara generally
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FIG. 3.

Distribution and abundance of Myrophyllum spicatum in the Inner Bay, Long Point.

occurs in monotypic beds, especially the eastern
half of the bay (Fig. 5).
The percent abundance of P. richardsonii declined between 1976 and the early 1990s (P < 0.05)
but increased to 1976 levels by 1995 (Tables 3, 4).
P. richardsonii occurred at fewer stations in 1976
than in the 1990s but the differences were not significant (Table 2).

The distribution of E. canadensis in the bay was
similar during 1976, 1991, and 1992 (1976 v 1991:
Z = 0.9; 1976 v 1992, Z =1.1; P > 0.1). However,
there was a 30% increase in E. canadensis distribution between 1992 and 1995 (P < 0.05) (Table 2).
The percent abundance of E. canadensis was higher
in 1976 than in 1992, but not 1995 (Tables 3, 4).
E. canadensis consistently occurred in submerged
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Distribution and abundance of Najas spp. in the Inner Bay, Long Point.

macrophyte communities along the north shore;
elsewhere, it occurred in scattered clumps in deeper
water throughout the Inner Bay.
C. demersum occurred in communities along the
west shore of the Inner Bay in the 1990s but was
absent in 1976 (Smith 1979) (Table 2). About 15
percent of stations in the 1990s recorded varying
abundances of C. demersum, especially at the outflow of Big Creek into the bay. The percent abun-

dance of C. demersum did not change between
1991 and 1995 (Kruskal-Wallis one-way ANOVA;
P > 0.1).
Distributions and Abundance—1962 vs 1990s
While moderate changes in macrophyte distribution and abundance have occurred since 1976, more
substantial changes have occurred since 1962 (Berst
and McCrimmon 1966). Berst and MacCrimmon
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FIG. 5.

Distribution and abundance of Chara vulgaris in the Inner Bay, Long Point.

(1966) listed species in order of abundance as
Chara, Vallisneria, Potamogeton, Najas, Nitella,
and Anacharis (Elodea). The most substantial
change in species composition resulted from the introduction of M. Spicatum in the early 1970s
(Aiken et al. 1979). Berst and MacCrimmon (1966)
did not record the species; by 1976 it was the second most abundant submerged aquatic macrophyte
in the bay. Notably, Chara was the most abundant

submerged aquatic macrophyte in 1962 and 1976,
as well as in the early 1990s. Nitella, was ranked
above Elodea by Berst and McCrimmon (1966), yet
was not reported by Smith (1979) and was only
rarely encountered in the 1990s.
DISCUSSION
Submerged aquatic plants are an important food
for migrating diving ducks. The distribution and
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TABLE 4. Interyear comparisons of the most abundant submerged macrophytes in the
Inner Bay: Wilcoxon signed-rank tests.
Plant species
Chara vulgaris
Vallisneria americana
Myriophyllum spicatum
Potamogeton richardsonii
Elodea canadensis

1976 v
1991
ns
ns
ns
< 0.05
ns

1976 v
1992
< 0.05
< 0.05
ns
< 0.05
< 0.05

abundance of aquatic plants, and consequently their
availability to waterfowl, is a function of several
environmental factors, which often act synergistically. These include light quality and quantity
(Chambers and Kalff 1985), interspecific competition (Madsen et al. 1991, McCreary 1991), nutrient
availability (Blindlow 1992a), herbivory (Painter et
al. 1988), physical damage by bottom-feeding fish
(carp Cyprinus carpio, Painter et al. 1988), catastrophic events such as storms or ice damage (Rybicki and Carter 1986, Crowder and Painter 1991),
fluctuating water levels and water depth (Martin
and Uhler 1939, Spence 1982, Blindlow 1992a),
water temperatures (Hutchinson 1975), alkalinity
and pH (Moyle 1945, Hutchinson 1970, Hellquist
1980), aquatic pollution (Lovett Doust et al. 1994),
and composition of sediments (Hutchinson 1975).
However, the most pronounced recent influence on
the submerged aquatic macrophytes in the Inner
Bay has probably been through the introduction of
two exotic species; M. spicatum in the early 1970s
and the zebra mussel in the early 1990s.
Zebra mussels were initially introduced to Lake
St. Clair in 1986 by means of ship ballast water
(Herbert et al. 1989, Griffiths et al. 1991, Neary
and Leach 1992). In the absence of natural predators and limited competition, zebra mussel numbers
rapidly increased and they expanded their range
throughout the Great Lakes. The first reproductive
population of zebra mussels in Long Point Bay was
recorded in 1990 (Petrie and Knapton 1999). Zebra
mussels preferentially settle on hard substrates such
as the rocky substrates found in western Lake Erie
(Holland 1993). However, their ability to colonize
soft substrates (Herbert et al. 1991, Gillis and
Mackie 1994) has enabled the mussel to colonize
the submerged macrophytes of the Inner Bay of
Long Point (Petrie and Knapton 1999). Studies
have reported densities greater than 100,000 individuals per m 2 in Lake Erie and Lake St. Clair

1976 v
1995
ns
ns
< 0.01
ns
ns

1991 v
1992
ns
< 0.05
ns
ns
ns

1991 v
1995
ns
ns
< 0.01
ns
ns

1992 v
1995
ns
< 0.05
< 0.01
ns
ns

(Griffiths et al. 1991, MacIsaac et al. 1992), while
native bivalves are considerably less abundant in
these systems, averaging 10 individuals per m 2
(McCall et al. 1979, Nalepa and Gauvin 1988).
Zebra mussels have had a profound influence on
water quality and the aquatic food chains in the
Great Lakes because they occur at such high densities and have prodigious filtering capacities
(MacIsaac et al. 1992, Dermott et al. 1993). The result has been increased water transparency and a
concomitant decline in all phytoplankton taxa and
chlorophyll concentrations in Lake Erie (Holland
1993, Leach 1993, Nicholls and Hopkins 1993).
Higher Secchi disc transparencies in the Inner Bay
in the 1990s (mean = 2.0 m) than in 1962 (mean =
1.7 m) and 1979 (mean = 1.6 m) (Leach 1981) suggest that its waters have also become more oligotrophic since zebra mussel colonization. Increased
water clarity and oligotrophication have probably
shifted the aquatic plant community structure and
composition at Long Point Bay because charophytes are superior competitors to angiosperms in
clear water (Chambers and Kalff 1985; Blindlow
1992a,b).
M. spicatum is an invasive species from Europe
that reportedly spread into the lower Great Lakes in
the early 1970s (Aiken et al. 1979). By 1972 it was
one of the most abundant and frequently occurring
species on the Inner Bay at Long Point. Such explosive growth has resulted in displacement and possible local extinction of other submerged plants
(Carpenter 1980). This is probably the case at Long
Point, as Madsen et al. (1989) concluded that, in
Lake George, New York, native plants are in danger
of competitive exclusion by M.spicatum in the 1 to
4 m depth range of the lake. Because M. Spicatum
has a fairly low nutritive value (Martin and Uhler
1939) and is rarely eaten by waterfowl at Long
Point (Table 1) (Petrie 1998), this should be of concern to regional wetland and waterfowl managers.
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Part of its competitive success may be due to its
ability to grow early in the year and to form a surface monolayer canopy that shades and eventually
eliminates native species (Madsen et al. 1991). It is
also tolerant of high and low water temperatures,
(Nichols and Shaw 1986), depths (1-10 m, Aiken et
al. 1979), and alkalinity (Madsen et al. 1989). M.
spicatum forms dense monotypic stands in the
deepest part of the bay and it is scattered as a codominant along the western and northwestern
boundaries of the bay (Fig. 3).
The pattern of M. spicatum invasions can be predicted (Nichols and Shaw 1986, Madsen et al.
1989): it rapidly colonizes areas (e.g., the Bay of
Quinte, Lake Ontario, Crowder and Painter 1991),
establishes dominance for 5 to 10 years, and then
declines (Carpenter 1980). However, M. spicatum
does not appear to have experienced a decline in
distribution or abundance on Long Point Bay until
sometime between 1992 and 1995, at least 20 years
after it was first introduced (Fig. 3). M. spicatum
grows best in turbid, eutrophic waters. Consequently, the filtering efficiency of the introduced
zebra mussel may have ultimately reduced the distribution and abundance of this species.
V. americana is a herbacious perennial that overwinters as a carbohydrate rich turion. It propagates
through sexual reproduction and clonal growth
(Lovett Doust and Laporte 1991). Tubers and
leaves of this species probably are the most important food item for diving ducks staging at Long
Point (Table 1) (Smith 1979). Berst and McCrimmon (1966) ranked wild celery as the second most
abundant aquatic plant during their 1962 surveys. It
apparently experienced a decline in abundance by
1976, followed by a south and east range expansion
within the bay during the 1990s (Fig. 2), such that
in 1995 the species occupied over 40% more stations than reported in 1976. The spread possibly resulted from water clarification by zebra mussels
filtration, as V. americana proliferates in oligotrophic water. As it is most abundant in muddy
fine-grained areas along the western and northern
boundaries of the bay (Fig. 2), the continued deposition of fine-grained sediment in the western half
of the Inner Bay probably also contributed to its expansion. However, herbivory by waterfowl (Canvasbacks) can have significant effects on beds of V.
americana (Korschgen et al. 1988, Kahl 1991,
Lovvorn 1989, Prince et al. 1992, Crowder and
Bristow 1988), and the decline in numbers of
Aythya spp. staging at Long Point between the late
1970s and the late 1980s (Dennis et al. 1984, Petrie

1998) may have reduced the impacts of herbivory,
allowing V. americana to expand outward into the
Inner Bay.
C. vulgaris is a submerged, perennial algae that
grows in dense mats throughout large portions of
the Inner Bay. It is, by far, the most abundant plant
in the Inner Bay, comprising 54% of the macrophyte composition in 1976 and 57% in 1992; it was
also listed as the most abundant species in 1962
(Berst and MacCrimmon 1966). Neither its distribution nor abundance changed substantially from
1976 to 1995. Its ready availability, high nutritive
value (Martin and Uhler 1939), and the fact that it
persists as a green plant below the ice in winter
(Wood 1967) make C. vulgaris an important waterfowl food at Long Point (Table 1) (Smith 1979), as
well as at several other staging areas in North
America (Jarvis and Noyes 1986).
Coarse sediments such as sand are poor rooting
mediums for most macrophytes, as plants cannot
develop physical holdfasts (Madsen et al. 1989).
However, C. Vulgaris predominates in areas with
sandy or sandy loam substrates (Hutchinson 1975)
and water depths exceeding 24 cm, but is absent
from the northeast portion of the bay where Big
Creek has deposited fine-grained mud (Fig. 5) (see
Smith 1979 for sediment distribution). High phosphorus concentrations appear to inhibit growth of
charophytes, and they tend to be most abundant in
oligotrophic lakes. Consequently, cleaner water
conditions, minimal competition from angiosperms,
and ability to colonize substrates comprised of
coarse sediments has enabled C. vulgaris to form
monotypic stands over large sections of the eastern
half of the Inner Bay. Reduced phosphorus inputs to
Lake Erie and filtering action of zebra mussels may
result in the expansion of the C. vulgaris beds
within the Inner Bay or eastward into the deeper
waters of the Outer Bay.
N. flexilis and N. guadalupensis are herbacious,
annual plants found in fresh inland waters (Pauls
and Knapton 1993). N. flexilis/N. guadalupensis
were at about twice the number of stations in the
1990s as in 1976. Smith (1979) reported all Najas
as N. flexilis, whereas in the 1990s, N. guadalupensis occurred at a ratio of about 1:2.5 with N.
flexilis. Whether this situation indicates a recent incursion of N. guadalupensis into the Inner Bay is
unknown, although Reznicek and Catling (1989)
refer to it as rare and local in submerged aquatic
communities at Long Point. Naiads were most
abundant in muddy fine-grained areas along the
western and northern boundaries of the bay, usu-
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ally in water less than 2 m deep (Fig. 4). Increased
distribution and abundance may be a direct result
of increased light transparency from zebra mussel
filtration, and/or an increase in the amount of finegrained sediments on the bay. Both species are an
important food for waterfowl throughout North
America (Martin and Uhler 1939), and were eaten
by diving ducks (Table 1) as well as by dabbling
ducks (Petrie 1998) at Long Point. Consequently,
increased availability of this food source is probably nutritionally advantageous to waterfowl that
stage at Long Point.
E. canadensis grows primarily in the muddy substrates along the western shoreline of the bay. This
distribution close to Big Creek may be because this
plant grows best in nutrient-rich, eutrophic waters
and on fine sediments. Although it comprises a
small portion of the aquatic macrophytes at Long
Point Bay, it did expand its range in the bay between 1992 and 1995. Despite its limited distribution, and that it is apparently not an important food
source for diving ducks (Table 1), it is consumed by
American Wigeon, Gadwall, and Mallards at Long
Point (Petrie 1998). Waterfowl generally eat the
vegetative parts of this plant as it rarely produces
seeds. E. canadensis shows a wide range of tolerance to numerous environmental variables, such as
hot and cold temperature, water chemistry, alkalinity, pH, and sediment types, but it does not thrive in
waters less than 0.5 m in depth (Stanley and Shaw
1986).
C. demersum has colonized and/or increased in
abundance in the Inner Bay. Smith (1979) did not
report the plant in 1976, whereas it occurred at over
60 stations in 1991, 1992, and 1995. Although it
represented a small portion of the total macrophyte
composition, it is a dominant plant in certain western portions of the bay. It is tolerant of almost all
environmental conditions, including ranges of water
depth, light intensity, temperature, water chemistry,
alkalinity, pH, and sediment types (Martin and
Uhler 1939, Holmquist 1971). Although the ecological basis for its recent establishment and expansion
is unknown, it may be a function of reduced competition from M. spicatum and/or the increased availability of fine-grained sediments. The establishment
and expansion of this species may cause concern, as
its has limited value for waterfowl on Long Point
Bay and its high environmental tolerance may enable it to further expand throughout the bay. Its
ability to propagate sexually and vegetatively, primarily by dispersal of fragments, and the fact that it
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occurs both free-floating or anchored may facilitate
further expansion.
Of the Potamogeton spp. sampled, only P.
richardsonii occurred at more than 50 stations. It
did not differ in range or abundance from 1976 to
the 1990s in the Inner Bay. P. richardsonii grows
under a range soil types, alkalinity, and pH, primarily between 0.5 and 2 m of water depth (Spence and
Dale 1978). The fact that P. richardsonii, and P.
pectinatus are generalized to a broad range of environmental conditions (Madsen and Adams 1989)
suggests that their restricted range in the Inner Bay
is the result of interspecific competition or exploitation by waterfowl. The high rates of consumption
of Potamogeton spp. and Polygonum spp. by diving
ducks at Long Point, and the limited distribution of
the species on the Inner Bay suggests that divers are
either actively selecting for these species, or that
they are foraging in marshland habitats where these
species are more readily available.
SUMMARY AND CONCLUSIONS
Although the aquatic plant community of the
Inner Bay is dominated by a few species, diving
ducks consumed a diverse array of submergent and
emergent aquatic plants at Long Point (Table 1).
The plant species that are most commonly consumed by diving ducks at Long Point are; V. americana. C. vulgaris, Najas spp., Potamogeton spp.,
and Polygonum spp. Currently, in the Inner Bay, C.
vulgaris and M. spicatum are the dominant species
in sandy and sandy-loam sediments, which cover
much of the central and eastern half of the Inner
Bay, and V. americana, N. flexilis, M. spicatum, and
P. richardsonii are the most abundant in the muddy,
fine-grained areas along the western and northern
boundaries of the bay, especially at the outflow of
Big Creek (Figs. 2 to 5 ).
The distribution, abundance, and community
composition of aquatic plants is a function of several environmental factors. However, two anthropogenic events apparently have had an impact on
the community structure of aquatic plants on Long
Point Bay. The first was the introduction of M. spicatum to the Inner Bay in the early 1970s. M. spicatum quickly became a major component of the
submerged aquatic macrophyte community at Long
Point. This has had a negative effect on the macrophyte community and upon waterfowl, as this
species displaces native plants and has a fairly low
nutritive value for waterfowl.
More recently, colonization by zebra mussels has
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changed the limnology and nutrient cycling of the
Inner Bay (Petrie 1998), which, in turn, probably influenced aquatic macrophyte communities. For example, the distribution and abundance of M.
spicatum, a species which thrives in turbid, eutrophic
waters, has declined since introduction of zebra mussels, whereas V. americana, a species which thrives
in oligotrophic conditions, has increased its distribution substantially. This has probably been advantageous to waterfowl as M. spicatum is little utilized
by ducks, whereas V. americana is readily consumed
by waterfowl. The filtering action of zebra mussels
may have also caused an increase in the species richness of aquatic plants on the bay, as species diversity
tends to increase with decreasing eutrophication and
turbidity (Crowder and Painter 1991).
Since the 1800s, 139 aquatic organisms have
been introduced and have become established on
the Great Lakes, some of which have had a substantial influence on the ecology of the Lakes (Mills et
al. 1993). The influence that zebra mussels and M.
spicatum have had on the composition of the
aquatic macrophyte community at Long Point Bay,
while not all negative, demonstrates the importance
of controlling all intentional and unintentional exotic introductions.
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