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Introduction

One of the great impediments to further development of
shellfish aquaculture in the Northeast Region is a percep-
tion that industry expansion could have negative environ-
mental effects on our coastal waters. Although
considerable research over the last 25 years has focused
on both the positive and negative effects of rebuilding
mollusc populations, which could filter enormous quanti-
ties of algae, such studies are sometimes classed as envi-
ronmental “impacts,” which has a connotation of aesthetic
loss and a perceived “loss of nature.” The purpose of this
fact sheet is to discuss the potential environmental effects
of expanding shellfish aquaculture and social issues sur-
rounding such expansion and to provide key scientific
resources.

Bivalves as Filter Feeders

Research has shown that bivalve species such as oys-
ters can filter, on average, 15-55 liters/day (4-14.5 gal-
lons/day) of seawater (for oysters, see Powell et al. 1992;
for quahogs, or hard clams, see Doering and Oviatt 1986).
Filtration or grazing has been shown to control phyto-
plankton growth by removing them from the water (Clo-
ern 1982; Officer et al. 1982) — this process is referred to

as “top-down” population control. When not sufficiently
grazed, phytoplankton populations can bloom excessive-
ly, which often leads to the deterioration of water quality.
For example, extensive blooms block sunlight and pre-
vent photosynthesis by submerged aquatic vegetation, or
sea grasses — grasses then die and with them important
habitat for juvenile fish (e.g., Kemp et al. 1983; Short and
Burdick 1996; Newell and Koch 2004). SAV loss is not
the only consequence of phytoplankton blooms: the
ungrazed phytoplankton die and in settling to the bottom,
biochemical processes occur that alter the quality of those
oxygen-rich sediments to oxygen-less, or anoxic, sedi-
ments (Pearson and Rosenberg 1978).

The extensive loss of natural oyster reefs and clam
beds due to over fishing and physical destruction of habi-
tats has been implicated as major contributors to water
quality degradation in the Chesapeake Bay and other estu-
aries (Officer et al. 1984; Newell 1988). This loss, again,
is related to ungrazed phytoplankton blooms. During
nighttime when phytoplankton populations are not pro-
ducing oxygen through photosynthesis, they are still
respiring and thus consuming oxygen. Heavy phytoplank-
ton blooms have greater overnight oxygen demand, so it
is likely that when anoxia or hypoxia (extremely low oxy-
gen conditions) occurs at night or close to dawn, it could



lead to fish kills. Thus, healthy shellfish populations can
be a factor in maintaining healthy finfish populations in
coastal waters as well.

Bivalves as Intermediaries in Cycling
Nitrogen and Phosphorus

Nitrogen in its inorganic mineral form in coastal
waters acts as a “fertilizer” or stimulant of phytoplankton
growth. However, an oversupply of nitrogen, resulting in
part from land runoff, airborne deposition, and waste dis-
charges, can lead to phytoplankton blooms, microalgal
growth, declines in submerged aquatic vegetation, all of
which make waters more prone to low oxygen conditions
(Nixon 1995). Filter feeding bivalves play a major role
as intermediaries in cycling minerals, primarily nitrogen
and phosphorus, that are important for maintaining aquat-
ic productivity. Understanding the nitrogen cycle — the
various ways that nitrogen is utilized, transformed and
stored (Figure 1) — is helpful in understanding the eco-
logical importance of bivalves. In most marine and estu-
arine ecosystems, inorganic nitrogen is the limiting factor
in the production of organic matter, so the available
ammonia or nitrate controls the growth of phytoplankton
populations in what is often referred to as “bottom-up”
processes.

In “top-down” processes, on the other hand, filter-
feeding bivalves exert control over the amount of avail-
able mineral nitrogen to phytoplankton by sequestering
nitrogen as protein in their meat and shell tissues (e.g.,
Rice 1999). At the same time, they deposit organic nitro-
gen-rich biodeposits to the bottom sediments that bacteria
decompose, thus forming ammonium; ammonium is con-
verted by nitrifying bacteria in oxygen-rich sediments to
nitrate, which denitrifying bacteria in deeper sediment
layers then then convert to nitrogen gas (Kaspar et al.
1985; Newell et al. 2004). Biodeposition by filter feeding
bivalves is important in the transfer of organic nitrogen in
phytoplankton and particulates in the water column to the
sediments, a process known as benthic-pelagic coupling
(Doering et al. 1987; Dame et al. 1989).

It is important to note that under some conditions if
too many bivalves are farmed in a location, the resulting
biodeposits could potentially overwhelm the capability of
sediments to maintain nitrification processes. For exam-
ple, there have been instances when mussels and other
bivalves reared in suspended culture in nutrient-rich
waters have produced such high biodeposits that sedi-
ments have “gone sour,” that is, they have become deplet-
ed of oxygen; toxic sulfides and mats of sulfur bacteria are
then produced, which disrupts normal benthic processes
(e.g., Dahlback and Gunnarsson 1981; Tenore et al. 1982).
This problem of anoxia is usually associated with stock-

ing densities in suspended culture that exceed 2-5
tons/acre; it has not been observed in any on-bottom cul-
ture operations. (According to a U.S. Ninth Circuit Court
of Appeals decision in 2002, biodeposits from shellfish
farms are not considered “discharges” under the U.S.
Clean Water Act.)

There should be little concern about “overloading”
our coastal waters with shellfish in the Northeast because
of their significant depletion since the early-to-mid 20th
century (Jackson et al. 2001). This is true for all estuaries
in the region — Chesapeake Bay, Narragansett Bay,
Delaware Bay, Long Island Sound — which were once
teeming with oysters (MacKenzie 2007). Nevertheless, it
is in the economic interest of shellfish farmers to manage
stocking densities by culturing shellfish in areas of good
tidal flushing that will prevent depositional overloading of
sediments (Crawford et al. 2003). If high stocking densi-
ties cause sediment fouling problems, they would also
impair the rates of shellfish growth, thereby cutting into
bottom line profits (Ferreira et al. 2007).
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Figure 1. Nitrogen in the environment may be in the form of inor-
ganic or mineral nitrogen (NO3, NH:), or organic nitrogen (Phy-
toplankton Nitrogen, Dissolved Organic Nitrogen, Consumer and
Decomposer Nitrogen) in which the nitrogen is part of carbon-rich
molecules either in living tissues or free in the environment.
Bivalves are consumers and decomposers. Various chemical
processes (i.e., arrows), usually mediated by bacteria or other
microorganisms, can convert one form of nitrogen to another.
Most nitrogen is relatively inert as nitrogen gas (N,), in the earth’s
atmosphere. Mineral forms of nitrogen, ammonium (NH:) and
nitrate (NO;), are important nutrients to support phytoplankton
productivity. Mineral nitrogen may be removed from aquatic
ecosystems through the process of denitrification, a bacterially
mediated chemical process that occurs in sediments at the bound-
ary between oxygen-rich top layers and lower anoxic sediment lay-
ers. Nitrogen gas formed by denitrification of nitrate eventually
diffuses into the water and then into the atmosphere (see Rysgaard
et al. 1994). (Figure by K.L. Schulz, SUNY College of Environ-
mental Science and Forestry, Syracuse)



Bivalves also cycle nitrogen through their release of
urinary ammonium in its dissolved form directly into the
water column. Many species of phytoplankton have the
ability to take up ammonium directly (Figure 1) as a stim-
ulatory nutrient. Often, phytoplankton regeneration by
ammonium released by bivalves is quite rapid (Ausmus
and Ausmus 1991; Pietros and Rice 2003), thereby main-
taining phytoplankton populations, despite the filter-feed-
ing process. The cycle of filter feeding on rapidly
regenerated phytoplankton by bivalve populations and the
release of ammonium in turn is yet another mechanism by
which bivalve populations can exert control over phyto-
plankton populations, thus moderating boom and bust
cycles of intense blooms (Cloern 1996).

Bivalves then are a “keystone” species because they
(a) exert “top-down” control of phytoplankton popula-
tions by filter feeding, or grazing; (b) exert “bottom-up”
control through biodeposition and promotion of nutrient
removal (i.e., burial and denitrification); (c) sequester
nitrogen in the form of proteins in meats and shells; (d)
stabilize phytoplankton growth dynamics through the
moderation of ammonia cycling in the water column. For
these reasons, many researchers have argued that shellfish
restoration and policies that encourage expansion of shell-
fish aquaculture in coastal waters is of significant ecolog-
ical importance in efforts in the Northeast for mitigating
the effects of coastal development and human-induced
increases of nutrient loading (Folke and Kautsky 1989;
Ulanowicz and Tuttle 1992; Rice 2000).

Environmental Impacts of Shellfish
Aquaculture Gear and Practices

In a review of environmental impacts of shellfish
aquaculture, Kaiser et al. (1998) distinguish between
impacts by cultured organisms and the practices required
for growing and harvesting them. For instance, rearing
oysters in subtidal rack and bag systems is a standard
practice in Southern New England and some parts of the
Northeast. Assessments of the impact of this gear type
suggests that they act as refugia for a variety of marine
organisms, including the juvenile stages of various species
of commercially valuable finfish (DeAlteris et al. 2004;
Tallman and Forrester 2007). There is also evidence that
shellfish in suspended culture enhance fish and crab pop-
ulations on the bottom (Iglesias 1981; Mattson and Linden
1983), and that fouling organisms on the mussel long lines
can enhance populations of grazing and predatory fish
(Tenore and Gonzalez 1976).

In some areas of the Northeast, quahog clams and
softshell clams are farmed in intertidal flats where nets or
plastic mesh are used for covering the shellfish and pro-

tecting against predators (Figure 2). Studies of impacts
of this type of shellfish farming in England using the
Manila clam Tapes philippinarum have shown buildup of
fouling organisms on the netting and a concomitant
increase in grazing molluscs and juvenile fish associated
with the nets (Spencer et al. 1996). While preparation of
the beds and harvesting of clams from the plots by various
mechanical plows or hydraulic devices disrupts infaunal
communities, recovery is rapid with original communities
returning in less than a year (Spencer et al. 1998). Distur-
bance and accidental take of non-target organisms is
unavoidable regardless of bed preparation and harvest
mechanism; however, in the majority of cases increased
diversity and abundance of species living in nooks and
crannies of all shellfish compensates for temporary losses
(Kaiser et al. 1996).

Figure 2. Shellfish farmer Joel Fox in a typical northern quahog,
Mercenaria mercenaria, farm plot in Wellfleet, Massachusetts.
Extensive sand flats during low tide are cultivated before planting
hatchery-reared seed at about 50 clams/sq. ft. To protect against
predation, netting is rolled out to cover the entire plot and either
fastened to submerged rebar or nailed to boards buried in the sed-
iments. The quahog aquaculture industry in Wellfleet has a long-
standing reputation of cordial relations with seaside homeowners.
(Photograph by Michael A. Rice)

Exotic Organisms, Hitchhiking Pests,
Diseases, and Biosecurity

While introduced species for commercial aquacul-
ture have been economically successful and have posed
no environmental problems (Mann 1983), there are great
concerns that the widespread movement of cultured
species (broodstock, seed, or planting stock) will also
facilitate the movement of disease-causing organisms and
exotic species (Naylor et al. 2001), which pose potential
dangers for both cultured and wild stocks (Ford 1996). In
all political jurisdictions in the Northeast, policy and reg-
ulatory mechanisms are in place to assure biosecurity
through review of proposed transfers of shellfish and



proper quarantine procedures (e.g., Bushek et al. 2004).
As a general rule, shellfish aquaculturists are mindful and
strongly supportive of biosecurity policies and best man-
agement practices, because inadvertent aquatic animal
disease and pest introductions could potentially be cata-
strophic to their own businesses (Shumway et al. 2003).

Aquaculture and the Public Trust

Nearly all shellfish aquaculture operations in the
Northeast occur within the public waters of their respec-
tive states; they may also draw or discharge water into
public trust waters of their state, thereby requiring over-
sight by government agencies (Duff et al. 2003). Many
researchers have argued that the official review process
should include predictive modeling of the various impacts
of shellfish aquaculture in order to determine an upper end
or carrying capacity. For instance, Grant et al. (1998) have
suggested estimating annual phytoplankton production
and comparing that production with the nutritional needs
for all “natural organisms” within a bay: the results would
then provide an estimate of the ecological carrying capac-
ity of mussel farms that might be developed in the bay to
feed on excess phytoplankton supply. Recently, Newell
(2007), following ideas from Costanza and Folke (1997),
argued that comprehensive ecological carrying capacity
modeling of shellfish aquaculture operations could better
inform our understanding of the economic value of shell-
fish aquaculture in providing ecosystem services. One
outcome of such models might lead to economic credits to
shellfish growers for their role in maintaining water qual-
ity in coastal water bodies (Ferreira et al. 2007).

While shellfish growers and environmental manage-
ment agencies may well consider ecological carrying
capacity of shellfish aquaculture on good environmental
management grounds, there are reasons to expect that
shellfish farming in the Northeast may be limited by
socio-political pressure long before ecological carrying
capacity of shellfish aquaculture has reached any of our
estuaries (Figure 3). First, wild shellfish populations are
at a fraction of historic highs and there is a long way to go
to reach restoration parity; second, relatively affluent
coastal populations often express reservations over the
loss of recreation and aesthetic values that are often artic-
ulated in the rhetoric of environmental protection. Rec-
ognizing this dilemma, McKindsey et al. (2006) have
proposed the concept of “social carrying capacity” as a
modifying feature of ecological and economic models to
account for such concerns.

Quantification of the value of aesthetics and other
environmental and social non-market values is often a dif-
ficult and imprecise task, though estimates can greatly
assist decision makers. For example, Johnston et al.

Figure 3. Recreational boaters, commercial fishers, coastal
landowners, and coastal visitors are often competing for space in
the heavily used waterways of the Northeastern United States.
Wickford Harbor in Rhode Island is typical of many coastal
waterways with multiple constituency groups who must not be
overlooked when planning and operating a shellfish aquaculture
operation. (Photograph by Michael A. Rice)

(2001) estimated the non-market amenity values of main-
taining farmland in the Peconic Bay estuary system of
Long Island, New York, an area with intensive develop-
ment pressures. The use of various methodologies to
assess non-market valuation of aquaculture is still in its
infancy, with much of the prior work focused on non-mar-
ket economic losses by environmentally destructive forms
of aquaculture as practiced overseas (Gunawardena and
Rowan 2005). Such economic assessments are an area fer-
tile for continued research. Nevertheless, the known ben-
efits of shellfish aquaculture in providing environmental
services, and other positive non-market amenities in the
Northeast are important and need to be considered by pub-
lic agencies as guidance in their policy decisions.

References

Ausmus, R.M. and H. Ausmus. 1991. Mussel beds: Lim-
iting or promoting phytoplankton? Journal of Marine
Biology and Ecology 148:215-232.

Bushek, D., D. Richardson, M.Y. Bobo and L.D. Coen.
2004. Quarantine of oyster shell cultch reduces the
abundance of Perkinsus marinus. Journal of Shellfish
Research 23:369-373.

Cloern, J.E. 1982. Does the Benthos control phytoplank-
ton biomass in South San Francisco Bay? Marine
Ecology Progress Series 9:191-202.

Cloern, J.E. 1996. Phytoplankton bloom dynamics in
coastal ecosystems: a review with some general les-
sons from sustained investigation of San Francisco
Bay, California. Reviews of Geophysics 34:127-168

Costanza, R. and Folke, C. 1997. Valuing ecosystem serv-
ices with efficiency, fairness, and sustainability as
goals. pp.49-68 in Nature”s Services, edited by G. C.
Daily. Island Press, Washington, D.C.



Crawford, CM., CK. A. Macleod, and I.M. Mitchell.
2003. Effects of shellfish farming on the benthic
environment. Aquaculture 224:117-140.

Dahlback, B. and L.A. H. Gunnarrsson. 1981. Sedimen-
tation and sulfate reduction under a mussel culture.
Marine Biology 63:269-275.

Dame, R., J. Spurrier, and T. Wolaver. 1989. Carbon,
nitrogen and phosphorus processing by an oyster reef.
Marine Ecology Progress Series 54:249-256.

Dealteris, J.T., Kilpatrick B.D., and Rheault R.B., 2004. A
comparative evaluation of the habitat value of shell-
fish aquaculture gear, submerged aquatic vegetation
and a non-vegetated seabed. J. Shellfish Res. 23: 867-
874.

Doering, PH. and Oviatt. 1986. Application of filtration
rate models to field populations of bivalves: An
assessment using experimental mesocosms. Marine
Ecology Progress Series 31:265-275.

Doering, P.A., JR. Kelly, C.A. Oviatt, and T. Sowers.
1987. Effect of the hard clam Mercenaria mercenar-
ia on benthic fluxes of inorganic nutrients and gasses
Marine Biology 94:839-861.

Duff,J., T.S. Getchis, and P. Hoagland. 2003. A Review of
Legal and Policy Constraints to Aquaculture in the
US Northeast. NRAC Publication No. 03-005. NRAC
Project No. WP03-9. 28pp.

Ferreira, J.G., AJ.S. Hawkins and S.B. Bricker. 2007.
Management of productivity, environmental effects
and profitability of shellfish aquaculture — the Farm
Aquaculture Resource Management (FARM) model.
Aquaculture 264:160-174.

Folke, C. and Kautsky, N. 1989. The role of ecosystems
for a sustainable development of aquaculture. Ambio
18:234-243.

Ford, S.E. 1996. Range extension by the oyster parasite
Perkinsus marinus into the northeastern United
States: Response to climate change? Journal of Shell-
fish Research 15:45-56.

Grant, J., J. Stenton-Dozey, P. Montiero, G. Pitcher, and
K. Heasman. 1998. Shellfish culture in the Benguela
system: A carbon budget of Saldanha Bay for raft cul-
ture of Mytilus galloprovincialis. Journal of Shellfish
Research 17:41-49.

Gunawardenal, M. and J. S. Rowan. 2005. Economic
valuation of a mangrove ecosystem threatened by
shrimp aquaculture in Sri Lanka. Environmental
Management 36:535-550

Iglesias, J. 1981. Spatial and temporal changes in the
demersal fish community of the Ria de Arosa (NW
Spain). Marine Biology 65:199-208.

Jackson, J.B.C., M.X. Kirby, W. Berger, K.A. Bjorndal,
L.W. Botsford, B.J. Borque, R ,H. Bradbury, R Cooke,

J. Erlandson, J.A. Estes, T.P. Hughes, S. Kidwell,
C.B. Lange, H.S. Lenihan, J.M. Pandolfi, C.H. Peter-
son, R.S. Stenek, M.J. Tegner, and R.R. Warner.
2001. Historical overfishing and the recent collapse of
coastal ecosystems. Science 293(5530):629-638.

Johnston, R.J., J.J. Opaluch, T.A. Grigalunas,and M.J.
Mazzotta. 2001. Estimating amenity benefits of
coastal farmland. Growth and Change 32: 305-325.

Kaiser, M.J., D.B. Edwards, and B.E. Spencer. 1996.
Infaunal community changes as a result of commer-
cial clam cultivation and harvesting. Living Aquatic
Resources 9:57-63.

Kaiser, MJ. 1. Laing, S.D. Utting, and G.M. Burnell.
1998. Environmental impacts of bivalve mariculture.
Journal of Shellfish Research 17:59-66.

Kaspar, H. F.,, P. A. Gillespie, I. C. Boyer et al. 1985.
Effects of mussel aquaculture on the nitrogen cycle
and benthic communities in Kenepuru Sound, Marl-
borough Sound, New Zealand. Mar. Biol. 85: 127-
136.

Kemp, WM. WR. Boyington, R.R. Twilley, J.C. Steven-
son, and L.G. ward. 1983. Decline of submerged vas-
cular plants in upper Chesapeake Bay: Summary of
results concerning possible causes. Marine Technical
Society Journal 17:78-89.

MacKenzie, C.L. 2007. Causes underlying the historical
decline in eastern oyster, Crassostrea virginica, land-
ings. Journal of Shellfish Research 26:927-938.

Mann, R. 1983. The role of introduced bivalve mollusk
species in mariculture. Journal of the World Maricul-
ture Society 14:546-559.

Mattson, J. and O. Linden. 1983. Benthic macrofauna
succession under mussels, Mytilus edulis L. cultured
on hanging long-lines. Sarsia 68:97-102.

McKindsey, C.W., H. Thetmeyer, T. Landry , and W. Sil-
vert. 2006. Review of recent carrying capacity mod-
els for bivalve culture and recommendations for
research and management. Aquaculture 261:451-
462. (www.crmc.state.ri.us/projects/riaquaworking-
group/bivalve_culture_carrying_capacity.pdf)

Naylor, R.L., S.L. Williams, and D.R. Strong. 2001.
Aquaculture: A gateway for exotic species. Science
294(5547):1655-1656.

Newell, R.ILE. 2007. A framework for developing “eco-
logical carrying capacity” mathematical models for
bivalve mollusc aquaculture. Bulletin of the Fisheries
Research Agency (Japan) 19:41-51

Newell, R.I.E. 1988. Ecological changes in the Chesa-
peake Bay: Are they the result of overharvesting the
Eastern oyster (Crassostrea virginica)? Pp. 536-546
In: M.P. Lynch and E.C. Crome (editors) Understand-
ing the Estuary: Advances in Chesapeake Bay



Research. Chesapeake Research Consortium Publica-
tion 129 (CBP/TRS 24/88), Gloucester Point, VA
(www.vims.edu/GreyLit/crc129.pdf)

Newell, R.I.LE. and E.M. Koch. 2004. Modeling seagrass
density and distribution in response to changes in tur-
bidity stemming from bivalve filtration and seagrass
sediment stabilization. Estuaries 27:793-806.

Newell, RIE., J.C. Cornwell, and M.S. Owens. 2004.
Influence of simulated bivalve deposition and micro-
phytobenthos on sediment nitrogen dynamics: A lab-
oratory study. Limnology and Oceanography
47:1367-1379.

Nixon, S.W. 1995. Coastal marine eutrophication: A def-
inition, social causes and future concerns. Ophelia
41:199-219.

Officer, C.B., TJ. Smayda and R. Mann. 1982. Benthic
filter feeding: a natural eutrophication control.
Marine Ecology Progress Series 9:203-210.

Officer, C.B., R.B. Biggs, J.L. Taft, L.E. Cronin, M.A.
Tyler, and W.R. Boynton. 1984. Chesapeake Bay
anoxia: Origin, development, and significance. Sci-
ence 223(4631):22-26.

Pearson, T.H. and R. Rosenberg. 1978. Macrobenthic
succession in relation to organic enrichment and pol-
lution of the marine environment. Oceanography and
Marine Biology Annual Reviews 16:229-311.

Peterson B.J. and K.L. Heck Jr. (2001) Positive interac-
tions between suspension feeding bivalves and sea-
grass—a facultative mutualism. Marine Ecology
Progress Series 213:143-155.

Pietros, J.M. and M.A. Rice. 2003. The impacts of aqua-
cultured oysters Crassostrea virginica (Gmelin, 1791)
on water column nitrogen and sedimentation: results
of a mesocosm study. Aquaculture 220:407-422.

Powell, EN., E.E. Hoffmann, J.N. Klinck and S.M. Ray.
1992. Modeling oyster populations: 1. A commentary
on filtration rate. Is faster better? Journal of Shell-
fish Research 11:387-398.

Rice, M.A. 1999. Control of eutrophication by bivalves:
Filtration of particulates and removal of nitrogen
through harvest of rapidly growing stocks. Journal of
Shellfish Research 18:275.

Rice, M.A. 2000. A review of shellfish restoration as a
tool for coastal water quality management. Environ-
ment Cape Cod 3(2):1-8.

Rysgaard, S., N. Risgaard-Petersen, N.P. Sloth, K. Jensen,
and L.P. Neilsen. 1994. Oxygen regulation of nitrifi-
cation and denitrification in sediments. Limnology
and Oceanography 39:1643-1652.

Short, F.T. and D.M. Burdick. 1996. Quantifying eelgrass
habitat loss in relation to housing development and
nitrogen loading. Estuaries 19:730-739.

Spencer, B.E., M J. Kaiser, and D.B. Edwards. 1996. The
effect of Manila clam cultivation on an intertidal ben-
thic community: The early cultivation phase. Aqua-
culture Research 27:261-276.

Spencer, B.E., M.J. Kaiser, and D.B. Edwards. 1998.
Intertidal clam harvesting: benthic community change
and recovery. Aquaculture Research 29:429-437.

Shumway, S. E., C. Davis, R. Downey, R. Karney, J.
Kraeuter, J. Parsons, R. Rheault, and G. Wikfors.
2003. Shellfish aquaculture — in praise of sustainable
economies and environments. World Aquaculture
34(4):8-10.

Tallman, J.C. and G.E. Forrester. 2007. Oyster grow-out
cages function as artificial reefs for temperate fishes.
Transactions of the American Fisheries Society
136:790-799.

Tenore, K., L. Boyer, R. Cal, J. Corral, F. Garcia, M. Gon-
zalez, E. Gonzales, R. Hanson, J. Iglesias, and M.
Krom. 1982. Coastal upwelling in the Rias Bajas,
NW Spain: Contrasting the benthic regimes of the
Rias de Arosa and Muros. Journal of Marine
Research 40:701-772.

Tenore, K. and N. Gonzalez. 1976. Food chain patterns in
the Ria de Arosa, Spain, an area of intense mussel cul-
ture. pp. 601-609. In: G. Persoone and E. Jaspers,
eds., Volume 2, Population Dynamics: Proceedings of
the 10th European Symposium on Marine Biology,
Ostende, Belgium.

Ulanowicz, R.E. and J.H. Tuttle. 1992. The trophic con-
sequences of oyster stock rehabilitation in Chesa-
peake Bay. Estuaries 15:298-306.

U.S. Court of Appeals, Ninth Circuit, 2002. Association to
Protect Hammersley, Eld, and Totten Inlets, a Wash-
ington non-profit corporation, Plaintiff-Appellant v.
Taylor Resources, Inc. Defendant-Appellee. No. 00-
35667, D.C. No. CV-99-05433-FDB(EM), OPIN-
ION. pp 21.

Acknowledgments
CSREES This work was conducted with the support
A, of the Northeastern Regional Aquaculture
5;; USDA ; Center, through grant number 2004-38500-
Py o oS 14589 from the Cooperative State Re-

search, Education, and Extension Service,
U.S. Department of Agriculture. Any opinions, findings,
conclusions, or recommendations expressed in this publi-
cation are those of the author and do not necessarily
reflect the view of the U.S. Department of Agriculture.

This fact sheet was prepared with assistance from the
Maryland Sea Grant College.


https://www.researchgate.net/publication/258224495



