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Presenter
Presentation Notes
INTRODUCE SPONSORS

Freshwater ecosystems are vulnerable to invasions by nonnative organisms because of their close association with human activity.  We use water for municipal and industrial water supplies, natural resources development, recreation, and commercial navigation to mention a few.  

Since the 1800s greater than 130 NIS have established in the Great Lakes.  Many of the nonnative organisms are believed to have entered via ballast water of ships.



• Ballast water exchange (BWE) to reduce densities of 
organisms transferred by ships has been the most 
common practice. 

 
• In an effort to go beyond the protectiveness afforded 

by BWE, U.S. EPA and U.S. Coast Guard are 
developing standards limiting the density discharged 
to U.S. waters.   

Project Rationale 

Presenter
Presentation Notes
Ballast water exchange efficiency ranges from 50-90% (U.S. Coast Guard 2001).  Efficiency appears to be dependent on many factors such as ship design, ballast system configuration, and exchange location (Dickman and Zhang 1999, Battelle 2003). 




Rationale continued 
• Setting ballast water discharge standards have relied 

primarily on expert opinion. 
   
• The process of setting standards have resulted in an 

assortment of international, national, and state 
discharge standards. 
1) result from uncertainty about the risk-release 

relationship 
2) diverse approaches of different decision makers and 

stakeholders. 



• Ballast discharge standards 
1) Too lenient a discharge standard creates costs for 

environment and economy 
2) Overly strict standard imposes unnecessary 

environmental trades  
Fuel consumption 
Use of toxic pesticides 
No empirical justification – target for resistance and 

delay 

 
 

Rationale continued 



• No effort to collect and integrate the data to provide 
a robust analysis of the risk-release relationship 
associated with a discharge standard. 

   
• Models exist which quantify the risk-release 

relationship, but lack sufficient data. 
   
• Existing experimental and field data are very limited 

in scope and not U.S. Great Lakes relevant.   
 

Rationale continued 



Objective 

 Examine the risk-release relationship 
associated with rate of release of a surrogate 
invader, Daphnia magna, and the rate of 
establishment in ambient Duluth-Superior 
Harbor water. 

 

Presenter
Presentation Notes
Theoretical and conceptual models predict that higher numbers of viable organisms in post-treatment discharge (inoculum concentration) increase the likelihood of colonization success.  Also the relationships between inoculum concentration and colonization success of a species are likely to be context specific and influenced by both biotic and abiotic factors of the recipient community (invasibility) but rarely has this been tested experimentally across variation in biotic and abiotic factors of recipient communities.





Methods 
• Daphnia magna served as the surrogate invader 

 
• 200-L mesocosm tanks (total of 6 doses * 3 reps = 18 

tanks) 
 

• 16:8 h light:dark cycle 
 

• Range of average physiochemical characteristics 
1) Temp = 14.1-19.6 ºC 
2) pH = 7.83-8.27 
3) Sp Cond =192-310 µS/cm 

 
 

3 mm 

Presenter
Presentation Notes
One approach introduces a specific amount of propagules into controlled plots/mesocosms in which introduced species are allowed to mature and colonize naturally while observing native and non-native species during the colonization.

D. magna is a species of daphnia which is native to northern and western North America and no record of being found in the Duluth-Superior Harbor.  It is also widely distributed in Eurasia and in some regions of Africa.  Filter feeder on particles less than 50 microns.  Have a relatively short life span, which reaches a maximum of about two months when they are reared at 25 degrees C.  Give birth to young within 7-10 days and after their first brood they give rise to new broods every two to three days.  An average of 20 or more young may be produced in each brood.

Capable of rapid reproduction through cyclical parthenogenesis 

Before the invader is introduced, the mesocosm tanks are filled with raw (unfiltered) water from the harbor that supports the natural assemblage of microscopic plants, animals, and microbes at the time of experimentation.  EXPLAIN GRAPH.

Ecosystem conditions and species characteristic determine whether a new species will establish in a new location and cause damage. Conditions maybe difficult to quantify. 

Invasibility = the ease with which a habitat is invaded, more susceptible to invasion.  This not always easy to determine.



Methods continued 
Experiment length: 8 
weeks 

1)Nov-Dec 2009  
2)May-June 2010 
3)Aug-Sep 2010  
4)Oct-Nov 2010 

 



Methods continued 
• Tanks were stocked with starting densities of D. 

magna that straddled International Maritime 
Organization (IMO) standard. 
 

• IMO standard  = no more than 10 viable organisms 
per m3, each greater than 50 µm length in minimum 
dimension may be discharged.  

 
Actual D. magna Added 

(Number) 
Calculated Dose 

(Number/m3) 
0 0 
1 5 
2 10 
3 15 
4 20 

Presenter
Presentation Notes
To identify appropriate stocking densities, I considered dilution factors that would occur as ship ballast water is emptied into a harbor slip

Actual D. magna additions of 0, 1, 2, 3, 4 per 200 L randomly assigned to tanks which corresponds to 0, 5, 10, 15, 20 D. magna per m3




Methods continued 
 
• Weekly estimates of D. magna 

were made by subsampling 1.0 L 
of water 
1) All D. magna were returned to 

respective tank 
2) Background community was 

concentrated and preserved for 
identification 

3) On day 56 the entire 200 L was 
searched for D. magna 



Target Establishment Thresholds 

5 species of daphnia present in 
Duluth-Superior Harbor (2007-2008) 
 D. ambigua 
 D. parvula 
 D. pulex 
 D. mendotae 
 D. retrocurva 

Establishment Criteria 

Trial Periods Density (No./L) Biomass (µg/L) 

May-Jun 0.1 0.5 

Jul-Aug 1.6 6.5 

Oct-Nov 0.8 3.1 

Nov-Dec 0.1 0.5 

D. retrocurva  (0.5 mm) 

D. mendotae  (1.0 mm) 

D. magna (3-5 mm) 

Presenter
Presentation Notes
To become established one needs to find a suitable environment to allow the founding population itself to produce propagules.  This can be measured by an increase in density.  

So my proxy establishment criteria for my mesocosm experiments was based on . . . DESCIRBE SLIDE ABOVE
	Of the 5 species found in DS-Harbor 2 were consistently found at sampling locations, other 3 were very patchy and in small 	densities.
	Calculated average density and biomass of sites per sampling date
	Averages per sampling date were then sorted into bins that corresponded experimental trial periods
	Then calculated the average of those sorted bins/trial periods to determine EC for that test period

Converted density to biomass to reflect the relative importance of organisms as consumers and nutrient recyclers.

Biomass (dry weight) of zooplankton is calculated from formulas relating linear measurement, usually body length, to body weight.  Formulas used here are derived from a number of sources, but are of the general form: ln w = ln a +b ln L where : ln a and b = species specific constants,  ln L is the geometric mean length of measured individuals.
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Presentation Notes
In trials 2 and 3 D. magna grow poorly other crustaceans do well may indicate resource competition.
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Results Summary 
• In 3 of the 4 trials D. magna were able to 

overcome small densities in the seed populations. 
 

Trial Number and Date Percent Establishment in 
Treatments ≤ 10/m3 

Trial 2 (May-Jun 2010) 33% 

Trial 3 (Jul-Aug 2010) 0% 

Trial 4 (Oct-Nov 2010) 83% 

Trial 1 (Nov-Dec 2009) 100% 

Presenter
Presentation Notes
IMO standard  = no more than 10 viable organisms per m3
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Conclusions 
• Establishing criteria to interpret whether a trial population of 

D. magna has colonized in a tank is not straightforward and 
relies in part on the understanding of natural densities attained 
by similar taxa in the ecosystem. 
 

• In 3 of the 4 trials D. magna were able to overcome small 
densities in the seed populations which were below the IMO 
standard. 
 

• These mesocosm studies do not take into account: 
• Vertebrate predators 
• No Allee effects since surrogate invader is an asexual reproducer 
• Assumes somewhat limited diffusion  

 
 
 
 
 
 
 

Presenter
Presentation Notes
In 3 of the 4 trials D. magna were able to overcome small densities in the seed populations which were below the IMO standard to reach densities and biomasses equivalent to the averages of well-established species in the harbor.

Keep in mind this is one surrogate species in one recipient habitat at several different levels of invasibility and after a handful of trials.  It is also assuming somewhat limited diffusion (dilution) of the species once it is released.  The trial mesocosms do not take into account such things as vertebrate predators and there are no Allee effects since it is asexual reproduction at this point.


We have set up an opportunity to succeed but not necessarily a scenario that is uncommon.



Conclusion 
• Assessing the Relationship Between Propagule Pressure and 

Invasion Risk in Ballast Water - Committee on Assessing 
Numeric Limits for Living Organisms in Ballast Water; 
National Research Council (June 2011). 
 
1) empirically characterize the risk of establishment of aquatic 

invasive species through experiments – Short term  
 

2) ground the experimental information in reality through directly 
surveying the rate of release of live propagules – Long term 
 

3) directly surveying the receiving system to determine the actual 
rate of establishment – Long term 
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