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Effects of Water Level Fluctuations on Zebra Mussel 
Distribution in a Lake Erie Coastal Wetland 

Richard Bowers. and Ferenc A. de Szalay 
Kent Sate Universi& D6paIfment odBidcyita/ Sbemes 

Ksnl. Ohio 44?42 USA 

ABSTRACT 
In May-August 2002, we examined how seasonal water level changes and 

frequent wind-driven seiches limited the amount of habitat for zebra mussels (Dreissena 
polymorpha) in a Lake Erie coastal wetland. We counted numbers of veligers that 
colonized artificial substrates at different depths (1-17 cm, 18-34 cm and >34 cm below 
the water surface). Water levels decreased during the summer, and by August 
colonization plates set at 1-17 cm were exposed 85% of the time, plates set at 18-34 cm 
were exposed 15% of the time, but plates set at >34 cm were rarely exposed. The highest 
densities (numbers/m2) of colonization occurred in June (7176.1) and August (3 119.5), 
and this bimodal pattern has been observed in other Great Lake habitats. Densities were 
highest at >34 cm depths (5552.7), intermediate at 18-34 cm (2802.1) and lowest at 1-17 
cm (4 10.8). Veliger numbers on some plates in deep water levels were as high as 
10,000/m2, which are similar to densities in the Great Lakes. We also measured 
survivorship of adult mussels in wire mesh cages from 28 July to 25 August. Most 
(-90%) adult zebra mussels survived in both 18-34 cm and >34 cm water levels, but only 
-2% survived in 1 - 17 cm water levels. We determined the percent of Crane Creek Marsh 
in each of the three water depth zones and estimated that water level changes prevent 
zebra mussels from inhabiting 62% of this coastal wetland. The low survival of zebra 
mussels may be a reason why abundant unionids have recently been found in this and 
some other Great Lake coastal wetlands. 

INTRODUCTION 
There have been extensive studies in Europe and North American on the physical 

factors that limit zebra mussel (Dreissenapolymorpha (Pallas)) distributions in lakes and 
rivers (e.g., McMahon 1996, Karatayev et al. 1998). The zebra mussel is less tolerant of 
anoxia than native unionids, and it generally is not found in areas where dissolved 
oxygen is below 25% saturation (Karatayev et al. 1998, Matthews and McMahon 1999). 
The zebra mussel spawns in Lake Erie in June to September when water temperature is 
> 18°C (Garton and Haag 1993). The mussel can tolerate water temperature from 0 - 30' 
C, but it is quickly killed at subzero temperatures (McMahon 1996, Paukstis et al. 1997). 
The zebra mussel has planktonic larvae called veligers, and larger veligers (180-250 pm) 
settle out of the water column and attach to substrates with proteinaceous byssal threads 
(Marsden 1992). The adults are usually found attached to solid surfaces because they are 
susceptible to being dislodged and smothered in soft silty substrates (Toczlowski et al. 
1999, Karatayev et al. 1998, MacIsaac 1996). Adults can be found in wave-washed 
areas, but veligers in the water column are killed by exposure to turbulence (Honvath and 
Lamberti 1999, Rehman et al. 2003). Attached adults and larvae are susceptible to 
desiccation during water level drawdowns (Tucker et al. 1997, Paukstis et al. 1999), and 
Ricciardi et al. (1995) found that most die after about five days of aerial exposure at 20' 
C and 55% relative humidity. Small mussels and veligers are generally more susceptible 
to harsh environmental conditions than large adult mussels (Karatayev et al. 1998). Few 
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studies have examined how zebra mussels are affected by physical factors in wetlands. 
However, zebra mussels in Great Lake coastal wetlands and tidal wetlands are not 
common in shallow areas that are frozen in winter or are frequently dewatered (Brady et 
al. 1995, Strayer and Smith 2000). 

The Great Lakes have long-term (annual and seasonal) and short-term (daily) 
water level fluctuations, which impact the biota in the adjoining coastal wetlands 
(Keough et al. 1999). Annual water level changes are associated with yearly variation in 
precipitation. Seasonal water levels generally peak in early summer as runoff from 
snowmelt and current precipitation reach the lake. Short-term water level fluctuations 
include wind-generated seiches, which can cause water levels to change over 1 meter, 
and lake levels can oscillate for several days after a major storm (Maynard and Wilcox 
1997). These short and long-term changes can impact biotic community structure in 
coastal wetlands. For example, submersed plants are dominant during years of deep 
flooding, but emergent plants quickly colonize exposed mudflats during low water years 
(Chow-Fraser et al. 1998, Barry et al. 2004). Less is known about how water level 
changes affect invertebrate populations, but seiches may impact sessile invertebrates by 
intermittently exposing them to desiccation or freezing. 

The overall goal of this study was to determine the role that water level changes 
play in limiting the amount of zebra mussel habitat in Great Lake coastal wetlands. We 
tested this in a Lake Erie coastal wetland by measuring adult survivorship and veliger 
colonization at different water depths and by determining the frequency that the mussels 
were exposed by low water levels. We hypothesized that few zebra mussels would be 
found in areas that were frequently exposed by water level changes, and that juvenile 
mussels would be more affected by aerial exposure than adult mussels. 

METHODS AND MATERlALS 
Site Description 

Crane Creek Marsh is part of Ottawa National Wildlife Refuge in Ottawa and 
Lucas counties, Ohio. Crane Creek Marsh is protected from offshore waves by a dike. 
However, the marsh is connected to Lake Erie through a permanent 4-m wide opening in 
the dike. The 3 12 ha wetland is predominantly open water. Water levels in the 
downstream portion of the wetland where the study was conducted are up to 2 meters. but 
most areas are <SO cm deep. Benthic sediments are mostly deposits (10-50 cm) of soft 
inorganic silt clay. Zebra mussels are abundant in some deeper areas on stone rip-rap on 
dikes. 

Effects ofwater levelsfluctuations on zebra mussels 
During the study period, water levels in Crane Creek Marsh were recorded every 

30 minutes with a water level data logger (Model WL 14X, Global Water, Gold River, 
CA). Zebra mussel colonization was sampled from May to August 2002 in the creek 
channel -1 km away from Lake Erie. We counted numbers of zebra mussel veligers 
colonizing PVC plates (1 5 cm X 15 cm) that were roughened with sandpaper to create a 
suitable attachment surface (Marsden 1992). Because zebra mussels preferentially settle 
on surfaces with attached biofilm, colonization plates were conditioned for 14 days in 
plastic containers filled with filtered marsh water. We placed 12 wooden stakes spaced 1 
m apart along a transect. On 12 May, 24 June, 9 July and 5 August, colonization plates 
were attached to each stake at each of three water depths - 1 cm, 18 cm and 35 cm 
measured from the water surface to the top of the colonization plates (three plates per 
stake). After two weeks, plates were removed from the stakes, placed in plastic bags, and 
preserved with ethanol. Although a few plates were lost due to wave action, we 
recovered at least 33 of the 36 plates per date. We counted zebra mussels on each plate 
using 20 X magnification and Marsden (1992) to identify life cycle stages. 
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Adult zebra mussels were held in wire mesh cages (0.5 cm mesh; 3 12 cm3 
volume) to test effects of water level changes on survivorship. Zebra mussels were 
collected from riprap along the creek channel and held overnight in an aerated container 
filled with marsh water. On 28 July 2002,20 wooden stakes were placed one meter apart 
along a transect. Three cages were attached to each stake at the same relative elevations 
as the colonization plates (i.e., 1 cm, 18 cm, 35 cm water depths). Ten zebra mussels 
ranging in size from 1.5 - 2.0 cm were placed in each cage. We randomly removed five 
cages each week from each water level and counted the numbers of live zebra mussels 
until all cages were removed after four weeks. 

We estimated the percent of Crane Creek Marsh that was within each of our three 
water depth zones (i.e., <I8 cm, 18-34 cm, and >34 cm) to determine the amount of 
potential habitat for zebra mussels. For this, we used data collected in the previous year 
during a unionid survey at this wetland (Bowers and de Szalay 2004). In 200 1, 
coordinates of 77 sampling plots in the flooded portion of the wetland were randomly 
selected with GIs software, and these were located in the field with a GPS unit (Trimble 
Geoexplorer 111, Sunnyvale, California) during June through August. Water depths were 
measured at the deepest point in each sample plot. We had to standardize the 
measurements at each location to account for daily water level fluctuations. First, we set 
the water depth measured at the water level data logger on the first day of our 2001 
survey as our reference level. Next, we compared the reference level to the water depth 
measured at the water level data logger when each plot was sampled and added the 
difference to the depth measured in the plot. Since water depths at the water level data 
logger were 7.0 cm deeper in 2002 than 2001, we corrected for differences in water 
depths between years, and used these data to determine the percent of locations that were 
in each of the three water depth zones in 2002. 

Statistical analyses 
Two-way ANOVAs were used to compare zebra mussel colonization and 

survivorship among water levels and sampling dates. Data were log (X+l) transformed 
when they failed tests for normality or equal variance. Significant (P<O.OS) ANOVA 
tests were followed by Tukey's multiple comparison of means tests. All statistics were 
calculated with SPSS software (SPSS Inc., Chicago, Illinois). 

Figure I. Water levels in Crane Creek Marsh from 12 May to 30 August 2002. Solid lines 
show depths of zebra mussel colonization plates and wire mesh cages in each 
water level treatment (A= 1-17 cm, B= 18-34 cm, C=>34 cm). Plates were 
completely submerged when water levels were above the line indicating their 
depth. 
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RESULTS 
Hydrology 

From 12 May to 30 August 2002, the mean (1 SE) daily change at the water level 
data logger was 18.2 (0.01) cm. Some seiches were very pronounced and caused water 
levels to change over 40 cm in a 24 hour period (Fig. 1). Water levels peaked in June and 
declined 16.9 cm by August. The combined effects of seasonal changes and seiches 
caused water levels to fluctuate over a range of 78 cm during our study. Portions of the 
top (1-17 cm water levels) colonization plates were dewatered 10% of the time in May 
and June, 43% of the time in July, and 85% of the time in August. Portions of middle 
(18-34 cm water levels) plates were dewatered 0%, <I%, 0%, and 15% of the time in 
May, June, July, and August, respectively. Portions of the bottom (>34 cm water levels) 
plates were never dewatered in May, June, and July, but were dewatered <1% of the time 
in August. The average water depth in Crane Creek Marsh was 35 cm in 2002. The 
percent of sampling locations that were in <I8 cm, 18-34 cm, and > 34 cm water depth 
zones were 17%, 45%, and 38%, respectively. 

Effects of water levelf2uctuations on veliger colonization 
All zebra mussels found on PVC colonization plates were >160pm and were in the 

post-veliger and settling juvenile stages. There was ;treatment by sampling date 
interaction for zebra mussel colonization (F40.53; df=6,138; p<0.001). However, 
examination of the data showed that colonization increased from the shallowest to the 
deepest water levels on all dates (Fig. 2). Zebra mussel colonization pooled across all 
dates was different among all water levels (F=396.78; df=2,138; p<0.001). Mean [1 SE] 
numbers of zebra mussels per m2 were highest on the bottom plates (5552.7 [720.2]), 
intermediate on the middle plates (2802.1 [587.4]), and lowest on the top plates (410.8 
I133.61). Zebra mussel colonization was also different among sampling dates 
(F=1226.05; df=3,138; p<O.OOl). Mean [I SE] numbers of zebra mussels per mZ in June 
(7 176.1 [844.3]) and August (3 1 19.5 [699.9]) were higher than May (0) and July (1440.1 
[236.3]), and numbers in May were lower than July. 

May June Job August 

Figure 2. Zebra mussel colonization on 12 May, 24 June, 9 July, and 5 August 2002. 
Bars show mean (1 SE) number of zebra mussels/m2 on colonization plates in 
each water level treatment. 
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Effects of water levelfluctuations on adult survivorship 
Adult zebra mussels held in wire mesh cages were found mostly on the bottom 

edge of the cage. Therefore, we determined the amount of time that water levels dropped 
below the entire cage to estimate how frequently zebra mussels were exposed above the 
waterline. Zebra mussels in the top cages (1-17 cm water levels) were completed 
exposed during 4% of the time in week 1,6% of the time in week 2, 17% of the time in 
week 3 and 16% of the time in week 4. The middle cages (18-34 cm water levels) were 
never exposed in week 1, and were exposed during <1% of the time in weeks 2-4. The 
bottom cages (>34 cm water levels) were never exposed. 

There was a treatment by sampling date interaction for zebra mussel survivorship 
(F=34.9; df=6,60; p<0.001). Survival rapidly decreased from week 1 to week 4 in the top 
cages, but it remained high in all weeks in the middle and bottom cages (Fig. 3). Zebra 
mussel survivorship pooled over all dates was different among water levels (Fz103.6; 
df=2,60; p<0.001). Mean [l  SE] number of live zebra mussels per cage was less in the 
top cages (4.9 [2.4]) than in the middle and bottom cages (8.9 [0.24] and 9.2 [0.13], 
respectively). Zebra mussel survivorship also differed among sampling dates (F=35.96; 
dF3,60; p<0.001). Tukey's tests show that survivorships on weeks 1 and 2 were higher 
than weeks 3 and 4, and no other differences were detected. 

Week 

Figure 3. Survivorship of zebra mussels at different water levels from 28 July to 25 
August. Bars are mean (1 SE) number of live zebra mussels in wire mesh 
cages at different water levels on each date. 

DISCUSSION 
Our results indicate that zebra mussels are able to colonize artificial substrates and 

survive in Crane Creek Marsh. High numbers of zebra mussel veligers attached to the 
colonization plates on many samplin dates. For example, zebra mussels densities on ! many bottom plates were >10,00O/m in June. Others have reported comparable rates of 
veliger colonization within Lake Erie (Haag and Garton 1992, Garton and Haag 1993). 

Temporal patterns of veliger numbers had a bimodal distribution with the highest 
numbers occurring in June and August. Attached larvae were always in the early post- 
veliger stages, indicating that there were at least two spawning events. Many other 
studies have reported that zebra mussels have more than one spawning event per year 
(Garton and Haag 1993, Keppner el al. 1997, Gist ef  al. 1997, Reed et al. 1998, Barnard 
et al. 2003), and the temporal patterns they described were similar to those in Crane 
Creek Marsh. For example, Garton and Haag (1993) found that zebra mussels in Lake 
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Erie spawned in July and August, and Reed et al. (1998) reported that Ohio River 
populations spawned in June and August. 

Although many veligers are found in this marsh, water level changes will affect 
zebra mussel distribution in the wetland by affecting their colonization. Few zebra 
mussels were found on colonization plates in shallow depths (1-17 cm water levels) on 
any date, and colonization in 18-34 cm depths was also lower than >34 cm depths. This 
suggest that aerial exposure for a little as 10- 15% of the time reduced veliger 
colonization. Adult survival was also reduced by water level fluctuations, but they may 
tolerate longer exposure periods because survivorship was not different between the 
middle and lower water depths. 

We found adult survivorship in shallow water depths dropped sharply when the 
exposure frequency increased from 4 - 6 s  of the time in weeks 1 and 2 to 16-17% of the 
time in weeks 3 and 4. This suggests that there is a exposure threshold above which 
survivorship rapidly decreases. Several laboratory studies have demonstrated that it takes 
about 72- 120 hours of aerial exposure at 20" C and 50% RH to kill most zebra mussels 
(Ricciardi et al. 1995, Paukstis et al. 1999). In contrast, 98% of the zebra mussels in this 
study died in the shallow water depths, even though the longest contiguous period they 
were exposed was only 17 hours. We did not measure the daily relative humidity at 
Crane Creek Marsh in 2002. However, daily peak air temperatures ranged from 20.5 - 
33.7" C in July and August (M. Sheildcastle, Ohio Division of Natural Resources, pers. 
comm.), and these high temperatures can cause rapid mortality of exposed mussels 
(Ricciardi et al. 1995). Therefore, zebra mussels were probably killed in the cages 
because they were progressively weakened from chronic exposure to cumulative stresses 
(e.g., high temperatures, desiccation, and anoxia) during seiches. Our results indicate that 
the frequent short-term water level changes can limit zebra mussels populations in Great 
Lake coastal wetlands. We estimate that over 62% of Crane Creek Marsh was shallower 
than 34 cm and therefore was poor quality zebra mussel habitat. This is supported by our 
observation that almost all zebra mussels in Crane Creek Marsh are found attached to 
submerged rip-rap in the deep creek channel. 

Because zebra mussels have caused drastic declines in native unionid populations 
within the Great Lakes (Gillis and Mackie 1994, Ricciardi et al. 1996, Schloesser et al. 
1996, Schloesser and Masteller 1999), it was surprising that diverse assemblages of 
unionids were recently discovered in Crane Creek Marsh (Bowers and de Szalay 2004) 
and several other Great Lake coastal wetland (Nichols and Amberg 1999, Zanatta et al. 
2002). Unionids are able to tolerate longer periods of aerial exposure than zebra mussels 
(Byme and McMahon 1994, McMahon 1996, Tucker et al. 1997, Karatayev et al. 1998), 
and Tucker et al. (1997) found that managed drawdowns could be used to kill zebra 
mussels attached to unionids. Our study indicates that natural water level fluctuations in 
this wetland reduced zebra mussels populations because veligers and adults have low 
survival in shallow areas that are frequently dewatered. However, many unionids in >34 
cm water depths also have low numbers of attached zebra mussels in Crane Creek Marsh 
(Bowers and de Szalay 2004). Therefore, further study should examine how water level 
fluctuations interact with other factors (e.g., dissolved oxygen levels, water temperature, 
turbidity, freezing, predation) to limit zebra mussel populations in these habitats. 
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