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Presenter
Presentation Notes
This project is the 2nd in a comprehensive assessment of several shellfish aquaculture practices.  In a prior study we completed a similar analysis of suspended shellfish farming on the west coast.
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A need to better understand the relationship between culture
methods and the environment.

— Direction to farmers to avoid overcrowding, reduced growth,
increased mortalities, and affects on other aquatic species

Heightened scrutiny by regulatory agencies and expanded
permitting authorities.

— ESA, EFH, Section 10, state and local shorelines permits, etc.

Desire to expand shellfish farming into new, previously unused
habitats.

— Offshore and subtidal sites, slightly used intertidal lands
Greater interest and involvement by public agencies.

— Enhanced use of public lands, more revenues, with increased
environmental analyses

Increased public, NGO and media scrutiny.

— Highly publicized and tending to polarize opinion
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Presentation Notes
There are many reasons why this information is essential – to growers, natural resource agencies and the public.  Over the last year even greater public scrutiny and in some cases criticism have demonstrated the need science based studies.   Fortunately we are not alone in this research, as seen by presenters at this conference, and other prior and on-going research.  During a literature review of this topic we has assembled over 450 research articles and technical reports dealing with various aspects of the environmental interactions of shellfish culture.   Nevertheless, only a small fraction of this research is relevant to the types of shellfish culture practiced in the US.
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Overall Purpose and Approach

associated with culture method

4. Model carrying capacity, phytoplankton
concentrations and sedimentation

5. Develop farming recommendations
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Presentation Notes
This presentation represents elements field work conducted in year one of a three year study.  Today I am focusing on item 2.   We will illustrate the importance of habitat structure provided by shellfish farms in maintaining and often enhancing the production and diversity of marine organisms.




Hood Ganal
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Example of a study siite – Hood Canal, Washington, a farm owned by Joth Davis.  Has a variety of culture methods in place and is a good example of a typical small farm in the PNW.


Shellfish Culture Habitats

(D

— Bag-on-bottom
e Qysters
— Bag-on-bottom


Presenter
Presentation Notes
20mm mesh


e Manila clams
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7-12mm mesh
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10-18mm mesh
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Shellfish Culture Habitats
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10-18mm mesh
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10-18mm mesh
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Shellfish Culture Habitats
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4-8” PVC tube


Shellfish Culture Habitats
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Biological effects — habitat complexity;
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The Davis farm on Hood Canal – with at least 4 culture methods visible.   At this and one other site we sampled quarterly treatment or culture and control or adjacent to culture plots using 1/10 m sq cores for large infauna, ~70 mm diameter cores for small infauna and grain size, an epibenthic pump, which I’ll show you shortly, for the small epifauna, and deployed a time-lapse video camera to assess fish and large animal use of the sites.   We also installed instruments to measure water quality, chlorophyll and current flow, and sampled fish populations.   Those studies are still in progress and won’t be reported here.  Finally, collaborative studies were carried out in Connecticut, the subject of the next presentation, and Chesapeake Bay, which I’ll briefly note here. 
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The next set of figures are examples of the fauna associated with shellfish culture practices in the PNW.  They are organized with the “inside” culture on the left and the “outside” or controls on the right.  With numbers per square meter on the Y axis.   These are other bivalve species recruiting under, in or outside the culture system.  The clam bags are seeded with Manila clams.  Oyster bags, on racks or hanging contain Pacific oyster seed to adults, with usually seed in the hanging system.   Not surprisingly the inside clam bag sample had the highest counts and diversity – it is a fully protected habitat.  It is interesting how well the non-native Mya recruitment at this location.  Otherwise there is little variation in abundance or diversity. 
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Smaller, infaunal and epifaunal crustaceans, Nov 2004.   Numbers are fairly high, even this late in the season, and dominated overall by amphipods, with spikes on the mite-like acarida driving up the clam control.  The contents of the clam bags were not well populated, but abundances were as great or greater under culture units than adjacent.
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Same sites, May 2005.  Tanaid crustaceans were very abundant in the oyster hanging control and other off-bottom sites.  Cumaceans were also common.  This data set and summer sampling was strongly onfluenced by the increased and variable algal biomass which attached to the culture system and drifted about Joth’s farm.
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nnelid worms

Spionidae, unident.

Spio filicornis

Spiophanes berkeleyorum
Scoloplos armiger armiger
Scoloplos armiger alaskensis
Rhynchospio glutaea
Pseudopolydora paucibranchiata
Pseudopolydora kempi
Rhynchospio glutaea
Podarkeopsis glabrus
Platynereis bicianaliculata
Phyllodoce longipes
Oligochaeta

Notomastus tenuis
Nereididae, unident. (juv)
Nereis procera

Nephtys caecoides
Micropodiarke dubia
Mediomastus californiensis
Leitoscoloplos sp(p). (juv)
Hemipodus simplex

Glycinde sp(p).(juv)

Glycinde polygnatha
Glycinde picta

Eteone californica

Dorvillea annulata

Capitella capitata -hyperspecies
Capitella capitata -complex
Boccardia proboscidea
Armandia brevis
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Annelids comprise an important and diverse, as you can see, component of the infauna.   They are represented by a few dominant species of polychaetes and oligochates.   The greatest diversity appeared to be associated with oyster culture treatments and controls, particularly the racks.  Clam bags on the other hand had very low abundances.  There was also a considerable shift in dominant taxa and taxa present between the two sample dates.

http://ceratium.ietc.wwu.edu/IWS/Images/Biota/Animalia/Annelida/Polychaeta/Opheliidae/Armandia/brevis

exe] Jo laqunpn

-
)
)
2
>
@)
(@)
@
m
S
L=
)
(@)
=
(@)
c
@©
I

Oyster

4

Hanging Clam Bag| Oyster

I I I I l
O O O o o o
N O m O W
N N H
(s,000T) J8@19W asenbs Jad jaqunyN

o
o
™



Presenter
Presentation Notes
We are showing here the compiled epibenthic data from a spring 05 sampling event.  These are animals which are often important prey for salmon and forage fish.  Samples were taken with an small diameter epibenthic pump, which essentially vacuums the animals off the bottom or culture system.  Again, because of macroalgae growth, which tends to promote the epibenthic numbers, as I’ll show you in a second, the numbers are highly variable.  Hanging bags are also hard to sample.  Overall, there was little difference between treatment and control for both abundance and taxa numbers.  Abundances are  high to very high.
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Again for animals relevant as prey species abundances of copepods were high adjacent to hanging and on or adjacent to oyster bags. Amphipods tended to populate shellfish gear more than adjacent areas

Barnacle larvae tended to populate more on shellfish gear. 




Rank Order

a b wWwNPE

Rank Order

a b wWwNPE

On the Culture Gear

Hanging
Copepoda
Cirripedia
Nematoda
Ostracoda
Foraminifera

Clam Bag
Copepoda
Cirripedia
Nematoda
Ostracoda
Cumacea

Oyster Bag
Copepoda
Nematoda
Cirripedia
Ostracoda
Polychaetes

Outside or Adjacent to the Culture Gear

Hanging
Copepoda
Nematoda
Cirripedia
Ostracoda
Foraminifera

Clam Bag
Copepoda
Cirripedia
Nematoda
Ostracoda
Cumacea

Oyster Bag
Copepoda
Nematoda
Cirripedia
Ostracoda
Oligochaete

Oyster Rack
Copepoda
Cirripedia
Nematoda
Ostracoda
Cumacea

Oyster Rack
Copepoda
Cirripedia
Nematoda
Cumacea
Ostracoda
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With exception of slight variations in the mix of organisms, there were few differences in the top five taxa found between or within control and treatment sites.  Nematodes, forams and annelids were also abundant but are not generally considered essential salmon or forage fish prey are of course consumed by a variety of other more benthic feeding animals. 
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Just to give you some perspective, this figure illustrates epibenthic sample results from a development site in central PS where Treatment A and B are two rock enhanced mitigation site and the control is a fine sediment.  Here it was demonstrated almost every year that the rock and eventually algae covered habitat produced significantly higher epibenthic numbers than the control, especially following the initial disturbance of habitat construction.  It also illustrates the high variability from year to year across treatment and control stations.   Structure as well as the algal production on the structure was responsible for the big gains in epibenthic production. 


Biological effects, Chesapeake

Macroalgae on clam nets
Densities of Callinectes =
to seagrass beds and > than
adjacent sand habitat

Mean density of Xanthid crabs
> those in the other habitats
by more than an order of
magnitude

Density (#/sq m)

Seagrass

Clam net

O Callinectes
B Xanthids
O Other Decapods
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Fish and large epifauna




Comparative feeding
experiments in 7 liter
containers with a starting
concentration of ~330,000
cells per ml 7halassosira
diatom (measured with
Coulter counter).

Manila Clams
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Objectives: Year 2+ (new NOAAURGING)

e Further assess and model sediment and water
column interactions

e Quantify seasonal patterns of nutrient uptake by
macroalgae associated with commercial shellfish
growout
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Objectives: Year 2+ (new NOAAURGING)

2) offer guidance for culture practices, and

2) prepare language appropriate for inclusion in
the ECOP and regulatory/permitting
documents
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