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Review of The Environmental Impacts Related to
Mechanical Harvest of Cultured Shellfish

The topic of the impacts of fishing actwity n general 15 quite inflammatory and a great
deal has been published on the matter The impacts have been compared to clear-cutting
(Baulch 1999) “traw ling gear devastates the world's contimental shelves”. Others describe
“Watery Wastelands” devastated by traw ling (Levy 1998). Therealtty ofthe situation is
more nuanced and requires an understanding of the envronments and the gear and how
they mteract. It is important to understand that reports which describe huge heavy trawls
operated i deep waters to capture wild fish or shellfish do not apply to the operation of
small dredges used inshore to harvest culture shellfish on leased bottom.

I hav e examined hundreds of articles on the subject of the impacts of fishing gear The
vast majortty of the studies describe impacts to deep water environments from sea scallop
dredges or bottom trawls (otter trawls or beam trawls — large fishing nets). Where the
results of these studies are applicable I have included therm, however most of these
studies describe activities far different from hydraulic clam harvesting or oyster “dry
dredges” on cultured bottom

In many cases, the “potential impacts” described in the DEIS comments have not been
studied and there 15 no data to permit one to male a rational recommendation one way or
the cther. In many cases, the research reports were unpublished or published i the grey
literature and I have not been able to review them personally. In several cases the agenda
ofthe authors appear to have clouded their science, and the assumptions of the authors
have led to predetermined conclusions.

There are many reports and reviews that claim little or no significant impact while others
report devastation and destruction. While some consider trawling to be physically
disruptive to the bottom and potentially harmfil to the benthic cormmunity due to gear
damage, sedimentation, predation exposure, and reduction in benthic primary production
(Auster and Langton 1998, Bradstock and Gordon 1983, Brown 1289, Collie et al 1997,
and Engel and Evitelr 1993}, cthers feel that trawling may mimic natural disturbances
and stinulate benthic production, enhancing fish production (Deilteris 2000, MacKenzie
1982, Van Dolah et al 1991, and Currie and Parry 1996).

A few review articles are worthy of special mention. The 1995 Eeview of the Potential
Impacts of Mechanical Harvesting on Subtidal and Intertidal Shellfish Resources by
Coen 15 a 46 page unpublished review of the impacts of hydraulic escalator dredges in
South Carolina. A similar review was done by Tarnowsky in 1991 for Maryland. Both of
these reviews are attached as appendices to thisreport. They both provide and objective
and thorough review ofthe literature as it pertains to this 1ssue

The DEIZ concludes that the proposed aquaculture activities are not lizely to have a
significant env ronmental impact. The very nature of the question demands a subjective
response that must balance a host of 1ssues. Bince no activity can be done without an
inpact, the important questions becorne: What 15 a significant impact? What can be
considered a postive or beneficial impact? (Langan 1998). Arethe impacts significant if



the effects are not detectable after a few weels or months or if the mpacts pale in
cornparison to frequent natural disturbances such as storms (Deslteris et al 1999). Are
the mmpacts significant 1f the impacts are restricted to a small area or 1f the impacts are
mitigated by other positive ecosystem benefits? Ancther mmportant question 1s: If the
impacts are indistingumishable from those of other common and approved harvest
activities should we be regulating them differently simply because this 15 aquaculture
instead of a wild harvest fishery? The answers to these questions are subjective and rarely
are the 1ssues black and white.

Clearly there are significant impacts to be avoided. These mclude wholesale changes in
ecosystemn structure or trophic energy flow,; long-term changes that are not recoverable
within a reasonable time frame after the practice ceases (such as mtroductions of diseases
or non-native species), and negative impacts on threatened or endangered species. These
are all clear examples of significant tmpacts. Beyond these clear examples are areas of
subjective interpretation. The wrpact 15 significant 1if you are the worm who ust got cut in
half, but perhaps not so 1f you are the flounder who gets to eat the worm exposed by the
dredge

Descriptions of dredges, hydraulic dredges and otter trawls

Most dredges are ralze-like devices that use bags to collect the catch. They typically
remcve molluscan shellfish from the seabed, but are also used to harvest crustacea,
finfish, and echinoderms Dredges tale etther epifauna or mfauna; the design details of
the gear vary greatly and are specific to the target species and the substrate

In estuarine waters, dredges are used to collect clams, oysters, conch, and crabs. The
oyster dredge consists of a steel frame, 0.3-2.0 mwide, with a blade with teeth The tow
chain or wire and a bag for the catch are attached tothe frame The dredge 15 towed

slow Iy (<1 m's) m circles, from vessels that are 7-15 m long. Similar dredges are used to
catch blue crabs in the mid-Atlantic region during the winter. These dredges can have
teeth as long as 8am that penetrate soft bottoms to capture partially buried epifauna.

To capture shellfish that bury deeper than a few centimeters fishermen fit dredges or
rakes with longer teeth or occasionally use water jets to loosen the sediment and bring the
shellfish to the surface. This 15 commonly called a “hydraulic dredge”. Large hydraulic
clam dredges are used offshore to collect surf clams and ocean quahogs while smaller (1-
2mmy dredges are used mshore to collect soft and hardshell clams.

Inthe soft clam fishery, which occurs in shallow estuarine waters, the dredge head
(manifold and blade) 15 attached to a conveyor or “escalator” that carries the materials
retained on the blade to the working decl of the vessel

Offshore, large, heavy dredges are used catch sea scallops, which mhabitt a sand—gravel—
cobble bottom and live on the surface ofthe seabed. The scallop dredge has a steel frame
with atongue with an eye, a blade with no teeth, and abag The width or mouth opening

ofthe dredgeranges from 3.0 to 4. 5 m, and dredge weight varies from 500 kg to 1000 kg



Differences between wild harvest fishing and the harvest of cultured shellfish

An mportant consequence of sea scallop dredging and otter traw ling 15 the reduction in
habitat complexity (architecture) that accompanies the remaoval of sessile epifauna and
the alteration of physical structure, such asrocks and cobble (Bradstock and Gordon
1283) Emergent epifauna and other vertical structures provide critical habitat for
Juvenile fish and the destruction of this structure can mcrease predation risk. It is
imnportant to remermber that on cultured grounds the grower replaces the shell and
replants with live shellfish, repairing the damage to vertical structure and productivity so
the significant impacts of fishing gear on structure are limited to wild harvest fishing
activities and are not relevant to the harvest activities on cultured grounds.

Frequency and scale are also important in the quantification of mmpact (Collie et al 2000,
and Faiser and Spencer, 1996, Since a grower will typically leave his grounds
untouched for several years while the shellfish are gven the opportunity to grow, wild
harvest fishermen will typically tow over the same grounds many times a year. They will

drag longer tows over much wider areas. And spend hours dragging unproductve bottom
searchimg for fish or shellfish

Inthe case of the planed leasing in Suffoll County, small leases will largely preclude
hydraulic or even dry-dredge harvesting because a 10 acre lease will need to be
subdivided into sections for different vear classes, meanmg growers are trying to turn
over plots as small as 3-5 acres. And the proposed scale of leasing i the system i3 very

small so you don’t really need to worry about systemn-wide impacts from a large number
of boats.

The follow ing 15 exerpted from areview Effects of Trawling and Dredging on Seafloor
Habitat (2002) Ocean Studies Board (OSB) (E. M Dorsey and J. Pederson 1998)

Many experimental studies have documented the acute, gear-specific
effects of trawling and dredging on vanous types of habitat. The results
confirm predictions based on the ecological principle that stable
communities of low mobility, long-ived species will be more vulnerable to
acute and chronic physical disturbance than will short-lived species in
changeable environments. Trawling and dredging can reduce habitat
complexity by removing or damaging the biclogical and physical structures
of the seafloor. The extent of the initial effects and the rate of recovery
depend on the habitat stability. The more stable biogenic (i e., of biclogical
origing, gravel, and mud habitats experience the greatest changes and
hiave the slowest recovery rates. In contrast, less consolidated coarse
sediments inargas of high natural disturbance show fewer initial effects.
Eecause those habitats tend to be populated by opportunistic species that
recolonize more rapidly, recovery is faster as well.

The direct effects of fishing gear are the most obvious and the vast majority of the
literature addresses these effects. They include:



- redriction of complexity wd diversity or shiffs in compnity structire follow ing
large scaleremoval of target species as well as by-catch or capture of non-target
species.

- loss of vertical stniciiire which provides critical habitat and refuge for uvenile fish
and crustaceans

- and redriction in productivity or biomass tollowing harvest.

Fotential Indirect Effects (from E. ML Dorsey and J. Pederson 1998)

o Nutrientoyohng . Seafloor trawling and dredging could increase or
decrease the exchange rate of nutrients between the sediment and water
column and introduce pulses of productivity in addition to pulses from the
natural seasonal cycle.

« Hypoxia Resuspension and oxidation of sulfides can scavenge oxygen
and cause local areas of low oxygen or hypoxia.

» noregassd suscephbility to other stressors. Loss of physical structure in a
habitat can expose organisms to other stressors, such as predation.

o Turbidify. Resuspension of sediments can limit visibility and decrease light
penetration This might impact feeding behavior, tmpair respiration or slow the
growth of algae or SAV.

Impacts on Species Richness, Diversity and Productivity

Many studies document the reduction of complexity following disturbance by fishing
gear, and the subsequent loss of dversity. In the marine environment the addition of any
firmn substrate or vertical relief will stinulate diversity. The removal of shells, bivalves
and other structures by harvest gear of any type will have the oppostte effect. In oyster
aquaculture, unlike the wild fishery, the shell and pvenile shellfish arereplanted after
harvest and so the vertical structure 15 replaced. In clam aquaculture grounds, there i3
typically little structure to begin with, so the disturbance 1s short term and recovery is
rapid. Beed clams are replanted follow ing harvest so productivity and biomass are
retained.
From Coen 1595
Most studies agree that dredging causes some mortality to small and large
infaunal and epifaunal organisms in the direct path of the device
(Godchardes 1971, kyte et al. 1975, kyte and Chew 1975, Vining 1875,
Mever et al. 1981, Mackenzie 1982, Peterson et al. 19387, Barnes et al.
1991 However, since many of these small benthic organisms
(crustaceans, polychastes, molluscs) have rapid generation times, high
fecundities and excellent recolonization capacities, it is generally accepted
that this community effect is only shor-term (e.q., Godcharles 1971,
Feterson et al. 1987, Bennett et al. 1990, Hall et al. 1220} Hall &t al.
(1990) suggest that the effects will be apparent and protracted only ifthe
fauna are pnmanly immobile orifthe affected area is large relative to
remainder of the habitat.



In addition to the removal of the target species, and some non-target species, diversity 1s
ternporarily impacted by the attraction of several predatory species known to aggregate in
the dredge tracksto eat uncovered or damaged prey. Mannmg (1957) reported crabs and
several fi1sh species attracted to areas of active dredging Withm one hour of dredging
Caddy (1973) directly observed predators at densities up to 30 times those outside the
tracks, especially winter flounder but also sculpin and rock crabs, were attracted to
scallop dredge tracks. Similarly, Eleftheriou and Eobertson (1992) noted congregations
of fish (primarily pleuronectids, gadoids, and gobies) feeding in scallop dredge tracks, as
well as seastars and a large variety of crustaceans

Species richness and density of three polychaete species were significant Iy reduced n
areas where hoes were used for commercial digging for soft-shell clams in Maine (Brown
and Wilson 1997). Dolmer et al (2001} noted reduced densities of small polychaetes
found after dredgmg for bottom cultures mussels while infaunal abundance and diversity
decreased immediately following suction dredge harvesting of Manila clams from an area
of muddy-sand beottom in Northern Europe (Spencer et al 1998). High mortaltty of non-
target benthic fauna resulting from cockle (Cerastosterna edule) harvesting by suction and
tractor dredges was quickly and naturally alleviated with study sites becoming
mndistinguishable from controls within 56 days (Hall and Harding 1997) While
significant effects are often observed immediately follow mg bottormn culture harvesting n
unvegetated, soft-sediment habitat, quick recovery of mvertebrate communities appears
quite common (Faiser et al 1998).

Perhaps one ofthe most complete studies on faunal mpact was done in Florida by
Godcharles (197 1) who discovered no lasting impacts on the benthic populations. Using
three gear types (benthic corer, trynet traw], hydraulic escalator dredge) to sample both
mnfauna and epifauna they reported little difference between control and experimental
dredging sites. Eecovery was slowest in some of the vegetated areas, which were
cornpletely stripped of plants by the dredge with a maximum of thirteen months possible
Godcharles reported no significant faunal differences between control and experimental
plots, (ncluding the vegetated stations), in the trynet samples.

Tarnowslky 2001 reviewed recovery times from various sources of man-made impacts
and found that with few exceptions recovery wasrapid, in most cases on the order of
months. This resiliency of the benthos 15 characteristic of shallow -water coastal and
estuarine systems, which are subjected to contiral disturbances (Turner et al, 1995},
These commmuinities are characterized by their resilience and persistence in the face of
disturbance There are dozens of anecdotal reports of massive sets of clams (Mdya,
Mercenaria or Spistda) following dredging, significant storms or oilspills. These species
are adapted to rapidly colonize empty niches (Visel pers comm. ).

See also:

Conner, W.G. & IL. Simon (1979 The effects of oyster shell dredging on an estuarine



benthic community. Estuarie and Coastal Marine Science 9. 749758,

Abstract: This paper describes the extent and nature of the effects on the benthos of
physical disruptions associated with dredgmg fossil oyster shell Two dredged areas and
one undisturbed control area in Tampa Bay, Florida, were quantitatively sampled before
dredging and for one vear after dredgmg The immediate effects of dredging on the soft-
bottom community were reductions in munbers of species (4084 loss), densities of
macromfauna (65% loss), and total biomass of invertebrates (20% loss). Durmg months
6-12 after dredging, the analysis used (MMann-Whitney 17 Test, alpha = 0.05) showed no
difference between dredged and control areas in number of species, densities, or
biomass (except E,). Cormrmunity overlap (Czechanowski's coefficient) between
dredged and control areas was reduced directly after dredging, but after & months
the pre-dredging level of similarity was regamed.

De Alteris, T, Slrobe, L., and Lipsky, C. 1999, The significance of seabed disturbance by
mobile fishing gear relative to natural processes: a case study in Narragansett Bay, Ehode
Island. Pages 224-237 i1 L. K. Benaka (ed.). Fish habitat: essential fish habitat and
rehabilitation American Fisheries Soctety, Svmposnim 22, Bethesda, Maryland.
Abstract: Seabed disturbance by mobile bottom-fishng gear has emerged as a major
concern related to the conservation of essential fish habitat. Unquestionably, dredges
and trawls disturb the seabed. However, the seabed is also disturbed by natural
physical and biological processes. The biological comimmnities that utilize a
particular habitat have adapted to that environment through natural selection, and,
therefore, the anpact of mobile fishing gear on the habitat structure and biological
cormmun ity must be scaled against the magnitude and frequency of seabed
disturbance due to natural causes.

Fonds, B 1994 Mortality of fish and mvertebrates in beamn traw! catches and the
survival chances of discards. Trs deGroot, 2.1 and Lindeboorm, H T (eds) Environmental
inpact of bottom gear on benthic fauna in relation to natural resources management and
protection of the North Bea WIOZ Rapport 1994-11, Texel, Netherlands.

siupmary: Survival experiments were carried out with fish and invertebrates collected
fromthe by-catch of commercial beam trawls for sole fishing Mortality was lower for
discards from 4-m beam trawls as compared to the much heavier 12-m beamn trawls.
MMortality of small animals that pass through the 8can meshes of the nets durmg
trawling ranges from less than 5% for staifish, 10-20% for stnall fish, 20-30% for
crustaceans, to 40-2084 for the more vulnerable shellfizh.

Goodwin, L. and Shaul, W 1978 Studies of the mechanical escalator harvester ona
subtidal clam bed n Puget Sound, Washmgton Progress Eepart No. 53, State of
Washington Departrent of Fisheries. 23 p.

Abstract: The hydraulic harvest of clams in the small experimental plot produced some
changes which were evident to divers shortly after harvest was completed. The
abundance of attached kelp wasreduced in the treatment plot compared tothe control
plot. The harvest left large amounts of old clamshell and sand at the substrate surface
The harvest greatly reduced the standing crops of commercial size clams within the
treatment plot. Butter and littlenecl: seed clam abundance was as high within the



treatment plot asthe control plot, and a new crop of these clams was expected to develop
fromthese small clams. The harvest had little, f any, effect on the number of benthic
animal species, but did reduce the number of mdividuals and the weight per unit
area of some organisms. These reductions are probably a short-term situation. Most
species had recovered to the control plot levels in 1973 Mo effects on the percentage
of fines in the substrate of the treatment plot were observed. Bome vertical changes in
substrate distribution were evident since clam shell and sand was more abundant in the
substrate surface after harvest in the treatment plot compared to the control plot.
Chemical parameters of the substrate were slightly reduced or unchanged in the
treatment plot compared to the control plot.

Hall, 3. I, Basford, D. T, and Robertson, 3 E. 1990, The impact of hydraulic dredging
for razor clams Ersis sp. on an nfaunal community . Netherlands Joumnal of Sea
Eesearch 2701 119-125.

Abstract: The impact of fishing for razor clams (Ensis sp.) by hydraulic dredging on the
associated mfaunal community has been examined in a manipulative field experiment
executed in autumn i a Scottish sea loch at 7 m depth. Infaunal samples from replicate
fished and unfished plots were examined after 1 and 40 days. Major effects on the total
number of individuals were observed immediately after fishing and sign test revealed a
reduction in the abundance of a significant proportion of species m fished areas.
However, after 40 days no effects of fishing could be detected and no visible signs of
fishing remained on the sea bed We hypothesized that active migration mto the water
colurmn and passive suspension during wind-and tide-induced sedmment transport dilute
localized effects and conclude that, given the restricted depth at which fishing is possible
at present, hydraulic dredging is unlikely to have persistent effects on most of the
mfaunal community in most habitats.

Hall, 3. I and Harding, b I C. 1997 Physical disturbance and marme benthic
cornrrinities: The effects of mechanical harvesting of cockles on non-target benthic
mnfauna. Joumal of Applied Ecology. 34(2) - 497-517.

Abstract: This paper describes the results of manipulative field expermments which
examine the effects of disturbance by two mechanical cockle harvesting methods,
hydraulic suction dredging and tractor dredging. Although the suction dredge
experiment revealed some statistically significant effects, taken as a whole the
results indicated that the fmumal structure in disturbed plots recovered (i.e.
approached that of the un-disturbed controls) by 56 days. From the available
evidence the most lizely mechanism of recovery was through the imrmigration of adults
into disturbed areas.

We conclude that mechanical harvesting methods mpose high levels of mortality on
nontarget benthic fauna, but that recovery of disturbed sites is rapid and the overall
effects on populations is probably low.

Kaizer, B I 1998 Bignificance of bottom-fishing disturbance. Conservation Biology.
12(6) - 1230-1235.

Abstract: Since the early 1970s there has been increasing interest in the ecological effects
of bottom-fishing actities on the benthic ecology of the seas of northern Eurcape. The



majortty of studies have examined the short-term effects of disturbance on benthic fauna.
I highlight the importance of evaluating the ecological relevance of fishing

disturb ance versus natural perturbations, which varies among different habitats Most
experimental studies have shown that it 15 possible to detect short-term changes in
cornrrnity structure i response to fishing disturbance. Evidence suggests that long-term
changes are probably restricted to long-lived fragile species or cormunities found in
environments that are mfrequently disturbed by natural phenomena. Understanding the
relative ecological importance of physical disturbance by fishing versus natural events
would provide a basis for predicting the outcome of fishmg actities m different marine
habitats.

Kaizer, 8 I, Broad, G, and Hall, 3. T 2001, Disturbance of intertidal soft-sediment
benthic communities by coclkle hand raking Journal of Sea Research. 45(2) : 119-130.
Abstract: Recent awareness of the ecosystemn effects of fishing activities on the marine
environment means that there 15 a pressing need to evaluate the direct and ndirect effects
ofthose activities that may have negative effects on non-target species and habitats. The
cockle, Cerastoderma edule (L) is the target of a commercial and artisanal fishery that
occurs i mtertidal and estuarine habitats across Morthern Europe. Cockles are harvested
etther mechanically using tractor dredges or suction dredges or by large numbers of
mndividual fishers using hand rakes. This study examined the effects of hand raking on the
non-target species and under-sized cockles associated with intertidal coclkle beds and the
effects of size of the patch of sediment disturbed on subsequent recolonisation. Hand
raking led to an mutial three-fold ncrease inthe damage rate of under-sized cockles
cornpared with control plots. The communities m both small and large raked plots
showed community changes relative to control plots 14 days after the mitial disturbance
The small raked plots had recovered 56 days after the initial disturbance whereas the
large ralzed plotsremamed in an altered state Samples collected over a year later
indicated that small-scale variations i habitat heterogeneity had been altered and suggest
that while effects of hand raking may be significant within a year, they are unlikely to
persist beyond this time-scale unless there are larger long-lived species present within the
cormrnty.

Kaiser, M I, Edwards, D. B, and Spencer, B. E. 1996, Infaunal community changes as a
result of commercial clam cultivation and harvesting. Aquatic Living Resources. 90 57-
€3,

Abstract: Manila clams, Tapes philippinanen are cultivated beneath plastic netting, to
protect them from excessive predation, and harvested after approimately two years in
south-east England. Surveys were undertalzen at the end of the growmg stage
imnmediately after harvesting by suction dredge and seven months later. Infaunal
abundance was greatest within a net covered clam lay than in proximate and distant
control areas, but the total number of species encountered was similar in all areas (20-22)
Harvesting by suction dredge altered sediment composttion by removing the larger sand
fractions down to the underlymg clay substratum, consequently there was a large
reduction in the density of all indriduals and the total mumber of species. Seven months
later, no significant difference was found between the mfaunal commmunity in the
harvested clam lay or either of the control areas and sedinentation had nearly



restored the sediment structure. These observations indicate that the practice of
clam cultivation does not have long-teiin effects on the environment or benthic
cormmunity at this site.

Kaiser, M I, Lamg, I, Uting, 5. D, and Burnell, G W 1998 Environmental impacts of
bivalve mariculture. Journal of Zhellfish Research. 17010 59-66.

Abstract: There 15 a pressing need to protect the ecology of nearshore marine habitats that
are used for an ever increasmg range of activities. In particular, fisheries managers need
to consider both environmental and socioeconormuc 1ssues m coastal areas owing tothe
environmental changes that can occur as a result of cultivation and harvesting processes
associated with mariculture Bivalve cultivation can be broadly split mto three main
processes: (1) seed collection, (2) seed nursery and on-growing, (3) harvesting. The
environmental impacts of each cultivation stage will vary depending on the species in
question and the techniques used. ..

The final stage of cultvation involves harvesting. In many cases this involves little more
than emptying the bivalves from poches or ifting ropes. However, inthe case of species
cultivated within sediment, or relayed on the seabed, the use of intrusve techniques is
required. Both dredgers and suction devices cause disruption of the sediment and lall or
directly remove non-target species. The time taken for communities affected by these
processes to recover will vary dependmg on a number of factors, such as the cohesive
qualities of the sediment and the aspect ofthe site and the longevity of the non-target
fauna. As is the case with all anthropogenic activities that impinge on the marme
environment, the magnitude of the envirommental changes that occur is linked to the
scale of the cultivation processes. There are also positive aspects to coastal shellfish
cultivation such as the provision of hard substrata and shelter m otherwise barren
sites and the possibilities of using the cultured organisms as environmental sentimels.
Here, we review the potential environmental effects that occur throughout the cultivation
cycle, from collection ofthe seed to harvesting. We suggest that careful consideration of
the techniques used can effectively minimize environmental changes that might occur,
and possibly ameliorate subsequent restoration of cultivated sites.

Langan, E. 19938 The effect of dredge harvestmg on eastern oysters and the associated
benthic community. n E. M Dorsey and I Pederson (eds). Effects of fishing gear on the
sea floor of New England. MIT Sea Grant Pub. 984, Boston, W4

Summary, An oyster bed at the mouth of the Piscataqua River, divided nearly equally on
etther side of the New Hampshire and MMaine jurisdictional lines, was studied to evaluate
the oyster populations and benthic community. Differences m state regulations provided
the researcher with an opportunity to compare the benthos where the differing regulations
on cormmercial harvesting were ermploved. Buspended sediments due to dredgmg actmrity
was also studied. In Maine's jurisdiction (harvested), oysters showed a noimal size
distribution and good recent recruitment. In MNew Harmpshire's jurisdiction (non-
harvested) oysters were large and recruttment was poor. No significant differences
(ANOVA) were found between the two areas in the mumber, species richness or
diversity of epifaunal and mfaunal invertebrates. Additionally, suspended sediments
results indicated that the imp act of the dredging activities m Maine were localized
and not very large.



Impacts on vertical structure

Mumerous studies indicate that habitat complexity improves the survivaorship of many
fish species. Benthic organisms (plants, corals, and sponges) and sediment forms (mud
burrcw s and gravel) add structure to the seafloor and increase habitat complexity
(Ereiger 2001, Freese et al 1999, Seafloor structures serve as nursertes for juvenile fish
and provide refuge and food for adults. Even small structures, such as cobbles and clam
shells, can form important habitat. Areas ofthe seafloor that lack these structures do not
support the variety of fish populations observed m more complex regions (Collie et al|
1997, Eaiser et al |, 1999).

With repeated trawling, the physical relief of the seafloor 1sreduced and juveniles of
many fish species which are known to aggregate near seabed structure 15 depleted and
there 15 an overall reduction in benthic production (Jennings et al , 2001). Also, removal
of physical structure m a habitat can force some species into less optimal environments.
For mstance, the dredging of oyster reefs in Morth Carolma has lowered the reefs’
vertical height relative to the seafloor. Thus, the only suitable substrate forthe oysters 1s
closer to the bottom in deeper areas that are more prone to anoxic events that result from
nutrient overloadmg (Lenthan and Peterson, 1998) (Again —bear m mind that these
inpacts refer to wild harvest dredging, and that oysters in termp erate waters do not form
mtertidal reefs as they do in the rmud-Atlantic, and on cultured grounds oysters are
replanted after harvest)

Dealteris et al (2004) compared replicated samples from randomly selected submerged
aquaculture gear (cages of oyster-containing mesh bags placed directly on the seafloor),
submerged aquatic vegetation sites (3AV, samples from Zastera beds), and non-
vegetated seabed (NVER) Oyster cages displayed order of magnitude increases n
abundances of fish, crustaceans, molluscs and had larger abundances of sessile
organisms such as sponges, hydroids, bryozoans, and ascidians relative to SAV and
NVEB. Higher (but net statistically significant) diversity was observed in the oyster
cages. Authors conclude that observed differences were dueto differences in habitat
cornposition, structure, and complexity which increased refuge areas and densities of
fouling and forage organisms. Aquaculture structures can act as vital habitat and mcrease
secondary productiv ity (Dealteris et al 2004).

Freese, L., Auster, P I, Heifetz, J, and Wing, B. L. 1999, Effects of trawling on seafloor
habitat and associated mvertebrate taxza in the Gulf of Alaska. Marine Ecology Progress
Sertes. 1821 119-126.

Boulders were displaced, and large epifaunal invertebrates were removed or damaged by
a single trawl pass. These structural components of habitat were the dorminant features on
the seafloor. There was a significant decrease m density, and an increase in damage, to
sponges and anthozoans m traw led versus reference transects. Changes in density, or
damage to most motile mvertebrates were not detected.



Ereiger, K. J 2001 Coral impacted by fishing gear in the Gulf of Alaska Pages 106-117
i Willison, J, Hall, J, Gass, 3., Eenchington, E. | Butler, M | and Doherty, P. (eds.),
Proceedings of the first nternational symposnim on deep-sea corals. Proceedings of a
Symposium held at Dalhousie University, Halifax, Nova Scotia, Canada, July 30 —
August 2, 2000

Impacts on Submerged Aquatic Vegetation (SAV)

Eelgrass (Zostera marig), 15 an important component of estuarine areas from Nova
Scotia to North Carolina, and 15 the primary habitat for the econormically important bay
scallop (Argapecten irradians ). SAV s are important to numerous species and are
protected under federal law as essential fish habitat (EFH) There 1s no doubt that
repeated dredging in areas with AV will damage the SAV. Tarnowski (2001)
characterized the impact of hydraulic dredges to eelgrass as“ catastrophic”. However, in
my opinion i 15 unlizely that SAV will be significantly impacted by shellfish aquaculture
in Buffollk County since it 15 against policy to lease grounds with established eelgrass
beds, and since harvesters prefer to avoid dredging in eelgrass beds because weeds fill the
bag quickly and male sorting the catch more difficult.

Harvesting methods have been found to heavily influence macrophyte cormunities
(Peterson et al. 1987, fonesca et al 1984). Peterson compared various methods of clam
harvesting (Mercenaria mercenaria). Harvesting with clam licking boats (a practice that
uses propellors aimed downward to blow sediment off wide areas to expose buried
clams) caused a 65% reduction in seagrass biomass relative to controls and recovery was
only partial after four vears Further, in areas harvested by hand-ralung, which 1s
perceived to have arelatively lower disturbance level, seagrass biomass decreased 25%.
Cryster culture leases harvested by dredgmg displayed decreased eelgrass shoot density,
shoot length, and biomass compared to reference plots. Biomass was reduced 30% after
one year and 96% after 4 vears with effects persistng up to two vears post-treatment.

Dredgmg hasthe potential to cause substantial alterations to eelgrass in culture areas and
these alterations can persist many years. This can be prevented by not allowing leases in
areas with established eelgrass beds and by establishing a prohubition on dredge
harvesting, hydraulic dredging and bull raking m eelgrass beds. This prohibition should
apply to wild harvest fishermen using bullrakes. Some states have even barred or limited
the use of scallop dredges n eelgrass beds (RI).

Sediment resuspension, turbidity impacts

Human-mnduced resuspension turbidity often results from large-scale dredging operations
toremaove or redistribute sediments, ship and boat traffic, and land runotf The observed
effects aretypically site specific as a consequence of sediment grain size and type,
hydrological conditions, etc (Barnes et al 1991). Harvest dredges (especially those that
use water jets) will resuspend sedument 1n the water column. MMost of the larger particles
settle almost immediately, but fine silt can remain suspended for days. Most studies
(nchiding unpublished studies done on my farmy show that over 95% ofthe sediment



sinlzs to the bottormn within a few tens of meters of the source (reviewed in Coen 1995)
Storms will also stir up sediments in shallow waters and most estuarine species are
predictably tolerant of high suspended sediment loads

DEC discusses worst case inpacts of chronic and prolonged exposureto elevated
sediment (suffocation, and other sub-lethal impacts (reviewed in Coen 1995). 1t 15 highly
unlikely that harvest activities in Suffolk County will result in prolonged or chronic
elevation of sediment levels because the leases are too small to support dredging or
hydraulic dredging and because the activities are very limited in area It 15 disingenuous
torefer to studies describing the impacts of harbor and channel mamtenance dredging
and extrapolate these to fishing activities. The removal and dumping of tons of deeply
buried sediments cannot be compared to the impacts of a few small dredges that mobilize
a small area a few centimeters deep.

Turbidity reduces light levels, thereby generally decreasmg predator feeding success and
enhancing prey survival in some cases (Vinyard and O'Brien 1976). However, results are
systermn- or species-dependent, being highly variable and often conflicting (Johnston and
Wildish 1982, Boehlert and Morgan 1985). Turbidity can affect eggs, larval, juvenile
and adult fishes and shellfish in estuarine and marmne ecosystems (reviewed in Peddicord
et al. 1975 for mvertebrates, Simenstad 1990 for fish),

The follow ing 15 excerpted from Coen 1995:

Turbidity can affect immunological, physiological and histopathological
systems (Servizi 1990, Simenstad 1990). Estuaring fishes have been
classified in lab studies as tolerant, sensitive or highly sensitive, to
turbidity levels (O'Connor et al. 1876). For example, mummichog, striped
killifish, cusk eel, toadfish, hogchoker were suspension-tolerant, whereas
Atlantic silversides, juvenile bluefish and menhaden and young-of-the vear
wihite perch were highly sensitive to suspended mineral solids. Neumann
et al (1975) found that toadfish (Opsanus) respiration appears unaffected
by elevated turbidity.

Shellfish "dredging” operations have typically not been considered to
have deleterious results, since its effects are perceived to be negligible
compared to natural environmental variation {e.q., currents, winds and
waves) Many of the potential effects are also limited by the scale ofthe
operation (both spatial and temporal), particle grain size (see above), the
process itself (immediate return to the bottom) and local hydrology, among
other factors (Barnes et al. 1991

Although the effects of shellfish dredging on turbidity levels have not
been studied, the organisms that live in these highly variable, estuanne
ecosystems typically encounter elevated and highly vanable suspended
sediment loads, with ambient seston levels often varying by several orders
of magnitude over short durations (e.g., daily, kyte et al. 1975, Settlemyre
and Gardner 1977, Auld and Schubel 1978, Barnes et al. 1991). Hence,
they are generally considered tolerant of short-term perturbations (Kwte et



al. 19745 Also, most of the fishes and crustaceans (with the exception of
bamacles) are highly mobile.

Simenstad (199070 concluded that most estuarineg fishes move out or
are adapted to elevated suspended sediments and that most behavioral or
sublethal effects seen in the lab are even more ambiguous when
extrapolated to the field. Auld and Schubel (197 8) concluded the same for
eggs and larvae of six Chesapeake Bay species. Thus, while the effects
remain unknown, it is unlikely that the limited turbidity plumes created by
subtidal or intertidal shellfish dredging operations have a major impact on
the biclogical resources in those habitats .

Turbidity will reduce light levels and the resultant shading could have an impact on plant
growth. If dredging activities occur to such an extent that light levels are reduced below
armbient levels for extended periods or over wide areas then SAV, benthic macroalgae
and phytoplankton might be atfected. I was not ableto find any papers that documented
this impact.

Tarnowslky (2001 reported that hydraulic dredge impacts to turbidity are worst in fine
silty clay sediments because the particles remain suspended longest. The maximum
distance of detectable depostts resultmg from hydraulic dredging was 75 #. while another
study found negligible sedimentation at 15 # from a dredging stte. Values as high as 584
mgfl of suspended solids were recarded at the conveyor belt of an escalator dredge
working in a silt/clay mud flat (Eyte & Chew, 1975) This value rapidly dropped to 82
mgfl at a distance of 61 m (200 ft.) frorn the dredge, although a plume was still visible
Background silt loadings at the site varied from 4 to 441 mg/l

I was unable to locate studies on the effects of increased turbidity on winter flounder eggs
or larvae Simnce the species 15 adapted to spawn in late winter n the shallow upper
reaches of coastal estuaries at a time when winter storms are at their worst, one might
assume that they are well adapted to periodic episodes of high turbidity.

See also:

Black, ¥ P. and Parry, G D. 1999, Entramment, dispersal, and settlement of scallop
dredge sediment plumes: Field measurements and numerical modeling. Canadian Journal
of Fisheries and Aquatic Sciences. 560123 - 2271-2281.

Abstract: Entramment, dispersal, and settlement of sediment plumes generated by scallop
dredging were measured with an mstrumented towed sled and downstream sensors during
a series of experiments conducted n the main scallop grounds in Port Phillip Bay in
southeastern Australia. When three 36-ha experimental plots were subjected to closely
supervised, intensive dredging by commercial fishers, it was found that dredges suspend
a thin layer of sediment (stmilar to 0.5 crmthick) mduemg mitial near-bed concentrations
0f 2-15 kg m(-3) m a billowing turbid plume. At one field site concentrations reduced
after 30 min to about 2% of the initial vahe.



Gregory, B 3. 1990, Effects of turbidity on benthic foraging and predation risk in
juvenile chinool salmon. Pages 64-73 i C A Smnenstad (ed.), Effects of dredging on
anadromous Pacific coast fishes Worltshop proceedings, Seattle, September 8-9,
Washington Sea Grant Eeport WEG-WO 20-01.

Abstract: The foraging behavior of juvenile chinook salmon in conditions of elevated
turbidity was mvestigated in laboratory experiments to evaluate reaction distance to
mnvertebrate prey, the percerved risk to a model predator, and the foraging rate of chinool
on benthic Tubifex worms, in turbidity conditions ranging from 0to 800 mg/L. Both
reaction distance and perceived risk declined inversely with turbidity. Foraging rates on
Tubifex were highest at mtermediate levels (S0-200 mg/L) and lowest at 0 mg/L
(control) and 200 mg/L. The results suggested a tradeoff between the effects of
reduced reaction distance and perceived risk to predation

Hanson, C. H and Walton, C. P. 1990, Potential effects of dredging on early life stages
of striped bass (Moraone scoatilis ) m the San Francisco Bay area: An overview. Pages 38-
56 i C A Simenstad (ed), Effects of dredging on anadromous Pacific Coast Fishes.
Worlcshop proceedings, Seattle, September 8-9, Washington Sea Grant Report W3 G- WO
20-01.

Abstract: Potential relationships between exposure to increased suspended sediment
concentrations and striped bass (Morone saxatilis ) hatching success, larval foraging, and
adult migration and spawning in San Francisco Bay and the Sacramento-San Joaquin
Delta, were examined. The limited nformation that 15 available suggests that striped
bass are not effected adversely by exposure to increased suspended sediments at the
concentrations encountered.

Hoftman, E. and Dolmer, P. 2000 Effect of closed areas on distribution of fish and
epibenthos ICERS Journal of Marine Science. 57(5) : 1310-1314 (mussel dredging
fishery)

Abstract: The high blue mussel catches in fjord system in Denmarly, the visible effects of
dredging by resuspension of bottom sediment and the possible destruction of benthic
flora and fauna have all raised concerns about the impact on the ecosystern. The
mvestigations showed no long-term effects of mussel dredging on the distribution of
fish and epibenthic mvertebrates, and the closed area appeared to have had no
mfluence on the demersalfish and epibenthic fauna.

Erost, P. 1990 The impact of oftter-traw! fishery on nutrient release fromthe sediment
and macrofauna of Kieler Bucht (western Baltic). Ph.D. dissertation. Berichte aus dem
Institut fur Meereskunde an der Christian-Albrechts-Univ ersitat Fiel Eiel 200 160 pp.
Surnmary: This document estimates the total area being trawled globally and males
extrapolations based on lab experiments that produce the worst-case sediment nitrient
release Frost estunates the annual worldwide release of 28435t nitrogen and 34-167 t
phospherus, aswell as an annual axygen demand of 491-2656 t O, due to the release of

hydrogen-sulphide by sediment resuspension. This may sound like a lot, but these
numbers are not really significant. Consider that the annual nput of nitrogen to
Marragansett Bay has been estimated at 532t and the daily flow of nitrogen mnto the
Hudson River 1357 tons. (Nixon 19810



Impact of Eesuspended Sediments : Nutrient Release and Hypoxia

Marme sediments typically become anoxic below the surface dueto the consumption of
oxygen by bacteria that are decomposmg the organic matter that collects on the bottom.
The greater the flux of organic matter to the bottom, the greater the rate of oxygen
consumption. As you go deeper into the sediment the pore water cxvgen becomes
depleted and sulfate 15 reduced to hydrogen sulfide (Mezon 1981). This gives the sediment
its characteristic black color and “rotten egg™ odor. The depth at which the sediment tums
black 15 called the red-ox layer (short for reduction / oxidation).

In very productive environments the anoxic black layer of sediment is very close to the
surface because organic matter being deposited faster than it can be consumed by the
bacteria. If you stir these sediments mto oxygenated water the hydrogen sulfide will
oxidize in a reaction that consumes oxygen (sediment oxygen demand)

COrganic matter also contams nutrients such as nitrogen and phosphate As organic matter
decormposes these nutrients which are bound in tissues are remimneralized mto soluble
forms and released into the sediment pore water (Mozon 1981) Stirring the sediments can
ternporarnily cause an acceleration of the release of nutirents, but the total amount released
over time 1s not affected by disrupting the sediments unless the dredge digs deep enough
to stir up nutrients that have been “buried” or sediments where pore waters no longer
travel (Barnes e al 19910

Most of the literature that describes this potential impact 1srelated to dredging for
channel or harbor mantenance. The magnitude of sediment resuspension when one 15
excavating and then dumping tons of sediments 15 clearly far greater than the
disturbances caused by a hydraulic dredge scraping a few centimneters off the top.

Few studies document this mmpact from fishing gear. Krost 1920 estimated an annual
oxygen demand of 491-2656 £ O, due to the release of hydrogen-sulphide by sediment
resuspension caused by global traw ling. Dispersed over the estimated area being fished
anrmally (333km? or 82,251 acres) this 15 insignificant, however locally the impacts
might be measurable

Exteet al 1975 found that harvesting had little long-term effect on the local ecosystem
Ambient seston levels (6.9-441 mg/1) often met or exceeded those associated with
harvesting, thus obscuring any potential short-term effects Few consistent effects on
water column chemistry were observed (e g, nutrients, DO, H23).

The process of oxygenating reduced sediments 15 essentially in local equilibrivm. If you
alter the equilibrium locally by dispersing and cxvgenating sediments, then those
suspended sediments will have less oxygen demand after the disturbance. There i3
therefore no net loss of cxygen from the water colurmn, st local, short-term oxygen
reduction duetothe local disturbance Logically, if the oxygen demand related to
resuspended sediment was significant there would be mass mortalities following every
storm event since these events kick up far more sediment than fishing activities could. If



the local impacts were severe then fish would likely avoid sediment plumes. Instead
researchers report that fish will follow dredgesto scavenge for exposed worms and
fishermen report good bottomn fishing in areas that have been recently dredges (Rivarra
pers. CorTum ).

Impact of Eesuspended Sediments: Eelease of Contaminants

DEC speculates that disturbing buried sediments will release contaminants such as
industrial chermnicals and metals into the water colurrmn. Barnes et al (1991 summarized
relevant concepts for shellfish dredging. “There is presently little or no evidence to
support the hypothesis that the use of escalator harvesters causes the release of
contammants” (Coen 1995), however, this 15 largely due to the fact that shellfish growing
areas require high water quality and are not areas where ndustrial chernicals have been
durmped.

By-catch mortality 1s a common 1ssue with deep water fishing gear When trawlers haul
their nets they discard great mumbers of fish. Some of these are regulatory discards (fish
discarded because they are too small, out of season or in excess of quota) while some are
discarded because they are undesirable. Many are killed because they were packed in the
bottom of a net full of fish for hours, or because their swin-bladder exploded when they
were exposed to low pressures at the surface. Shellfish farmers rarely seethis problem
because 1) they tow slowly 2) their gear 15 designed to catch shellfish not fish, 3) tows are
very short (they know where their shellfish are) and 4) they are working shallow waters

In Surmmary:

Both of the review works designed to weigh the impacts of hydraulic harvesters in
shallow estuaries (Coen and Tarnowsky) concluded that the impacts were reversible,
short-term, and (due tothe constramed scale of the activity) unldzey to have significant
adverse impacts (except in the case of dredging in SAV s which 15 not legal in most
states).

From Coen 1955

Owerall, findings consistently support the same conclusion: the short-term
effects of subtidal escalator harvesters are minimal, with no long-term
chronic effects, even underworst case scenanos. Observed effects are
often indistinguishable from ambient levels or natural vanability. These
conclusions are based on field expenimentation and knowledge of natural
estuanne vanation (physical, chemical and biclogical ). The most obwious
effects (e.q., sediment plume) cease when operations are halted, but
natural events are continuous. Maturally high turbidities and vanable river
discharges are commaon to South Carolina, hence it is predictable that
direct effects are probably within previously observed nomes.

Estuarine communities appear, in general, to be tolerant of the short-
term harvester effects including resuspensiondurbidity, direct



bunal/smothering, nutrient release and decreased water quality due to
elevated BOD, and direct disturbance or removal of infauna.



Review Articles:

Barnette, B.C. (2001 A review of the fishing gear utilized withm the Southeast Region
and their potential impacts on essential fish habitat NOA A Technical Memorandum
HMMEFG-SEF=C-44%.

Barnes, D, Chytalo, ., Hendrickson, 3., 1991 Final Policy and Generic Environmental
Impact Statement on Management of Shellfish in Uncertified Areas Program NY Dept.
Environ Conservation, 79 pp.

Coen L.D. 1995 areview of the potential impacts of Mechanical Harvestmg on subtidal
and intertidal shellfish resources. Prepared for the SCDNER 46pp.

Collie, J 1998 Studies in New England of fishing gear impacts on the sea floor. Pages
5362 E M Darsey and J. Pederson (eds.). Effects of fishing gear on the sea floor of
New England. MIT Sea Grant Publication 98-4, Boston, his,

Collie, J 3., Hall, 3. I, Kaiser, b4 T, and Pomer, I R 2000 A quantitative analysis of
fishing mmpacts on shelf-sea benthos. Joumal of Animal Ecology. 69(5) : 785798

Dorsey EM. and I Pederson (eds). Effects of fishing gear on the sea floor of New
England. MIT Sea Grant Publication 984, Boston, A Effects of Trawling and
Dredgmg on 3eafloor Habitat (2002} Ocean Studies Board (O3E)

Hopkins, 3. H and McEinney, L. D. 1976, A review ofthe literature pertaming to the
effects of dredging on oyster reefs and ther associated faunas Pages 3-12 n A H Bouma
(ed. ), Shell dredgmg and its influence on Gulf coast environments Gulf Publishing
Company, Houston, Texas.

Exte, WL A and Chew, EL E. 1975, A review of the hydraulic elevator shellfish harvester
and its lnown effects n relation to the soft-shell clam, Mya arenaria. Washmgton Sea
Grant Publication Report Mo, W23 75-2. University of Washington, Drvision of Marine
Sciences. Seattle, Washington. 32 p.

CW. McEmdsey, M E. Anderson, P. Barnes, 3. Courtenay, T. Landry, 3 Skinnerd
Effects of Bhellfish Aquaculture on Fish Habitat (2006) DFO Canadian Science Adwvisory
Secretariat  http Awww dfo-mpo ge calcsas/ Fesearch Document 2006/011

Moarton, J W, 1977 Ecological effects of dredging and dredge spoil disposal: a literature
review. Technical Papers of the 1.3, Fish and Wildlife Service, Vol 2433 p.

Fester, J. EL (2000). Annctated bibliography of fishing impacts on habitat
Ccean 3prings, Mississipp1, Gulf States Marine Fishertes Commission 73 178 pp.

Tarnowslki M. (2001 revised 2006) A Literature Review of the Ecological Effects of
Hydraulic Escalator Dredging. MDDNE Fisheries Technical Report Sertes No. 48



Eibliographies

NOAA Technical Memorandum NMFE-AFIC-135 Mobile Fishing Gear Effects on
Benthic Habitats: & Bibliography (Second Edition) by Dieter, B E, D A Wion, and B
A MeConnaughey (editors)

References cited:

Auld, A H, Schubel, TR, 1573 Effects of suspended sediment on fish eggs and larvae: a
laboratory assessment. Estuarine and Coastal Marine Sci 6, 153-164

Auster, P T, Malatesta, B J, Langton, E. W, Watling, L., Valentine, P. C., Donaldson,
C. L 3., Langton, E W, Shepard, A M., and Babb, I. G 1996 The mmpacts of mobile
fishing gear on seafloor habitats m the Gulf of Maine (northwest Atlantic): Implications
for conservation of fish populations Reviews in Fisheries Science. 4(2)  185-202.

Auster, P.I & EW. Langton (1999) The effects of fishing on fish habitat In: LE.
Benala (ed ) Fish Habitats: Essential Fish Habitat and Eehabilitation. American
Fisheries Society Symposnm 22,

Baulch, H. (1999} Clear-cutting the ocean floor: trawling gear devastates the world's
continental shelves Alternatives Journal 25(3) - 7.

Barnes, D, Chytalo, ., Hendrickson, 3., 1991 Final Policy and Generic Environmental
Impact Statement on Management of Shellfish in Uncertified Areas Program NY Dept.
Environ Conservation, 79 pp.

Black, ¥ P. and Parry, G D. 1999, Entramment, dispersal, and settlement of scallop
dredge sediment plumes: Field measurements and numerical modeling. Canadian Journal
of Fisheries and Aquatic Sciences. 560123 - 2271-2281.

Bradstock, 3. and Gordon, D. P. 1983, Coral-likze bryozoan growths in Tasman Bay, and
their protection to conserve commercial fish stocks New Zealand Journal of Marine and
Freshwater Eesearch. 17023 159-163

Brambati, & & G Fontolan (19900 Sedmment resuspension mduced by clam fishing with
hydraulic dredges in the Gulf of Venice (Adriatic Sea). A prelimmary

experimental approach Bollettino Di Oceanologia Teorica Ed Applicata

8(2): 113-121.



Brown, B, and Wilson Jr., W H 1997 The role of commercial digging of mmdflats as an
agent for change of infaunal intertidal populations. Journal of Experimental Marme
Biology and Ecology. 218(1) : 49-61.

Boehlert, G W, Morgan, JB., 1985 Turbidity enhances feedmg abilities of larval pacific
herring, Clupea harengus pallast . Hydrobiol 123, 161-170.

Burrell, V.G (1975) Faunal studies of North and South Santee River prior to and after
hard clam harvesting by hydraulic dredges. SCWHED, MRD January report: 4p.

Burrell, V.G (1975) Recruttment studies of Morth and South Santee River after hard
clamn Mercenaria mercenaria harvesting by hydranlic escalator dredges. SCWIWED),
MED January report: 3p.

Caddy, JF. 1973, Underwater observations on tracks of dredges and trawls and some
effects of dredging on a scallop ground. J Fish. Res Bd Can 30: 173-180.

Churchill, TH. (1998) Sediment resuspension by bottom fishing gear. In: E W Dorsey &
J Pederson (eds) Effects of Fishing Gear on the Sea Floor of NewEngland. Conservation
Law Foundation, Boston, Mass: 134-137

Conner, W.G. & IL. Simon (1979 The effects of oyster shell dredging on an estuarine
benthic community. Estuarie and Coastal Marine Science 9. 749758,

Currie, D.E. and Parry, G.D. 1996, Effects of scallop dredging on a soft sediment
cornmrunity: A large-scale experimental study. Marine Ecology Progress Sertes. 134(1-3)
S 131-150.

De Alteris, T, Slrobe, L., and Lipsky, C. 1999, The significance of seabed disturbance by
mobile fishing gear relative to natural processes: a case study in Narragansett Bay, Ehode
Island. Pages 224-237 i1 L. K. Benaka (ed.). Fish habitat: essential fish habitat and
rehabilitation American Fisheries Soctety, Svmposnim 22, Bethesda, Maryland.

Dolmer, P, Eristensen, P 2, and Hoffmann, E. 1999 Dredging of blue mussels (Mytilus
edulis L.} in a Danish sound: stock sizes and fishery-effects on mussel population
dynamic. Fisheries Research 40 : 73-80

Eleftherion, & and M E. Robertson 1992 The effects of experimental scallop dredging
on the fauna and physical environment of a shallow sandy commmuinity. Weth. J Sea Res
300 289-293.

Fonds, B 1994 Mortality of fish and mvertebrates in beam trawl catches and the
survival chances of discards. Trs deGroot, 2.1 and Lindeboorm, H T (eds) Environmental

inpact of bottom gear on benthic fauna in relation to natural resources management and
protection of the North Bea WIOZ Rapport 1994-11, Texel, Netherlands.



Fossa, I H, Mortensen, P. B, and Furevie, D M 2002, The deep-water coral Lophelia
pertusa m Norwegian waters: Distribution and fishery mmpacts. Hydrobiologia, 471013
1-1Z2.

Freese, L., Auster, P I, Heifetz, J, and Wing, B. L. 1999, Effects of trawling on seafloor
habitat and associated mvertebrate taxza in the Gulf of Alaska. Marine Ecology Progress
Sertes. 182 119-126

Godcharles, b F. 1971, A study of the effects of a commercial hydraulic clam dredge on
benthic communities in estuarine areas. State of Florida Department of MNatural
Fesources, Marine Resources Laboratory. Technical Beries No. 64

Goodwin, L. and Shaul, W 1978 Studies of the mechanical escalator harvester ona
subtidal clam bed n Puget Sound, Washmgton Progress Eepart No. 53, State of
Washington Departrent of Fisheries. 23 p.

Gregory, B 3. 1990, Effects of turbidity on benthic foraging and predation risk in
juvenile chinool salmon. Pages 64-73 i C A Smnenstad (ed.), Effects of dredging on
anadromous Pacific coast fishes Worltshop proceedings, Seattle, September 8-9,
Washington Sea Grant Eeport WEG-WO 20-01.

Hall, 3. I, Basford, D. T, and Robertson, 3 E. 1990, The impact of hydraulic dredging
for razor clams Ersis sp. on an nfaunal community . Netherlands Joumnal of Sea
Eesearch 2701 119-125.

Hall, 3. I and Harding, b I C. 1997 Physical disturbance and marme benthic
cornrrinities: The effects of mechanical harvesting of cockles on non-target benthic
mnfauna. Joumal of Applied Ecology. 34(2) - 497-517.

Hanson, C. H and Walton, C. P. 1990, Potential effects of dredging on early life stages
of striped bass (Moraone scoatilis ) m the San Francisco Bay area: An overview. Pages 38-
56 i C A Bimenstad (ed), Effects of dredging on anadromous Pacific Coast Fishes.
Worlcshop proceedings, Seattle, September 8-9, Washington Sea Grant Report W3 G- WO
S0-01.

Hoftman, E. and Dolmer, P. 2000 Effect of closed areas on distribution of fish and
epibenthos ICERS Journal of Marine Science. 57(5) : 1310-1314 (mussel dredging

fishery)

Johnston, D D, Wildish, DT, 1982 Effects of suspended sediment on feeding by larval
herring (Clupea harengus harengus L), Bulletin of Environmental Contamimation and
Toxicology 29, 261-267.

Kaizer, B I 1998 Bignificance of bottom-fishing disturbance. Conservation Biology.
12(6) - 1230-1235.



Kaiser, M I, Armstrong, P I, Dare, P. T, and Flatt, R P. 1998 Benthic communities
associated with a heavily fished scallop ground in the English Channel Journal of the
Marme Biological Association ofthe Tnited Fingdom. 78(4) © 1045-1052.

Kaizer, 8 I, Broad, G, and Hall, 3. T 2001, Disturbance of intertidal soft-sediment
benthic communities by coclkle hand raking Journal of Sea Research. 45(2) : 119-130.

Kaiser, M I, Edwards, D. B, and Spencer, B. E. 1996, Infaunal community changes as a
result of commercial clam cultivation and harvesting. Aquatic Living Resources. 90 57-
63,

Kaiser, M I, Lamg, I, Uting, 5. D, and Burnell, G W 19938 Environmental impacts of
bivalve mariculture. Journal of Zhellfish Research. 17010 59-66.

Kaiser, M. I, Rogers, 3. L, and Ellis, I E. 1999 Importance of benthic habitat
cornplexity for demersal fish assemblages. Pages 212-223 1n L. K. Benaka (ed.). Fish
habitat: essential fish habitat and rehabilitation American Fisheries Society, Symposmim
22. Bethesda, Maryland.

Ereiger, K. J 2001 Coral impacted by fishing gear in the Gulf of Alaska Pages 106-117
in Willison, J, Hall, J, Gass, 3., Eenchington, E. | Butler, M | and Doherty, P. (eds.),
Proceedings of the first nternational symposnim on deep-sea corals. Proceedings of a
Symposium held at Dalhousie University, Halifax, Nova Scotia, Canada, July 30 —
August 2, 2000 Ecology Action Centre and Mova Scotia Museum, Halifax, Mova Scotia.

Erost, P 1993 The significance of the bottomtraw! fishery for the sediment, its exchange
processes, and the benthic communities m the Bay of Kiel. Arbeiten des Deutschen
Fischerei-Verbandes MACST) - 43-60,

Eote, WA and ELE. Chew. 1975, A review of the hydraulic escalator shellfish harvester
and its lnown effects n relation to the soft-shell clam, Mya arenaria. Washmgton Sea
Grant Program W23 75-2. 1T Wash. 30 p.

Langan, E. 19938 The effect of dredge harvestmg on eastern oysters and the associated
benthic community. n E. M Dorsey and I Pederson (eds). Effects of fishing gear on the
sea floor of New England. MIT Sea Grant Pub. 984, Boston, W4

Lenthan, H & and Peterson, C. H. 1993 How habitat degradation through fishery
disturbance enhances impacts of hypoxia on oyster reefs. Ecological Applications. 8(1)
128-140.

Levy, 5. 1998, Watery Wastelands. MNew Scientist. 158(2134) : 40-44

MacKenzie, CL. 1982 Compatability of mvertebrate populations and commercial
fishing for ocean quahogs. M. Amer J Fish Manage 2: 270-275.



Morton, B. 1996, The subsidiary impacts of dredging (and traw ling) on a subtidal benthic
molluscan community in the southern waters of Hong Fong, Marme Pollution Bulletin
32(10) - 701710

MNeumann, D& O'Connor, I, Sherle, T A | Wood, B2, 1975 Respratory and
haemotological responses of oyster toadfish (Opsanus tau) to suspended solids. Trans.
Am Fish Boc. 104, 775-781.

Mizon 1981 Remineralization and nutrient cycling in estuarine ecosystems In: Estuaries
and Nutrients. B.J Neilson and LE. Cronmn eds. 457pp.

O'Connor, JWL, DA Neumnann, and Sherle, T A | 1976 Lethal effects of suspended
sediments on estuarine fish 713 Coast Eng Res. Tech Pap. 76(20), 1-38

O'Connor, JWL, Neumann, DA Sherke, TA | 1977 Bublethal effects of suspended
sediments on estuarine fish 7.3 Coast. Eng. Res Tech. Pap. 77(3), 1-90.

Peddicord, BB, McFarland, V. A | Belfiory, D P, Byrd, T.E., 1975, Effects of suspended
solids on Ban Francisco Bay organisms. TS ACOE Dredge Disposal Study, San Francisco
Bay and estuary, 1-158

Peterson, CH., HC. Bummerson, and 5 E. Fegley 1987 Ecological consequences of
mechanical harvesting of clams. Fish Bull 85: 281293

Fuffm, E.E. 1995, The effects of hydraulic clam dredging on nearshore turbidity and
light attenuation m Chesapeake Bay, Maryland. 1S Thesis, Untv. 3Md 97 p.

Settlemyre, JL., Gardiner, LE. | 1977, Buspended sedument flux through a salt marsh
drainage basin Estuarine Coastal Marine Science 5, 653-663,

Sigler, IV, 1990, Effects of chronic turbidity on anadromous salmonids: recent studies
and assessment techniques perspectives. In: Simenstad, C A | ed | Effects of dredging on
anadromous Pacific coast fishes 26-37 pp. Workshop Proceedings, University of
Washington and WA Sea Grant Program.

Simenstad, A ed | 1990, Effects of dredging on anadromous Pacific coast fishes
Worlcshop Proceedings, Untversity of Washington and WA Sea Grant Program, 160 pp.

Servizt, J A 1990, Bublethal effects of dredged sediments on juvenile salmon. In:
Simenstad, CA | ed | Effects of dredging on anadromous Pacific coast fishes, 57-63 pp.
Worlcshop Proceedings, Untversity of Washington and WA Sea Grant Program.

Spencer, B. E., Kaiser, b I, and Edwards, D B. 1998 Intertidal clam harvesting:
benthic community change and recovery. Aquaculture Research. 29(6) 1 429-437.



Thistle, D 1981, Watural physical disturbances and communities of marmne soft bottoms.
Mar Ecol Prog Ser 6:223-228

Vinyard, G L., O'Brien, W.J., 1576 Effects of light and turbidity on reactive distance of
bluegill (Lepomis
macrochims). Journal of Fisheries Eesearch Board of Canada 33, 28452842,

Thrush, 8F., JE Hewitt, V.J Curnmings, P.E. Dayton 1995, The impact of habitat
disturbance by scallop dredging on marine benthic communities: what can be predicted
fromthe results of experiments? Mar. Ecol Prog Ser 129: 141-150.

Turmer, 3.1, 3. F Thrush, R D. Pridmere, TE Hewitt, V.J. Cummings, b Maskery
1995, Are soft-sediment communities stable? An example from a windy harbor. Mar
Ecol Prog Ser 120:219-230.

Van Dolah, B F, Wendt, P. H., and Vonlevisen, M. 1991 A study of the effects of
shrimp trawlmg on benthic cormmunities i 2 South Carolina sounds. Fisheries Research.
12(2) - 139-156,

Other Papers for review (gray literature I have not been able to locate)

Thrush, 3 F., Commings, V.J and ITE Hewitt 1993 Ecological Impacts of Shellfish
Dredgmg on Coastal Soft Sediment Communities: Summary Report. Eeport for
Department of Conservation Mo 121b.

Coolz, W (1991} 3tudies on the effects of hydraulic dredging on cockle and other
macromvertebrate populations 1989-1990. Unpublished report to the MNorth
Western and MNorth Wales Sea Fisheries Committes (TTE)

Integrating Shellfish Aquaculture and Marine Protected Areas mBC: &
Framework for Plannmg. Planning.” (Eollins, Rayner Rayner, and , Tollefson Tollefson)

The Bocial Construction of Aquaculture: Risks and Benefits, Worl: and
Cormmunity. Comrmunity” (MMatthews, Ellictt, Elliott, Phyne Phyne)

MNetworlk: Governance and “3mart Regulation Regulation” for the Development of
Sustainable Shellfish Aquaculture in Canada Canada.” (Rayner Rayner, Rollins, Pennell,
, Tollefzon Tollefson, , Howlett Howlett, Clancy).

Drobeclk, B G and Johnston, M L. 1982 Environmental impact of hydranlic escalator
dredging on oyster communities. TMCES Eeport 82-5 CBL. University of Maryland,
Chesapealke Biological Laboratory. Bolomons, Maryland. 51 p.

Glude TBE. and Landers, W 3. 1953 Biological effects on hard clams of hard clam raking
and power dredging 1.3 Fish and Wildlife Service Special Science Reports an
Fisheries 110 1-43.



