Zebra Mussel and T&E mussel Monitoring on the St. Croix NSR
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Introduction
The St. Croix National Scenic Riverway was the first unit of the National Park System, included in the Wild and Scenic Rivers Act of 1968.  The Riverway is considered a nationally significant resource for its richness and abundance of freshwater mussels (~40 species, the greatest in the Upper Mississippi watershed) and is recognized for its outstanding recreational and biological assets.  The diversity of unionids within the Riverway is well documented and many threats to that diversity have been identified.  This faunal group will be severely impacted by a zebra mussel (Dreissena polymorpha) infestation and from other invasive species.  Freshwater mollusks are a keystone faunal group of freshwater systems and their potential loss is unacceptable. 
In order to understand the invasion of zebra mussels into the St. Croix, measurements of density have been taken since 2004 within the known infestation zone (the last 21 miles of river).  Anecdotal evidence from the upper Mississippi River suggests zebra mussel colonization predominates on native mussel beds, especially when substrates are less favorable for recruitment (e.g., sand, silt, etc.).  Therefore, sample locations were chosen based on native mussel bed survey work previously conducted by the MN DNR.  Six locations were identified from Stillwater, MN, to Prescott, WI, reflecting the range of habitats and hydrology found in the infestation zone.  Thirty 1/8-meter quadrate samples were collected by divers at each of the locations.  These samples were processed off river, frozen and examined under magnification.  Data collected continues to aid managers who are creating policy based on the spread and intensity of the invasion.  
In addition to understanding relative abundance of zebra mussels in Lake St. Croix, other activities within the St. Croix Basin related to zebra mussels and work with endangered native mussels follows.

Anecdotal accounts of periodic, but substantial zebra mussel die-offs in large river systems in the Midwestern U.S. have been noted in the last several years.  Details from the Illinois and Upper Mississippi rivers, suggest an early season recruitment followed by a late season population crash.  However, these observations have been casual and not systematic or well documented.  In order to predict impacts to river biota, an organized assessment of seasonal population dynamics of zebra mussels in a large river system is necessary.

The affects of large numbers of zebra mussels in freshwater systems in North America have been well documented.  Particularly, native mussels have been severely impacted by direct food and oxygen competition and indirectly by shell colonization.  If, however, condition in certain river systems allow for veliger settlement and establishment, but limit growth before maturity, implication for management are numerous.  Thus, how does the age structure and growth of zebra mussels within a population change over the ice-free season?  If these mussels are not reaching maturity, what are the limiting factors?  The conclusion of this two year study occurred in 2008.
Associated veliger collection continued this year as part of a broader determination of reproduction of zebra mussels throughout the Upper Mississippi River System. This monitoring is critical as a compliment to other projects in the basin in determining effects of the infestation.
Understanding risk related to likely zebra mussel invasions has been a priority for agency and academia for many years.  A recent risk assessment funded by the St. Paul district has shed some light on factors associated with risk in the upper Mississippi.  A key factor in determining the likelihood of spread into a water body is the availably of calcium for shell development.  Several dozen lakes in the St. Croix Basin were analyzed for calcium during mid summer to determine risk based on the current model.
Finally, the St. Croix Riverway Scuba Dive Team participated in several activities related to the propagation and recovery of the Higgin’s Eye Pearly Mussel and the Winged Mapleleaf Mussel (both federally listed as endangered).  These activities included propagation (fish cages), developing mussel caches and gravid female recovery, placing and checking juvenile rearing cages, and relocation habitat assessment.
Lake St. Croix Zebra Mussel Densities
Quantitative samples were collected at eight locations (established native mussel beds) to determine zebra mussel densities at various places within the downstream most 21 miles of the river.  At each site, 30 1/8th meter-squared quadrats were sampled by haphazardly tossing the metal quadrat from the boat.  Within the location perimeter, the boat was moved three times to ensure full coverage of the native mussel bed.  The dive boat was positioned in as close proximity as possible to previously sampled subsites locations via GPS.   The 240 samples were then brought back to the park’s wet lab for processing.

In the laboratory, sample material was removed from the one gallon zip-locked baggies and rinsed through a 3mm screen to remove mud, sand and fine debris.  Next, the remaining material was rewashed in a 250 μm sieve then spread evenly throughout a dissecting scope and analyzed.  If abundance was high, sub-samples have been used to obtain density estimates in previous years.  However, this year’s material used for density estimates was fully counted.  Zebra mussels were not measured for length in the 2008 sampling due to data collected in a companion study (see below)  
Only zebra mussels that were alive or considered living during collection were counted, although dead mussels were also noted.  All mussels were placed into 4 groups:  mussels found attached to living native mussels were categorized for infestation rates, live zebra mussels found elsewhere in the sample quadrat were added for total density, live native mussels (identified to species) and dead native shells (without attached tissue) were used to calculate bed densities.  
The results for 2008 reflect similar results found since data collection began in 2004 (comparisons for all 8 locations began in 2005 and are included in Figure 2).  Zebra mussels remain in very low numbers from Stillwater through Hudson, increase south of the I-94 bridge, and balloon dramatically within the mid-reaches of the Prescott Pool (Fig 1).  Hydrological conditions probably drive the settlement within this Pool.  Water retention times during low flows in the upstream pool, typically equal or exceeds the time necessary for zebra mussel larva to develop into post-veligers.
Figure 1.   Zebra Mussel Population Estimates at 8 Locations on the St. Croix NSR - 2008.
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Figure 2.  Comparison of Zebra Mussel Densities at 8 Locations on the St. Croix NSR, 2005 – 2008.
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Zebra Mussel Population Structure Dynamics
To assess the population dynamics of zebra mussels within the downstream and most heavily infested pool in Lake St. Croix (Prescott Pool), we collected specimens at regular intervals at static locations and measure length as a surrogate for age.  We collected zebra mussels from 3 locations (upper, mid, lower pool) within the last 6 miles of the St. Croix River, where densities are the greatest.  These animals were measured lengthwise as a substitute for age determination.  Young of the year mussels were those assumed to be <15mm in length; year class 1+ >15mm.  Collection occurred at fixed locations along 17m transects where a haphazard 1/4m quadrat was placed until at least 300 individual zebra mussels were found (all individuals up to 300 or a random sub-sample equaling 300 were analyzed) .  Specimens measured were added to an MS Excel Spreadsheet and histograms generated.  Sampling occurred 8 times in 2007 (Fig 3.) and 11 times in 2008 (Fig 4.) from April until October.

In addition to the animals collected, constant in situ temperature was monitored via HOBO® Temperature Data Loggers.  During each sampling event, water quality/physical parameters such as depth, dissolved oxygen, conductivity, pH, temperature, secchi depth, and current speed was noted.  Biochemical oxygen demand (BOD) was assessed from April through October in 2007 and July and August in 2008.

During 2008, a predator exclusion cage was added to each sampling location.  One cage was also placed (open) upside down at the down-pool site to assess substrate viability.  Finally, fish collecting (via boom shocking) was performed at the beginning of August and gut analysis was performed in order to determine fish diets (Fig 5.).
For both of the study years, mean specimen lengths increased until July or August when a dramatic loss of larger animals, but continued settling of post veligers, greatly reduced the mean lengths of the samples.  Water conditions during 2007 and 2008 were well with what would be considered good in a fairly unimpaired system (Table 1.).  It does not appear that water conditions were a limiting factor in zebra mussel health during the study period.
As has been suggested in the literature and anecdotally, fish may prey on zebra mussels, especially as they become easy to capture.  Known molluscivorous species in the river including common carp (Cyprinus carpio), bluegill (Lepomis macrochirus), and redhorse spp. (Moxostoma spp. ), were collect.  While gastrointestinal dissection revealed a few zebra mussel shells from some redhorse specimens, 9 of the 11 carp specimens collected contained completely packed zebra mussel shells (Fig. 6).  The results of these data point to the possible loss of reproductive aged zebra mussels in the Prescott Pool, but the sample size was to small to consider this anything but preliminary.  Further study in 2009 is designed to expand the sample size and spatial/temporal scale of the previous work.
It appears that settling mussels are coming from veligers reproduced upstream – perhaps the Afton pool with a water retention time of up to 19 days – repopulating the otherwise browsed population every summer.  What affects this has on the rest of the benthic community will hopefully be answered by a currently proposed study.
Figure 3.  Mean zebra mussel lengths (in mm) at three locations within the Prescott Pool, by sampling date.  Means represent approximate population age and were determined by 300 specimens per location during each sampling event.
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Figure 4.  Comparison of zebra mussel sample mean sizes for the combined 3 sites at each sampling event during 2007 and 2008.
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Figure 5.  Gut content analysis for 40 fish specimens collected from the three zebra mussel collection stations on 4 August 2009. 
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Table 1.  Physical and chemical data collected at St. Croix Bluffs (mid-pool) during 

a portion of the 2007 field season.
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Depth 

Temp

DO%

DO

SpC

pH

BOD

max=9.5

4/26/2007

Quadrat Taken:

0.3

11.55

97.10

10.34

156.10

7.16

1.2

11.52

99.80

10.66

157.10

7.85

0.3

11.50

99.70

10.47

157.40

7.88

0.6

11.5

98.9

10.5

156.9

7.6

5/29/2007

Quadrat Taken: transect 6.9 ft

1.0

18.61

83.90

7.41

169.40

7.73

2.0

18.51

84.30

7.47

169.40

7.64

1.5

18.6

84.1

7.4

169.4

7.7

6/22/2007

Quadrat Taken: 4 quadrats used 5 inside

0.3

23.40

-

8.80

201.00

8.28

1.0

23.40

-

8.64

201.00

8.27

2.0

23.39

-

8.61

202.00

8.20

1.1

23.4

8.7

201.3

8.3

 

7/18/2007

0.3

77.0

-

9.3

-

-

1.5

7/31/2007

Quadrat Taken: 16 inside, 12 inside, 11 in and outside

0.3

28.56

146.1

11.23

238.2

9.08

1.0

28.41

143.9

11.16

238.3

9.04

2.0

27.82

139.2

10.85

237.6

9.00

1.1

28.3

143.1

11.1

238.0

9.0

3.8

8/16/2007

Quadrat Taken: 8 inside

0.3

25.1

77.2

6.25

232.5

8.56

1.0

25.01

79.7

6.39

232.6

8.54

2.0

24.97

78.4

6.34

232.2

8.53

1.1

25.0

78.4

6.3

232.4

8.5

1.5

Across From St. Croix Bluffs (WI Side)

Quadrat Taken: 8 inside (6), 12 (1 up and 2 

down), (2) on 15 inside; (very few zm)


Veliger Sampling within the St. Croix River and Watershed
Several types of sampling for the zebra mussel larva were performed in 2008.  The first was used during events coordinated throughout the entire Upper Mississippi watershed during mid July and mid August.  It employs a manual diaphragm pump to create a single composite (90 liters) water sample (Table 2).  Sampled material was poured through a 64 m mesh nylon filter and preserved using a 10% sugar-buffered formalin solution.  Collection occurred at the four designated sampling sites on the Snake, Sunrise and St. Croix Rivers.   Samples were sent to the Vicksburg Engineer Research and Development Center for analysis.
Park Service Staff also sampled 19 lakes within the St. Croix River Basin that were determined to be at risk because of their size, fishing pressure and access.  Samples were taken using a 64 μm Wisconsin plankton net brought vertically upward from 2-3 meters.  Material was preserved in 70% ethanol and sent to the MN DNR for analysis.  Sampling was done mid-lake in late July to early August.  All samples were negative for zebra mussel veligers.
The USFWS, Onalaska Fisheries Resources office, in conjunction with the NPS, maintained passive plate samples on 7 lakes in the watershed.  During the end of July, these sampling locations were used to employ the plankton tow techniques described above.  All samples were negative.  The NPS maintains samplers throughout the St. Croix and Namekagon Rivers each year.  These Hester-Dendy type plate samplers are affixed with glass slides and checked throughout the season.  No post-veliger sediment occurred on these slides during 2008.
Table 2.  Veliger density results for the St. Croix River and tributaries using fixed volume

stratified sampling
	Sample ID
	Location
	Date
	# Live/L

	St. Croix R. - Prescott
	St. Croix R. Mouth at Prescott
	7/9/2008
	0

	St. Croix R. - Hudson
	St. Croix R. at Hudson.
	7/10/2008
	6.44

	St. Croix River - Stillwater
	Mile Long Island - Boomsite
	7/9/2008
	0

	St. Croix River -St. Croix Falls
	Below Falls - Interstate SP
	7/9/2008
	0

	Snake River
	Above Confluence with St. Croix
	
	0

	Sunrise River
	Kost Dam
	7/9/2008
	0

	

	St. Croix R. - Prescott
	St. Croix R. Mouth at Prescott
	8/13/2008
	3.06

	St. Croix R. - Hudson
	St. Croix R. at Hudson.
	8/13/2008
	11.17

	St. Croix River - Stillwater
	Mile Long Island - Boomsite
	8/13/2008
	0

	St. Croix River -St. Croix Falls
	Below Falls - Interstate SP
	8/13/2008
	0

	Snake River
	Cross Lake
	8/13/2008
	0

	Sunrise River
	Kost Dam
	8/13/2008
	0


Table 3.  Watershed lakes sampled by the Fish and Wildlife Service – 2008 
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Table 4.  NPS veliger sampling on watershed lakes, using Wisconsin plankton net vertical tow
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Watershed Lakes and Calcium Content
Calcium sampling took place during 2008 in the lakes identified in the attached spreadsheet (Table 5).  Lakes were sampled at least once in at mid-summer, taken from a boat at mid-lake, with a possible replicated taken from another location within the lake (2 replicates were taken to ensure quality control).  Water quality data such as conductivity, temperature, secchi depth, etc. were also obtained and available upon request.  Samples were analyzed by the Minnesota Department of Health Lab in St. Paul.  As determined by the Army Corps’ St. Paul District Risk Analysis on the threat of zebra mussel invasion, 12 mg/L of dissolved calcium is a suitable threshold for this animal to reproduce and develop shell material.  Upper St. Croix Lake and Round Lake are just above this threshold and calcium appears to be a possible limiting factor in Clear Lake (Fig. 6).
Table 5.  Lake Calcium in select St. Croix Basin Waterbodies
	Lakes at Risk: Calcium as a Limiting Factor for ZMs                               (Ca+² 12mg/L@pH of ≥7.3 is tolerance limits for zm)

	#
	Bold = priority locations
	County
	Size (acres)
	CaCO3
	pH
	Ca in mg/l
	OK for ZMs?

	 
	MN
	 
	 
	 
	 
	 
	 

	1
	Cross Lake
	Pine
	%
	59
	7.49
	23.62
	yes

	2
	South Center
	Chisago
	%
	39
	8.85
	15.62
	yes

	3
	Forest Lake
	Washington
	2270
	77
	*
	30.83
	yes

	4
	Big Marine
	Washington
	1799
	66
	*
	26.43
	yes

	1
	Apple River Flowage
	Polk
	%
	70
	8.69
	28.03
	yes

	2
	Balsam 
	Polk
	2054
	53
	*
	21.22
	yes

	3
	Bone 
	Polk
	1781
	89
	8.57
	35.64
	yes

	3b
	Bone (rep)
	Polk
	1781
	59
	8.57
	23.62
	yes

	4
	Deer Lake 
	Polk
	807
	69
	*
	27.63
	yes

	5
	Lotus Lake 
	Polk
	%
	59
	6.09
	23.62
	yes

	6
	St. Croix Flowage
	Polk
	%
	39
	*
	15.62
	yes

	7
	Wapagasset
	Polk
	1186
	60
	8.88
	24.02
	yes

	7b
	Wapagasset (rep)
	Polk
	1186
	62
	8.88
	24.82
	yes

	8
	Clam Flowage
	Burnett
	473
	71
	7.88
	28.43
	yes

	9
	Yellow
	Burnett
	2287
	59
	8.79
	23.62
	yes

	9b
	Yellow (rep)
	Burnett
	2287
	59
	8.79
	23.62
	yes

	10
	Bass Lake
	Washburn
	236
	41
	8.69
	16.42
	yes

	11
	Spooner
	Washburn
	1092
	45
	8.9
	18.02
	yes

	12
	Clear Lake
	Sawyer
	115
	24
	8.54
	9.61
	no

	13
	Grindstone 
	Sawyer
	%
	40
	*
	16.02
	yes

	14
	Round Lake
	Sawyer
	3000
	32
	*
	12.81
	maybe

	15
	Upper St. Croix Lake
	Douglas
	855
	32
	8.04
	12.81
	maybe

	16
	Lake Owen
	Bayfield
	%
	42
	8.24
	16.82
	yes

	 
	 
	 
	% info pending
	 
	*=missing
	 
	 


Figure 6.  St. Croix River watershed lakes with at least one public launch.  12 mg/L is considered the minimum threshold for zebra mussel shell development.
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Assistance with Various Propagation Efforts related to endangered native mussel species.
The NPS supports the propagation activities of the Upper Mississippi mussel coordination team through partial funding from the ACoE.  These activities included areas on the St. Croix River at Interstate Park, Houlton, Hudson and Prescott and on the Mississippi at Frontenac (Pool 3) and Hidden Falls (Pool 2).
Scuba support of propagation included aiding in cage removal at the Frontenac and Hudson rearing sites and re-installment at the new site in Houlton.  Also, periodic site visits during the summer allowed for micro habitat temperature monitoring, fish placement and removal, etc.  At Interstate State Parks, scuba team members and support staff searched for, and cached, winged mapleleaf in July, and groups of these mussels were revisited in September in order to collect gravid females for propagation efforts.  During September, dive team members aided in habitat (substrate) assessments in Hidden Falls on the Mississippi River (Pool 2).  Also at Hidden Falls in June, two juvenile rearing “silos” were placed and then checked several time throughout the summer.
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