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ABSTRACT. Although numbers of buffleheads (Bucephala albeola), common goldeneyes (Bucephala
clangula) and long-tailed ducks (Clangula hyemalis) over-wintering on Lake Ontario have increased sub-
stantially over the past two decades, factors influencing habitat use and the potential for competition
have not been investigated. The purpose of this study was to determine the relationship between prey
availability and community structure of diving ducks during winter on northeastern Lake Ontario. Ben-
thic and nektonic samples collected during fall, winter, and spring 2002-2004 indicated that macroinver-
tebrate numbers differed by location but generally did not decline throughout winter. Large accumula-
tions of macroinvertebrates, apparently moved by wave action and currents, were documented in
nearshore areas. Surveys showed that diving ducks congregated in mixed species flocks within areas of
higher food abundance. Mixed species flocks were common in nearshore areas, likely because energy-
dense foods (Amphipoda and Chironomidae) were abundant in the narrow zone of shallow water, close to
shore. Although macroinvertebrate numbers likely affected habitat use by diving ducks, birds did not
greatly reduce abundance of macroinvertebrates. It is unlikely that exploitative competition was occur-
ring and interference competition appeared below threshold levels that would cause species to spatially
segregate. Overall, our results suggest that food availability is not a limiting factor for buffleheads, com-
mon goldeneyes, or long-tailed ducks wintering on northeastern Lake Ontario.
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INTRODUCTION

During winter, diving ducks forage heavily on
benthic macroinvertebrates (Nilsson 1972, Stott and
Olson 1973, Bellrose 1980, Jones and Drobney
1986, Poulton et al. 2002). Although diving ducks
often select areas of high macroinvertebrate abun-
dance and quality during winter (Nilsson 1972, Stott
and Olson 1973, Phillips 1991), they can substan-
tially reduce food resources during that time (Pe-
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droli 1981; Suter 1982 a,b,c). For waterfowl winter-
ing at northern latitudes, this relationship should be
intensified because food resources decrease through-
out winter due to predation by ducks (Pedroli 1981;
Suter 1982a,b,c; Marsh 1986; Suter and Van Eerden
1992; Hamilton et al. 1994), productivity of
macroinvertebrates is greatly reduced (Thorp and
Covich 1991), thermoregulatory costs are relatively
high in waterfowl (Owen and Reinecke 1979, Prince
1979, Lima 1986), and food accessibility can be
limited by ice coverage (Albright 1981, Jones and
Drobney 1986, Suter and Van Eerden 1992,
Guillemette e al. 1993, Hamilton er al. 1994).
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Because waterfowl typically congregate near
food during winter, potential for competition among
sympatric species exists if food resources become
limited. Food limitation coupled with strong com-
petition should lead to resource partitioning among
sympatric species and is considered a stabilizing
mechanism whereby overlap in use of resources is
minimized to allow for coexistence (MacArthur and
Levins 1967, Schoener 1974, Wiens 1977, Diamond
1978, Arthur 1987, Keddy 1989). However, when
food is highly available, resource partitioning be-
tween species is no longer necessary (Wiens 1977),
thereby enabling sympatric species to congregate
and exploit food resources (Horn 1968, Mayr 1970,
Cody 1974, Schoener 1974). Therefore, by simulta-
neously monitoring social interactions among sym-
patric species and changes in resource availability,
effects of food resource abundance on community
structure can be investigated.

Numbers of staging and wintering diving ducks
increased on the Lower Great Lakes soon after in-
vasion by dreissenid mussels (quagga [Dreissena
bugensis] and zebra [D. polymorpha] mussels) and
most molluscivorous waterfowl now incorporate
these mussels into their diet (Wormington and
Leach 1992, Hamilton and Ankney 1994, Custer
and Custer 1996, Petrie and Knapton 1999,
Mitchell et al. 2000, Ross et al. 2005, Badzinski
and Petrie 2006). Although the number of mollus-
civorous diving ducks over-wintering on the north
shore of Lake Ontario substantially increased be-
tween the 1980s and 1990s (Petrie and Schummer
2002), little is known about how resource availabil-
ity influences bird numbers, spatial distributions, or
community structure during winter.

Hamilton et al. (1994) and Mitchell et al. (2000)
concluded that, while diving ducks could temporar-
ily reduce mussel populations at Lake Erie, long-
term effects on mussel populations would be
limited because: (1) ice coverage excluded ducks
from foraging during the coldest months of the year
and (2) free swimming veliger larvae could quickly
colonize exploited areas the following growing sea-
son. However, reduced ice coverage on Lake On-
tario (Assel 2003) allows more ducks to over-winter
and exploit macroinvertebrates throughout winter
(Petrie and Schummer 2002). In ice-free areas
where ducks are able to concentrate and over-win-
ter, more substantial effects on macroinvertebrate
populations are possible (Pedroli 1981; Suter
1982a,b,c; Marsh 1986; Hamilton et al. 1994;
Sekiya et al. 2000). We predicted that at ice-free
areas of Lake Ontario during winter: 1) waterfowl

would exploit and decrease local populations of
benthic macroinvertebrates throughout winter and
2) spatial distributions and species compositions of
flocks of diving ducks would change with a decline
in food abundance.

STUDY AREA

This study was carried out along the southeast
shoreline of Prince Edward County, Ontario (44°
00" N, 77° 55" W; Fig. 1), during October to April,
2002-03 and 2003-04. Substrate and vegetation
varies across the study area with mud substrate and
abundant aquatic macrophytes in the west and rock
substrate with little or no vegetation at the east end
of Prince Edward Bay. Limestone rock and a grad-
ual slope typify the substrate from Long Point to
Point Petre (Barton 1986). Therefore, during winter
when shallow bays are covered with ice at the west
end of Prince Edward Bay, food is generally limited
to benthic macroinvertebrates in areas of rock sub-
strate at the east end of Prince Edward Bay. The
study area was divided into five major divisions
based on aspect, bathymetry, and primary substrate
(West End, North Shore, South Shore, False Ducks,
and Lake Shore; Fig 1).

METHODS

Benthic sampling was used to determine if num-
bers of macroinvertebrates decreased from fall
through spring along the southeast shoreline of
Prince Edward County, Lake Ontario during
2002—-03 and 2003—04. Much of Prince Edward Bay
froze in January and ducks were subsequently ob-
served feeding relatively close to ice banks that
formed between Long Point and Point Petre during
2002-03 (Fig. 1). To determine the abundance of
macroinvertebrates at the ice-water interface, nek-
tonic and benthic samples were collected throughout
winter 2003-04. Waterfowl surveys and 30-min be-
havioral observations were used to determine spatial
distributions and flocking behavior of buffleheads
(Bucephala albeola), common goldeneyes (B. clan-
gula), and long-tailed ducks (Clangula hyemalis).
These three species represented > 95% of all water-
fowl observed throughout winter on our study area.

Autumn and Spring Benthic Sampling

To determine food abundance during fall and
spring, macroinvertebrates were sampled with drags
from a boat (18-21 October and 19-23 April 2002-
03, 19-22 October and 22-28 April 2003-04).
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FIG. 1. Map of study area including Prince Edward Bay, shoreline from

Long Point through Point Petre and associated islands. Approximate loca-
tions of benthic sampling transects are shown as numbers. Major waterfowl
survey divisions are labeled with capital letters.

Benthic samples were collected at four geographic
locations (Fig. 1) at <2 m, 5 m, 10 m, 15 m, 20 m,
and 25 m depths in 2002—-03. Each geographic loca-
tion consisted of three transects oriented perpendic-
ular to the shoreline approximately 100 m apart. To
ensure that samples were statistically independent,
spring samples were collected parallel to and ap-
proximately 50 m away from fall transects. Samples
were only collected out to 15 m at Flatts Point and
Van Duesan Point because the western end of
Prince Edward Bay is relatively shallow. In
2003-04, samples at 20 and 25 m could not be col-
lected because of poor weather conditions during
sampling periods. Due to equipment problems in
2003-04, samples at 15 m could not be collected at
Flatts Point. Due to rock substrate over the majority
of the study area (approximately 90%), a steel
framed benthic sampler (Halltech Inc., Guelph, On-
tario) with 250-um netting was used to collect sam-
ples. The benthic sampler (frame opening = 75 cm
wide X 30 cm high) included a 4.54-kg downrigger
ball 2 m ahead of the sled to ensure consistent bot-

tom contact. The sled was dragged along the bot-
tom, towed from the surface by a 6-meter boat with
a 30-hp engine. To standardize drags, we used
markers on the rope to maintain a ratio of 2:1 (rope
length:depth), idled the boat engine until the line
was tight before starting drags, maintained constant
engine speed at three-quarter full throttle during
drags and sampled for a 5-s period. We used 5-s
drags because longer sampling periods often re-
sulted in large, nearly irretrievable samples because
of sample weight. Upon retrieval, samples were
transferred from the sled into a 1 m X 1 m tray with
0.16-cm aluminum window screen for sorting.
Large clumps of mussels were transferred to plastic
bags. Remaining smaller macroinvertebrates were
washed into bags by forming the aluminum screen
into a column within a plastic funnel. Following
washing and visual inspection, remaining macroin-
vertebrates were removed from the screen and
placed in sample bags. Between drags the benthic
sled was thoroughly cleaned and inspected for any
remaining macroinvertebrates. Samples were placed
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in a freezer within 3 h of collection and were later
transferred to the University of Western Ontario,
London, Ontario in coolers and kept frozen until
identified, counted, and measured in the laboratory.

Winter Benthic and Nektonic Sampling

To determine food abundance during winter near
the ice bank/water interface, nektonic (27 Dec
2003-24 Mar 2004) and benthic (29 Jan—-24 Mar
2004) samples were collected from locations that
could be accessed at Lake Shore, False Ducks,
South Shore, and North Shore. We constructed the
nektonic sampler by using hose clamps to secure a
0.16-cm fiberglass screen onto the small end of a
standard stovepipe expander (large end = 20 cm).
We used a small hand thrown benthic sled to collect
samples during winter. The winter benthic sampler
(25 x 20 cm) was an aluminum frame (2.27 kg)
with a 5.08-cm diameter PVC pipe sewn into 250-
um netting (Halltech Inc., Guelph, Ontario). Hose
clamps were used to secure a 0.16-cm fiberglass
screen to the PVC pipe.

Samples were collected opportunistically, but we
attempted to sample three times per week within
each major waterfowl survey division area. Topog-
raphy of ice banks changed continually, resulting in
different areas where water was accessible at differ-
ent times. We further randomized the sampling by
never sampling the exact location on two consecu-
tive sampling days. Both sampling devices were
hand thrown perpendicular to shore and retrieved
with a nylon rope (marked every 1m) attached to
the sampling devices. Nektonic samples were stan-
dardized (macroinvertebrates/m) by retrieving the
sampling device at approximately one half the total
depth of the water column. The benthic sled was
hand retrieved at a constant speed (approximately
1/2 m/sec) while maintaining contact with the bot-
tom. Benthic samples were standardized (macroin-
vertebrates/m) by recording the distance that the
sled was dragged. Three samples (nektonic and
benthic) were collected every 100 m at each sam-
pling site. To transfer a sample, hose clamps were
loosened and the entire sample with the fiberglass
screen was placed into a plastic bag. Samples with
few macroinvertebrates were counted within 24 h
of collection. Larger samples were frozen, trans-
ferred to the University of Western Ontario, Lon-
don, Ontario in coolers and then placed in freezers
until identified, counted, and measured at the labo-
ratory.

Macroinvertebrate Laboratory Procedures

Macroinvertebrate samples were thawed over
night at 3°C-5°C, washed in a 250-um sieve and
uniformly mixed in a pan divided into 2.54-cm
squares. All macroinvertebrates were identified and
counted within randomly selected squares to deter-
mine relative abundance using a subsampling ap-
proach (King and Richardson 2002, Schummer
2005). Using a dissecting microscope (6x power)
macroinvertebrates from subsamples were identi-
fied to taxonomic order (except Gastropoda and
Diptera, which were identified to family). Since
long-tailed ducks fed on shell-free tissue of dreis-
senid mussels broken in the surf (Schummer et al.
2008), individual mussels were identified by orange
colored demibranch (i.e., mussel feeding apparatus)
and surrounding visceral mass.

Waterfowl Surveys

To minimize effects of human disturbance on es-
timates of habitat use, surveys were started near the
end of hunting season (Owen 1977, Madsen 1995).
The end of the survey period was determined by
rapid, large increases in waterfowl numbers (i.e.,
spring migrants) coinciding with warmer tempera-
tures and decreasing ice coverage. Weekly surveys
of all waterfowl were conducted by a single ob-
server and recorder 15 December 2002 to 16 March
2003 and 21 December 2003 to 29 February 2004
on a standard route along the southeast shoreline of
Prince Edward County, Lake Ontario (approxi-
mately 60 km of shoreline). In 2002-03, Lake
Shore was not surveyed, but all five divisions were
surveyed in 2003 —04 to better record bird use of
the entire study area. Starting locations alternated
weekly between Indian Point and Point Petre (Fig.
1). Observers were able to obtain total counts for
the North Shore, West End, South Shore, and False
Ducks areas. However, road access to the Lake
Shore survey area was limited and total numbers of
birds were estimated from three locations encom-
passing 5% of the total area. We used linear scaling
(i.e., we divided the number of birds estimated in
5% of the study area by 0.05) to estimate the popu-
lation of birds in the entire Lake Shore area. Ducks
were fairly evenly distributed along the Lake Shore
area (personal observation), and this likely reduced
error associated with estimations.

Visual coverage of areas differed due to variation
in topography across the study area. Bluffs at West
End, South Shore, and False Ducks made it possible
to survey birds accurately up to 4 km from shore.
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However, due to low elevations of survey routes
along North Shore and Lake Shore, 2 km was con-
sidered the maximum distance birds could be
counted accurately. Observations from shore with a
spotting scope throughout winter, as well as an aer-
ial survey conducted on 23 February 2004, estab-
lished that nearly all birds (> 95%) were within 1
km of shore. Surveys took approximately 4 h to
complete and start times were cycled equally be-
tween 1) 800 h, 2) 1000 h and 3) 1200 h. When vis-
ibility was poor, surveys were delayed until the
following day. Observations were made with a 10-
60x spotting scope and 10 x 40 binoculars. Ice cov-
erage (%) of each survey area was estimated by
drawing the extent of ice onto a map comprised of a
grid made up of 500-m x 500-m cells. Percent ice
coverage was determined by dividing the number of
cells that were at least 50% ice by the total number
of cells within a study area. Because size of survey
areas differed and available habitat changed weekly
due to ice coverage, survey data were standardized
by calculating the number of birds/square km of
open water for each survey division.

Instantaneous observations were conducted dur-
ing counts for buffleheads, common goldeneyes,
and long-tailed ducks (Altman 1974). Observations
included number of birds, primary activity of the
flock (i.e., feeding, loafing), distance of flock from
shore (recorded with a rangefinder [Bushnell
Yardage Pro 1000] and/or known landmarks), and
degree of spatial segregation with other species.
Distance from shore and bathymetry maps were
used to estimate foraging depth. The degree that
other species were grouped with observed flocks
was scored as: 0) not grouped—average birds > 20 m
apart, 1) loosely grouped—average birds between
2-20 m apart, and 2) tightly grouped — average
birds < 2 m apart. Birds generally surfaced within a
few meters of an initial dive. We assumed that a
distance of 20 m was an adequate distance to pre-
clude interaction of diving ducks foraging on the
benthos. Waterfowl surveys were not conducted at
Lake Shore during 2002-03, but detailed 30-min
flock scans were conducted during 2002-03. To in-
clude all survey areas in analyses of flocking be-
havior, data from 30-min flock scans (conducted as
part of a larger study on behavior of diving ducks;
see Schummer 2005) were included with instanta-
neous observations from waterfowl surveys to in-
corporate a wider range of study dates and potential
environmental conditions. Half-hour flock scans
produced the same type of data as instantaneous ob-
servations because flock scans conducted every

minute were averaged for the entire 30-min. Half-
hour flock scans were conducted during daylight
hours with 10 X 40 binoculars and/or a 10-60x spot-
ting scope. We distributed observations evenly be-
tween morning (sunrise to 1000), midday (1000 to
1400), and evening periods (1400 to sunset). Flocks
were arbitrarily selected by swinging the scope
across the range of visible flocks and selecting the
one closest to the center of field of view when the
scope came to rest (Quinlan and Baldassarre 1984,
Lovvorn 1989, Poulton et al. 2002). Observations
of behavior were conducted every 60 s for 30 min
(Goudie and Ankney 1986) and included number of
ducks, activities of individual ducks (e.g., feeding,
loafing), average distance of the flock from shore,
and degree of spatial segregation with other
species. Data from flock scans conducted every
minute were averaged for the entire 30 min period.

Statistical Analyses

Autumn and Spring Benthic Sampling

Water depth can have a strong influence on abun-
dance of benthic macroinvertebrates (Barton 1986,
Stewart and Haynes 1994). Because of an uneven
sampling scheme at deeper depths, analysis was re-
stricted to < 2, 5, and 10 m. Furthermore, > 90% of
diving ducks were observed feeding in water less
than 10 m deep (Schummer 2005). However, we
graphically presented means +SE deeper than 10 m
for descriptive purposes. We assumed that the same
amount of bottom area was covered with each sam-
ple. However, we were unsure of the distance sam-
pled during drags because we were unable to
estimate boat speed during sampling periods that
only lasted 5 s. Therefore, we used number of
macroinvertebrates/sample in statistical analyses.
Macroinvertebrate data were tested for normality
and log-transformed (In) where appropriate, to
achieve approximate normality of residuals and ho-
mogeneity of variance.

We used analysis of variance (ANOVA, PROC
GLM, SAS Institute Inc. 1990) to determine if
numbers of macroinvertebrates in each taxon dif-
fered by year, season, location, and depth. Year,
season, location, depth, and all interactions were
used as categorical variables to examine variation
in numbers of Gastropoda (Valvatidae, Hydrobi-
idae, Pleuroceridae, Lymnaeidae, Physidae, and
Planorbidae), dreissenid mussels (quagga and zebra
mussels combined), Trichoptera, Chironomidae,
Amphipoda, and Isopoda per sample. Dreissenid
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mussels were combined because zebra mussels ac-
counted for a low percentage (< 2%) of total mus-
sels and quaggas dominated all samples.
Sphaeriidae, Oligochaeta, Bythniidae, and Ancyli-
dae represented a small portion (< 1% combined) of
macroinvertebrates collected, were not consumed
by diving ducks (Schummer et al. 2008), and subse-
quently, were not included in the analyses. Statisti-
cal models and differences among means were
considered statistically significant at P < 0.05, but
worthy of biological interpretation and discussion
at P < 0.10. Only significant interaction terms were
included in tables. P-values for all main effects in-
cluded in interaction terms were included whether
significant or not.

Winter Benthic and Nektonic Sampling

For each macroinvertebrate taxon, we used gen-
eral linear models (PROC GLM, SAS Institute Inc.
1990) to determine if abundance differed by loca-
tion, date and location x date. Data were tested for
normality and log transformed (In) where appropri-
ate. Depth was not included as an independent vari-
able in the models because depth was relatively
constant (range approximately 0.5-2.0 m) when
sampling nearshore areas. Sampling location was
used as a categorical variable and sampling date as
a continuous variable to examine variation in num-
bers of shell-free dreissenid mussel tissue, dreis-
senid mussels (quagga and zebra mussels
combined), Amphipoda, Chironomidae, Tri-
choptera, Valvatidae, Hydrobiidae, Pleuroceridae,
Lymnaedae, Physidae, Planorbidae, and Isopoda per
meter sampled.

Waterfowl Surveys

General linear models (PROC GLM, SAS Insti-
tute Inc. 1990) were used to determine density and
habitat use patterns of ducks. Sampling location was
used as a categorical variable and sampling date as a
continuous variable to examine variation in number
of ducks per square km of open water throughout
winter. When location was found to be significant
we used Tukey’s Honest Significant Difference
(HSD) to determine differences in mean duck use
between locations. When date was found to be sig-
nificant by location, slopes () from general linear
models were used to determine if numbers of birds
were increasing or decreasing within each survey
area (PROC REG, SAS Institute Inc. 1990).

The distance from shore that flocks foraged and

regularity of mixed species flocks were used as
fine-scale measures of spatial distributions of birds.
Because observers could not accurately determine
the distance flocks were from shore beyond 500 m,
data were categorized as < 50, 51-250, 251-500
and > 500 m. To better identify interactions be-
tween numbers of macroinvertebrates and diving
duck use, only flocks of birds that were primarily
foraging were used to analyze distributions of birds
within distance categories. Within survey location
we determined if species were distributed equally
across distance categories using a chi-square test
(PROC FREQ, SAS Institute Inc. 1990). Multivari-
ate analysis of variance (MANOVA) was used to
determine if overall flock grouping scores, ranging
from 0-2, differed among species, location and
species X location (PROC GLM, SAS Institute Inc.
1990). Wilks’ A was used as the test statistic. Fol-
lowing a significant MANOVA, univariate analyses
were used to determine if flock grouping scores dif-
fered between locations for each species (PROC
GLM, SAS Institute Inc. 1990). We used Tukey’s
Honest Significant Difference (HSD) to determine
differences in mean flock grouping scores between
locations for each species.

General linear models (PROC GLM, SAS Insti-
tute Inc. 1990) were used to determine if the num-
ber of nearshore macroinvertebrates influenced
densities of buffleheads, common goldeneyes,
and/or long-tailed ducks within survey divisions.
Data were tested for normality and log transformed
(In) where appropriate. For each major survey divi-
sion, mean number of macroinvertebrates were esti-
mated from winter benthic and nektonic samples
collected within seven days preceding waterfowl
surveys and used as predictors of weekly densities
of buffleheads, common goldeneyes, and long-
tailed ducks (PROC GLM, SAS Institute Inc.
1990). We also used macroinvertebrate densities as
predictors of mean weekly duck use within survey
divisions (PROC GLM, SAS Institute Inc. 1990).

RESULTS
Autumn and Spring Benthic Sampling

Numbers of macroinvertebrates did not change
from fall through spring in a consistent manner
throughout Prince Edward Bay (Appendix 1). Sig-
nificant interactions of season with depth and loca-
tion were more common than seasonal effects
alone. Overall, macroinvertebrate numbers were
most influenced by depth and sampling location
(Appendix 1, Fig. 2). Dreissenid mussels did not
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FIG. 2. Mean total number of invertebrates (+ SE) per benthic sample by depth and location at
Prince Edward Bay, Lake Ontario, 2002-03 and 2003-04. Note: samples were not collected at
Flatts or Van Duesan Points at 20-m or 25-m depth intervals.

decline from fall through spring, comprised the
majority of the macroinvertebrate community at all
sampling locations (range = 81.0%—-88.3%),
and greatly influenced trends in total macroinverte-
brates in Prince Edward Bay. The remainder of the
community consisted primarily of Gastropoda
(range = 2.43%—-4.76%), Chironomidae (range =
2.15%-7.36%) and Amphipoda (range =
3.46%-5.82%). Lower numbers of Gastropoda per
sample were documented during spring than fall at
nearly all sampling locations (Appendix 1). Sea-
sonal declines in numbers of Amphipoda and dreis-
senid mussels per sample were greater at False
Ducks than other sampling locations (Appendix 1,
Fig. 3). Large decreases in dreissenid mussels oc-
curred from fall through spring at shallow areas of
False Ducks, but this relationship was not evident at
deeper sampling locations or for most sampling lo-
cations at the western end of the bay (Appendix 1,
Fig. 3; SEASON x LOCATION x DEPTH effect).
Numbers of Chironomidae and Amphipoda differed
by season and location. Numbers of Chironomidae
were greater in spring than fall at nearly all loca-
tions sampled (Appendix 1). Similar to mussels,

numbers of Amphipoda decreased at False Ducks
but not at other sampling locations (SEASON X
LOCATION effect). Trichoptera and Isopoda com-
prised a small percentage of the benthic macroin-
vertebrate community and followed a similar
pattern of limited seasonal influence and strong
depth and location effects.

Winter Benthic and Nektonic Sampling

Variation in ice cover limited accessibility to
some of the sampling locations in winter. Lake
Shore was regularly accessible (nektonic n = 111
samples collected, benthic n = 75) but nearshore ice
(usually < 10 m from shore) at False Ducks (nek-
tonic n = 18, benthic n = 15), South Shore (nektonic
n = 27, benthic n = 12), and North Shore (nektonic
n = 24, benthic n = 12) resulted in reduced sample
sizes (Table 1). In contrast to fall and spring benthic
samples, winter samples were comprised mostly of
Amphipoda (11.8%) and Chironomidae (65.1%;
Table 1). Samples also included dreissenid mussels
(11.1%), dreissenid tissue (9.1%), and fish eggs
(1.5%). Macroinvertebrates collected in benthic and
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FIG. 3. Mean numbers of A) dreissenid mussels
and B) Amphipoda (£ SE) per benthic sample at
different locations and/or depths by season at
Prince Edward Bay, Lake Ontario 2002-03 and
2003-04. Abbreviations: FD = False Ducks, SS =
South Shore, FL = Flatts Point, VD = Van Duesan
Point.

nektonic samples did not decrease in abundance
throughout winter and were most abundant at False
Ducks and Lake Shore (Table 1).

Waterfowl Use

Long-tailed ducks were most abundant through-
out winter followed by common goldeneyes and
buffleheads (Table 2). Use of survey areas differed

by species and changed over time during both win-
ters (Table 2). Lake Shore and False Ducks re-
ceived the highest and most consistent use of all
survey areas even prior to periods of increased ice
coverage during mid-winter. Diving ducks used the
west end of the Prince Edward Bay until ice forma-
tion, when birds relocated east towards False Ducks
and Lake Shore (Table 2). Only long-tailed ducks
were regularly observed at South Shore. Densities
of buffleheads (B = 0.27, 12 = 0.10, F; 4, = 4.34, P
= 0.043), common goldeneyes (f = 0.13, r2 = 0.09,
Fi, 42 = 4.30, p = 0.0444), and long-tailed ducks
(B =0.20, 12 = 0.15, Fy_ 4 = 5.43, P = 0.022) were
positively associated with areas of higher nearshore
food abundance as calculated from winter benthic
and nektonic samples. Densities of all species com-
bined were also positively associated with food
abundance in nearshore areas (f = 7.17, r2 = 0.91,
F 1.3=20.17, P = 0.046; Fig. 4).

The distance from shore that flocks foraged (n =
1123 flocks) differed by species within survey loca-
tions (False Ducks, x? = 174.37, df = 6, P < 0.0001;
Lake Shore, x2 = 136.12, df = 6, P < 0.0001; North
Shore, x2 =218.32, df = 6, P < 0.0001; South Shore
[LTDU and COGO only], x2 = 198.84, df = 3,
P < 0.0001; West End, x2 = 107.17, df = 6, p <
0.0001; Fig. 5). Flock mixing scores differed by
species and location (MANOVA; df = 2057, Wilks’
A =0.95, P < 0.01). Buffleheads had the highest
flock mixing scores and frequency of flock mixing
followed by common goldeneyes and long-tailed
ducks (Table 3). Mixed species flocks were most
common at Lake Shore and False Ducks. Mixed
flocks of buffleheads and common goldeneyes
where also common at North Shore and West End
where long-tailed ducks were relatively absent. No
mixing of species was observed at South Shore.

DISCUSSION

We predicted that the large number of diving
ducks wintering on northeastern Lake Ontario
would cause a decrease in food abundance through-
out winter. Although differences in macroinverte-
brate densities by location and depth likely
influenced habitat use by diving ducks, we found
little evidence to suggest that foraging by diving
ducks caused decreases in macroinvertebrate abun-
dance during winter. Furthermore, patterns of habi-
tat use and flocking behavior differed by species,
but did not change throughout winter in a manner
consistent with decreasing availability of food. Had
food become limiting, we would have expected in-
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TABLE 1. Mean (= SD) number of macroinvertebrates per meter sampled (median, maximum) at four
locations along the southeast shoreline of Prince Edward County, Lake Ontario, Canada, January—March
2004.
Location
Lake Shore False Duck North Shore South Shore Effects (F, P)*
Benthic
Taxon n=75 n=15 n=12 n=12 Ldf3,110 Ddf3,110 LXDdfg’”O
Dreissenid 3.39+17.16 2.19 £4.97 0.27 £0.40 1.45+4.72 ns ns ns
mussel whole (0, 116.00) (0.10, 15.58) (0.08,1.19)  (0.04, 16.42)
Dreissenid 3.20x+7.11 1.06 = 3.00 0.99 = 2.66 0.02 = 0.06 3.19, ns ns
mussel tissue  (0.36, 33.60) 0, 11.20) (0.09, 9.33) (0,0.21) 0.03
Chironomidae 17.04 +=38.86 36.92 + 86.36 6.81 £9.41 0.31 +£0.76 2.98, ns ns
(1.82,198.55) (1.00,278.13) (1.96, 30.81) (0, 2.64) 0.03
Amphipoda 3.37+£8.21 5.91+19.04 0.43 = 0.80 0.09 +0.09 3.83, ns ns
(0.57,48.00)  (1.04, 74.67) (0.13, 2.81) (0, 0.10) 0.01
Total 28.12 +54.83 47.17 £107.01 8.45+12.22 1.90 + 4.93 3.26, ns ns
invertebrates  (3.00, 264.73) (3.20,377.07) (2.21,36.25) (0.22,17.25) 0.02
Location
Lake Shore False Duck North Shore South Shore Effects (F, P-value)*
Nektonic
Taxon n=111 n=18 n=24 n=27 Ldf3,176 Ddf3,176 LXDdf9’176
Dreissenid 00 00 0+0 0+0 n/a
mussel whole
Dreissenid 0.21 £0.11 0.13+0.11 0.01 £0.01 0.01 £0.01 ns ns ns
mussel tissue 0, 12.42) (0, 2.00) 0, 0.17) (0, 0.10)
Chironomidae  0.61 £ 0.13 1.54 +1.03 0.04 +£0.02 0.01 +£0.01 5.70, ns ns
(0.08, 9.06) (0.06, 18.57) (0, 0.25) (0, 0.06) <0.01
Amphipoda 0.33 £0.20 0.39+£0.32 0x0 0x0 2.29, ns ns
(0, 22.67) (0, 5.86) 0.08
Total 1.21 +£0.40 2.09 + 1.49 0.05 +0.02 0.01 +£0.01 6.59, ns ns
invertebrates (0.25,41.74)  (0.11, 27.00) (0, 0.42) (0, 0.18) <0.01

* L = Location, D = Date

creases in spatial segregation as species began to
specialize within habitats where food items existed
that they were best adapted to exploit. Furthermore,
aggression was not observed (Schummer 2005),
again suggesting that food was readily available
(Lima 1986).

Declines in some taxa of benthic macroinverte-
brates might not have resulted from predation by
diving ducks. Excluding Amphipoda and dreissenid
mussels, declines in benthic macroinvertebrates

were observed both in areas covered by ice
throughout winter and areas that were relatively
ice-free, exposed for months to foraging by diving
ducks. Non-predatory decreases in invertebrates
have been recorded within aquatic systems during
winter and are often attributed to extent of ice cov-
erage, length of winter, anoxia, senescence of
macrophyte vegetation, and physiological cycles
(Barton and Griffiths 1984, Thorp and Covich
1991). However, reductions in Amphipoda and
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TABLE 2. Mean (+ SD) number of diving ducks per square km of open water and trend in abundance
(B, P-value) along the southeast shoreline of Prince Edward County, Lake Ontario, Canada,

December—-March, 2002-2004.

Location*
Species™  Yearys West End North Shore South Shore False Ducks Lake Shore Total Area
BUFF  2002-03;35 0.15+0.102b 2.62 + 1.63b 0.00 £0.002  1.16 = 0.733b Not surveyed  0.98 £ 0.45
(-0.01, 0.09) (0.02, 0.05) (—) (0.01, ns)
2003-04;7 0.04 £0.032  0.37 +0.182 0.00 = 0.002 3.87+1.45>  40.02+12.72¢ 8.86+3.26
(-0.01, ns) (0.01, ns) (—) (0.02, ns) (-0.01, ns)
COGO 2002-03;5 10.21 £4.132 3236+ 19.942 0.01 £0.01> 67.94 47912 Not surveyed 27.63 =13.13
(-0.03,0.02) (0.03, 0.05) (-0.01, ns) (0.03, ns)
2003-04;p 5.97 £3.172b 19.97 +£15.05> 0.02+0.012 16.25+5.14> 86.38 +22.15¢ 25.72+6.77
(-0.04, 0.01) (0.01, ns) (-0.01, ns) (0.03, 0.09) (0.04, 0.02)
LTDU 2002-03;35 8.84 +£8.252 66.73 + 66.662 33.55 + 14.302b 371.73 = 184.0> Not surveyed 120.21 +51.68
(-0.01, ns) (0.03,0.09) (-0.05, <0.01) (0.03, ns)
2003-04;p 0.17 £0.122  0.89 £0.732 250.75 + 205.7°338.54 + 154.4b 148.26 +29.60b 147.72 + 53.09
(0.01, ns) (0.02, ns) (0.01, ns) (0.05, 0.04) (-0.03, ns)
Total 2002-0313 20.08 = 11.522104.66 + 81.863b 33.74 + 14.322 442.05 +225.7> Not surveyed 150.12 + 62.94
diving (-0.04,0.02) (0.04,0.05) (-0.05,<0.01) (0.02, ns)
ducks

2003-04;p 13.70 + 6.872 21.62 + 14.952b 250.8 + 205.7b¢360.23 + 158.5¢d 292.04 + 61.154 187.69 + 55.01

(=0.06, < 0.01)  (0.02, ns)

(0.02, ns)

(0.05, 0.04) (0.00, ns)

* Locations followed by the same letter are not statistically different (Tukey HSD, P < 0.10)
** BUFF = bufflehead, COGO = common goldeneye and LTDU = long-tailed duck

dreissenid mussels observed at False Ducks could
be due to foraging by diving ducks. Buffleheads,
common goldeneyes, and long-tailed ducks regu-
larly feed on Amphipoda and dreissenid mussels
(Hamilton and Ankney 1994, Custer and Custer
1996, Ross et al. 2005, Schummer er al. 2008).
Shorelines of False Ducks were exposed to high
levels of ice scouring, which could explain de-
creases in mussels in areas < 2 m. However, de-
creases in numbers of mussels were also evident at
5 m, and it is unlikely that ice scouring caused these
seasonal changes. Previous research indicates that
diving ducks can cause decreases in densities of
dreissenid mussels, but that these effects were
short-term because of recolonization (Hamilton et
al. 1994). Similarly, we found large numbers of
Amphipoda and dreissenid mussels the following
fall at False Ducks where birds had presumably
nearly eliminated them the winter before, support-
ing that foraging effects were short-term.

Abundant nearshore macroinvertebrates that ap-

pear to have accumulated due to wave action, ice
scouring, and lake currents likely mitigated effects
of declines in dreissenid mussels and Amphipoda
that occurred in more stable benthic food patches,
such as at False Ducks. No decreases in dietary in-
take of Amphipoda or dreissenid mussels were seen
throughout winter for buffleheads, common gold-
eneyes, or long-tailed ducks (Schummer et al.
2008). Rather, the False Ducks area continued to
be utilized by foraging waterfowl throughout winter
and nearly all long-tailed ducks collected in this
area in February and March had eaten dreissenid
mussels (Schummer et al. 2008). Overall, these
findings indicated that lower threshold levels of
food availability had not been reached throughout
the study area.

Our data supported a hypothesis that abiotic fac-
tors such as wave action, ice scour, upwellings,
local geology, and nutrient availability can affect
numbers of nearshore macroinvertebrates (Krecker
and Lancaster 1933, Barton and Hynes 1978, Bar-
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FIG. 4. Comparison between densities of ducks
and invertebrate densities along the southeast
shoreline of Prince Edward County, Lake Ontario,
January to March 2003-04.

ton and Griffiths 1984, Barton 1986, Wisenden and
Bailey 1995). Fall and spring sampling indicated
that macroinvertebrates were more abundant farther
from shore. However, in areas susceptible to abiotic
factors such as wave action and ice scouring during
winter (i.e., Lake Shore, False Ducks), nearshore
macroinvertebrates were distributed in a patchy
manner but highly abundant. A mean of approxi-
mately 100 macroinvertebrates/m?2 (mostly Am-
phipoda and Chironomidae) were available in
nearshore areas and densities did not decline
throughout winter. However, this resource was
highly variable on temporal and spatial scales. Our
winter density estimates should be considered con-
servative because we were unable to sample during
high wave conditions, when we observed macroin-
vertebrates being concentrated into nearshore areas.
Consistently high densities of macroinvertebrates
throughout winter were unexpected because the flat
limestone bedrock that predominated the study area

does not provide ideal substrate for burrowing Am-
phipoda and Chironomidae (Nalepa and Robertson
1981, Thorp and Covich 1991, Gonzalez and
Downing 1999). However, increased surface area
provided by shells of live and dead dreissenid mus-
sels allows for colonization of normally unsuitable
rock substrate by macroinvertebrates (Dermott et
al. 1993, Stewart and Haynes 1994, Wisenden and
Bailey 1995, Gonzales and Downing 1999, Kuhns
and Berg 1999). These areas may not be stable
habitats throughout the year, possibly resulting in
colonization during summer and removal by scour-
ing during winter storm events (Hamilton et al.
1994) that makes them available to ducks in
nearshore areas.

Previous studies indicate that diving ducks gener-
ally select habitats with increased food abundance
(Nilsson 1972, Stott and Olson 1973, Perhsson
1976, Guillemette et al. 1993). Although food ap-
peared to be abundant in northeastern Lake Ontario
in winter, its spatial/temporal availability varied
substantially in nearshore areas where many birds
fed. This variation, coupled with consistently
changing ice conditions, likely resulted in a rela-
tively unpredictable food resource for some diving
ducks. Food already distributed in patches, consis-
tently moving during storm events, was likely made
more unpredictable by short periods of thin lake ice
when openings in the ice may or may not have been
positioned over abundant food resources. There-
fore, while food was highly abundant and did not
decrease substantially throughout winter, the unpre-
dictability of environmental conditions could tem-
porally limit food availability and birds should
decrease search time by remaining near locations
where food was available in the recent past.

Selection of foraging patches includes trade-offs
between various factors including food availability,
energy density of available foods, handling time of
prey, and costs associated with diving to deeper
depths (Woakes and Butler 1983, Krebs and Davies
1991, Ydenburg and Guillemette 1991). Foraging at
shallow depths probably requires less energy ex-
penditure, but may not be profitable if food and/or
nutrient availability is below threshold levels. An
inverse relationship between numbers of benthic
macroinvertebrates and depth is the pattern nor-
mally found in many aquatic systems (Golikov and
Scarlato 1973, Jansson and Kautsky 1977, Barton
and Hynes 1978, Barton 1986, Kilgour et al. 2000).
However, benthic macroinvertebrates on the Great
Lakes generally follow a unimodal distribution with
highest abundance at 10—15 m, lower abundance in
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nearshore areas and limited abundance of benthic
macroinvertebrates beyond 30 m (Barton and
Hynes 1978, Barton 1986, Kilgour et al. 2000).
When abiotic factors do not increase the number of
nearshore macroinvertebrates, more food is avail-
able to birds that can forage in deeper water. How-
ever, during winter, shallow water areas along
exposed coastlines are susceptible to wave action
and, subsequently, these areas in which Amphipoda
and Chironomidae accumulated also received the
highest use by diving ducks. Areas with lower con-
centrations of macroinvertebrates (i.e., North Shore
and South Shore) received less use by buffleheads,
while common goldeneyes and long-tailed ducks
fed in these areas but did so farther from shore.
Buffleheads normally do not forage in water deeper
than 3 m and appear to be physiologically con-
strained in this manner (Erskine 1971). Therefore,
while food is present at depths beyond 3 m, this
food is not actually available to buffleheads. In con-
trast, common goldeneyes forage to 9 m (Olney and

Mills 1963) and long-tailed ducks have been
recorded foraging as deep as 60 m (Schorger 1951,
Ellarson 1956). Diving ability coupled with differ-
ential needs of species due to energetic costs related
to body size likely explains species differences in
habitat use during winter.

Common goldeneyes and long-tailed ducks nor-
mally accompanied buffleheads in nearshore areas,
but the few common goldeneyes and long-tailed
ducks that foraged further from shore were often
found in species-specific flocks. This community
structure increases the potential for interference
competition for buffleheads, while common gold-
eneyes and long-tailed ducks can reduce competi-
tion via habitat selection. However, little
aggression, territoriality (Schummer 2005), or habi-
tat segregation among diving ducks was observed
during the study, further suggesting that food was
not limiting. Small-bodied birds such as buffle-
heads are more energetically constrained than larger
waterfowl (Calder 1974) and may not have been



Schummer et al.

66

‘1ede wg > spiq 93eroae—padnoid AYSn (g pue ‘yrede W ()g—g U99mI2q SPIIq 95BIdAE

—padnoi3 A[asoo] (] rede wg < spiiq 93e19AL—padnois Jou (() :SB PaI0dS Sem SYOO[J PIAIdSqO YIm padnoi3 arom saroads 1a30 Jey) 90139p Ay, 4
(01°0 > d ‘ASH A9n]) SUONEBIO] U9MI2q JUIAIJIP A[[BI1ISIIBIS JOU Ik I))9] dwes Y} AQ pamo[[0} $2109s Furdnoi3 saroads [enpIaIpuy ..

3[qe) JO 9pIs o[ umop Jeadde SO0 PaAIasqo Yiim paxiw saroads pue doy ssoioe seadde sYO0[) PaAIasqQ x

BTYYE BY6'EL %8L'ES BOLHS %000 %000 %96°L  %HLIY9 %880 %000
(€9°0)  (LL0) (cL0) (8L0) (00'0)  (00°0) Or0)  (97°0) (¢ro) (000 nari
— o¥0 10T — 690 €0 — 000 000 — €10 00 — 100 000 »
£
m
%SS 6% BYTLL BYY'TT %9909 %000 %000 %00°8T BEEEL %606 BEE VY e
(€L°0) (€L0) (¥S0) (6L°0)  (00°0) 00°0) (LL°0) (LLo)  (0g0) (t¥0) 0500 T
v90  — €I't 90 — T80 000 — 000 €0 — 880 010 —  ¥90 z
z
%8y 0E %YTYT BYT6 BSTOE %000 %000 %008 %TH'Y %000 %6E'8 q
(8900 (09°0) (1+°0)  (£9°0) (000 (00°0) (0r'0)  (9¢0) 000 (1+°0) d4Nnd
o0 0€0 — TIO 90 — 000 000 — 600 00O — 000 110 —

(1o (cre) (g (coe) (61D (19) (€2 (9) o 6 (D G  anD (s Le)
>NALT pODOD qddNd aNALT 50900 ddNd =NALT v0D0D J4Nd wNALT 2qeOD0D vddNd eNALT vOD0D eddNd

(1) SIDOTd AAAYHSHO

Q10yS oYe] syon( 9sred 210YS yInos pug 1S9M QI0YS YMON

“LxYonp popwi-3uo] = NALT
‘afouap)os uowwodr = 99O ‘proyayffng = JJNg SUOYDIA21GqQY ‘FO—-E00T PUD £0-Z00T YIPW—L2QuIdId( ‘OLIDIU() IYD] ULIISDI
=ypd0u U0 423uIM Surinp syonp suiaip fo (%,) surdno.s yooyf fo Kouanbaif Kq pamojjof sa.103s Surdno.s yooyf (S ) uvopy ‘€ TGV



Invertebrate and Diving Duck Interaction on Lake Ontario 67

able to modify behavior to avoid mixed species
flocking. Considering that food did not appear to be
limiting throughout winter, it is more likely that so-
cial interactions helped buffleheads, common gold-
eneyes and long-tailed ducks to locate and exploit
food in nearshore areas during the energetically
costly winter period. Furthermore, because buffle-
heads remained in nearshore areas of highly abun-
dant food, it is possible that common goldeneyes
and long-tailed ducks used the presence of buffle-
heads as an indicator of food availability. Water-
fowl often feed by local enhancement, joining other
waterfowl already feeding (Hinde 1961, Poysi
1986). Similar findings have been reported for bird
communities using marine systems that exploit food
near upwellings (Horn 1968, Cody 1974, Foreno et
al. 2004). Our results are consistent with habitat se-
lection and mixed species flocking behavior often
associated with superabundant food resources.
Community structure coupled with direct measure-
ment of food resources suggest that food was not
limiting to diving ducks on our study area. Further-
more, our results suggest that thermoregulatory
costs associated with body size (Calder 1974) and
differential diving ability of birds could also influ-
ence habitat selection. Our observations indicate
that abiotic factors could greatly influence numbers
of nearshore macroinvertebrates on northeastern
Lake Ontario and this relationship requires further
investigation to fully understand availability of
foods to diving ducks during winter throughout the
Great Lakes.
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APPENDIX 1. Factors influencing numbers of macroinvertebrates during late-October and April,
2002-03 and 2003-04, at Prince Edward Bay, Lake Ontario; Y = Year, S = Season, D = Depth, L = Loca-
tion.

Mean (SE)
Taxon g Model 4¢ R? F P Fall Spring
Mollusca
Gastropoda 3, 125
YXxD, 0.03 2.80 0.0644 232.47 148.49
(49.01) (70.24)
SxLj 0.04 2.87 0.0389
DXLg 0.14 5.14 < 0.0001
Year ; 0.01 2.06 0.1541
Season 0.06 14.49 0.0002
Depth , 0.11 12.23 < 0.0001
Location ;3 0.03 2.56 0.0580
Valvatidae »7 16 YXDXL 4 0.08 2.03 0.0317 101.96 89.56
(35.74) (63.19)
SxLj 0.03 3.01 3.0332
DxLg 0.17 8.17 < 0.0001
Year 0.01 1.77 0.1855
Season 0.03 7.92 0.0058
Depth , 0.03 8.16 0.0005
Location ;3 0.22 21.17 < 0.0001
Hydrobiidae |, 13 SxL; 0.07 4.72 0.0037 81.50 59.89
(15.87) (22.54)
SxD, 0.02 2.39 0.0953
Year ; 0.05 9.74 0.0022
Season 0.03 6.04 0.0153
Depth , 0.12 11.23 < 0.0001
Location ;5 0.05 3.04 0.0312
Pleuroceridae 55 113 SxDXxL 0.14 2.93 0.0019 2.41 3.49
(0.81) (1.17)
Y XS 0.02 4.50 0.0360
DxLg 0.08 3.05 0.0082
Year ; 0.01 2.56 0.1119
Season 0.01 2.69 0.1039
Depth , 0.15 17.09 < 0.0001
Location ;3 0.11 8.52  <0.0001
Lymnaeidae |} 32 DxLg 0.14 3.88 0.0014 10.15 4.38
(5.04) (1.88)
Depth , 0.03 2.34 0.1002
Location 3 0.05 2.97 0.0343
Physidae 19 124 YXSXLj 0.06 5.00 0.0026 12.00 1.72
(3.10) (0.74)
YxS, 0.02 5.59 0.0197
Y xL; 0.06 5.07 0.0024
YXD, 0.03 3.93 0.0221
SxLj 0.03 2.37 0.0742
Year 0.00 0.01 0.9393
Season 4 0.09 21.90 <0.0001
Depth , 0.00 0.50 0.6092

Location 3 0.06 5.10 0.0023
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APPENDIX 1. (Continued).
Mean (SE)
Taxon g Model 4¢ R? F P Fall Spring
Planorbidae g ;35 Y xS, 0.05 7.83 0.0059 15.41 7.28
(4.94) (2.93)
Year 4 0.02 3.56 0.0612
Season 4 0.00 0.55 0.4594
Depth , 0.04 3.04 0.0510
Location 3 0.07 3.97 0.0096
Bivalvia
Dreissenid 23,120 SxDxL 11 0.07 1.87 0.0495 3260.30 5960.06
(560.93) (2173.08)
DXLg 0.21 9.63 < 0.0001
Season 0.00 0.49 0.4845
Depth , 0.25 34.03 < 0.0001
Location 3 0.03 2.72 0.0474
Insecta
Trichoptera 26, 117 YXxDXL 11 0.10 1.99 0.0349 8.74 242
(3.09) (0.64)
SxD, 0.03 3.49 0.0336
DxLg 0.09 3.28 0.0051
Year | 0.03 5.45 0.0213
Season 4 0.01 2.07 0.1527
Depth , 0.10 11.00 < 0.0001
Location 3 0.07 5.18 0.0021
Diptera
Chironomidae ;3 139 DXxLg 0.06 2.38 0.0324 78.87 216.02
(24.18) (55.65)
Year | 0.08 18.79 < 0.0001
Season 0.06 13.99 0.0003
Depth , 0.12 13.54 < 0.0001
Location 5 0.05 3.39 0.0200
Crustacea
Amphipoda 19, 124 Y XL 3 0.04 3.30 0.0226 430.19 122.28
(100.15) (24.56)
SxLj 0.16 14.12 < 0.0001
DxLg 0.10 4.35 0.0005
Year | 0.00 0.17 0.6824
Season 4 0.10 25.47 < 0.0001
Depth , 0.06 7.84 < 0.0006
Location ;3 0.11 9.24 < 0.0001
Isopoda s ;33 Depth 5 0.16 14.87 < 0.0001 11.38 10.17
(4.65) (3.89)
Location ;3 0.07 4.51 0.0048






