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By way of background, I served as research biologist and Station Manager of the Michigan DNR Alpena Fishery Research Station from 1989 until my retirement in June 2014.  In that capacity I was the lead researcher for the Michigan DNR on Lake Huron, coordinating the Station’s work with partners, including Ontario Ministry of Natural Resources.  I am a member of the Lake Huron Citizen Fishery Advisory Committee, Trout Unlimited, Michigan Resource Stewards, and Hammond Bay Anglers Association.  The comments that follow are my own and do not necessarily represent the views of the DNR or any of the organizations to which I belong; I have not had the opportunity to vet these comments with any of them.
My comments are framed to a great extent by the aquaculture industry’s strategic plan “A strategic plan for a thriving and sustainable Michigan aquaculture” and the Science Advisory Panel’s report “Net pen commercial aquaculture – a short summary of the science”.  The strategic plan envisions a $1 billion industry, approximately one quarter of which would be composed of salmonid (trout and whitefish) culture, presumably mostly in cages.  Thus, if scaled up to the potential identified in the strategic plan, we could be looking at nearly 100,000,000 pounds of salmonid production (assuming it is sold for $2.50 per pound).
If you live long enough, you see stuff twice.  I must have lived a long time because I had a strong sense of déjà vu as I read the Science Advisory Panel’s summary of the science and the regulatory documents.

In 1968 I served as a field assistant to the Water Quality Bureau of the Water Resources Commission (precursor to DEQ).  This was before the Clean Water Act and Michigan’s initiative to limit P.  This was near the end of the era when:
· Most of our larger rivers were dead zones below  municipalities and industrial discharges;
· Lake Erie was famously described as “dead”;

· Dilution was still considered by some as the Solution to Pollution

· Back then, field work was sometimes shockingly offensive to the senses; rubber gloves were required; skin contact with the receiving waters was considered a job hazard.
Shortly thereafter came the Clean Water Act and Michigan’s leadership in phosphorus (P) removal from wastewater.

Now our rivers are generally safe and fisheries are back, thanks to very expensive measures to clean up wastewater and remove P by municipalities and industry.

The aquaculture initiative, as presently construed, seems to assume that pen and cage culture are acceptable practices.  But effluent treatment is not possible with cages, as acknowledged by the summary of science report.  The Environmental Protection Agency describes P removal from cages as “unpracticable” and solids removal as “not economically viable”.  The only effluent management option offered by the industry is assimilation, which is nothing different than dilution.  Meaning we are back to (yep, second time around for me) “dilution as the solution to pollution”.  Assimilation as a principal management practice for major nutrient and solids discharges was a disaster in the post-World War II era and there is no reason to believe it would work any better today.  

The summary report is careful not to use the term “dilution”; instead the term used is “flushing”.  Flushing and variations on that term are used 30 times in the summary report.

Using Great Lakes water to assimilate such a potentially large amount of nutrient-laden waste seems to be an inappropriate allocation of public trust resources to one private enterprise sector and further limits others who might also wish to share the limited budget for P loading (Annex 4 of the Great Lakes Water Quality Agreement).
Promotion of cage aquaculture in Michigan is tantamount to establishing two sets of water quality standards for Michigan: one for Great Lakes cage aquaculture, which would be generally exempted from effluent treatment requirements, and another for the rest of us, which requires diligent efforts at solids and nutrient removal.  

For a State that has been a world leader in P control and has invested untold millions of dollars in wastewater cleanup, this idea that aquaculture – massively scaled aquaculture - can be exempted from standards applied to municipalities and industries is unacceptable.  I have visited some of the Ontario cage aquaculture facilities and attended an industry meeting there in 2009 where I heard loud and clear from the Georgian Bay Association that the public would not stand for more licensing of cage aquaculture until the playing field is leveled and cage aquaculture is required to operate under the same standards as land-based industries.

Here is why Michigan cannot endorse or condone an exemption for aquaculture from wastewater treatment requirements that apply to other industries:
· Unlike other confined animal operations, all metabolic wastes, fecal matter, waste feed, and drugs/chemicals are released directly to the receiving waters rather than in off-channel feed yards, raceways, and barns purposefully isolated from the stream channel and designed for waste containment;

· To date, there has been no effective method of removing these wastes from net pens – thus there is no treatment method other than using feed with lower P;

· Land-based hatcheries are required to treat their wastes (more about that later); an exemption for cage aquaculture tilts the playing field to favor the more environmentally harmful cages and gives unfair economic advantage to cage operators;

· Thanks to dreissenid mussels, the Great Lakes are now benthically driven systems, meaning nutrients are quickly locked into the substrate by quagga mussels, Cladophora, etc.  Before dreissenids, the impacts of nutrient enrichment were usually most evident in the water column, but they are now, in the dreissenid era, focused on the substrates and the beaches.

· These reports do not call for systematic monitoring of substrate oxygen or beach conditions in the cage areas – this is where degradation from nutrient enrichment is most likely to occur;

· Lake trout began reproducing in Lake Huron only recently and the Great Lakes Fishery Commission Lake Huron Committee is now contemplating reduction or cessation of stocking – a major milestone in rehabilitation.  Increases in benthic production on spawning reefs as a result of cage culture could be a major setback.  Whitefish and walleye also use nearshore reefs for spawning.  (Parenthetically, I wish to point out that the recovery of lake trout in Parry Sound, an inlet off Georgian Bay was reported by Reid et al. 2001, “Restoration of lake trout in Parry Sound, Lake Huron” but that recovery has experienced setbacks and it is not yet clear whether the cage aquaculture operation in Parry Sound is compatible with goals for lake trout restoration in Parry Sound).
· Using two relatively small operations as a demonstration project will not be sufficient to document where the tipping point for substrates will be, considering the massive scale of aquaculture called for in the industry’s plan.  Adaptive management is not a projection model and is only useful in documenting how systems work within the proximity of range of parameters tested.
Now, turning to what I will call the 5 gm issue.  The report does a good job of covering a whole lot of territory and I complement the authors.  But the size of fish stocked in the pens is of critical value in assessing implications to land-based hatchery development and I don’t think this area has received adequate thought.  The fish for cage aquaculture will be started in traditional land-based hatcheries and the amount of hatchery space needed depends on both the number of cage fish to be raised and the size of the fish to be stocked in the pens and cages.
The summary report suggests the pens will be stocked with fingerlings from inland operations that will average about 5 gm.  Five gm fish are only about 3.25 inches long and weigh about 0.17 oz each.  This does not seem realistic.
Five gm would be the average; it is safe to say that the size distribution around the 5-gm average would take the shape of a bell distribution with some fish of only one or two gm.  Many fish on the small side of the bell curve for a 5 gm average would escape any reasonable mesh size.  Small enough mesh to hold two gm fish would act like a sail rather than a sieve and load up with filamentous algae.

Considering the longer growing season and biosecurity available in well-designed land-based hatcheries, it seems likely that at least some fish would be held in land-based hatcheries to sizes as large as 25 gm – or fish about 5.5 inches and a little less than an ounce each.
Why is this important?  Escapement of the smaller fish stocked into the pens is always an issue but can be better controlled using larger-sized fingerlings.  Just as importantly, the size stocked in cages and pens dictates the land-based capacity that will be required to raise them.  These facilities are usually located where groundwater is abundant – sometimes including headwaters/trout streams.  The Grayling hatchery is an example.  These cold headwaters are among Michigan’s most sensitive inland stream habitats.

Let’s look at the big picture and assume the industry approaches the 100 million pound production level envisioned in the strategic plan for salmonids.  If these fish are marketed at 2 pounds each and the industry realized $2.50 per pound (undressed fish), I calculate that 50,000,000 market-sized fish will be produced.  Assuming a 10% loss from fingerling to market size in the cages (I am being very optimistic here) the cages would need to be stocked with 55 million fingerlings.
· If the cage stocking size is 5 gm the 55 million fingerlings would weigh 611,000 lb.  This amounts to two 300,000-lb annual production hatcheries the size of the newly expanded Grayling hatchery.
· The 55 million fingerlings would weigh 2.75 million pounds if they were stocked in pens at 25 gm, requiring nine 300,000-lb hatcheries.  A 4.5-fold increase in inland production capacity requirements over that of 5-gm fingerlings.
Streams are benthicly driven; nutrient enrichment leads to increases in substrate biological oxygen demand and thus could lead to suffocation of eggs and fry, causing trout reproduction failures.  Therefore, to accommodate this increase in inland production, total recirculation or partial recirculation with P removal requirements should be required of all inland stations rearing more than 20,000 lb of trout.  Inland, raceway-based hatcheries located on trout streams must be held to a higher standard than they have been in order to protect their receiving waters’ function as trout reproduction sites.  Trout reproduction must be defined as a priority ‘designated use’ of these waters and protected.  Monitoring needs to include the substrate, its interstitial oxygen levels, and egg and fry survival.
To be clear, I am not opposed to inland commercial aquaculture.  I think that partial recirculation accompanied by effective P removal such as that developed by the State DNR’s Platte Hatchery could represent a viable future for the industry, as long as trout reproduction in the receiving waters is not impaired by nutrient enrichment, escapements do not occur, and these hatcheries subscribe strictly to rigid biosecurity measures to maintain a disease-free status.  (Unfortunately, I could provide a litany of cases where inland hatcheries failed to meet one or more of these standards, with seriously harmful outcomes).
The panel summary report does not estimate the costs that agencies must bear in holding up their end of the adaptive management project, nor are costs of license review, surveillance, and enforcement identified.  Nor does it identify funding sources for responding to complaints or incidents that require investigation.  The industry will be bearing some of these costs but some are inherently agency functions.  The DNR Fisheries Division is principally funded by the Game and Fish Fund (from hunting and fishing license sales) and from Federal Aid to Sportfish Restoration.  It would not be appropriate or acceptable to license buyers for Game and Fish restricted funds to be used to fund obligations to the commercial aquaculture initiative and it would be illegal to use federal aid funds.  Is there a plan to fund these obligations to pen aquaculture from some other source such as the General Fund?  I hope so.

To summarize my position on large-scale pen and cage culture, the “Best Practical Control Technology” is to forbid their use in commercial aquaculture.  I will leave you with this cautionary note from the discussion section of the paper by Hecky et al. 2004 (The nearshore phosphorus shunt): any additions of P will likely be shunted to the nearshore benthic communities that are already resembling eutrophic states in some areas.  This would further degrade aesthetic and ecological conditions in the nearshore zones of the Great Lakes.  And after all, it is the nearshore zone where most people interact with the lakes.

Thank you.
