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Executive Summary

The MagnusofStevens Fishery Conservation and Management ABXMSs the primary law

governing marine fisheries managementimited StategU.S) federal waters. First passed in 1976, the
MSA fosters longterm biological and economic sustainability of our nation's marine fisheries out to 200
nautical milegnm)from shore.In 1996, thdJ.S. Congress added new habdanservation provisions

to assisthefishery management counc{BEMCs)in the description and identification BEsentiaFish

Habitat (EFH)in fishery management pla(iBMPs);includingadverse impacts on such habitaid in
theconsideration of actions to ensure the conservation and enhancement of suchiin@MS8A also
requires federal agencies to consult with the National Marine Fisheries Service (NMFS) on all actions
proposedactionsthat argpermitted, funded, or undertaken by the agehey may adversely affect EFH.

To specifically meet natimal standardsEFH descriptions and any conservation and management
measures shall be based on the best scientific information aeaaladblallow for variations among, and
contingencies in, fisheries, fishery resources, and catehegious iterations of thigportimpacts to
Essential Fish Habitat from Neishing Activities in Alaskaddressed nefishing activities requiring

EFH corsultationsandactivities trat may adversely affect EFH anffered example conservation
measures for a wide variety of nfishing activities.In this recent updatinese activities are grouped

into four broadenvironmentatategories to which impacts wsly occur: (1) wetlands and woodlands;

(2) headwaters, streams, rivers, and lakes; (3) marine estuaries and nearshore zones; and (4) open w
marine and offshore zones.

Alaska extends ovekrctic, subarctiG and temperatelimate zonesk-our recognized Large Marine
Ecosystemg$LMES) exist in these climate zon@MFS 2010, NOAA2012) A total of seventeen
coastal zones are identified within the nearshore and coastal(Biattsnd Springer 200,/2ight
terrestrial ecoregions are definadove the high tide line toterior Alaska(Nowacki et al. 2001)
Water,the most important EFH featumaoves through abf these ecoregions and habitgies This
2016reportintroduces an ecosystelnasedapproacho this key featurgand presentshecurrent
understandingf the existingecosystem processedthin these regions and habgahat supporEFH
attributes necessary for fish and invertebratevsval at different life stageA new section also
summarizesur current understanding of climate change and ocean acidificatesentshe probable
source and influence, curregifects on marin&FH, discusses potentiabmulative impacts light of
currentemission scenarigandsuggestsecommendtionsfor improving ourunderstanishg and
monitoling of climate changeClimate scientists, oceanographers, and fisheries biologists have
identified significantchange in our atmosphere, ocearsl regional weather patterdg indicator in
Alaska is thedeclinein the exteneand duration ofea iceScientists aNM F S Alaska Fisheries
Science CentglAFSC)have suggestdthatchanges to marine conditions have altered trophic dynamics
and influenced the distribution and abundance of stconemerciafish species in th&astern Bering
Sea(EBS) Furthemorg increasing sea surface temperat&3Ts)in the Gulf of Alaskgd GOA) may
havea similarinfluence orfisheriesdistribution and abundance

The NMFS Alaska Regional Division of Habitat Conservation offersrégpsrtto inform decision
makers and the public on activities that may aftdeéid andpossible EFH Conservation
Recommendations to consetwealthy fish stocks and their habitat

1 An EFH attribute is water and any quality or characteristic given to, or supported by water, related biology, chemistry, or geology that
benefits aquatic or marine species and trophic levels at several possible life history stages.
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Introduction

Background on Essential Fish Habitat

Chcoféé sadded the EssentiBish Habitat(EFH) provisionsto the Magnusoistevens Fishery
eBHekrVation and Management Act (MSA); the federal law that golritsd Statesy.S)

maiine fisheries management1996. The eight regional fishery management couieNMCs)
andthe National Marine Fisheri&ervice (NMFSkubsequently identifieBEFH? for each of the
species managed undbefishery management plagSMPs)across the nation. The final rule
implementing these provisions provided guidelife=MCsto identify and conserve necessary
habitatsfor fish as part othe FMPsAs revised, th&SA requires thé&ecretaryof Commerceo
assist-MCsin theidentification of EFH forthosefish stocks managed under @MP. EFH s to

be described in text and depicted on a maptpife history stageof each managed stodk
addition EFH descriptionsand any conservation and management measures shall be based on
the best scientific information available and allow for variations among, and contingencies in,
fisheries fishery resources, and catcheeeMSA alsorequires federal agencits consult with
NMFS on all actions or proposed actions permitted, funded, or undertaken by the agency that
may adversely affe¢EFH.

[a—

Federal agencies initiate consultation by preparing and submitting to NMFS a &Fitte
Assessment any adverseffects of the proposed federal action on EFH. If a federal agency
determines thaheaction will not adversely affect EFH, no consultation is required. To promote
efficiency and avoid duplication, EFH consultation is ulyuategrated into existing

environmental review procedures under other laws such as the National Environmental Policy
Act (NEPA), Endangered Species A&SA), or Fish and Wildlife Coordination AGFWCA).

The MSA requires NMFS toanakeconservatiomecommendationt® federal and state agencies

regarding actions thabayadversely affect EFH. These EFH conservation recommendations are
advisory, not mandatory, and may include measures to avoid, minimize, mitigate, or otherwise

offset thepotentialadve s e ef fects to EFH. Wi tstonsarvaBoA day s c
recommendations, federal action agencies must provide a detailed response in writing. The

response must include measures proposed for avoiding, mitigating, or offsetting the impact of a
proposed activity on EFH5tate agencies are not required to respond to EFH conservation
recommendations. f a f ederal action agency chooses not
recommendations, it must provide an explanation. Examples of federal action ageatcies

permit or undertake activities that may trigger EFH consultation include, but are not limited to,

the U.S. Army Corps of Engineers (USACH)e Environmental Protection Agency (EPA),

Bureau of Ocean Energy Management (BOEM) Rederal Energy Regulaty Commission

2EFHiscfinedast hose waters and substrate necessary to fish for si@pawning, l
areas and their associated physical, chemeeal,biological propertiesi Sub st rat ed includes seNemessawmupnder |
means the habitat required to support a sustainabbpafwvhnshgrybaerddih
feeding, or growt h types utifized by a speciesithroughautits |ge cycla (30 GFR 600.10).

3 An adverse effect is any impact that reduces the quality and/or quantity of EFH. Adverse effects may include direct phisiia, chemical,
or biological alterations of theaters or substrate and loss of, or injury to, benthic organisms, prey species, and their habitats axtveell
ecosystem componentddverse effects may be sigpecific or habitatvide impacts, including individual, cumulative, or synergistic
consegences of actions (50 CFR 600.910[a]).
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(FERC) andtheDepartment of the Nav§fDoN). FMCsare requiredo comment on proposed
actions thamay substantidy affecthabitat, including EFHof an anadromous fishergsource
underits authority.

Significance of Essential Fish Habita

As Congress recognized 8ection2(a)(9) of theMSA, oné of the greatest lorgrm threats to

the viability of commercial and recreational fisheries is the continuing loss of marine, estuarine,
and other aquatic habitaigiHabitat considerations shaluteceive increased attention for the
conservation and management of EHRHeesignatedh er y
waters and substrate are divemsglely distributedandclosely interconnected with other

aguatic and terrestrial environments

Section 303(a)(7) of thelSA requires FMPs tdescribe and identify EFHiinimize the adverse
effects of fishing on EFHkb the extent practicablandidentify otheractions to encaage the
conservation and enhancement of EFMICs conductdetailed analyses to evaluate the potential
adverse effects of fishing on ERfidmust act to addreske potentiakffects toEFH that are

more than minimal and not temporary in natéPs mustalsoidentify activities other than

fishing that may adversely affect EFFor eachof these activities, FMPs muséscribehe

known and potential adverse effects to EFH and identify actions to encourage the conservation
and enhancemenf EFH.

This repat addresses nefishing activities that may adversely affect EAHhe scope of these
activitiesaregrouped intdour broadcategories(1) wetlandsand woodlands; (2) headwaters,
streams, riversand lakes; (3) estuaries and nearshore zones; and (4) marine and offshare zones
This current revievalso addresseagdimate change andcean acidificatioon large scaldn

Alaska, four large marine ecosystems (LMEsist as 1) the Gulf of Alaskg GOA); 2) the East
Bering SeqEBS) (including the Aleutian Islandsg) the Chukchi Sepand4) theBeaufort Sea
(Fautin et al. 2010)

Fish, fish habitat, anevaterare notdelineated bylistinctjurisdictionalboundarie®r policies
Therefore EFH includeswaters and nutriertynamics thaoriginae asgroundwaterrainfal,
andsnowmelt Waterfilters throughwetlandarea, rechages groundwater agfers andserves
assurface waters streans and riverseventually influenimg estuariesnearshoregonesand
marinewaters The complexmnteractiors of water anchutriens as a habitafuel nearshee fish
nurseriesvhich supportA | a s dffshorefisheries

Non-fishing Activities

Non-fishing activities discussed in this document are subject to a variety of regulations and
restrictions designed to limit environmental impacts under federal, state, anldwesdlisting

all applicable environmental laws and management practicegaosdbéhe scope of the
documentMoreover,coordination and consultation required $sction305(b) of theaViSA does
not supersede the regulations, rights, interests, or jurisdéctf oher federal or state agencies.
NMFS may use the information in this document when developing conservation
recommendations for specific actions un8ection305(b)(4)(A) of theM'SA. NMFES will not
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recommend that state or federal agencies takenadbieyond their statutory authority, and
N MF SEFH conservation recommendations are not binding.

Waters and substrates that comprise EFH are susceptible to a wide array of ¢thivntes a
unrelated to fishing. Broad categoriesacfivities include, buare not limited tomining,
dredgingfill , waterimpoundmentnon-pointdischargs, oil and gas development
transportationwater diversionghermal additionssedimentatiomndhazardous material¥he
potentialeffects from largeun-manageablenfluencessuch as climate change and ocean
acidificationassociated with humaactivities exists.Climate change ay lead to habitat changes
thatalter trophic dynamics arghift therange andlistributionof managed species. akming
ocean conditionmayalso allow fomew shipping routes antew vectors may emerge
introducing invasiver exoticspeciefrom ballast wateexchangeg¢Raven et al. 2005)

Purpose of the Document

1 4 The general purpose of this document is to idemyihes ofnon-fishing activities that may
adverselyaffectEFH andto provideexampleEFH GonservatiorRecommendationfor specific
types of activitiedo avoid or minimize adverse impacts to EF&tcording to Section 303(a)(7)
of the MSA, his informationmustbe included in FMPs

EFH ConservatiorRecommendationfor each activitycategory are suggestiotigmtthe action
agencyor otherscan undertake to avoid, offset, or mitigate impacts to .HFftdseconservation
recommendations representwsory listof actions that can contribute to the conservation,
enfancement, and proper functiohEFH.Recommendationsiay or may not be applicable on a
site-specific basis. For each saad proposedctivity, recommendationsiay beamendedased
on the best and ost current scientific informatioavailablebefore or during EFH consultations.
Becausemany nonfishing activities have similar adverse afte on living marine resources,
there issome redundancy in thmpactdescriptionsand the accompanying consergat
recommendationamongsectionsn thisdocument

Importantly, this document serves to compliment other NOAA marine policy, directives ¢
action plans. These plans share vision statements, themes, and objectives; collectively
forwarding marine resourctewardship.

1 NOAA Mission: Science, Service, and Stewardship

NOAA Fisheries is responsible for the stewardship of the nation's ocean resource
their habitat. We are the federal ageeayrusted by the public to ensure healthy fish
remain a sustainable resource and are accessible to the public. We manage fish
resources, including their habitat, using the latest and best science available whil
employing ecosystethased maagement princips. This helps to ensure our fish sto«
are available to markets, conserved or protected from adverse anthropogenic eff
compliant with regulation.
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17 NOAA Strategic Plan

NOAAOGs St r at e g commithintdonaddpesselsnate chatgeal
associated effects to our nations coastline and marine resources, focusing on hui
wel fare and sustain the Earthds ocea
change, such as water allocation, avajuality, and coastline resiliency to severe
weather evets, human population increases we become more and more depender
our oceas for food, power, and health.

1 NOAA Organizational Structure, Mission andafittory Authority

Simply, NOAAOGs Mi PDeploy bvest @dcicesdromeenterprises
performance and risk management, as well as social science integration to help ¢
makers achi eved NOmpAoOrst aMitslsyi,o nt.hon asciente:
based, organizational structure to m
atmosghere, and its marine resourcBgveral line offices govern and research our
natural resources and environment, such the fisheries, satellites, fogechstate,
marine mammals, oceanography, and scientific research platforms, such as vess
aircraft. Together, these lines intertwine and lead us to better understand osr arue:
skies and the relatidmetween them.

1 Alaska Fisheries Science Plan

The Alaska Fisheries Science Center (AFSC) conducts the research to support N
Fisheriesd stewardship missi onatsoAlaskad i

spans nedy 1.5 million square miles and includes marine waters in the Gulf of Ala
Bering Sea, Aleutian Islands, Chukchi Sea, and Beaufort Sea. These waters are
to enormous quantities of fish, and many species of marine mammals, some of w
require; bgether these waters support some of the most important commercial fis
in the world, are home to the largest marine mammal populations in the Nation, a
support some of the most critically endangered marine mammal populations. Mat
t h e n asheries kedd sheirfindustry in market value and offerswddght products

1 AFSC Annual Guidance Memo

Annually, the AFSC reviews its scientific programs and focusebase platforms tha
meet or exceeBlOAA Fisheries mission goal¥he challenge is to provide the scienc
necessary to promulgate healthy and sustainable marine resources, including
conservation angrotection of these resourc&mply, research is pridrzed as fiscal

4 Additional discussion oNOAA and NMFSclimatechange strategies can be found in the following report¥adgn S. Link,
Roger Giriffis, Shallin Busch (Editors). 2015. NOAA Fishe@snate Science Strategy. U.Bept. of Commerce, NOAA
Technical Memorandum NMFB/SPQ155, 70p, and 2) NMFS Draft Climate Science Action Plan, 2016;
http://www.nmfs.noa.gov/mediacenter/2016/02 February/03 02 draft bering_sea climate science plan.html
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resources allow; the AFSC operates within fiscal limits. Importantly, the AFSC
maintains the highest standard of science to best inforreidesnaking and
stakeholders.

1 Alaska BFH Research Plan

The NOAA Fisherief\laska Regional Office (AKRO) coordinates the Alaska Essential
Fish Habitat (EFH) Research Plan (Plan) with the Alaska Fisheries Science Center
(AFSC) to directly fund research in support of EFH management needs. &plgcithe

purpose of the Plan is to forecast, coordinate, and fund fisheries research in response to

emerging fisheries management nedde Plan furthers the role of EFH and provides
guidance to prioritize research proposals through an interneifgdrequest for funding

of research proposals (RFP). The RFP cycle occurs early in each fiscal year to allow for

budget forecasting. Proposals must be responsive to the Plan and its five priorities.
Additionally, science and policy managers meet annuallgidntify any emphasis areas

that may have emerged from recent discussions or are pressing issues. Proposals received

undergo scientific review (scoring and ranking) by a diverse panel representing AFSC
programs, known as the Habitat and Ecological Proc&sssarch (HEPR) Program.

Brief History

In 2004, NMFS Alas#, Northwest and Southwest Regions completeallaborative evaluation

of nonfishing effects to EFH. In 2005, NMFSaska Regiorcompleted a Federal

Environmental Impact Statemewhich updatedhis document to be Alaska specific (Appendix

G of the EISYNMFS 2005a)This document was subsequently updated during the 2010 EFH 5
year reviewEFH regulationstatethatFMCsand NMFSshouldreview the EFH provisias of
FMPs at least once eveiliye years and that theFH provisionshouldbe revised or amended,

as warranted, bad on available informatiofb0 CFR 600.81%][ 10]). Theseregulationsalso

state that the review should evaluate published scientific literatupeiblished scientific
reports,information solicited from interested parties, and previousgvaitable or inaccessible
data.TheNPFMCcompleted its most recefive-year review in April 2010votedto revisethe

EFH sections of it&*MPs and completed those revisions in 2QAPFMC and NMFS 2012)

This document wilkerve to update the infmation on norfishing impacts to EFH and available
to be included in the FMP&6s as part of the

Effect of the Recommendations on Noffishing Activities

As previously statedEFH Conservation @&ommendationfor nonfishing activities includdin

this document are nonbinding. They areended to convey reasonable steps that could be taken
to avoid or minimize adverse effedscategories of nofishing activitieson EFH Their
implementation is entirelgt the discretion ahe entities rggonsible for the activities and the
agencies with applicable regulatory jurisdiction. NMisBery habitat biologists may use these
recommendations as a starting point whensulting with federal action agencies on specific
activities that may adverselyfact EFH. NMFS developEFH conservation recommendations
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for specific activitieon acaseby-casebasisbased onndividual circumstancesTherefore
recommendation® this documeniay or may not apply tany particular projectrhis
information is also available to inforfederal action agencies undertaking EFH consultations
with NMFS may use the information provided in tdmcumentto assist irpreparing EFH
assessments.
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Climate Change and Ocean Acidification

Introduction

Scientists angolicy makers may debatée level of change, reasons wirypotential impacts
Chaighe:

2.1

climate change is occurring despite our incomplete understanding of human or
environmental influencesr consequence€limatechange is seen in easiiyeasurable
indicators such as glacial retreattd decreasingrctic sea ice extent, the reduction in the mass
of the Greenlandlce Sheetand changes in regional weather pattébehlJensen et al. 2011,
AMAP 2012) Thesevisually measurethdicatorssignal change anare difficult to disputelLess
visible indicators are also be measured (Table 1).

There is strong evidence to suggest that since thmguostrial eraincreagd emissions of
anthropogenic greenhouse gas (GHG) [carbon dioxide)(@@thane (CH), and nitrous oxide
(N20)] have influence@hangesn atmospheri@and oceanic conditiongndweather patterns.
Increased levels of atmospheric and oceanie &© measurabl€urrently, he
Intergovernmental Panel on Climate Change (IP@®Gjects that emissions of GHG will
continue to increase and further influence climate change into the foreseeabl@ RE@ 013,
2014) Ocean carbon chemistry is changing in response to increasing concentrations of
atmospheri€C O, (Caldeira and Wickett 2003, Feely et al. 2004, Ainsworth et al. 26ligher
atmosphericCO; levelsincreaseadissolvedCO; and bicarbonatéHCQOs') ionsin seawater, which
subsequently leads to a decreasseiawatepH andcarbonatéCOs?') ions® In general, a
decrease in pH leads to a simultaneiogsease in acidityThis phenomenoins collectively
termedfocean acidificatiodn (Raven et al. 2005, Ainsworth et al. 2011)

Changes in seawater carbon chemistgy affect the marine biota through a variety of
biochemical and subsequent ploysgical and physical process&secreasing pH (increasing
acidity) alters the saturation state for calcium carbonate compounds, aftedtifigation rates

in many marine speciégeely et al. 2004, Doney et al. 2009, Feely et al. 20Ri8e the
industrial revolution, mean ocean pH has decreased to the lowest level in recorded history
(Crowley and Berner 2001, Caldeira and Wickett 20@8her measurable indicators such as ice
cores and geologic samples suggest that recent measures of pH may be the lowest in millions of
years This trend in increasing G@nd declining pH is expected ¢ontinue(Caldeira and

Wickett 2003, Feely et al. 2@80Sabine et al. 2004, Orr et al. 2005, 2013, IPCC 20%#hin

this century, surface avers corrosive to Aragonftare expected to first occur at high latitudes
because of the inverse relationship with colder temperatamelscontinued interactions between
the atmosphere and global currefi@@sr et al. 2005, Feely et al. 2009, Byrne et al. 2010)

Though subtle, there are many other measurable global indicators of climate change documented
by the IPCC (IPCC 2013, 2014)The results in these reports are based on current global

5 If CO, is added to seawater, the additional hydrogen ions react wigh i6@s and convert them to HGQreducing the capacity of seawater to
buffer against acidiconditions.

6 Aragonite is the stable form of calcium carbonatéigh-latitude cold watersAragonite concentration and availability is essential to shell
development in many marine invertebrate spe@esasonal declines in Aragonite concentrations in surface and shallow, subsurface waters
of some northern polar seas have already been documented, and this declining trend is projected to continue into fhteis@iituoy
(Fabry et al. 2009)
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measurements and anaysising seeral stateof-the-art global climate models that project
future forecasts of the measured indices based on past and current conditions and projected
future trends.

The IPCC concludethatanthropogenic GHG emissions since theipdustrial era have dren

large increases in atmospheric concentrations of C84, and NO. Approximately40 percent

of these emissions have remained in the atmosphere while the rest was removed from the
atmosphere and stored on land (in plants and soils) and in the dbeaceansare estimated to
have absorbed about ercent of the emitted anthropogenic LQotal anthropogenic GHG
emissions have continued to increase since 1970, with the larger absolute increases occurring
between 2000 and 2010 despite a growing numbelimate change mitigation policiél?CC

2014)

Emissions of C@from fossil fuel combustion and industrial processes contributed to

approximately 78 percent of the to@GHG emissionsince 1970, with a similar percent increase

occurring from2000 to 2010Globally, economic and population growth continue to be the most
important drivers of increases in g@missions from fossil fuel combustiofhe contribution of

populaton growth between 2000 and 2010 remained roughly idemieaithe previous three

decades, wéreaghe contribution of economic growth has risen shai@lgbal increases in the

use of coal heereversed the longtanding trend of gradual @&rbonizata of t he wor | do
energy supplyIPCC 203, 2014)

211 Metrics

Visible evidence of climate change is easily measwiddindicators such asea icedecline,ice
capandglacialretreat meltingpermafrostaind shifts in longstanding regionaleather
patternsDeclines in multiyear sea ice, ice capgsd glacial retreadre particularly evident in

Arctic and subarctic regions and have been receding at faster rates since 2000 than during any
previous period recorddiahkJensen et al. 2011, AMAP 2P, NSIDC 2016)In March 2016,

Arctic sea ice reached its annual maximum extent at 14.52 millidiisk6©7 million mf),

which is now the lowest extent in the satellite req8IDC 2016) The majority ofice
capsandglaciers in the Northerdlemispherénave diminished during the last 100 yealfs

current trends continyé is projected that Arctic summer sea ice will disappear before the mid
century(Chapn et al. 2014)

The extent and duration ehow cover and freshwater ibave also decreased across Arctic and
subarctic AlaskaSince 1966, the area of Arctic land mass covered by snow during early summer
has decreased by 18 percalthoughtheoverall seasonanowfall and depthas increased in

other areas of Russia, North Ameriaad EuropédAMAP 2012, NSIDC 2016)Freshwater ice

cover on lakes and rivens parts of the Northern Hemisphesealso breaking up earlier than

ever previously observgtNSIDC 2016) Permafrostemperatures have risen by up to 2°C

7 Loss in mass from the Greenland Ice Sheet (2.93 millichskimiace area, by 3,000 m thick [0.70 million®imy 9,843 ft]), combined with
receding glaciers worldwide is important because of its potential contribution to sea level rise and reduction of daliityityrto marine
surface waters, which could imgt marine ecosystems afigheries(DahkJensen et al. 2011, AMAP 2012, NSIDC 2015)
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(3.6°F) during the past two to three decades, and the southern limit of permafrost in the Arctic
has shifted more northward in Russia and CaateAP 2012)

Climate change is alsevident by changes megionalweather patterns, particularly the increase

in extreme weathewnents such as heavy precipitation, heat waves, coastal storms, erosion, fires,
droughts, and flooddPCC 2014) Total annual precipitation has increased in the U.S. and over
land areas worldwide; precipitation has increased at an average ratenifi8ters(mm)
(0.15inches [n]) per decade in the contiguous 48 states since (E3A 2016b) Since 1950,

there has been a 5 percent increase in Arctic precipitation over the land areas north of

55°N. Although this is a modest increase, the five wettest years have all ocduriegithe past
decadd AMAP 2012) Increased heavy precipitation events are projected to contirthe U.S.
(Walsh et al. 2014)

Winter storms and snow accumulation have increasa@dguéncy and intensity in manggions
since the 19509 here has also been an increase in the frequency amsiigtof damaging
winds, hail andhunderstorms, and tornadd®¥galsh et al. 2014) onger, icefree seasons due
to warming temperatures have affected the occurrence of coastal storms in(8tagkat et al.
2013) For instance, an increa inthe number of strong storms Haesen observed along

Al a s k a érrsanchnorthweltern coasts where protective sea ice cover is nodoesgart
during spring, summeand fall monthsThe loss of protective seee barriers also intensifies
flooding during storm surge and higtind eventsThese storms have leddocelerated coastal
erosion atates of tens of fe€ft) peryear in some areas of Alaska.addition, rapid
temperature increases during spring can lead to excessive glacial or sth@uhigbler
elevations, resulting in floodintewart et al. 2013)

Cumulative impacts ofa@treasing snow and precipitaticand increasingemperaturebave
resulted intheincreasedrequency okxtreme fire eventim interior Alaska(Kasischke et al.
2010) Thesechanges in temperatyngrecipitation,andfrequency ofire events influence
suface hydrologyincrease sediment loadsnd likely alter spawning and rearing halstait
anadromous specid3uring the 2000s, 17 percent of the landscape of interior Alaska was
burned which is 50 percenincreasesince the 1940Kasischke et al. 2010)

As discussedthere a many indicators of climate chanddthough less visible than glacial

retreat, storm events, amdher metrics described above, the indicators listed in the Iddgow
providefurtherevidence of a changing climaaedmeasursof the rate of changeThese

observed changes in the climate system include the warming of the atmosphere and ocean,
diminishing amounts of snow and ice, and rising sea |¢lRGC 2014) The cotinuous

war ming of the Earthos sur f adempetaturesrecordee | ast
since 1850. Most of this increased energy in the climate system is stored in the ocean which has
also experienced acidification due to the uptake of €@e the beginning of the industrial era.

The warming has also contributed to the melting of glaciers which, together with ocean thermal
expansion from warming, explain about 75 percent of the observed global mean sea level rise.
Specific metrics describinttpese phenomena are listed below along with GHG emissions which

8 The metrics presented in this table were compiled fronCIFZD13, 2014)Although these reports include many categories of measures and
associated potential impacts, thésted representvhat NOAA/NMFS/HCD/AKR concluded were some tfie more important indicators
related to EFH and associated fisheneélaska
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have been detected throughout the climate system and are extremely likely to have been the
dominant cause of the observed warming since the2@tid century(IPCC 2014)

Table 1
Atmosphere and Ocean

The globally averaged combined land and ocean surface temperature as calculated by a linear trend showed a wa
0.85°C(1.53F) from 1880 to 2012.

The totalincrease between the average of the #83®00 period and the 2008 2012 period is 0.78°CL.4°F) based on
the single longest dataset available.

On a global scale, ocean warmingyigateshear the surface, and the upper 78256 ft)warmed by 0.19C (0.198°F) per
decadebetweenl971and2010.

Cryosphere

The annual meaArctic sea ice extent decreademim 1979 to 2012 at a rate of 3.5 to % per decade (0.73 to 1.07 million
km? [0.28 to 0.41 million mi| per decade).

For the Arctic summer séee minimum, the decrease radgeom 9.4 to 13.86per decade (0.73 to 1.07 million Kij®.28 to
0.41 million m?] per decade).

The annual mean sea ice extBmtAntarctica increaseletweenl.2 and1.8%per decade (0.13 to 0.20 million Kf0.05 to
7.72million mi?] per decade) between 1979 and 2012.

Snow cover in the Northern Hemisphere has decreased since t2&huedntury by 1.60.8 to 2.4 % per decade for March
and April and 11.% per decade for June between 186d2012.

The average rate of ice loss from the GreenléeeiSheet increased froid¢ gigatons Gt) (40,000,000,000 metric tons)
betweenl992and2001 to 215 G{215000,000,000 metrictons) betweer2002and2011(IPCC 2013)

Permafrost temperaturese also thought thave increased, causing permafrost melgillgough no numerical measures o
change have currently been calculated or presented.

Sea Level

From 1901 to 2010, global mean sea level rose by 0.(®1% to 0.21 m) (0.62 ft [0.56 to 0.69]).

GHG Emissiomns

Between 1750 and 2011, cumulative anthropogenigéd@ssions to the atmosphdotaled2,040 + 310 Gt
(2,039,999,999,999 + 310,000,000,000 metric tons)

Approximately 4046 of anthropogeni€ Oz emissions remain in the atmosphere (880 + 3\B&2,000,000,000 +
35,000,000,000 metric tons])ofrhe remaindeis absorbean land and in the ocean.

The ocearabsorbedipproximatel\87% of emitted anthropogenic ch

Geneal ocean circulation andataconstrained models suggéisat theoceanabsorbed approximately 37 Pg of
anthropogenic carbon (Carttetween 1994 andd20(Talley et al. 2016)

Calculations of anthropogenic carbon at a glazalan inventory scale in 2010 indicate 155+31CR#20% uncertainty)
(Khatiwala et al. 203)1C.

Half of theanthropogenic C&emissions between 1750 and 2011 have occurred during the last 40 years.

Atmospheric concentrations ahthropogeni€Has andN20 have exceeded piadustrial levels by approximately 1%
(1,803 parts per billion pply) andapproximately 20%324 ppb) respectively.

9 Numerous oceanic processes act on aqueousi@Itaneously influencing pHseasonal variability exists (diurnally, annually), temporally
and spatially, specially near the sea surfaCrirrently, specific levels of dissolved g@re difficult tounobtainable based on current
sampling levels or associated analysis.

10 0One Petagram (Pg) = 1 trilliddlograms = 2.2 trillion Ibs of anthropogenic carbabprevated as Cant.
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Large Marine Ecosystem

Alaska naturally experiences a wide range of extreme weather and climate events that affect
ecosystem processes, human socaatg supporting infrastructure. Recent evidence and
analyss indicatehatAlaska has warmed twice as fast as the rest of t8eddd experienced
significant changes in weather patterfise statewide average annual air temperature has risen

2 by 1.7°C (3°F) and average winter temperature$°C (6°F) with substantial yeato-year and
regional variability(Stewart et al. 2013)

Gulf of Alaska

Climate and ocean conditions in the North Pacific Ocean and Gulf of Alaska (GOA) have shifted
2t31e}vlveen cool and warm periods or regimes, particularly over gi®fgears. For example, a

Aregi me shifto occurred around 1976 and 1977,
warm phase that has been correlated with the Pacific Decadal Oscillation (PDO). The majority of
fisheriesandoceanic scientisigand managers recognize this shift and have acknowledged that a
complex suite of atmospheric and oceanic variables influenced this chdnggneral, this

shift in the GOA is thought to favor the production of some pelagic (upper water column) species

in warm periods and some demersal (bottom dwelling) species in cold péioesamples

total Alaska salmon production (harvesthich generally inhabit the upper water colunsn,

reported to be higher in warm regimes than in cool reg{iMestua et al. 2009)

Paential mechanisms that led to this regime shift are presented in two proposed hypotheses. The
first hypothesis suggests changes in the eastern North Pacific Ocean are driven largely by
atmospheric pressure, related winds and water movements, and subsatdaes layer mixing

and benthic upwellingll influence plankton productiofBrodeur et al. 1996, Mantua et al. 1997,
Francis et al. 1998A second hypothesis suggests that strong recruitment of forage fish and
invertebrates depends on emergence of their larvae at the same time plankton prey are available,
commonly referr-Rids mat als 0 (CustipydI9@& Arxldison and Piatt

1999) Collectively, climateforced changes influenced atmospheric and ocean conditions

altering the timing (phenology) and presence of larval and juvenile fish populations to available
plankton prey and possibly exposed/irand juvenile fish populations to increased predaton.
subsequent, weaker climate pulse occurred in 1989 but did not return the GOA or Eastern Bering
Sea to prel976/1977 conditionfHare and Mantua 2000) he prevailing reorganization of the

marine ecosystem produced a dramatic decline in forage fish and invertebrate populations, and a
predominance of groundfish which currently persisdisderson et al. 1997, Anderson and Piatt

1999, Litzow 2006, Clark et al. 2010)

Anomalously warm water conditions currently contimu¢he GOA as a result of unusually quiet

winter weather conditions, a weak Aleutian low weather system, and abnormally high sea level
pressure off the coast of the Pacific NMorthwe
firstappeared off Aldlsa 6 s sout hern coast during the fall/l

1 Multiple hypotheseare proposed on interactions and relationships of Pacific Decadal Oscillation (PDO), El Nifio Southern Oscillation (ENSO),
Eastern Pacific warming (EPW), and Central Pacific warming (CPW), all of which influence GOAoceaditions, trophic dynamics, and
fisheries.However, these details are beyond the current scope of this report.
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(Bond et al. 2015, Peterson et al. 2016, Yasumiishi and Zador. 201§ )warm water mass is
estimated to be nearly 2,000 km wide and 100 m deep (1,243 mi by 300 ft). Water temperatures
betweenl°C and 3°C (1.8°F and 5.4°F) are well above the-lengy seasonal averaffgond et

al. 2015, Peterson et al. 2016he mass malge supported by cyclical weather patterns of high
atmospheric pressure that dominates the weather pattern over western North nelécaon

et al. 2016)There is speculation that this atmospheric and oceanic influence is generated with
corresponding conditions from the western North Pafffador 2014, Kintisch 2015, Peterson

et al. 2015)

The appearance of the warm blob coincided with a variety of unusual biological events, such as
extremely low chlorophyll levels during late winter/spring of 2014, presumably due to
suppressed nutrient transport into the mixed l&yeveral fish species common to warmer
southern waters have been sighted in the GOA and British Coluirinaboldt squid
(Dosidicus gigayand skipjack tunakatsuwonus pelamisvere caught near the mouth of the
Copper River in July of 2015. Ocean sunfistola molg, and the common thresher shark
(Alopias vulpinugwere documented off the coast of Southeast Alaska far notttieiotypical
range. Pacific pomfreBfama japonica and Pacific sauryJololabis saira)species associated
with subtropical waters were also abundant in this northern réGaltagher 2014, Medred
2014, Bond et al. 2015, Orsi 2016, Yasumiishi Zador 2016)Record highnumkers of Fraser
River sockeye salmof©ncorhynchusierka werealso documenterhigrating around the
northern sidef Vancouver Island versus thraditional ®uthern migration.

2122 Bering Sea

Historically, the Bering Sea has alwaghibitedsome interannualvariability in air and sea
surface temperature (SST) and sea ice exiéng.seasonal variability has remained relatively
consistent atlecalal scales and largely dependent on the frequency and magnitude of low
pressure atmospheric systegWgyllie-Echeverria and Wooster 1998ecent atmospheric,
oceani¢cand fisheries survey data and analyses indicate subtle chamgesicrand subarctic
weathe patterns and ocean conditio&abeno et al. (200BndGrebmeier et al. (2006b)
identifiedthatSSTs in the Bering Sea had warmed 0.23°C (0.41°F) per decade since 1954.
Between 1972 and 1998, this gradual warming trend was also reflected in the southern extent and
spatial distribution of sea ice. Although the later years in this broad time series reflected a
slightly cooler leveling, SSTs never returned to previous hiskows, sea ice extent was never
as far south, and sea ice residence time was skiSttdreno et al. 2001)

As Eisner et al. (2014)resentbetween 2000 a&n2010, the Bering Sea experienced different
multi-year climate shift¢Stabeno et al. 2012bjcludingabove average SSTs and very low sea
ice coverage (2000 to 200&hda single transition year with average SSTs and sea ice extent
(2006) followed by extremely cold years with extensive sea ice (2007 to 20@®hcurrence

with this warming period2000 to 2005)there was a decline in Bering Sgalleyepollock

(Gadus chalcogrammuysecruitment which led to a 40 percent decline in the total allowable
commercial harvegtanelli et al. 2013)Further datamalysis strongly suggested that the decline

in pollock recruitment and biomass during the warm years was a direct result of altered trophic
dynamicsfrom thechanging ocean conditioriBarley and Trudel 2009, Coyle et al. 2011, Hunt

et al. 2011, Heintz et al. 2013, Eisneakt2014) Simply, the decreased sea ice extent andyearl
sea ice retreat changed ocean conditions and altered the timing of zooplankton blooms, leading
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to a decrease in the availability of large Iypidh plankton which arenormally abundant during

late sea ice retreand an increase in the availabilitysyhall lipid-poor plankton species.

Pollock juveniles (age 0 to 1) had less prey available in both quality and quantity, experienced
lower energy levels, and became susceptible to predation from other species and cannibalism.
Consequently, the decreasedypavailability led to reduced pollock recruitment numbers and
reducedharvest levelglanelli et al. 2013)

Just as SST and sea ice extent signaled this extended warm pulse, benthic waters in the same
regionreflected a simultaneous warm pulse during the same YBamthic fisheries and
temperature data suggested a similar trend of increasing benthic temperatures (the cold pool)
between 1982 and 20@Blueter and Litzow 2008)The ®ld pool is a recurrent benthic sea

water zone with persistent temperatures of @ 2°C (32°F to 35.6°F). Sea surface ice cover
provides the character for this benthic zone which is formed as stratification isolates the deeper
cold waters from warmer diace water exchanges. The extent of SST, sea ice cover, and the
benthic characteof the cold pool are directiyorrelated Consequently, the cold pool had

retreated north from its previous southern extent by approximately 230 km (143 mi), and
subsequenthifts occurred in the distribution of some benthic fish species. Of the 40 taxa that
were analyzed, 11 showed a linear response to shifting benthic temperatures/adohto the
slightly warmer benthic zone previously occupied by the cold {Moéter and Litzow 2008)A
similar study conducted gotwicki and Lauth (2013assessed the spatemporal

displacement of the same populations in multiple directisirggudata through 2010. Results
alsoindicated a reduction in the extent of the cold poola@mécrease in thenge of many of

the same benthic taxdlowever, his analysis also introduced additional mechanisms, such as
spatial distribution, nutritiogntogeny and spawning, into climat®rced change.

These climatdorced changes represented one of the first well documented occurrences where a
multiyear climateforced change altered trophic dynamics or influenced the range and
distribution and abundnceof someBering Sea taxalthough this warming pattern or pulse
wasrelatively brief(2000 to 2005) and immediately followed @lyaracteristically cold weather
patterns resuming from 2007 through 2@®&yler et al. 2011, Stabeno et al. 2012a, Stabeno et
al. 2012b, Kotwicki and Laht2013) current indicators suggest a similar warmpagtern may
be occurrig presenly (2014through2016 (Farley 2016) If multiyear climateforced warming
patternsaaremore numerouandpersistent in the future, projections indictitatthereis a

gntial for changein therange, distributionand abundance of fisheries and increased
uncertainty in modeling predictiommdstock assessmenf8lueter et al. 2011, Hollowed et al.
2013)

Arctic

The Arctic Ocean is the 0 r |Ismallestoceanand has limited exchange with other global

oceans as it is surroundby continental land neses hasrelatively shallow shelvesndis often
covered by icdNPFMC 2009b) Al askads Arctic Ocean is divid
seastheChukchiSeaand the Beaufoi$ea Generally, fisheries productivity the Chukchi and
BeaufortSeas isconsidered low dut® extreme environmental conditions. The marine

characteristics of both seas are strongly influenced by terrestrial freshwater 10nuéfcent of
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worldwide runoff drains into 3 percent of its totakanic aredNPFMC 2009bY. Seasonally
limited sunlight and freezing Arctic conditions promote the formation ofcggavhich directly
limits trophic interactions and the rangeed distribution of fis populationsConversely, melting
summer sea iceourishes primary production as algae and nutrients asdgasedcreating a
highly productive and nutriesrtch, estuarindike nearshore corridor.

The Chukchi and Beaufoseas aralriven by different environmentatlimate, nearshorend
terrestrial influences. Each exhibits different degrees of biological productivity and different
EFH attributes. Comparatively, the Chuk&8aais generally more productive than the Beaufort
Seaas a result of nutrients and plankftawing north from the Bering Se@Voodgate and
Aagaard 2005, NPFMC 2009blhere is also significarseasonalreshwatermndnutrient

influence from prevailing western ocean currents and the YRkaer dischargéDittmar and
Kattner 2003, Dittmar 2004, Woodgate and Aagaard 2005, Spencer et al. 2008, Letscher et al.
2013, McClelland et al. 2016In the Beaufort durinthesummer, strong west winds may induce
upwelling of cold nutrientrich nearshee waters Benthic organisms move inshore and support
nearshore fish and invertebratgptations. ThéMicKenzieRiver plumealso influencesutriens
and trophic dynamics in nearshore BeauBaa fisheriegDuntan et al. 2006, Dunton et al.

2012, von Biela et al. 2013, Bell et al. 2016)

As Rand and Logerwell (2@} discuss, trends in ocean warming and declines in Arctic sea ice
increase the potential for northward migrations of fishiamdrtebrate species from tBering

Sea and North PacifitASC 2004, Grebmeier et al. 2006a, Grebmeier et al. 2006b, Mueter and
Litzow 2008, Mueter et al. 2009)s previously discussedhanges from Arctic to subarctic
conditions have been observed in the Bering Sea with a shift fathib topelagic fish species
(Overland et al. 2004Grebmeier et al. 2006a, Grebmeier et al. 2008byilar changes have

been documented in Atlantic and North Sea fish commuriBieare et al. 2004, Perry et al.

2005) The effects of recent receldeaking ice recessions in the Arabic mame fish

communities are unknown because data are limited or nonexiStemgve et al. 2007, Greene et
al. 2008, Stroeve et al. 2008, Boé et al. 2009)

Currently, no federally managed commercial fishery exists in either the Chukchi or Beaufort
Seas.Marine ecosystem processes that support EFH attritsutels as trophic interactions,

primary and secondary production, and frsé&range and distributioratie beerassessed but

are not entirely understodqtogerwell et al. 2011, Rand and Logerwell 2Q1t)e seasonal

influence of sea ice significantly limits the ability to access waters to achieve fisheries abundance
and productivity dateBased onwsrveys conducted in 201fish comprigd only 6percenwof the

total weighteven though 34 taxa of fish were identifidavertebrate species comprised the
remaining 94percentof the catch. The majority of fish species that were identified were

nearshore forage fish spectbat arenotfedemlly managedLogerwell et al. 2011, Rand and
Logerwell 2011)

The impacts and stressors of climate change appear dramatic in Arctic ecosystems when
considering ocean warming, contadioss of sea ice, and potential ocean acidificafie@IA
2005) However weather conditionsral seasonal sea isgll limit access tgrolonged marine

12 Some variability exists in the literature on the volume of freshwater discharge into the Arctic ocean and the totabtshgtfexga. For

examplelLammers et al. (200Inplythatl 1 percent of the worl dodés freshwater discharge

The Arctic ocean contains 25 percent of the worldébés continental

30

el
s h



studies or ommercial fisheries operationsenerally, little is knowrof marine fish distribution,
abundance, diversity, or habitat use patterns in the WiNEFMC 2009a, b)Climate change
ard uncertainty in resource availability exacaebthe challengesf predictingimpacts o fishery
development.

Cumulative Impacts of Climate Change toMarine Fisheries

Seasonal and decadal variability in climate patterns influence the range, distrilngtion a

abundance of marine fish species at some spatial or temporalSualdists have some

understanding of thimfluence and subsequently fisheries scientists and managers account for
2.2 some degree of variability in establishing sustainbhhlsestlevels The influence of climate

change on Alaskan fisheries is presented in the previous examples; one from the Pollock fishery

in the Bering Sea and the second incdhanging distribution of southern fish species appearing

in the north PacificThese eamplescurrentlyrepresent relatively shadrti ved fApul sed ev

over a couple years. On the other hahdeeds to beecognized thatea surface temperatures

are predicted to increase in frequency stensity. These persisteiitp r eversts)in terms of

decades, will exacerbatemulative impactsubsequently decreasing the precision needed to

implement appropriate fisheries management meadaesasingrequency of rapid change

complicatesaccurate agssnent ofthe status of stocks amadbility to forecast sustainable levels

of harvest. Numerous subject magaperts have presented how increasing frequency and

intensity of climate change will impact fisheries and fishdependent communities through a

complex suite of linked processes and resperGcaviaet al.2002,Harleyet al.2006,Brander

et al.2010,Hollowedet al.2013}3,

221 Impacts on Ecosystem Productivity and Habitat

If atmospheric C@levels continue to increase, global physical models project increased sea
temperatures in many regischanges in locations and magnitudes of wind patterns and ocean
currents, loss of sea ice in Polar Regions, and a rise in thevee8dPCC 2014 The

accumulation of C@in the atmosphere and associated climate changes is expected to increase
ocean aidification and expand oligotrophic gyr@3oney et al2012). These physical and

chemical changes are expected to result in shifts in the timing, species composition, and
magnitude of seasonal phytoplankton product@achrane et al. 2009, Wang and Osaed

2009, Polovina et al. 201Doneyet al.2012). Changes in phytoplankton species compaosition
may include population shifts to smaller sizes that could lengthen food chains and increase
assimilation losses to hightophic levels (Mora'n et al. 201Bpde et al2011). These

physical, and resulting biological, changes will occur at different spatial and temporal scales

t hroughout t hRurrowsaetadl @AE Gramadeaikars et al. 2011, King 204ll).
Changes in temperature, nutrienpgly, mixing, light availability, pH, oxygen, and salinity are
expected to affect the ecological functions and, consequently, the sustainable harvests available
from t he o @eamangiesiiCochiare gtialc208%ander 2010, Denman et al.

2011, Doneyet al. 2012). Exposure of marine organisms to ocean acidification and oxygen
depletion will vary regionally, and other anthropogenic impacts (e. g., eutrophjcetay also
exacerbate impact$he vulnerability of the species and a species regponder these changes

13 Hollowedet al (2013), represents a consensus of international subject matter experts in climate charagsefisheries.
This publication addressing potential cumulative impacts of climate change across large marine ecosystesusiated!
fisheilies represent potentisimilari mpact s t o Al as k a 0 ses,fisheriesrard cannongigegdwae m pr oc e s
adoptedor use in this reportwith permission.
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varies considerably (Whitnest al. 2007Feelyet al. 2008, VaqueBunyer and Duarte 2008,
Levin et al. 2009Ries et al. 2009, Rabalais et 20.10).

Regional differences in primary production are also anticipated. IHatiiddesthe mixed layer

depth (MLD) is projected to shoal, which could decrease nutrient supply and ultiprtedyy
productionFor example,anintes o mpar i son study of 11 model s pr
MLD will change (decrease or shoal) in most regiontefNorth Pacific during the 2kentury

as the result of increased stratification resulting from warming and/or freshening of the ocean
surface and changes in the winds (Jang et al. 2011). A study using four Earth System Models
(ESMs) found a similar gern in the North Atlantic (Steinacher et al. 2010). Capotondi et al.
(2012) also provide a global treatment of stratification changes. Primary production in mid
latitudes is expected to be reduced by this MLD shoaling through decreased nutrient supply
(Hashioka and Yamanaka 2007, Barange and Perry 2009). However, production may increase in
higher latitudes especially in seasonally ice covered areas through increased light levels and a
longer period of production and changes in theeidge bloom (Perrettet al. 2011). Increased
stratification caused by sea surface freshening and/or warming is also a main driver of ocean
deoxygenation through decreased ventilation (Whitney et al. 2007). Rykaczewski and Dunne
(2010) hypothesized that decreased ventilatompwelling zones may increase production due

to increased residence times (the period where producers are retained in the high production
zone) and nutrient remineralization; however, we note that these benefits could be offset by
reduced nutrient supplifhere remain important uncertainties regarding how physical and
biological processes are incorporated into projection models (e.g. temperature response; Taucher
and Oschlies 2011) and how these models represent coastal and shelf sea areas (e.g. Holt et al
2012).

The responses of secondary production to climate change are not clear, partially because the data
available for zooplankton are more limited and the mechanisms linking secondary production to
ocean conditions are complex. In the North Atlantie, tthtal abundance of zooplankton changed
with sea surface temperature (SST) change (Richardson and Schoeman 2004). However, this
overall pattern masks important trends in the zooplankton community where the abundance of
both herbivorous and carnivorous eppds increased with phytoplankton abundance but the
abundance of neither group was directly correlated with SST. Several authors have recognized
that the phenology of zooplankton may also be affected by a changing climate in both the
Atlantic and Pacifi¢Chiba et al. 2004, Edwards and Richardson 2004, Mackas et al. 2007).
Although climate change results in an earlier onset of production cycles, the actual timing and
changes in the magnitude of production varied in direction and was influenced by different

2.pechanisms among regions (Richardson, 2008). Our limited understanding of the trophodynamic
linkages between phytoplankton and zooplankton adds considerable uncertainty to projections of
the responses of these groups to global change (Ito et al. 2010).

| mpacts on marine fish and shellfish

Climatedriven changes in the environment may affect the physiology, phenology, and behavior
of marine fish and shellfish at any Hfestory stage, and any of these effects may drive
population level changes in distriibon andabundance (Loeng and Drinkwa807,Drinkwater

etal. 2010, Jgrgensen et 2012).Fish and shellfish will be exposed to a complex mix of
changing abiotic (e.g. temperature, salinity, MLD, oxygen, acidification) and biotic (shifting
distribution, species composition, and abundance of predators and prey) conditions making it
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more difficuk to predict the responses. Climatgdriven changes in ocean temperatures may shift
population distributions causing predatorey overlap, increasing predation mortality or

potentially altering postecruitabundance. Climate influenced change in theiligion of

predatofprey relationships, for example the decrease in one species and the subsequent increase
in an associated predator species, will lead to increasing levels of uncertainty in stock
assessments (Mueter et al. 2013, Spencer et al).2016

Many climaterelated changes have already been obséRedy et al. 2005, Mueter and Litzow,
2008,Barange an®erry 2009, Nye et al. 2009ingsolver (2009) identified three types of
potential responses of species to climate change: distribution chargpese and time,
productivity changes, and adaptation. The extent of populbdie changes may be mediated

by the capacity for individual species/populations to adapt to changes in important abiotic and
biotic factors through changes in the phenolofjynportant lifehistory events (e.g. migration,
spawning), or through changes in organismal physiology (e.g. thermal reaction norms of key
traits such as growth; Raer2010) and/or throgh acclimation (Donelson et &011).

Mismatches may occur wheahifts in the environment lack consistent patterns cipacge the
species ability to adapt or acclimatecttange (Burrows et al. 2011, Duarte el 2).

Changes in life cycle dynamics will occur in concert with cliriatkicel expansion,

contraction and/orshifts in the quality and quantity of suitable habitat, and different life stages
may be affected differently by changes in habitat chaiatiter (Petitgas et al. 2013loreover,

in some regions, changes in temperature will be accompanied hyesharother abiotic factors.

For example, expected regional changes in precipitation could lead to decreases or increases in
local salinities which will have major impacts on distributions and productivities of fish species

in coastal and estuarine are@kus, perhaps future thermal conditions may be suitable for new
immigrant species, but shifts in salinities could make these waters uninhabitable, illustrating the
challenges of projecting future trends in species richness afdisimunities.

Hollowed et al. (2013) present a summary of 30 recently published studies- 2203}

providing evidence that climate change is influencing the spatial distribution of marine fish
species. Although there are many accounts of temperate species moving to higbes]atitu
presumably in response to warmirggére et al. 2004, Perry et 2005), there is less evidence

of contraction of ranges of boreal spedi@emer et al. 2004, Rijnsdorp et 2010).The
distributional changes may be the result of either activeatiogr of living marine resources to
higher latitudes or from differential productivity of local populations in lower and higher
latitudes (Petitgast al.2012), and usually the causal factors are poorly documented. The
sensitivity of fish and shellfish@tks to climate change may differ depending on whether the
stock is at the leading, trailing or center of the species range (Beaugrand and Kirby, 2010). In
some cases, latitudinal shifts will exacerbate mismatches due to concurrent changes in the light
cyde and the duration of the gravg season (Kristiansen et al. 2011, Shoji e@1.1).

The aforementioned impact of climate change on MLD and ocean chemistry has been shown to
exacerbate vertical habitat compression for some highly migratory specidfsif &nd tunas in

the tropical Northeast Atlantic Ocean. Initial work demonstrated how thesndarce density of

many highoxygen demand species of pelagic fish was much higher in the eastern than in the
western topical Atlantic (Prince et aR010).Eastern boundary current conditions off the west
coast of Africa create an oxygen minimum zone that is much closer to the surface than in the
western tropical Atlantic. The habitat compression has led to higher vulnerabilities to surface
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fishing gear andréficially high indications of abundance. Stramma et al. (2011) reported that a
decrease in the upper ocean layer dissolved oxygen occurred in the tropical Northeast Atlantic.
This change equaldo an annual habitat loss of approximatéyalover the peod 1960 2010.
Climate change is expected to further expand the Atlantic oxygen minimum zone due to
increased ocean temperatures and decreased oxygen levels, potentially threatening the
sustainability of the pelagic fisheries and their associated ecosystem

Climate change may also influence recruitment success, which will impact population
productivity (e.g. Hare et al. 2010, Mueter et2dl11). The resilience to shifts in production may
vary by region. In many regions, fish and shellfish have evolvddmaslstems impacted by
intermittent (12 years) or longer term events that occur on decadal or multideradstales
(Baumgartner et al. 199Plare anl Mantua 2000, Greene and Pershing 2@0L,orenzo et al.,
2008, Hatun et al. 2009, Overland et alLl@0Alheit et al2012). These events will probably
continue to occur in the future. It is unclear whether species and communities that have
experienced such variability in the past will be better adapted to future climate change. In some
well-documented ases, climate variability is thought to provide opportunities for dominance
switching and ecosgem reorganization (Skud 1982, Southward €1388, Anderson and Piatt
1999, Rice 2001, Stenseth et al. 200Ravez et al., 2003). Climate change may interrupt or
accelerate these cycles of dominance switching with unknown implications for both dominant
and subordinate species within each phase of a cycle.

The responses of individual marine species to climaaagh will vary by species and region
resulting in a broad spectruoh potential shifts in geographic ranges, vertical distributions,
phenologies, recruitment, growth, and survival. Thus, alterations in both the structure (i.e.
assembly and connectivity) @function (i.e. productivity) of biological camunities are
expectedLargescale losses and shifts in community structure, associated with disease, have
been observed elsewhere and are thought to be unprecedented since the Holocene and Late
PleistoceneAronson et al. 1998; Greenstein et al. 1998)ysical and chemical changes, and
aterations in temperatutiafluencecarbonate saturation, and ettclimatedriven conditions
increase vulnerability to disease in some fish and shellfish populations {\ &i0€4,Harvell
2009,Burge 2014)Community responses are the most uncertain types of ecosystem responses
to climate change becauey involve more players (all the species in the community and the
habitats that are used), their interactions, and tdagavell as indirect effect$ olimate drivers

(Stock et al2011), as well as the spatial and temporal complexity of responses (Burt@ws et
2011; Gnanadesikan et 2D11). However, there is some evidence that community assemblages
tend to move in aocert based on retrospective studies of species spatial patterns and species
richness (Hofstedet al. 2010, Lucey and Ny910).

Impacts on Fisheries and Fishery Dependent Communities

Fisheries and fishergiependent communities have been subjected tt#tions in fish stocks,
extreme weather events, and natural changes in climate ateVsktinroughout history. Coastal
livelihoods have depended on the capacity to cope with such changes through the alteration of
fishing practices or switching to altextve livelihoods (Allison et al. 2009, Perry et 2011).

The capacity for human communities to respond to changes in the species composition,
abundance, and availability of marine resasrvary regionally (Daw et &009). Climate

change effects ondh and fisheries will occur within the context of existing and future human
activities and pressures, as well as the combined effects of multiple stressors and natural agents
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of change acting directly and thigiufeedback pathways (Ruckelshaus e2@13) In coastal
ecosystems, pollution, eutrophication, species invasions, shoreline development, and fishing
generally play more important roles as drivers of change than on the high seas.

It will be difficult to tease out the additional effect of climate i@ from other anthropogenic
activities(such as fishing; Rogers et 2011). In some cases, where tiseries are long enough

or can be reonstructed, the relativeportance of different forsecanbe quantified (e.g. Eero

et al.2011). Hare et al. (2@) examined the combined effects of fishing and climate in a
modelling context and found that fishing likely remains the dominant pressure, especially at the
historically high fishing levels. Other researchers found that it was difficult to separate the
influence of anthropogenic climate change from decadal environmental variability and fishing
even with a cetury of data (Engelhard et al. 2011, Hofstede and Rijnsplaitf), whereas

others note that fisheries can amplify or moderkeate signals (Otteen et al2006). Some
promising alternative approaches to address these issues include: comparative studies,
experiments, and opportunistic studies of major natural or@algenic events (Megrey et al.

2009, Murawski et aR010). Ainsworth et al. (2011ised five Ecopath with Ecosim models to
simulate changes in primary production, species range shifts, zooplankton community size
structure in response to ocean acidification, and/or ocean deoxygenation. Fishing pressure was
also included as an additionadrturbation to the modelled foeeeb. Their study revealed that
responses to the cumulative effects of climate change and fishing may result in different patterns
than would have been predicted based on individual climate effects, indicating possible
interactions.

The degree to which fisheries armnaged sustainably varies globally (Worm and Branch,

2012). In many regions, efforts are underway to prevent overfishing, rebuild overfished stocks,
and implement an ecosystem approach to management (Mura@@K), i the future, the
detrimental effects of climate change on fish stocks may, to some extent, be buffered in stocks
that have a large and productive spawsstark biomass, a less truncated age structure, and
sustainable expitation rates (Costellat@l. 2012). For example, cod have remained abundant

with wide size/age structure in some areas (i.e. dresund) where exploitation has been low,
although temperatures have increased and while abundance has declined and age structure has
narrowed in neighbang areas [North Sea, Baltic Sea (Lindegren e2@1.0}.

Natural scientists and economists are partnering to develop the projections of how fishers may
respond to changes in fish distribution atindance (Haynie and Pfeiff2d12). It is unclear

how canplex management systems involving measures such as catch shares, bycatch limits,
mixed species catch or effort limits, and spatial or temporal closures will perform as the species
composition, distribution, and abundance of glecies change (Cridd2912). An equally
challenging issue is predicting how different nations will utilize the broad range of ecosystem
services that marine ecosystepnevide (Halpern et aR012). Multispecies management

strategy evaluations can be used to evaluate the texjpeerformance of management

frameworks with respect to balancing these comsues (Plaga'nyi et &011). However,
selecting the functional form of responses necessary to predict how fishers will respond to
changes in marine resources will continaée challenging.

The fish stocks, fisheries, and marine ecosystems that coastal communities depend on can be
described as components of coupled marine secw@lbgical syeems (Perry et aR011). This is
a particularly useful representation when coesity the policy goals of preserving the health of
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the marine ecosystem while maintaining the supply of desirable goods and services that support
human livelihoods. The representation requires specifying the scale of the system, its properties
(e.g. resilence, biodiversity, productivity, social capital), how it is, or can be, governed, and

what structures and information are required for such governance. Management and governance
approaches may need to be adapted to the available scientific and manageaeityt

(including financial and social resources). While strengthening capacity may put extra demands
on management agencies and stakeholders, it also brings with it greater sustainable benefits
through reduced uncertainfochrane et al. 2009 a2011) Anthropogenic climate change is

an increasingly influential driver of change in such see@llogical systems, added to an

already complex set of natural and anthropogenic drivers. The impacts of climate drivers are
manifested on timscales that are gerally longer than most other anthropogenic drivers to

which these sociatcological systems routinely respond.

There is growing recognition of the need for much stronger integration of social and ecological
sciences in developing adaptation options ridiustries and cotd communities (Allison et al.
2009,Daw d al. 2009, Miller et al. 2010, Gutierrez et2011). In this context, there may be
much to learn from the dynamics of smsdlale fisheries in coastal communities. Institutions
such as the FA@nd Worldfish are active in working on climate change adaptation in such
systems. Adaptation and mitigation depend on actions and behavioral choices by the
communities who are exploiting the marine resources (whether for fisheries, tourism, or other
goodsand services), as well as a supportive wider governance environment to address threats
and constraints to adaptation and mitigation that are outside the control of local communities.
Resource users and communities, within the context of an integratggtecospproach, must
have the capacity and the will to adapt and mitigate. Viable adaptation and mitigation actions
require the identification of vulnerabilities at levels from the household to macroeconomic ability
to diversify livelihoods for income arttie availability of environmentally sustainable
|l iveli hoods and devel opbneennetf iotpstdi oonfs .b oFtohr aedxaapnt
mitigation can arise from biodiversity conservation, and protection and restoration of mangroves,
and other coastal vegeion (Ruckelshaus et a2013). Coastal resources governance can be
encouraged to develop communiigsed disaster risk management and to integrate climate
change issues into the local and national secamomic development planning. These actions

» ay hdp to prepare communities for climate change impacts on livelihoods that depend on
marine resources.

Implications for Future Security of the Food Supply

The expansion of the worl dds human popul ati on
world have raised concerns over the security of the food supply in tve f{®@ECD 2008,

Godfray et al2010 and2011). Fish currently provide essential nutrition to 4 billion people and

at least 50% of the animal protein consumed bymdidon people (Laurent2007, FAO2012),

currently contributing 17 kg of fish per capita and year. Most of the expected increase in the

human population to 2050 occurs in regions where fish provide most of tkgranardietay

protein (UNDESA 2009, UNWHO 2002). The extent tarhich marine fisheries will be able to
provide fish for the worldés population in th
productivity of the worl doés managememtsystamsqBelteh e p e
al. 2009, Wormet al.2009, Costello et aR012). Several scientists have used outputs from IPCC

global climate models to explore quantitatively or qualitatively the potential consequences of
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climate change on fish and fisheries production and the implications in terms cematty

targets (e.g. Merino et &012). These studies concluded that even with improved management,
there is only a modest scope for increases in sustainable global yields for capture fisheries (Rice
and Garcia 2011, Brand2012). However, innovatiom both largescale and smaBcale
aguaculturemay support a continued increase in production from marine and freshwater systems
(FAQO, 2008a, b, OECD 2008, Garcia and Rosenberg 2Ri2@, andGarcia 2011Merino et al.,

2012). At present, global aquaauk production is very unevenly distributed with Asia

accounting for 89% of world production (FAO, 2012). In addition, the effects of climate change
on prospects for fisheries and aquaculture show strongnagiifferences (Merino et #2012).
Substantl political and financial investment in aquaculture will be required in suitable climatic
and environmental regions if it is to provide greater contributions to food security and meet the
growing demand for fish and seafood products. Growing internati@ud in fish products and
fishing fleet capacities is accentuating regional differences in potentiabiisumption

(OECD-FAO 2009, Kim2010).

Hence, in addition to direct impacts of climate change on fish populations and communities, and
thus food prduction, there can be indirect impacts through changes to the availability of
alternative sources of protein, to the conditions suitable for intensive culture of fish and shellfish,
and even to the complex interactions of climate on the global tradedn foo

Potential Adverse Impacts

It is widely recognizedhatclimatechangehasthe potentialto influenceecosystenprocesseat
regionalscalesExamplespresentedhere(Section2.1.2) of recentobservationgn the GOA,
BeringSea,andArctic exemplify climateinducedchangesn A | a s fisteer@es. Alaskanaturally
experierresa wide rangeof extremeweaher andclimateconditionsthatinfluence fisheries.The
addednfluenceof climateinducedchangegurthercomplicateour understandingf the natural
variability in theseextremeconditions Currently,it is very difficult to accuratelypredictthe
level of impactto EFH or FMP species

Despite many of the currently anticipated impacts of climate change, there is no evidence that the
physical oceanic otulation patterns and tides will be alterétiough the severity an Arctic

winter maydecrease, there is no evidence that the length of winter and summer seasons,
specifically the periods of light and darkness will be alteremlvever, imate change may
influencelargerweather patterns and associated seasonal precipitation and sriewefall

Some regions may see significant increasésrperatures angdater volumes while others

regions may see significant decrea3éwere is a highevel of uncertaintyn how futurechanges

will impact EFH attributes akegional andecosystenscales

At the watershetkvel, throughout Alaskahangingseasonal or annual precipitation events may
create more wetlands and wetland complexityanges irground and surface water regimes

may influence instream flows from headwater streams to larger river and estuarine processes.
Precipitation patterns may alter water holding capacity of wetlands and watetsbesssing
annualprecipitation levels on adraady saturated landform may increase flood events and scour
river bottomslice scour in watersheds may damage hyporhdstrates and may prove
detrimental to some anadromaamonspeciesn their embryonic phas©n the other hand,
warming climate ptierns may prove beneficial to mafish species that no longer endure
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freezing winter conditiondRising ground and surface water regirnmesther regionsnay
provideincreased instream floar temperatureand prove beneficidb some anadromous
salmon pecies by minimizingreezing winter conditions under the ice.

In estuarine and nearshaenes EFH may experienciirther decreases in the extent and
duration of seasonal ice presence in Arctic andAatic seasThis may expose entire regions
of Al easkt@cdrdinuedhorelineerosion.Decreasing sea igaay increas¢he frequency
and severity of coastal storms and subsequent shoreline elosi@ased coastal erosion may
alter natural sediment processes aubstrate compositigehangingrophic dynamicand
furtherinfluencingthe range and distributiaof larval and juvenildish speciesn nursery
groundsthatrepresent adultseen latem marine commercial fisherieAs discussed,&treaing
sea icextent hadbeen shown to impaatbarine trophic levels and alter abundance and
recruitment of economically valuable mariigh species.

Decreases in sea ice extent allow for increased vessel traffic, and in recent years, the length of
the summer vessel trgit season has been lon@elellgren 2007, Reiss 2008, NPFMC 2009b)
The Arctic Council s Arctic Marine Shipping A
to increased Arctic shipping activiti€arctic Council 2009, Fretheim et al. 201 Bhipping and
vessel trdic through the Arctic is projected to increase should climate change further reduce the
extent and duration of Arctic sea ice. Expansion of Arctic natural resource development is also
projected; however, that expansion is highly dependent on a multitedermomic influences

With the exception of northern Norway and northwest Russia, a significant lack of critical
infrastructure limits Arctic marine operations. Extensive gaps in hydrographic, oceanographic,
and meteorological data exist for significantions of the primary shipping routes, which are
critical for supporting safe navigation. Subsequently, there is an increased potential to introduce
additional anthropogenic stressors, such as the release of oil through accidental or illegal
discharge, dp strikes to marine mammals, increased noise and sonic disruption, and the
introduction of invasive species. Indigenous cultures have expressedrn for the social,

cultural, and environmental impacts of swtmmercial expansiofACIA 2005, Arctic Council

2009) Despite potential for increases fratmate forced stress ifirctic processeshe winter

season will remaidevoid of sun light and remain relatively cold when the suns elevation
declines each wintdSigler et al. 2011)This in itself mayminimize some forms of marine
operationsAdditional information on increasing vessel traffic can be founeatien 6.4.1.

Continued declines in sea ice may Ihent alter trophic dynamics froprimary and secondary
production through apex marineggiatorsWhile these impacts may negatively alter one species
range and distributignt could alsoprove beneficiato other species increasing theiuadance
Those changes in ospeciesabundance may create additional unseen impacts to other fish
speciesas a result of predatgrey interactionsincreasing atmospheric temperatunese
alreadyinfluencedtherange duration and thickness of Arctic sea ice. The continued decline in
the presence of Arctic sea ice may actually accelerate additional decline and may further
influence seasonal weather pattemaiictic andsub-arctic regions of Alaska.

The continuednelting of established tundra perifnast wetlandsn the Arctic may increase the
release ofjreerhouse gases into the atmosphend may liberate concentratiooterrestrial
carbon, nitrates and phosphates into whtsts and marine systems. Theseags may further
exacerbatémpacts of climate changa ivayswe do not currently understand or predidiese
cumulative impacts téreshwater and marine ecosystem processgsbedetrimentako some
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EFH and FMP fish species while having complet@ypefigal impacts to other spedelt is
highly uncertain how the cumulative impacts of so many influsogeld impact regional
ecosystems

Climate change may introduce increasing variability in ecosystem processes and species
biodiversity,but it could alscstimulate additional development throughout the Ar&i.
permafrost thaws and economic activity in a region expands, the risks associated with
engineering and operationsgyalso increaseéDecreasing severity of winter weather patterns
may improve trargortation opportunities, infrastructure and shipping logistics, which in turn
may increase opportunities to expand both terrestrial and marine r(id@nges 2010)A

survey conductetly Jackson (20143uggestshat ofthe 485 mining industry representatives that
responded to surveys, Alaska ranked in the top 10 ojutis?lictions that were favorable and
attractive for future investment.

With increased potential of development comes certain probability of development challenges
associated infrastructure and engineenmtie Arctic. In egions where warming or thawing
permafrost have occurrgthere is also increased occurrencearhpromisedoundatiors and
structural instability of buildings, roads and railwaykawing permafrost istructurally weak,
resulting in settling that damages infrastruci@ehaefer et al. 2011, Schaefer et al. 2012)
Constructing and maintaining roads, railwaysd building structtal foundations on unstable,
thawing permafrost is poorly understogunggren and Rocha 201I)he integrity of
manmadestructures angipelines built orthawing permatfrost could collapaad increase the
likelihood of accidents likeil and chemicaspills.

24 Recommended Conservation Measures

NOAA is responsibldor applyinganii e ¢ 0 s gpproaeltmsustainabldisheries
managementd .Federallymanagedpeciesiesignateavith fisheriesmanagemernplans
(FMPs),mustbe managedn a mannertthatensuresong termsustainal® yields. To this goal,
speciedlistributionandabundancelatais collectedandevaluatedspanningdiversehabitat
conditionsandfor variouslife historystagesStockassessmentreconductedo determine
futuresustainabléarvest Many of theseindicatorsarepresentedn the Ecosystem
Consideration€hapterfoundwithin theannualStockAssessmerdndFisheriesEvaluation
(SAFE)report(Zador2015)(NPFMC2015ab, e). Thereportsummarizesecent analysisand
highlightstrendsandchangingconditions thatmay inadvertentlyguidefuturefisheriesdata
collectionandanalysis

As identifiedin severabapersitedin this section the expandingnfluence of climatechange
hasthe potentialto introduceincreasingvariability in accuratelypredictingthe conditionof
fisheriesin thefuture. Shouldthesecurrentlyidentified trendscontinueor intensify, they

14 NOAA Fisheries is responsible for the stewardship of the nation's living marine resbafuiésts, interactions
and ecosystems, under mandates derived from numerous key statutes including the: 1) Mstgessn
Fishery Conservation and Management Act, 2) Endangered Species Act, 3) Marine Mammal Protection Act, 4)
National Aquaculture Act,rad 5) National Environmental Protection Act. An ecosystem approach was adopted
to address all these mandates simultaneously and also consider cumulative effects of management decisions and
human influences (Executive Order 13547 of July 19th 2010; OceseaRéd Advisory Panel 2013).
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threatersustainablenanagemenf marinefisheries. Adding to thedifficulty, thebestindicators
of climatechangeandoceanacidification(e.g.,temperatre, salinity, oxygen,andcarbonate
chemistry)arenot currentlycollectedat spatialandtemporalscaleghataccuatelyrepresent
Al a skViE® sndsubsequerfisheries A commonthemefrom subjectmatterexpertsn
marinefisheriesundertheinfluenceof climatechangeis theneedto identify andaddreskey

A d aabhdanformationg a p(&rilfis etal. 2008,0sgood2008,NOAA OceanAcidification
SteeringCommittee2010) Without robustandtargeteddatacollectionandanalysisof key
ecosystmindicators,accurateassessmertf changan thefisheriescanbeincreasinglydifficult
to identify andconsiderin managemeractions.

It is widely recognizedhathumaninfluencesto ecosystenprocessem freshwatersystems
influencedownstreanmarineestuariesandnearshor@ndcoastakzores. Thesepotentialimpacts
arelikely furtherexacerbatetyy the prevailinginfluenceof climatechangeA growingbody of
literatureidentifiesmanypostprojectmarinemonitoringprogramsarechronicallyunder
sanpledandlimited historical time-seriesdo not providestatisticallydefensibleanalysisof
changepr providetheability to implementadaptiveEFH managemenmneasure¢Bernhardtet
al. 2005and2007, PalmerandFebria2010. Our ability to measureanddiscernbetweerclimate
changesandanthropogeniempactsbecomesnorepossiblewith targeteddatacollectionand
analysisof marinesystemsoverlonger periods

Functionalecosystenprocessegheadwatestreamghroughmarinesystemsprovide water
quality andsupportspeciediodiversity, abundancandsustainabldisheries Ecosystem
variablescanbe measurd andmonitoredto assessnarineconditiors, suchasthe physical,
chemical,or biologicalcomponent®f habitatsor the presenceabundancegr distributionof
thesehabitas. Longterm measuringandmonitoring of marinehabitatsandtheir associated
specieshouldbeemployedo discernbetweernprojectimpactsandclimatechange.

GeneraRecommendations

1 Conductpre-project,systematiccamplingof a projectsimpactedregionto establisha
baselingo discernbetweerclimatedrivenchangeor projectdrivenimpacts.

1 Baselinedatacollectionandpostprojectmonitoringeffortsshouldbecommensurate
with the projectsize,level of effect andexpectedorojectlife. A longe timeframemay
beneededshouldthe projectaffecthabitat thatarelessresilientto recover.

1 Selecthabitatattributesthatrepresenphysical,chemical andbiologicalcomponents,
includingthe presenceabsenceabundancepr distributionof EFH specievertime.

1 Mitigation measuresindreasonablalternativeshouldconsiderimpactsto EFH with
attentionto anylong-terminfluences from climatechange.

1 Projectshatwill havedecadalscaleeffectsshouldconsultwith or brief NMFS andthe
NPFMCfor interpretatiorasto whetheror nottheactivity will adverselyaffectany
federallymanagedisheryresource.
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1 Projectsshouldincludedesignalternativeso accountfor the potentialof changing
weathelpatternswaterlevels,increasedgtormactivity (bufferingtechniques)and
exposureo higherenergyenvironments.

1 Action agencieshouldhold combinedmeetingswith local andregionalbiological
resourcemanagerandcommunitiego detailclimatechangeuncertaintiesinclude
communitiesandtheir resourcesit risk.
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Wetlands and Woodlands

Introduction T Current Condition

er ydrologically confined or connected to surface and groundwater aquifers, wetland and
nt complexes aextensive throughout Alaska. The ecosystem processes and functions
provided by these biomes are integral components of water qualitgridéionof watersheds
3.1 and ultimately support fisheries sustainability. Wetlands typically occur in topographic settings
where surface water collects or groundwater discharges, making the area wet for extended
periods of timgTiner 1996) Wetlands also exist within and between aquatic and woodland
habitats and typically are infénced by both habitafg/elsch et al. 1995Wetland and
woodland complexes can be characterized as hydrologically connectedinedon
(disconnectepto other ground or surface watéhaiman and Bilby 1998, Northcote and
Hartman 2004, Furniss et al. 201Qpnnected watersheds (open waters in riparian areas and
floodplains) have both bidirectionahd unidirectional hydrologic exchanges with riverine
systems. Bidirectional flows (i.e., from wetlands or woodlands to streams/rivers and vice versa)
occur through the lateral movement of surface water and groundwater between the channel and
riparian/floodplain areas. In contrast, unidirectional flows (i.e., from wetlands to rivers/streams
but not vice versa) occur in tgradient areas (e.g., hillslopes and nearby uplands) outside the
floodplains. Confined wetlands (e.g., isolated wetlands in basing] Bads, or slopes) have the
potential for only unidirectional hydrologic flows from wetlands to the river network through
precipitation or flooding events but have no groundwadenection or influencéEPA 2015)
Confined wetlands are influenced by climate and geography, and occur across various
hydrologic gradients; from wetlands having permanent connections with perennial channels to
isolated wdands having little to no ground or surface water connecfibiner et al. 2002, EPA
35 2015)

3,1 Alaska Metrics
Wetlands

Snowmelt and rainfall saturate the Alaskan landscape, forming extensive freshwater wetland

areas ranging from lowlands and depressions to hillsides and @tgdest al. 1994)Alaska's

wetlands occupy approximately 43 percent or 690,000(R66,410 mi) of the state's 1.7

million km? (663,267 mi) surface areDahl 1990) The maj ority of Al askad
the interior, Arctic, and western regions of the state. Inté&diaska encompasses 28.7 million

hectares (ha) (71 million acres [ac]), and the Arctic and western regions contain a total of 37.6

million ha (93 million ac) of wetlands. Accordingtive U.S. Fish and Wildlife Servi¢@013)

only 43 percent of Alaska's wetlands are mapped with 36 percent available digitally via the

internet.

Due to the expansive terrestrial landscape, Alaskarmmetcosystem types vary considerably
across geographic regions and climatic zomeseless expanses of moist and wet tundra
underlain by permafrost occur in most of the Arctic and northwestern portions of Alaska, while
the interior region contains millis of acre®f black spruc€Picea marind, muskeg, and
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floodplain wetlands dominadeby deciduous shrubs and ementge At least twethirds of

Al askads wetl ands ar e c o(kHgletialsl®d)Slkoubandal ustri ne
herbaceous bogs dominate much of the landscape. Wetlands are also abundant in the valleys and
basins associated with large river systems such as the Yukon, Kuskokwim,irardamana,

and Koyukuk RivergHall et al. 1994)

Predominanfreshwatemwetlandtypesincludebogs,grasswetlands andsedgewnetlands
OccurringthroughoutAlaska,boghabitatsncludeshrubbogandforestedbogtypes.Shrub
bogsarecharacterizethy spongypeatdepositstannicacidicwaters andanoverlyingvegetative
layerof thick sphagnunmoss Evergreensindshrubsarethe mostabundantvoody plantsfound
in forestedboghabitatsA | a s drassvetlandcommunitiesareclassifiedasmesicgraminoid
herbaceousvhich aredominatedoy watertolerantgrassspecieghatoccurin clumpsor tussocks
andmaybeintermixedwith purestandsof sedgesSedgewvetlandsaredominatedby tall sedges
cottonwoodgrassesiushespr bulrushesandaretypically inundatedwith water. Thesewetlands
occurin very wet areaof floodplains;in the slow-flowing marginsof ponds Jakes,streamsand
sloughs;andin depressionsf uplandareayVierecketal. 1992 ADF&G 2006,Walkeretal.
2009)

Woodlands

322
A | a sWoadiasdsareextensivethereareapproximatelyd8.6 million ha(120million ac)of

forestlandwith >10 percentreecoverin thestate A | a s ddegwth coastakemperate
rainforestcanbe subdividednto differenthabitattypesbasedon therelativemix of species
which, in turn, is afunctionof soil typeanddrainageglevation andlatitude(Vierecketal. 1992,
Gallantetal. 1995) Thecoolertemperaturedpw sunanglesandshoter growingseasonfn
high-latitudeforestsfavor dominanceby conifers.Old-growth coastatemperateainforestfirst
emergesn regionsof southcentralAlaskasuchResurrectiorBay or in CookInlet. However,
this vegetatiortypedominatesA | a s doad monefrom PrinceWilliam Soundthrough
Southeashflaskato the Pacific Northwest.The major coastaktemperateainforestanclude
westernhemlock(Tsugaheterophylla)46 percent) mixed hemlock/spruc€26 percent) Sitka
spruce(17 percent) cedar(5 percent) andhardwood/deciduou@ percentYADF&G 2006)

Most of this forestlands foundin interior Alaskawhich stretchegrom the KenaiPeninsulao
thesouthslopeof the BrooksRangeandis classifiedasfi b o rfoeestd Theborealforest
occupiesnver60 percentof thetotal forestareaof CanadaandAlaska.About5.3million ha(13
million ac)of forestoccursalongA | a s dowheastoastandis classifiedascoastatemperate
rainforest.Over95 percentof this coastaktemperateaainforestlies within the Tongassand
ChugachNationalForestd ADF&G 2006,Albert andSchoer2007) Borealforestsare
dominatedoy coniferoustrees;speciesnayvary regionallydependingn soil conditionsand
variationsin the microclimate Broadleavedreesoccurin purestandsor aremixedwith conifers.
Needleleafproadleafandmixedforestcommunitiesoccurin theinterior forestedowland and
uplandareasacrossavariety of sites,suchasfloodplainterracesstreambankdake margins,and
highlands; on burnedor otherwisedisturbedareasandneartimberline.Theseforestsare
dominatedoy white (P. glaucg andblacksprucesDeciduoudorestsof balsampoplar(Populus
balsamiferg, quakingaspengP. tremuloide$, or amix of thesetwo speciesievelopon
floodplainsof meanderingiversandbottomlandgVierecketal. 1992,Gallantetal. 1995)
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TheCooklInlet TransitionZoneis definedasaregionbetweertheinterior borealandcoastal
temperateain forests generallyrangingfrom southof the AlaskaRangesurroundingCookInlet
andstretchingnorthwardinto the SusitnaRiver Valley. This zonehasthe mildestclimatein the
borealregionandis generallyfreefrom permafros{ADF&G 2006) Tall scrubcommunities
dominaedby alderandwillow form thicketson streambankd|oodplains,anddrainagevays.
Coniferousforestsincludewhite, black,andSitka (P. sitchensisyprucesyhile deciduoudorests
aredominatedoy quakingaspenPopulustremuloides)paperbirch (Betua papyrifera),and
blackcottonwood(P. trichocarpa)Mixed foresttypesmay containsprucein combinationwith
any of theseothercommonbroadleafspecieqVierecketal. 1992,Gallantetal. 1995)

Al askads high |l atitude Arctic tundra occurs f
Arctic Ocean and is known as the Arctic Slope. The Arctic Slope includes the northern side of

the mountains, the northern foothills, and the flat coastal gtasmthe only true Arctic

biogeographic province in the U.S. The dominant plant species of tundra habitats are sedges, low
and dwarf shrubs, and graminoids interspersed with forbs as well aandatushiofforming

plants and scattered nonvascular bhydps(ADF&G 2006). Trees are generally unable to

establish in Arctic tundra habitats due to an underlying impermeable permafrost layer
complemented by thin soi(¥iereck et al. 1992)Above tree line elevations in the Alaska,

Brooks, and Chugach Mountain Ranges alpine tundra also occurs. Maritime tundra also is
present along the cdasareas of southwestern Alaska and the western Alaska Bering Sea
Islands(ADF&G 2006)

33 Physical, Biological,and Chemical Processes

3.3.1 Wetlands

Ecosystenfunctions andbio-chemicalprocessem Alaska'swetlandtypesvary widely
dependingon regionalclimatepatternsiopographygeology,hydrology,andvegetation
(Quintonetal. 2003,King etal. 2012, Walkeretal. 2012,Harmset al. 2016) Recentstudies
conductedn Alaskaindicatewetlandprocessescreasediological productivity supportinge FH
andassociatedisheries.Theseprocessesegulatewaterquality andproviderefugeto dependent
aquaticspeciegWipfli etal. 2007,Whighametal. 2012) Decomposeglantmatteranddetritus
form thefoundationof nutrientsourcesandtrophicdynamicsfor manyspecieof freshwater
invertebratesindfish (Fellmanetal. 2009,Shafteletal. 2011,Dekaretal. 2012,King et al.
2012 Walkeretal. 2012) Wetlandsfacilitate naturd biochemicalprocessethatfacilitate
hydrologicequilibriumthroughoutwvatershedandprovidethefoundationfor seveal EFH
attributes.

Generally, wetlands regulate surface araligdwater recharge and discharge, maintain water
balance, and in strearoiv (Carter 1996, Bullock and Acreman 200B)any wetlands primarily

serve as discharge areas releasing water to tributaries. Wetlands connected to tributaries provide
temporary storage of water which decreases runoff velocity, reduces flood peaks, and distributes
storm flows over an extended petiof time. This natural water level mitigation reduces in

stream erosion and scour of benthic substrates in the streanWettisds improve water

quality by effectively sequestering, filtering and removing suspended sediments, heavy metals
and pesticidesThrough these natural processes wetlands convert anthropogenic constituents into
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useful and beneficial organic forn{€arter 1996, Callahan et al. 2018)etlands provide
habitats, including breeding and nesting grounds, for a yanidtsh and wildlife species.

Woodlands

The ecogstem functions and processesAtdiska's woodland types also vary considerably
depending on regional climate patterns, topography, geology, hydrology, and species of
vegetationOakley et al. 1985)Generally riparian forests are functionally defined as three

3-dfmensional ecotones of interaction that include both terrestrial and aquatic components,
providing decomposition and recomposition of the existing fauna/flora. These ecotones extend
vertically down intogroundwater regimes and above the canopy, and horizontally across
floodplains and the broader terrestrial landsd&werest and Reeves 2008jmilar to wetlands,
woodlands also provide a varietylmbtic functions. Forestanopies regulate water temp enat
by providing shade to watershe®goodlandgprovide large volumes of leaf litter fueling
primary and secondary production axglatic trophic dynamic8eneficial to freshwater
fisheries trees deposlarge woody debris (LWDand root wades, creatimgstream habitat
promoting lateral channel meandpools and riffles, and providing organic nutriéaverest and
Reeves 2007)

Woodland vegetation influences stream water chemistry through processes incitating d
chemical uptake aniddirect influences such as supplying organic matter to soils and channels,
modifying water movement, and stabilizing s¢xosskey et al. 2010Woodlands also play a
critical role in nutrient cycling between terrestrial and aquatic habitats. Nutrient retention,
especially in regulating denitrification by microbial flora/fauna, and organic input (dead plan
material) directly influence the food availability and growth rates of fish in both upstream and
floodplain habitat§ ADF&G 2006) Woodland trees also serve as an important food source for
juvenile salmon rearing in watersheds. Aquatic and terrestrial invertetivatekrive in
woodland watersheds comprise a substantial biomass of organic sBierstdmeadow and
Nisbet 2004, Dekar et al. 201Both diversity and density of aquatic invertebrates is higher in
lakes and streams with abundant woodland g@@a&&G 2006) Trees also influence fish

34 habtat by providing inputs of LWDpromote channel gicture and completi andmaintain

" stream bank stabilittNRC 2002, Dekar et al. 2012)

3.4.1

Sourceof Potential Impacts

Upland Activities

Upland activities caimpact EFHthroughboth point sourceandnonpoint source pollution

Nonpoint source impacts are discussed here.c hni cal |y, the term finonp
anything that does not meet the legal definition of point sourSedtion502(14) of the @&an

WaterAct (CWA); which refers to discerhle, confined, and discrete conveyance from which

pollutants are or may be dischargkdnd runoff precipitation atmospheric depositipseepage

and hydrologic modificatiofgenerally driven by anthropogerdevelopment are the major

contributors to nonpoint source pollutighDEC 2013a) Themajor sources of nonpoint
pollutiondiscussed in detail in this documémtludethose listed below.
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Silviculture/Timber HarvesfSection3.2.2
PesticidegSection3.2.3)

Urban and Suburban Developme&e¢tion3.24)
RoadBuilding andMaintenancgSection3.25)
Flood Control/Shoreline Protectig8ection5.2.11)

> > > > >

Nonpoint source pollution is usually lower in intensity than an acute point source event but may
be more damaging to fish habitat in the long tddb@egan and Buchsbaum (20@#gce human
impacts to marine habitats into three categories: (1) permanent2pdsgradationand (3)

periodic disturbancéNonpoint source pollutiomaybe a periodic disturbance that creates a
situation of degradation and leads to permanent losmytaffect sensitive life stages and
processes, is often difficult to detect, drale impacts thagjo unnoticed for a long time. When
population impacts ametected, they may not be tied to any one event or source and may be
difficult to correct, clean up, or mitigate.

The impacts of nonpoint source pollution on EFH may not necessarily represent a serious,
widespread threat to all species and life histtagesThe severity of the threaf any specific
pollutantto aquatic organisms depends on pledutanttype and concentration and the length of
time a particular species and its life history stagee exposed to the pollutakbr example,
species thiaspawn in areas that are relatively deep with strong currents anthixetl water

may not be as susceptible to pollution as species that inhabit shallow, inshore areas near or
within enclosed bays and estuarigsnilarly, species whose egg, larval, gndenile life history
stages utilizeshallow, inshore waters and rivers may be more prone to coastal pollution than
species whose early life history stages develop in offshore, pelagic (&da&es et al. 2011)

3.4.2

Silviculture/Timber Harvest

Recent revisionto federal and state timber harvest regulationglaskaand best management
practices (BMPs) have resulted in increased protection of EFH on federal, state, and private
timber landJUSDA 2015a) These revised regulationscludeforest management practices,
when fully implementednd effectivemay preventor minimize adverse effects to EFH.
However,if these management practice ineffective or not fully implementetimber harvest
L£py|dhave both shortand longtermimpactson EFHthroughout many coastal watersheds and
estuaries. Historally, timber harvesin Alaska werenot conducted under the current protective
standards, anthese past practices may have degrdefed in some watersheds.

Potential Adverse Impacts

In both small and large watershetihereare many complex and important interactions between
fish and forest¢Northcote and Hartman 2004f) appropriate environmental standards are not
followed, forest conditions after harvest may result in altered or impaired instream habitat
structure and watehned functionHowever whenimplementednodern forestry practices
preventor minimize most of the potential effects on ERdtential impacts to EFH have been
greatly reduced by the adoption of BMPs designed to protectighabitat.
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There areiffe major categories dlviculture activitiesthatmayadversely affect EFIf
appropriate forestry practices are not followgpconstruction of logging roads, 2) creation of
fish migration barriers, 3) removal wfatershed andtreamside vegetatipd) hydrologic

changes anthcreasededimentationand 5) disturbance associated with log transfer facilities
(LTFs) and inwater log storagéSection5.2.12). Possible effects to EFH include the following
(Trombulak and Frissell 2000, Northcote and Hartman 2004, EPA 2005, Frissell and Shaftel
2014)

A Remowal of the dominant vegetaticand ©nvession ofmature and oldyrowth upland
and riparian forests to tree stands or forests of early seral stage;

A Reduction of soipermeability and increasinthe area of impervious surfaces;

A Increase in erosion arsgdimentatiomlue to sirface runoff and mass wasting processes
which potentiallyalsoaffect riparian areas

A Impairedfish passagebecause ohadequate design, construction, and/or maintenahce
stream crossings

A Altered hydrologic regimes resultingimadequate or excessive surface and stream flows,
increased streambank and streambed eroaraipss of complex instream habitats

>\

Changes irbenthicmacroinvertebrate populatians
Loss of irstreamand ripariarcoverresulting in increased water temperatures

\ >\

A Increaseén surface runoff with associatéaborganic and organicontaminants (e.g.,
herbicides, fertilizerdheavy metals, dicing saltand fine sedimentgnd higher
temperatures

A Alterations in the supply of LWD and sedimevttich can have negative effects on the
formation and persistence of instream habitat featares

A Excess debris in the form of small pieces of wood anavkilth can cover benthic
habitat and reduce dissotyexygen levels.

Construction of Logging Roads

Improperly engineered, constructed, or maintained logging @adishe use of these roacn
destabilize slopes and increase erosion and sedimentasioiis¢ussed abovd wo major types
of erosionmayoccur: massvasting and surface erosidilasswasting such adandslidesdebris
slides slumps, earthflows, debris avalanches, and debris flcavde directly or indirectly
caused or exacerbated tiyber harvest and road building on hilghzard soil&nd unstable
slopes(Spence et al. 1996)hus, &celerated erosion rates from rodascause of debris slides
mayrange from 30 to 300 times the natural rate in forested.afeagever, thissareswith
terrain in the Pacific NorthwegEidle et al. 1985)Erosion from roadways is most seveiteen
construction practices do not include properly locasezkd, and installed culverts; proper
ditching; and ditch blocker water baBurniss et al. 1991 ontributing up to 90 percent of the
total sediment production, roads are generally considered to be the major source of sediment to
water bodies adjacent to harvested forest |§B&#\ 2005) The eroded sedimerdguch as rill
erosion and channelized flow or sheet erosion or overland flow, delivdownioslope
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waterwayseduces habitat quality and availability for agoabacroinvertebrates on which

salmon feed and reduces the exchange of oxygenated water in spawning gravels, déeeeasing
survival time of salmon eggs and embrykirphy 1995) BMPs included in currenefleral and
stateforest practices requitbe avoidance ohazardous slopes the development dfite-

specific hazard management pldB®A 2005, USDA 2008)

Creation of Fish Migration Barriers

Stream crossings (bridges and culverts) on forest raaatsaranadequately designed, installed,

or maintainedcan alter the existing waterway through changes to the physical habitat structure,
hydrology, and water qualitylhis can potentially leaih species loss and altered ecosystem
communities. In addition, tanresult in full or partial barriers to both upstream dodnstream

fish migration eliminating or reducing access to spawning sites and fragmenting haittiat
(Daigle 2010, Maitland et al. 2016jor examplein two watersheds in northwestern

Washington, impassable culverts rediigevenile coho salmo(O. kisutch rearingcapacity by

30 to 58percent(Roni et al. 2002, Pess et al. 2003)rrently, 36percent of the stream crossing
structuresn the Tongass National Forest maatenile fish passage standards for upstream
migration(USDA 2015a) Forest Plan standards stipulate that juvenile fish will have unrestricted
upstream passage within a defined range of stream {lW&BA 2015a) Current fish passage
standards on the Tongass National Forest stipulate that juvenile fish be able to successfully swim
through culvertsluringapproximately 9%ercentof the yea(USDA 2015a)

Perched and undersized culverts can accelerate stream flows so that these structures become
velocity barriers for migrating fish. However, perched culverts are prohibited under current
BMPs, and all culverts are now subject to sizing requirements designed tofatldvepassage

of fish and significant flood events

Blocked culverts result from undersized designs or inadequate mainteriaeswvel debris

When a culvert is blocked, it caesult in displacement of the stream from the downstream

channel to the roadway or roadside ditch, resulting in dewatering of the downstream channel and
increased erosion of the roadway. Under moddévi®B, howevergulverts must be properly

sized and matained.

Culverts and bridges deteriorate structurally over time. Failure to replace or remove them at the
end of their useful life may cause partiakotal fish passage blockageurrent BMPs require
theremoval of culverts upon road closure unlessotheasures are warranted. Channel incision
can often occur downstream of a culvert and generally moves upstream. An existing culvert can
act as a grade control, halting the upstream progressiohezfcacutind causing further channel
regradgCastro 2003)therefore caution should be used when removing culveirisethe

unchecked upstream gyession of diead cutan cause further damage to EFH. Additional
information on culverts is available in the Alagiapartment of Fish and Game (ADF&G) and
Alaska Department of Transportation and Public Facilities (ADOT&¥&morandum of

Agreement for the Design, Permitting, and Construction of Culverts for Fish Pé&&degeG

and ADOT&PF 2001)NMFS Northwest R g i dAmadremous Salmonid Passage Facility
Design(NMFS 2011) and AGuE&tethesProcedures and Techniques used to Inventory

and Asses Stream Crossings 202914( Ei senman and . Ob6Doherty 2014)
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Removal of Watershed andStreamside Vegetation

Timber harvest activities thaémo\e streamside vegation increases the amount of solar

radiation reaching the stream and can result in warmer water temperatures, especially in small,
shallow streams of low velocityn southeasrn Alaska,Meehan (1969jound thatthe

maximum temperatusef logged streams without riparian buffers exceeded that of unlogged
streams by up to 2.39B6.1°F)but didnot rezh lethal temperatureb cold climates, the

removal of riparian vegetation can result in lower water temperatures during winter, increasing
the formation ofce, damagingand delaying the development of incubating fish eggs and

alevins

Adverse effecten Pacific salmon from warwater temperatures include: (1) delayed or

blockage of adult migratigr{2) increased adult mortality and reduced spawning success
including gamete survival during pspawning holding(3) reduced growth of alevins/

juveniles (4) reduced competitive success relative to other figbgsutmigration from

unsuitable habitats and truncation of spatial distriby{i@nincreased disease virulence with
reducedlisease resistancand (7) potentially harmful interactions occagiwith other habitat
stressorgDunham et al. 2001, Materna 2001, McCullough et al. 2001, Sauter et al. 2001, Marine
and Cech 2004 Current BMPs requiréheretention of riparian buffers for shade which should

limit changes in wateiemperature and dissolved oxygen

By removingwatershed or streamsiglegetation, timber harvest reduces transpiration losses

from the landscape and decreases the absonatpability of the groundcovefhese changes

can result in increased surface runoff during periods of high precipitation and decreased base
flows duringdry periodgMyren ard Ellis 1984, Heifetz et al. 1986Reduced soil strength can

result in destabilized slopes and increased sediment and debris input to €8wamston 1974)
Sediment deposition in streams can reduce benthic community prod{@tipnand Davies

1983)with fine sedimentausng mortality of incubating salmon eggs acap sediment causing

the emergence @levins(Koski 1981, EPA 2005}thusredudng the amount of habitat available

for juvenile salmor(Heifetz et al. 1986)Cumulative sedimentation from logging activities can
significantly reduce the egp-fry survival of coho and chum salm¢@. ketg (Cederholm and

Reid 1987)Reductions in the supply of LWD also result when-gidwth forests are removed,

thus, causin@loss of habitat complexityhich is criticalfor successful salmonid spawning and
rearing(Bisson et al. 1988, Murphy and Koski 198Bhese effecteccurwhen vegetation is
removedwithi n a streamds watershed but are intensif
Current riparian buffer standardad BMPs are being implemented in most instafid&DA

2008) and longterm effectiveness studies are being conducted to determine if timber harvest has
any effect on habitat conthh (Martin and Grotefendt 2001, Martin 2009)

Hydrologic Changes andincreasedSedimentation

According to the Tongass Land Management Plavigton(USDA 2015c) forest management
activities affect water quality and quantity and the timing of water flows throlighges irsoil

and watershed conditns.Most watersheds are in a state of dynamic equilibrium where changes
occur naturally becausé changes in weather patteriBecause of the overriding influence of
climate and basin resiliency, changes in streamflow and sediment delivery resulting from
management activities (e,timber harvest) are difficult to measure.
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Sediment is watetransported earth materj@ may be transported as eitleesuspended load or
abedload A suspendedioadis carried within the water aainn, while bedloadnaterial moves

(rolls or bounces) along the botn of the stream or riverbe8uspendetbad causes water to

havea turbid or murky appearandénder natural conditions, the majority of suspended load and
bedload transport occurs during storm runoff evéd&DA 2003)

The masswastingof soil, streams cutting new channedsid bank erosion are the main naltura
processes creating sedimdrdndslides cause large but temporary increasesspesaled and
bedload sedimentS&tream and riveda or bank erosion may contribute to sediméabver
long periods of timeSteep terrain and large amounts of rainfall make the land sensitive to
natural sediment production and to sediment produced by road construction and timber
harvesting activities.

Forest management activities that have the greatest potential to affect soil erosion, including
sheet rill, gully, or maswastingerosion, arassociated wittimberharvestand includeoad and
log-landing construction, rock pit developnt, and somearding methodskRoad construction
increasesdl erosion because of the destabilizing effect of cuts, fills, and drainage alteration and
the lack of protective vegetation cover on road s@saand other disturbed areéle actual

amount of erosion causég roads is not known or reliably quantifialfléSDA 2003)

Sediment that settles on or penetrates into the stream bed is of more concern than suspended
sediment and can lead to leteym deleterious changes to fish and invertebrapeifations Soil
masswastingconstitute the most potentially damaging type of erosaoml is thought tbe the

major cause of accelerated erosion resulting sowicultureactivities.Although mass wasting

has thepotential positive effeaf providing new sources of woody debris and granellso
negatively affe@aquatic habitats by destroying viable eggssmothering and bed load

overturn and by destroying habitat elemdptg.,pools, riffles,andlog dischargejor fish

(USDA 2003) Standards and guideBMPs and other relevant mitigation measures are applied
te.dminimizethesepotential adverse effects

Recommended Conservation Measures

The following recommended conservation measures should be viewed as oppievedand
minimize adverse imgctsof silviculture/timber harvestn EFHandto promote the
conservation, enhancement, and proper functioning of ERElreferencelsted belowapply to
all conservation recommendations.

A For all potential adverse impacts to EFH frsitwiculturetimberharvestthe current
standards and guidelines for the Tongass National Forsstiiheast Alaska can be
found athttps://fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5367422Tjii$
Forest Plan is currently being amendee;rtewly proposed plaJSDA 2015c)is
available atttp://www.fs.usda.gov/Internet/FSE_ DOCUMENT S/fseprd480655.pdf

A The current standards and guidelines for the Chugach Nationat, focksling soils and
fish, water and riparian areasan be found at
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsm8 028736.phis Forest Plan
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is currently being revised; the newly proposed glAB8DA 2015b)is available at
http://lwww.fs.usda.gov/Internet/FSE_ DOCUMENTS/fseprd486944.pdf

A The Forest Service Region 10 Best Management Practices Policy, Soil and Water
Conservatia Handbook, FSH 2509.22 can be found at
http://www.fs.usda.gov/wps/portal/fsinternet/!ut/p/c4/04 SB8K8xLLMI9MSSzPy8xBz9C
P0os3gjAwhwtDDw9 AI8zPyhQoY6BdkOyoCAGixyPg!/?ss=1110&navtype=BROWS
EBYSUBJECT&cid=fsbdev2 038796&navid=160000000000000&pnavid=null&positio
n=Not Yet Determined.Html&ttype=detail&pname=Region L&nd & Resource

Management

A TheAlaskaDi vi si on of Forestryods booklet on i mpl
operationfADNR 2011)includes BMP compliance descriptions and guidance for
compliance monitoringndcan be found at
http://forestry.alaska.gov/Assets/uploads/DNRPublic/forestrg/fatestpractices/FRPA _
fieldbook_final 511 2.pdf

A The State of Alaska Forest Resour&eBractices Regulatiof®@DNR 2013a, ADNR
2013b)can be found at
http://forestry.alaska.gov/Assets/uploads/DNRPublic/forestry/pdfs/forestpractices/PDF _F
orest Resources _and_Practices Act-kay 2013 update.pdf

A The State of Alaska riparian management standards can be found at
http://forestry.alaska.gov/Assets/uploads/DNRPublic/forestry/pdfs/forestpractices/STRE
AMCLASSIFICATIONMATRIX.pdf.

Stream Buffers

Timber operations in watersheds with EBkbuldadhere to mdern forest management

practices and BMPs, including the maintenance of vegetated buffers along all streams to the
extent practicable to reduce sedimentation and supply large wood. In Alaska, buffer width is site
specific and varies by stream class (Cla$ks Ill, IV, andNon-streams), stream process groups
(flood plain, glacial outwash, alluvial fan, low gradient contained, moderate gradient/mixed
control, moderate gradient contained, high gradient contained, palustrine, and estuarine), channel
typeandstream gradient and is dependentlmuse by anadromous and resident fish. Riparian
management standards diffen public and private landRiparian buffers required on federal

lands can be found in tA@ngass and Chugach National Forests Resourcadgéament Plans

(USDA 2015c, USDA 2015bRiparian management on the Tongass National Forest is also
performedn accordance with the Tongass Timber Refornt #ttich does not allow

commercial harvestg within 30.5 meters (m)100ft) on either sidghorizontal distance)f

Class | streams and Class Il streams that flow directly into a Class | stream. Riparian buffers
required on other lands must comply wiitle State ofAlaska Forest Resources & Practices
Regulation§ADNR 2013a, ADNR 2013b)See theeferences li®d in the previous sectidar

more details
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Estuary and BeachFringe

For timber operations adjacent to estuaries or beaches, vegetateddhdtddsbemaintaired,

as neededo protect EFH. Estuaries are ecological systems at the mouths of streams where fresh
and salt water mix and where salt marshes and intertidal mudflats are present. The landward
extent of an estuary is the limit of stdlerant vegetation (not includirie tidally influenced
stream or river channel Il ncised into the fore
delta at mean low water. The estuary fringe is an area of approxirB@tely (,000 f) slope

distance around all identified estuarsesl should be miatained as unmodified foresthe beach

fringe is an area of approximated®5 m (,000 f) slope distance inland from mean high tide

around all marine coastlineThe beach fringe should be maintained as mostly undisturbed forest
that cortributes tothe maintenance of the ecological integrity of the biologically rich tidal and
intertidal zons (USDA 2015c)

Watershed Analysis

A watershed analysis a procedure for assessing important riparian and aquatic values and
processes in a watershed contdixis designed to:

A Help set the stage for projdetvel planning and decisions
A Strengthen NEPA analgs and decisics and
A Focus interdiscipling discussioron key watershed resourc8$SDA 2008)

The scope and intensity of the watershed analysis should be commensurate with the level of risk
associated with the NEPA decision and the informatiecessary to supportatdedsion.

Watershed analgs require sitespecifig field-based site evaluatiomsmdincludethe following
methodsfield inventory of all affected stream reaches to verify fish presence, stream classes,
and channel types; considéon of cumulative effects gfast, present, and future timber sales

within the watershedassessment of current cotoli; and additional analyse&.watershed

analysis should be incorporated into timber and silviculture projects pdssible(Nichols et al.

2013)

Forest Roads

The development obfest roads can be a major causmofeasedsedimerdtionin streamsand
road culverts can block anhibit upstream fish passadeoads need to be desigrtedminimize
sediment transport problems and to avoid fish passag&eprsiiRecommended conservation
measuresor forest road$nclude but are not limitedo, those listed below.

A Incorporate erosion control and stabilization measures in project plastsifiizing all
humancaused soil disturbancestabilization measures include treatungstable soils
with effective and appropriate erosion control measiargsevent or minimize
sedimentatioranderosion of unstable soils

A Improve engineeringionstruction, and maintenance of logging roads to reduce
landslidesAvoid construction on highly unstableplifted marine sediment and on
slopesinexcessofthesbis 1 nt er nal Awomw pdatng rodds ahd landings o n .
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on a slope greater th&7 percent, on an unstable slope, or in a giidae areaSeed,
mulch, develop terraces, or combineatments to control erosion after logging road
construction

A Avoid construction of roads across alluvial floodplains, mass wastage areas, and braided
bottom lands.

A Seek road locations that avoid fish strepaoness stream®nly when other locations are
not feasible anéish habitat can be protectedhere roads are located near fish streams,
avoid the introduction of sedimeand debrigluring clearingconstrucdion, and operation
activities.Restrict bgging road density or traffiduring the wet season and possibly elos
logging roads to manage sediment runBffcess excavation material must not encroach
upon the stream coursdeposit all excess matalin a suitablestabilizedupland site
Leave as much undisturbed ground cover between the road and the stream as feasible
Require complete end haul of excess excavation where there is the probability of
downhill movement of that material into the stme To prevent introducing debris into a
stream in sufficient quantity to degrade water quatdlf trees away from all fish
bearing waters, standing waters, and other surface waters

A Meet fish passage direction at locatiortseve roads cross fish stres. Specify
permissible uses of heavy machinery and the timing of road construction activities.

A Design roadsothatdrainage structures intercept and carry runoff from the hillside and
inside portions of a crowned road surfé@eforest roads utilizinghroughcuts or
partial/full bench road construction

A Install and space drainage structures as necessary to accommodate peak flows or to
ensureadequate drainage of unstable s@lepe drainage ditches along the roadleed t
the nearest relief culvefischarge from road ditches should be cross drained to filter on
natural forest floor rather than flowing directly into streams.

A Avoid the introduction or spread of invasive species during road construction,
343 reconstruction, and maintenance

Pesticides

Pesticides ara diverse group of chemicsiibstances intended to prevent, destroy, control, repel,
kill, or regulate the growth of undesirable biological organismegriculture and a range of non
agricultural uses (e.g., forestry, irrigatiomcties, shignant water, etc.J-heyinclude insecticides,
herbicides, fungicidesiematicides, molluscicidesydenticides, repellentfymigants,
disinfectantsyood preservatives, antifoulants, and oth@wwer900 differentactivepesticide
ingredients are currdy registered for use in tHé.S. and are formulated with a variety of other

inert ingredients that maglso be toxic to aquatic life.egal mandatesegulatingpesticides

includethe CWA and thé&ederal Insecticide, Fungicide, and Rodenticide YAtaterquality

criteria for the protection of aquatic life have only been developed for a few of the currently used
ingredientd EPA, Office of Pesticide Programdj Alaska, thePesticideControl Program is
administered by thalaska Department of Environmentalo n s er v at i)Divisiosof ( ADEC
Environmental Healthhitp://www.dec.state.ak.us/EH/pest/index htNationwide, the most
comprehensive environmental monitoring efforts have been conducted Bysth&eological
Survey(USGS)as part of the Nation&ater Quality Assessment Program
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While agricultural runoff is a major source of pesticide pollution in the lower 48 $Rybsrg

et al. 2014, Stone et al. 201#)e most commosourcesf pesticidesn Alaskaare fromother

human activities, such &ise supression on forested lands, forest site preparation, noxious weed
control, rightof-way (ROW) maintenanced(.g.,roads, railroads, power lines), algae control in
lakes and irrigation canals, riparian habitat restoration, and urban and residential pekt cont
(ADEC 2015a)

Pesticides are frequently detected in freshwater and estuarine systems that provide EFH
Pesticides can enter the aguanvironment as single chemicals or as complex mixtures. Direct
applications, surface runoff, spray drift, agricultural return flows, and groundwater intrusions are
all examples of transport processes that deliver pesticides to aquatic ecosystems. Habitat
alteration from pesticides is different from more conventional water quality parameters because,
unlike temperature or dissolved oxygen, the presence of pesticides can be difficult to detect due
to limitations in proven methodologies. This monitoring rabso be expensive. As analytical
methodologies have improved in recent years, the number of pesticides documented in fish and
their habitats has increased. In addition, pesticides may bioaccumulate in the ecosystem by
retention in sediments and detritwkich areingested by macroinvertebrates whithturn, are

eaten by larger invertebrates and fifte process of biaccumulation and bimagnification

(Howell et al. 192).

3431 Potential Adverse Impacts

There are three basic ways that pesticides can adversely affec(lERHlirect lethal or
sublethakoxicological impact on the healtr performance of exposed figf2) an indirect
impairment ofaquatic ecosystem stiture and functiorand (3) a lossf aquatic
macroinvertebrates that are prey for fish agdatic vegetatiowhich provides physical shelter
for fish.

Fish kills are generally rare when pesticides aediaccording to their label.ost effectof

pegicide exposureto fishare sublethalThisis a concern if they impair the physiological or
behavioral performance of individual animals in ways that will decrease their growth or survival,
alter migratory behavior, or reduce reproductive success. Iticaadtb early development and
growth,many pesticides have been shown to imfisirendocrine, immune, nervous, and
reproductive system®loore and Waring 2001 Mistorically, sublethal impacts of pesticides on

fish health were rarely addressed ahérefore arepoorly understoodOver the past few years
thestudy ofacetylchdinesterasenhibiting insecticidesiasshown that sublethal exposures affect
thefitness of exposed salmonids anttimately, may result in populatictevel consequeces
(Johnson et al. 2008, Baldwin et al. 2009, NMFS 2009)

Understanding the consequences of sublethal impacts to fisineanfocus of recent and
ongoingNMFS research{Scholz et al. 2000, Sandahl et al. 2005, Laetz et al. 2B@8jyeen

2008 and 2015YMFS submittedseven biological opinions to the EPA on the registration of 31
active pesticides whose ingredients can have their own toxic properties that may result in adverse
effects on salmon or their prey. Many of these pesticides can proehere gffects on

individuals asvell as populations of Pacific salmonids under NMFS jurisdiction
(http://www.nmfs.noaa.gov/pr/consulation/pesticides)htm
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The effects of pesticides on ecosystem structure and function can be key factors in determining
the cascading impacts ofake chemicals on fish and other aquatic organisms at higher trophic
levels(Preston 2002)These factors include impaaia primary producer@Hoagland et al.

1996) aquatic microorganism®elLorenzo et al. 2001xndmacroinvertebrates that are prey
species for fish. For example, many pesticides are specifically designed to kill.iNects
surprisingly, these chemicals are toxic to insects and casstachat inhabit river systems and
estuaries. Overall, pesticides will have an adverse impact on fish habitat if they reduce the
productivity of aquatic ecosystems

Some herbicides ar&ctuallytoxic to aquatic plants that provide #befor various fsh species.
A loss of aquatic vegetation could damage nursery habitat or other sensitive habitats, such as
eelgrass beds and emergent marshes.

Recommended Conservation Measures

Tt}e following recommended conservation measures should be viewed as oppienetdgand
34372 i . - .
minimize potentialadverse impactsf pesticides on EFtdndto promote theconservation,
enhancement, and proper functioning of EFH.

A Incorporate integrated pest managenmansand BMPs as part of the authorization or
permitting process tonsure the reduction of pesticide contamination in EFidton et
al. 1999) If pesticides must be appliecbnsiderarea, terrain, weather, droplet size,
pesticide characteristics, and other conditions to avoid or reduce effects to EFH

A Carefullyreview labelsah ensur e that application is con
directions. Follow local, supplemental instructions such as-gtatdulletinsif
available

A Avoid the use of pesticides withirtb0 m B00ft; linear) and/or305 m (,000 ft aeria) of
anadromous fish bearing streams.

A For forestry vegetation management projects, followAB&C measures that establish a
11-m (35-ft) pesticidefree protectivearea from any surface or marine water body and
require that pesticides not be applied witeinm @00 t) of a public water source
(ADEC 2013a)

A Considercurrent ad recent meteorological conditionsaiReventsmay increase
pesticide runoff into adjacent water bodi8aturated soilsayinhibit pesticide
penetration.

A Do not apply pesticides when wind speeds exdéadiometess per hour kph) (10 miles
344 per houfmpH).

A Begintheapplication of pesticide produatgarest to the aquatic habitat boundary and
proceed away from the aquatic habitat; do not appsticidesoward a water body.

Urban and Suburban Development

Urbanand suburbadevelopmentis a major (cmulative)threat toEFH (NMFS 1998a, h)
Urban and suburban development and the corresponding infrastructure result in four broad
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categories of impds to aquatic ecosystems: hydrological, physical, wagiatlity, and biological
(CWP 2003)

Potential Adverse Impacts

Directimpactsof general usan and suburban developmentiffH arediscussed belowndare
related tahewatershed effects of land development, includittymwater runoff. Other
developmentelated impacts, includingredging (Sectio®.4.1), discharge ofill material
3(Se¢tion 54.4), andflood control andshaeline protection(Section5.4.11), are discussed in later
sections of this document.

Development activities within watersheds and in coastal marine areas can impact EFH during
both long and shorterm timeframes. The Cemttor Watershed Protection (CWP) conducted a
comprehensive review of the impacts associated with impervious cover and urban development
and found a negative relationship between watershed development and 26 stream quality
indicators(CWP 2003) The primary impacts identified include: (1) the loss of hyporhenes

(the region beneath and next to streams where surface and groundwater mix) and riparian and
shoreline habitat and vegetation and (2) runoff. Removal of riparian and upland vegetation has
been shown to increase stream water temperatures, redudesophMWD, and reduce sources

of prey and nutrients to the water system. An increase in impervious surfaces in a watershed,
such as the addition of new roads, buildings, bridges, and parking facilities, results in a decreased
infiltration to groundwaterrad increased runoff volumes. These impacts can adversely affect
water quality and the shape of the hydrograph in downstream water bodies (i.e., estuaries and
coastal watergEPA 2007)

The loss of hyporheizonesandriparian and shoreline habitat and vegetation can increase water
temperatures and remove sources of cover. Such impacts can alter the structure of benthic and
fish (i.e., salmonfommunitiesShoreline stabilization projectSé€ction 5.2.bthatalter

reflective wave energy can impede or accelerate natural movements of shoreline substrates,
thereby affecting irgrtidal and subtidal habitatShe dvannelization of rivers causasoss of
floodplain connectivity and simplification of habitatTheresulting sediment runoff can also
restrict tidal flows and elevations, resulting in losses of important fauna and flora (e.g.,
submerged aquatic vegetati@AV]).

Runoff from impervious surfacés.g., buildings, rooftops, sidewalks, parking lotsdsa

gutters, storm drains, and drainage ditclietf)e most widespread source of pollution into the
nat i on 6 s (ERAIOISYRurfiem urban development is an emerging threat
particularlyto ecosystems along all coastal margins of tt& (McCarthy et al. 2008, Weiss et
al. 2008)sinceurbanand suburbadevelopment in th&).S. continuesto expand in coastal areas
at a rateapproximatelyfour times greater thanlandareasImpacts from urban and suburban
development argenerally difficult to control because of the intermittent nature of rainfall and
runoff, the large variety of pollutant source types, and the variable nature of source loadings
(Safavi 1996)Runoff includespollutants such asonstruction sediments, oil frovehicles road
sals, bacteria from failing septic systems, amatganic and organic contaminants (i.e., heavy
metals).The 2000 Nabtinal Water Quality Inventor(EPA 2002)eported that runoff from urban
areas is the leading source of impairment in surveyed estuaries and the third largest source of
impairment in surveyed lakes. Winiour understanding of the individual, cumulative, and
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synergistic effects of all contaminants on the coastal ecosystem are incomplete, pollution
discharges may cause organisms to be more susceptible to disgasereproductive success
and cause acet chronic, andulethaleffects in aquatic speci¢égPA 2005) Urban areas can
have a chronic and insidious pollution potential thattome eventssuch as oil spillsdo not.

Salmonids ad other anadromous fish appear to be particularly impacted Ipydpertionof
impervious cover in a watersh@WP 2003)In a study in the Pacific Northwestoho salmon
were seldom found in watershed#&h abovelOor 15 percendf impervious covefLuchetti and
Feurstenburg 13B). Other studies have shown that impacts to stream quality can be expected
when a watershed exceeds 10 percent impervious (@V¢P 2003)Key stressors in urban
streams, such as higher peak flpresiuctiors in habitat complexity (e.g., fewer pools, LWD,
and hiding placesgndchangesn water quality, are believed change salmon species
composition, favoring cutthroat tro(®. clarkii) populations over the natural coho populations
(May et al. 1997, Livingston et al. 1999)

Stormwater management systeans often built to move water quickly away from roads,
resulting in increasedelocities and higher peak volusef waterin streamsUncontrolled
higher velocities and higher peak flow volumesidfan stormwatenave a greater erosive
capacity than stormwater fronfarestedwatershedHigher velocities and flow volumesagle
streambankandincrea® streamsediment loaddn asimulation model comparing an urban
watershed with a forested watersh€dybett et al. (1997emonstrated that rundffom an
urban watershed hdd5 times greaterolume and sediment thaanoff from aforesed
watershedAdditionally, reduced canopy covean often causkigher stream temperatures.
Literature reviews and ongoing research illustrate the adverse impacksaaostormwater
discharge and growing communities on fresh water and marine inveridlstatand marine
mammal population@Beach 2002, Neff 2002, LaLiberte and Ewing 2006, Weiss et al. 2008)

Urbanstormwateralsodischargse nonpoint pollutants to soénd water, leading tiher eventual
bioaccumulation in aquatic speci®slycyclic aromatic hydrocarbons (PAHs) are among the
most toxic to aquatic life and can persist for decg8bsrt 2003)Waterborne PAH levels are
often significantly igher in urbanized than nonurbanized watersi{Edion et al. 1993)
Petroleurdbased contaminants contain PAHs wheelm cause acute toxicity to managed species
and their preyat low concentrationshen released into the environment through spill,
combustionand atmospheric depositiosome PAHs are known carcinogens and mutagens
(Neff 1985)

Sublethal effects dish exposure tanany chemical and metal pollutamtften associated with
urbanstormwaterover time may prove more deleteridgn concentratiorthat are

immediately lethal. @btle sublethaleffects on fish majnclude changes ibhehavior, feeding

habits, and reproductive succ¢sturty 1986) Stormwatercontaminants have been shown to
negatively alter cellular functtoand biochemical machinery in many aquatic organi3inese
impacts may lead timcreasd mortality in fish speciesia carcinogenesis through oxidized
metabolites, interfencewith DNA repair mechanismgnd/orinitiation of teratogenesis

(prenatal toxgity that causes structural or functional defects in the developing embryo or fetus)
Somestormwateicontaminants disrupt neurotoxic and olfactory responses that maintain normal
homing, predator avoidance, and spawrirgavior.They can weaken immune $§81 response
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and inadvertently increase susceptibility and mortality from diseases. These conclusions are well
documented in a variety of fish spec{dkeff 1985, Muir et al. 1988, Dethloff et al. 1999,
Hansen et al. 1999a, Hansen et al. 1999b, Baldwin et al. 2003, Sandahl et al. 2007)

Failing septic systemasnd combined sewer overflowase an outgrowth of urban developm
TheEPA estimates that 10 25 percent of all individual septic systems are failing at any one
time, introducing excrement, detergents, chlgramel other chemicals into the environment
Even treated wastewater from urban areas can alter the mhyysadlintertidal organisms
(Moles and Hale 2003fewage discharge is a major sowteoastal pollution, contributing 41,
16, 41, and percent of the total pollutant load for nutrients, bacteria, oils, and toxic metals,
respectively(Kennish 1998)Nutrients such as phosphorus concentrationpantecularly
indicative of urban stormwater rundffoller 1990 and may lead to algal blooms,
eutrophication, loss of biodiversjtgndthe expansion of invasive speci€ewage wastes may
also contain significant amounts of organic matter that exert a biochemical oxygen demand
(Kennish 1998)Organic contamination contained within urbanaffican also cause
immunosuppressioand increased susceptibility to diseases in juvenile sa{Arioosh et al.
1998, Arkoosh et al. 2001)

Recommended Conservation Measures

3te*following recommended conservation measures should be vieweticars oppreventand
minimize adverse impactd urban and suburban developmentEFH and t@romote the
conservationenhancement, and proper functioning of EFH

A Implement BMPs for sediment control during construction and maintenance operations
(EPA 1993) TheseBMPs mayinclude (1) avoiding grounedisturbing activities during
the wet seasorf2) minimizing exposure time of disturbed lan3) using erosion
prevention and sediment control methadd;minimizing the spatial extent of vegetation
disturbance(5) maintaining buffers of vegetation around wetlands, streams, and drainage
ways; and6) avoiding building activities in areas with steep slopes and areas prone to
mass wasting evésaiwith highly erodible soilsStructural BMPsare also recomended
and may includsediment ponds, sediment traps, vegetated swales, or other facilities
designed to slow water runoff and trap sediment and nutrients.

A Avoid using hard engineering structures for shoreline stabilizatioclzanthelization
when possibleUse bioengineering approaches (i.e., approaches with principles of
geomorphology, ecology, and hydrology) to protect shorelines and rivertianks
example use native vegetation for soil stabilizatioNaturally stable shorelines and river
banks shoulahot be altered.

A Encourage comprehensive planning for watershed proteamidavoid or minimize
filling and building in coastal andparian areas affecting EFBevelopment sites should
be planned to minimize clearing and grading;andfill, and new inpervious surfaces

A Where feasible, remove obsolete impervious surfateh as abandoned parking lots
and buildingsfrom riparian and shoreline areas and reestablish water regime, wetlands,
and native vegetation.
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A Protect and restore vegetated bufferemoaf appropriate width along streams, lakes, and
wetlands that include or influence EFH.

A Manage stormwater to replicate the natural hydrologic cycle, maintaining natural
infiltration and runoff rates to the maximum extent practicable.

A WherelnstreanFlows (ISF) are insufficient to maintaithewater quality and quantity
needed for EFH, establish conservation guidelines for water use permits and encourage
the purchase or lease of water rights and the use of water to conserve or d8§siant
accordance Wi state and federal water laws.

A Use the best available technologies in upgrading wastewater systems to avoid combined
sewer overflow problems and chlorinated sewage discharges into rivers, estuaries, and
the ocean.

A Design and install proper wastewateratiment systems away from open waters,
wetlands, and floodplains.

A Where vegetated swales are not feasibkall oil/water separators to treat runoff from
impervious surfaces in areas adjacent to marine or anadromous &asen® that
oil/waterseparatrsare regularly maintained such that they do not become clagged
function properly on a continuing basis.

Road Building and Maintenance

3.4.5
Roads and trails have al ways be(euneapdCrove of man
2001) Federal, state, and local transportation departments devote huge budgets to
construction andnaintenancef roads.n Alaska roads play an important partaccess and
thus are vital tothe economyConner 2007)The ptential impacts to EFH associated wiitle
building and maintenance of paved and unpaved roads are discussed in the following section
3.4.5.1

Potential Adversémpacts

Currentroad design construction and management pradieea vast improvement from
previous methoddHowever, padsstill have a negative effect on the biotic integrity of both
terrestrial and aquatic ecosystefisombulak and Frissell 2000and the effects of roads on
aguatic habitat can be profou(idaigle 2010) Potential adverse impacts to aquatic habitats
resulting fromthe existence of roads in watersheds inctud¢ increasedurface erosion,
including mass wasting events asheposition ofine sediments(2) changes in water
temperaturg(3) elimination or introduction of migration barriers such as culyét)schanges in
streamflow (5) introduction ofinvasivespecies(6) changes in chael configurationand(7)
the concentration and introduction of PAHs, heavy méeats, copper, lead, zin@nd other
pollutants.

Roadbuilding and maintenance can affect aquatic habitats by increasing rates of natural
disturbancessuch as landslides and sedimentagtaml even properly designed and constructed
roads can become sources of landslides and sedinoenifatiey are not maintaine8treams,
wetlands, or other sensitive aréasated near roads maxperience increased sedimentation
from general roadnaintenane and usestorns, and snowmelt event®.oorly surfaced or
unpaved roads can substaiiyi increase surface erosiorhe rate of erosion is primarily a
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function of storm intensity, surfacing materiaad slope, and traffic level§his surface erosion
results in an increase in fine sediment deposif©aderholm and Reid 1987, Billey al. 1989,
MacDonald et al. 2001jvhich has beelinked to decreased fry emergence and juvenile
densities, les of winter carrying capacity, and increased predation of fistetseeam gravels
Increased finsedimens can reduce benthic production or alter the contfmosof the benthic
community.For example, embryto-emergent fry survival of incubating salmonids is negatively
affected by increases in fine sediments in spawning gréketki 1981, Everest et al. 1987,
Chapman 1988, Scrivener and Brownlee 1989, Young et al. 1991, Weaver and Fraley 1993)
Road crossings s affect benthic communities of stream invertebratdditionally, studies

show that populations of noninsect invertebrates tend to increase the farther away they are from a
road(Luce and Crowe 2001)

Beschta et al. (198 AndHicks et al. (19913locument some of the negative effects of road
construction on fish habitat, includitige elevation of stream temperatures beyond the range of
preferred rearing where vegetation has been removed, inhibition of upstream migrations,
increased disease susceptibility, reduced metabolic efficiencyghéitslin species assemblages.
Roads built adjac# to streams can result in changes in water temperdteréincreased
sunlight reaching the stream if vegetation is removed and/or altered in compéiEals. can
also degrade aquatic habitat through improperly placed culverts astreach crossirggthat
reduce or eliminate fish passagEvans and Johnston 1980, Belford and Gould 1989, Clancy
and Reichmuth 1990, Furniss et al. 1991)

Roads have three primary effects on hydrologic processdtherefore streamflow First, they
intercept rainfall directly on the road surface, in road cutbanks, and as subsutiEceoxang
down the hillslopeSecond, they concentrate flow either on the road surfacesadjacent

ditches or channel3hird, they divert or reroute water frofflow pathsthat would otherwise be
taken if the roadvasnot presen{Furniss et al. 1991 Another possible caequence of road
constructioron hydrologic processes the destabilization of the stream channel by intercepting
groundwater flow and channeling water directly into the strélans, increasing the frequency
and volume of floodas well as erosion andha&r associatedatural processekrosion is most
severe when poor construction practices are allameltombined with inadequate attention to
proper road dragge and maintenance practices.

Roads camlsoserve as vectorfer introducingnonnativespedes to a watersheoly creating
suitabk habitat for invasive specigsanting invasive speciedong roadsides for erosion
control andserving as aoutefor theaccidentaintroduction from vehiculaor othertraffic
traveling along the road systdifrombulak and Frissell 2000)

Pavement and many paving compoung®d in road construction, surfaciagd resurfacin@gnd
especially pavement sealing and repair products confgimlévels of PAHgGrosenheider et al.
2005, Mahler et al. 2005, Barsh et al. 2007, Teaf 2008 friction between road and tire
surfaces erodes and liberates asphaoer materiagland chemical compoundsurther
contributions of automotive fluids, fuel, and brake linings concentrate on or near road surfaces
and eventually reach streams and the o¢&aosenheider et al. 2005, Simon and Sobieraj 2006,
Weiss et al. 2008PAHs and heavy metals are toxic to aquaiidlife, particularlyfish and
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invertelrate populationgRand 1995, bgan 2007and accumulate in estuarine, nearshanel
marine fish and invertebra@ennish 1997, Johnson et 2002, Kennish 2002)

Recommended Conservation Measures

The following conservation measures should be viewed as optipneventand minimize
adversempactsof road building and maintenant® EFHandto promote the conservation,
enhancement, and proper functioning of EHBRPA 1993)

3.4.5%\

A

>\

> > > > >

>\

Roads should be sited to avoid sensitive aash as streams, wetlands, and steep
slopesto themaximumextentpossible

Build bridges rather than culverts faresam crossings when possiblfeculverts are to be
used, they should be sized, constructed, and maintained to match the gradient and width
of the stream taccommodate design flood floyand they shoultde large enough to

provide for migratory passa@é adult and juvenile fishe#. appropriate use theNMFS

Nor t hwe s t An&RRI®mmaunSalmanid Passage Facility DegigMFS 2011)or the
culvert guidelines contained in the ADF&G and the ADOT&PF Fish Pass Memorandum
of Agreemen{ADF&G and ADOT&PF 2001)

Design bridge abutments to minimize disturbances to stream banks, and place abutments
outside of the floodplain whenever possible.

Specify erosion control measures in road construction plans.
Avoid side casting of road materials oative surfaces and into streams.
Use only native vegetation in stabilization plantings.

Use seasonal restrictions to avoid impacts to habitat during species critical life history
stages (e.g., spawnirmd egg development periodRecommended seasonabnk
windows are generally specific to regional or waterdiegdl environmental conditions
and species requirements.

Properly naintain roadway and associated stormwater collection systems.

Limit roadway sanding and the use of deicing chemicals duringititervto minimize
sedimentation antheintroduction of contaminants into nearby aquatic habigtew
melt disposal areas should be-f#hced ad include a collection basiRoads should be
swept after break up to reduce sediment loading in streamsediaohds.

Plan development sites to minimize clearing and grading aranciftll activities.

Protect existingiparian buffer zones, and wherever practicable, establish new riparian
buffer zones of appropriate width on all permanent and ephesterains that include or
influence EFH. Establish buffers wide enough to supghading, LWD input, leaf ligr
inputs, sediment and nutrient control, and bank stabilization functions.
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Headwaters, Streani&yvers and Lakes

Introduction 7 Current Condition

ChStr ames, rivers, and lakes atbessential components cdmplex aquatic ecosystenie

BRIGA ofAl askaods wat gemeraltypristined u e e s 0 a Ak a sténasé,sands i z e,
sparse populatiorit has the fewest impaired water bodies and the greatest number of unimpaired

4.1 water bodies in the countfADEC 2013b, 2015bA | a s lkast Wwasershveds are influenced by
complex geomorphology, regional climate and seasonal weather patterns, and terrestrial
vegetation at enormauspatial and temporal scal€owing surfae waters directeldly these
interactions are alssupported by thredimensional sbsurface groundwater regimes.
Groundwateregimes support surface watgnoviding the fomdation for habitat complexity,
ISF, biochemical processes, ecosystem functiod,adorundant fisheriesccording to
Sophocleous (2002%urface and groundwater ecosystems are viewed as linked components of a
hydrological continuumThese hydrologic processes provide the founddto&EFH, associated
biogeochemicabrocesses and sustainable fisheries

In Alaska, hndsapeand associatedegetation anttydrologic processes are generally
characterized within eight ecoregion descripsicArctic tundra in the north, intermontane and
boreal predominant regions in the southcentral region, Bering coastal tundra and taiga, Aleutian
Island meadows, two other distinct umtain transition zones in th@&hcentral region, and the
temperate catal rainforests of the GOA and8theast AlaskéNowacki et al. 2001)Within
theseterrestrial complexes, a multitudewétershed interactions afford an infinite range of
variations instream, wer, and lake habitatall of which provide some measure of ecosystem
process or function tBFH associated witlanadromous Pacific salmpttne only anadromous
species recognized within FMPsAfaska However, although anadromous salmon maylemd
within all these regionalescriptions, the speciesrist well established in the Arctic tundra

4.2 ecorgjion north of the Brooks Range.

Alaskan Metrics

Alaska includes 44,659 kn{17,243 mi) of inland waterways which consist of 12,000 rivers;
thousands of streams and creeks; over three million lakes greater than 2 ha (5 ac); and an
estimated 100,000 glacigiGlass 1996, ADF&G 2006, NMFS 2013)pproximately three
fourths of all freshwater resources in Alaska are stored as glacial ice covering pbozgriof
the statd ADF&G 2006) Alpine glaciersand ice fieldsglacialand clearwater rivers and streams
connect many interiovater shed$o Alaska'smarineestuarine ecosyste(ADF&G 2006) Over
18,000 Alaskarakes, rivers, or streams adentified as importarhabitat for anadromous fish.
Southeastern Alaska contains ove2@ anadromous salmon streams totaling 40kil0theter
(km) (24,855miles [mi]) in length(Halupka et al. 20000ver 20,00@vater bodies used by
anadromous fishave not yet been catalogued or documentéderinadromous Fis@atalogue
(Anadromous FislAct [16.05.087a)]).

Alaska has approximately 563,270 km (350,000 mi) of primary rivenseverthe majority of
secondanandsmallerheadwaters strearhgvenot been mappe@DF&G 2016) There remain
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thousands of miles of headwater streams and EFH that play an important role in emerging and
rearing salmon thdtavenot been surveyedtor example,iSheies surveys recently conducted

by the Southwest Salmon Habitat Partnersiigreasot previouslysurveyedNushagak and
Kvichak River drainagesdocumentedgalmon in the majority dieadwater streanfg§vVoody and

OO0 Ne al.Of2H2168 Wm (104.3 mi) of headwater streasasveyed anadromous saon

were preserdnd documenteth 74 percent of head water tributariéEhese dataupport the
hypothesis that nearly every streammany headwaters with less thHd percent gradient may
contain rearing salmaspeciesn some lifehistorystage(7 outof 10 streams).

Al askads regional wat er thersmtdostheArstic, aonttdvest, and m t h e
southern coast®NMFS 2015) Thousands of rivers and streams ettierGOAfrom soutltentral

to southeastern Alaska, while numerous rivers and streams enter the Bering Sea from western
Alaska and the Rskan Peninsul&he Yukon River, the longest river in Alaska and the third
longest in the U.9Brabets et al. 2000¥rains a watershed of over 855,000°K880,117 n¥)

and flows for 3,18'km (1,980 mi) from its headwaters in Canada to the Berind{d& S

2015) Other large sahon rivers include the Kuskokwinstikine, and CoppdAugerot2005,

ADF&G 2006) TheArctic region is crossed by many northward flowing streams, the larfjest o
which is the Colville RiverThis region also contains continuous permafrost, tundra, and
numerousmall lakes and pondBIMFS 2015) Lake Illiamna is Alaska's largest lake with a

volume of 115 kr (15,968 f£) encompassing an area of approximately 2,599(k000 mf).

Other lage lakes include Clark, Becharof, Naknek, Ugashik, Teshekpuk, Tustumena, Kenai, and
Wood Tikchik (Augerot 2005, ADF&G 2006)

Alaska's Harding Icefield (777 KniB0O0 m#]), located in the Kenai Peninsula, is the largest in
North America and one of only fouemaining icefields in the U.Shirty-five of Alaska's
glaciers stem from the Harding Icefield. Thesacgdrs feed and influence nearly all major
riverine systems in Alaska and provide the headwaters to some of the state's largest rivers,
including the Copper, Susitna, and Tan@hAF&G 2006) Al as kabs freshwater e
range from the temperate coastal rainfoodshe southeast region with maritime climate and
dense riparian vegetatipio the boreal forest of interior Alaska with continental climate and
43 modest riparian vegetatipand theArctic tundra of the North Slope with sparse riparian
"~ vegetationADF&G 2006)

Physical, Biological,and Chemical Processes

The MSA defines EFH as waters asubstrates necessary for fif+H not only includes visible
surface water and hard substrate but also habitat attributes and ecosystem processes that provide
water quality, quantityand nutrient remurces essential for survivlor anadromous Pacific

salmon, these waterways provide migratory corridors for both outbound fry and inbound adults,
water quality and quantity over spawning and rearing substrates, protection from freietang
conditions as embryos in hyporheic gravel substrates (wet substrates beneath and adjacent to
streams) and nutrient avaldility during spring emergence and rear{Sgheuerell et al. 2007)
Salmon require coalatess in sufficient quantities to allow for migration @successful

spawning. Relevant geomorphic stream charatiesiinclude channel width, depth asidpe,
substrate congsition,and pool and riffle sequences. Organic inputs cfyora canopy leaf

litters and riparian grassésatprovide nutriensubsidies. LWD provides shelter, nutrient as well
as promotes lateral channel meander and geomorphic comesitguerell et al. 200:7)
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Salmon themselves inadvertenpisovide nutrient subsidids watershedsjumerous aquatic and
terrestrial species of flora and fayiaa well as their owprogeny All thesebiochemical and
geomorhic influencesare theecosystem processes within watershdsdirectly influencethe
sustainability of salmon populatioas numerous life history stagé3oulton et al. 1998, Gende
et al. 2004)

Hyporheic Zone

The hyporheic zone is the interactive ecotone betwagace water and groundwatmneath
and alongside rivers and strea(8sanford and Ward 1988, 1993, Brunke and Gonser 1997,

4 Boulton et al. 1998)It is the gravel substrate whexrgultsalmondeposit eggand the salmon
embryos develop over the wintdihe condiion of that substrate and the water moving through
that substrate plays an integral roileembryo development and over winter survividiree
major types of hyporheic zones have been characterized: wetted channel, parafluvial, and
floodplain scalgdNaiman et al. 2000)nteractions within these hydrologic regimes is regionally
based on geology and riverine topography and is often temporal in resptBEsdnd seasonal
influencegWinter et al. 1998, Naiman et al. 2000, Sophocleous 2002, Malcolm et al. 2004,
Youngson et al. 20047 he relative contribution of groumgiterand surface water to this zone
also varies spatially according to local channel morphology, ripaniaam linkages, and
hydrology.The hyporheic zone influences various watershed ecosystem processes such as
nutrient cycling, vital gaseous exchange, thermal regimes, and even pollutant bietmg et
al. 1998, O'Keefe and Edwards 2002, Pinay et al. 2002, Battin et al. 2003, Hancock et al. 2005,
Mulholland and Webster 2010)

Depending on the region, watershed, specesven individual run, salmaggs and embryos

can be depositetthroughoutsummer and fall month&chindler et al. 2010Yhe embryos reside

there until the following springghen they emerge as frfhe hyporheic zone subsequently

supportsal mon egg and embryo survival and devel op

under freezing condition€unjak and Power 1986, Cunjak 1988, 1996 apanlrabe et al.

(2014)reported that channel morphology via hyporheic flow was a significant determinant in

maintaining populton diversity in chum salmor§almon spawning activity is usually observed

in gravel substrate with favorable hydraulic properties water gradients and associated
stemperaturéPower et al. 1999, Geist 2000, Geist et al. 2002, Garland et al. 2003, Schindler et al.

2003, Malcolm et al. 2() Smith 2005, Huusko et al. 2007)

Headwater Streams

The watershed network can be partitioned into headwater and network systems based on
hydrologic (e.qg., precipitation, heat dynamics), geomorphic (e.g., channel reach type, woody
debris), and biological (e.g., organic matter, enengyd process characteristicBhese systems

are important sourced sediments, water, nutrierdad organic matter for downeam reaches
(Gomi et al. 2002)Four topographic units compose headwater streams: hillslopes (divergent or
straightcontour lines, typically no channelized flow), zemaler basins (an unchannelized

hollow with convergent contour lines), transitional channels (temporary or ephemeral channels
emerging from zer@rder basins), and firsuppermost, unbranched channe&lgh perennial or
sustained intermittent flows) and secefiteadwaters) stream chann@lee complex interaction

of geomorphic and hydrologic processes affects the biological processasuamporal/spatial
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scalesThe frequency, intensity, and duratiof these spatitemporal scales are important
factors altering the responses and recovery time of riparian vegetation, channel morphology, and
biological communitiegGomi et al. 2002, Freeman et al. 2007)

Headwater streams are abundant and uraqueticsystems that anmgst several other attributes
provide habitat complexity, increased prey availability and simultaneous refuge from predation
(Meyer et al. 2007, Whigham et al. 201[) Alaska, headwater streams are abundant and can be
an important spawning and rearing habitat for juvenilmealdsWo ody and OO Ne all
Copeland et al. 2014Unlike higherorder stream reaches that recdarge volumes oMarine
DerivedNutrient(MDN)*° from salmon carcasses, food webs in headwater reaches are more
reliant on terrestrial subsidies from invertebgtriparian areas, and instream nutri¢Rtscolo

and Wipfli 2002, Wipfli and Gregovich 2002, Wipfli et al. 2007, Dekar et al. 2012, Shaftel et al.
2012, Walker et al. 2012)

Not all Pacific salmon emerge from suitade and emigrate to the s€epending on the region,
watershed, species, habitat conditions, and foopgertunities some salmon species, such as
coho and chinookO. tshawytschi disperse into small and noratal streams to take advantage
of rearing and prey opportuniti€Bradford et al. 2001, Ebersole et al. 2006, Daum and Flannery
2011, Copeland et al. 201Armstrong et al. (2013ecently documented the freshwater phase
juvenile coho salmo moving considerable distand@$0 to 1,300 m [1,148 to 4,265 ft)p and
down streamdaily between warnteand colder water habitats to take advantdgdandant
prey opportunitiesFreshwater phase coho exhibiting these feeding migrations had accelerated
their metabolism and digestion, grew faster, and were betdpapad for their marine phase.
Levings and Lauzier (1991dentified juvenile chinook salmon using thmin stem river to over
winter. Suitable overwinter habitét alsoprovided to rearing juvenile salmonid as a result of
hyporheic water processes (e.g., gradwater influence, high levels of dissolved oxygen,-low
flow velocities, instream cover LWD, and even anchor (Eeifetz et al. 1986, Cunjak 1996,
Reynolds 1997, Mouw 2004, Roussel et al. 2004, Smith 2005, Huusko et al. 2007, Brown et al.
44911, Huusko et al. 2013)

Organic Matter

Organic matter, particularly iBsolvedOrganicMatter (DOM) and decomposition are important
sources of nutrients f@rimary prodution in freshwater ecosysten@rganic matter is
incorporated into stream ecosystems through autotrophic (macrophytes, periphyton,
phytoplankton) and heterotrophic (protozoans, bacteria, macroinvertelupiaic vertebrates)
pathwaysHetaotrophic organisms derive energy from DOM, fared coarse particular organic
matter.These organic inputs usualtpme from outside thaquaticecosystem; naturally falling
into waters or forced during storm eventsn fall, periods of sprindloodingandsnowmelt The
majority of these sources arriwrethe form of needles and leaf litter, grasseslamiD (Vannote
et al. 1980, Bisson and Bilby 1998)utrient subsides are also delivereddgult salmon in
anadromous watersheds (see Mafdezived Nutrientsectionbelow). These organic matter

15 The terms Marine Derived Nutrients (MDN) and Salmon Derived Nutrients (MDN) are used synonymously
throughout the current literature depending on the source, discipline or topic. For simplicity, MDN will be used
throughout tis report to signify nutrient derived from any life stage of salmon.
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sources provide the foundation fmimaryand secondary production in watershdtisegy
flows out of nefproduction througtshredding, grazing arskecomposition of &ticulateOrganic
Matter (POM)and gradual excretion of DONDf these, th main energy flow frorproducers is
through direct grazingfdiving tissues andletritus from exteral sourcegMurphy 1998)

Primary production in Alaskan riverine ecosystems is predominantly by benthic algae found
within a complex assemblage of algae, bacteria, fungi, and periphyton (bidfiémspoor et al.
2010) This energy dynamichanges predictably in response to trends in geomorphology and
fluvial processegVannote et al. 1980Export and retention of organic mattinto a stream
channel largely determine the contribution of aquatic primary producers to a sttesystem.
Both organic matter and nutrients undergo a cycling process called sp{klinghy 1998)

which occurs where nutrients are assimilated by living organisms; returned to the stream by
decomposition, respiration, or excreti@nd eventually reincorporated farther downstream
(Bisson and Bilby 1998Ftreams with short spirals have high retention capacity and efficiently
utilize organic matter and nutrier(fglurphy 1998)

In diverse stream environments, macroinvertebrates have an important influence on nutrient
cycles, primary production, decompositiongddranslocation of materialBenthic invertebrates
graze periphyton &@m mineral and organic substrates; reduce decomposing vascular plant tissue;
feed directly on living vascular macrophytes, decomposingdwBBOM, and animal tissue

acing as sieves to remove particulate matter from suspefigiotmolland 1992, Wallace and
Jackson 1996)he linkages between flow parameters, resource availability, respiratory/thermal
requirements, and biotic interactions (e.g., comipetiand predation) influence the structure and
function of these diveesbenthic stream ecosysterS8gcondary production within these stream
ecosystems includes a combination of features such as abundance, biomass, growth,
reproduction, survivorship, anegeration timgéWallace and Jackson 199&stimated

production of nacroinvertebrate prey amtedators in first and secomdderlow-gradient

streans indicated that invertebrate predators represented 25 to 35 pefceacroinvertebrate
production(Wallace and Jackson 1996, Piccolo and Wipfli 2002, Wipfli and Gregovich 2002,
Wipfli et al. 2007, Wipfli and Baxter 2010)

Tundra and grassland areas have similar physical,ichkrand biological linkage3.he

Alaskan tundra is a coldimate landscape that has vegetation but is devoid of (A&H3&G

2006) while dry grassland communities occur across boreal regions of Alaska on dry, south

facing slopes or wellirained lowland site@/iereck et al. 1992)The overall annual productivity

of these freshwater ecosystems generally consists of low nutrient input levels, low temperatures,

prolonged periods of ice presan and shamgrowing season$pringfed streams with stable
vironments exhibit a greatawdrsity in primary producergd.undra streams tend to be

‘ephemeral and low in pH and nutrients wittresponding low productivityMedium-sized

rivers that drain lakes typatly have moderate to high levels of productivity and associated

diversity in invertebrate faun@&@vrona et al. 2005)

Marine -Derived Nutrients

Pacific salmon accumulate up to @&rcentof carbon, nitrogen, and phosphorous (among other
nutrients) in their body mass g their ocean phase growifhe salmon spawning migrations
transport large volumes of these Mback into watershed$hese nutrients cross traditional
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ecosystem boundaries, providing nutrient subsidies to other aquatic species (invertebrates and
fish) andterrestrial species (e.g., bears, wolves, and passerine birds) and fertilize a variety of
riparian vegetatioiWillson andHalupka 1995, Cederholm et al. 1999, Gende et al. 2002,

Naiman et al. 2002, Hilderbrand et al. 2004, Quinn 2005, Riegg.2@DN increase stream

and riverproductivity both immediately after spawningdadiuring the following springStudies

indicate that these nutrient subsidies introduced during the summer and fall of one year persist in
hyporheic substrates through the following year, providing nutrienmtes to resident fish and
invertebrate populations and inadvertently increasing prey abundance for emerging salmon fry
the following springBilby et al. 1998, Hilderbrand et al. 1999, O'Keefe and Edwards 2002,
Hocking et al. 2009, Rinella et al. 2013)

This process influences food webs through bottgneffects of increased primary and secondary
production (Schindler et al. 2003, Verspoor et al. 2010, Verspoor et al. 200hen consumers
switch their diets to salmgiGende et al. 2001, Scheuerell et al. 2007, Swain and Reynolds
2015) Salmon also liberate and export nutrient from streams through spawning adiMdm®
et al. 2007)Salmon disturb stream beds during nest digging, thereby suspending Aattent
sediments into the water colurfiMoore 2006) Salmon smolts also transfer nutrients during
their migration to the ocegiMoore and Schindler 2004, Scheuerell et al. 2088)mon are net
importers of nutrients to streamdriparian habitats by evidence of nutrient exfdahetski et
al. 2009, Holtgrieve and Schindler 201The assimilation of NDN into riparian ecosystems via
these pathways (e.g., hyporheic flowpaths, epilithon layer) varies over time and among different
areagMitchell and Lamberti 2005, Helfield and Naiman 2006, Cak et al. 2008, Albers.2010)
Once in the riparian zone,DNG6 are incorporated into a variety of pools including soil organic
matte, vegetation, microbial biomass, and ro@en-David & al. 1998, Bilby et al. 2003, Bartz
and Naiman 2005, Wilkinson et al. 2005, Gende et al. 2007, Fellman et al. R0@&)nts not
immediately assimilated into watershed processes are transported downstream from headwater
streams t@stuaries and nearshore zofs=e Estuaries and Nearsheegtion3.

435

Riparian Zones

Rivers, streams, and terrestrial ecosystems (i.e., forested or vegetated hillslopeshghe

linked. The riparian zone transitions from aquatic vegetation at the wetted edge to terrestrial
vegetation of the upslope foredthe surrounding riparian vetation affects stream processes
(e.g., radiation inputs and outputs, supply and storage of organic matter [wood and litter]) and
the structure of stream banf®ichardson et al. 2009Retention and routing of allochthonous
organic matter (e.g., riparian/lateral input of leaf litter and LWD) are important factors affecting
the biological processes in headwater stre@dasni et al. 2002)Riparian zones are connected

to lotic systems (e.g., small headwater streams to large braided rivers) via thegexahan
materials and organism&quatic food webs derivenergy fom both instream and terrestrial
sourcegVannote et al. 1980Yhe basic components of food webs (e.g., nutrients, detritus, and
organisms) cross spatial boundafieslis et al. 1997)Terrestrial subsidies (e.g., invertebrates,
coniferous needles, deciduous leaves, and woody materials) act as basatsdsoumany

aquatic organism&utierrez 2011)For instance, terrestrial invertebrates arenagport food

source for salmon in headwater and small streams; they accountdercediof the prey
consumed by juvenile salmd@Allan et al. 2003)
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Hydrology

The hydrology and geology of freshwater ecosystems influence the physical and chemical
charactestics of rivers and streamBor instance, the qugl of surface water and grouwdter

is strongly affected by ground stradad bedrock geolog{Brabets et al. 2ID). Land cover

influences a number of hydrologic factors, such as snow accumulation, soil moisture depletion,
‘Surface runfs, infiltration, and erosionThese factors, in turn, can affect the water quality of
particular stream or rivel.he compositin of certain types of vegetation may also affeater

quality. In addition, land cover directly influences the permafrost because of the thermal
properties that determine the quantity of heat entering and leaving the underlying ground where
the permafrasoccurs(Brabets et al. 2000ptreamflow quantity and variability adave
considerable influence dhe quality of surface watefFhe quantity of water in a stream or river
influences its ability to support aquatic communities, to assimilate or dilute waste discharges,
and to carry suspended sediment and geochemical evieafiproduct¢Brabets et al. 2000)

Instream flow dynamics, shorelia@d benthic deposition and erosion, and sediment transport in
woodland river and stream ecosystems is largely influengéldebpresence of LWDIhe

persistence of LWD influences channel dynamics by stabilizing banks and substrate material and
by providingsubsequent succession of riparian vegetatieerctor terrestrial predators WD

also promotes the formation of pool habitats and provides spawning bed integrity and habitat for
aguatic invertebrates, elating in-stream productivityL WD groundings ofta lead to the

formation of downstream islands, bars, and slough habitats in large rivers, whereas in smaller
streams, lakes, and ponds, LWD plays an important role in habitat creation immetigebnt

to the input pointDecaying terrestrial debris eft accumulates near LWD, providing a food

source for aquatic invertebrat@éaiman et al. 2000, Gurnell et al. 2002, ADF&G 2006)

43.7
Surfaceand Groundwater Regimes

Surface water regimes suppt8F dynamics which supply the primary medium and energy
source for the movement of water, sediment, organic material, nutrients, and thermal energy
(Ziemer and Lisle 1998)mportant hydrologic pathways include subsurface, overland,
Hortonian overland flowsSubsurface flow accounts for nearly all the watet ihdelivered to
stream channels from disturbed forested hillslope channels and floodplains, subsurface
flow is very important to b&thic and hyporheic organisms. Surface water floacur where the
ground strata ansbils becomdully saturateg consequently forcingubsurfae waters to emerge
as flowing surface water regimée tendency of water ftow horizontally across land
surfaces when rainfall has exceedéfiltimtion andstorage capacitis Hortonian overland flow.
Increased areas of Hortonian overland flovedily contribute to stream peak flowsring

storms in headwater channels and have a greater capaeibdeand transport sediment.

In contrast to hillslope runoff, stream flow pertains only to surface flow in the ch@heeler
and Lisle 1998)The surface water/groundwatetarface is a crucial point for lateral nutrient
fluxes between uplands and aquatic ecosystems and for upstream/downstreandialgit
processes in lotic syster{fSophocleous 2002A\nnual winter and spring floods distribute
sediment and organic debris through the stream system, scour the bed, and remove newly
established veggation in the active channdlhese floods can caus®rtality of certain benthic
invertebrates, altering food webs which affect the trophicstra of these communities
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Through erosion, scoand deposition, extreme floods ceneate new surfaces that renew
dynamic processes of bothuadic and ripariacosystemsRecessional spring and early
summer flows, punctuated by peak flows, control the success of riparian gdstseerminate
on steam banks and floodplainrSummer low flows allow the settlement of sediments, clearer
water, and lowenergy hhitats to expan@iemer and Lisle 1998)

Channel Morphology

Stream channels are important avenues of sediment transport that deliver eroded material from
freshwater ecosystems to the oce@hannels ranging in size from small ephemeral streams to
4.kagge rivers exhibit a wide variety of morphologies but shanenaber of basic processes

(Montgomery and Buffington 1998¢hannel morphology is influenced by local, systematic
downstream variations in sediment input from upslope sources (frequency, volume, and size of
sediment supply), the ability of the channel to transip@te loads to downslope reaches
(frequency, magnitude, and duration of discharge/valley gradient), and the effects of vegetation
on channel processes (bank strengtithannel size, rate of delivery/decay, and
orientation/position)Potential channel adigtments to altered discharge and sediment load
include changes in width, depth, velocity, bed slope, roughness, and sedimé@vbsigomery
and Buffington 1998)Spatial variability in sediment supply may govern channel morphology in
different portions of a dimage networKMontgomery and Buffington 1998positions within a
stream network and differences between the transport capacity to sediment supply ratios allow
segregation of channel reaches into sourcespart, and response segmesisurce segments
are headwater colluvial channels that act as transgtianited sediment storage sites subject to
intermittent debris flow scouf.ransport segments are composed of morphologically resilient,
supplylimited reaches (bedrock, cascade, and-ptagd) that rapidly covey increased sediment
inputs.Response segments consist of logedient, more transpelimited reaches (planked,
poolriffle, and duneripple) in which significant morphological adjustments occur in response to
the increased sediment supplye distibution of these segment types defines watersvate
patterns of sensitivity to altered discharge and sediment s(Mplytgomery and Buffington

4.4 1998)

441 Sourceof Potential Impacts

Mining

Mining within riverine habitats may result in direct and indirect chemimalpgical, and

physical impacts to habitats within the mining site and surrounding areas during all stages of
operationsOn-site mining activitiesncludeexploration, site preparation, mining and milling,
waste management, decommissioning or reclamasiod abandonme(MMFS Starnes and
Gasper 2000, 20051Ylining and its associated activitif®m exploration to posbperation

have the potentidb cause adverse effects to EBreduang or alteing fish habitats or
populations in affected watershg@#&E 2010) The operation of metal, coal, rock quarand
gravel pit miningn upland and riverine are&gs caused environmental damage iranrb
suburban, and rural are&ome of the most gsere damage, however, occurs in remote areas
where some of the most productive fish habitat is often lo¢&eagupta 1993)n Alaska,

existing regulations promulgated and enforced by other federal and state agencies are designed to
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control andnanage these changes to the landscapest@ntand minimize impactddowever,
while environmental regulations may avoid, limit, control, or offset many potential impacts,
mining will, to some degree, always alter landscagesund and surface water negs and
environmental resourcésIRC 1999)

Mineral Mining

Mining and mineral extraction activities take many forms, such as commercial and recreational

suction dredgingplacer open pitand surfae mining and contour operation§heprocess for

mineral extraction involves exploration, mine development, mining (extracpoocessingand
4feclamation.

Potential Adverse Impacts

Thepotentialadverse effectsf mineral miningon fish populationsandtheir habitaiare well
qthacumentedGoldstein et al. 1999, Brix et al. 2001, Hansen et al. 2002, Farag2é038).and
depend on the type, extent, and location ofntir@ng activities. Recreational gold mining with
equipmensuchas pans, motorized or nonmotorized sluice boxes, concentrators, rockerboxes,
and dredges can adverngelfect EFH on a local leveCommercial mining is likely to involve
activitieson a larger scalgesuting in evengreaterdisturbance (Williamson et al. 1995)

Impacts associadewith the extraction of material from within or near a stream or rivenissd
include (1) alteration in channel morphology, hydraulics, lateral migratiad natural channel
meandes, (2) increases in channel incision and bed degradation; (3) disrupfweexisting
balance of suspended sediment transport and turbidity; (4) direct impacts to fish spawning and
nesting habitats (redds), juveniles, and prey itemssi@plificationof in-channel fluvial
processes and LWD deposition; (6) altered suréexkegroundwater regimes and hydro
geomorphic and hyporheic processes; ahdi¢struction of the riparian zonerthg extraction
operationsLoss of stream habitain particularjs thought to behe single biggest cause of
declines of anadromous salmonids in gen@ahlsen et al. 1991, Reeves and Sedell 1982)
addition to the potential loss or alteration of habitatopfedic waterwaysmineral mining effects
may include direct and indirect cheral stressors such asning-related pollution, acid mine
drainagg AMD), alteredtemperature regimes, reduction in oxygen concentradiodthe release
of toxic materialge.g., cadmium, copper, zinG)ohnson et al. 2008, E&E 2010)any of these
impacts have been previougliscussed in thidocumentThe discussiobelow summagesthe
impacts that have not been previously addressed

Scientific literature has many examplespawning substrate selemti bysalmonidspecies
beinginfluenced bychemical and physical variables such as instream andsinlbstrate flow
(hyporheic zong dissolved gases, nutrient exchange, and temperature. Mining actiatyes
disrupt these physical and geochemical systems initiating and promulgating mineratidissol
or precipitation reactions that can alter-prming groundwater quality and chemistry in ways
that may be difficult to predigt.ewis-Russ 1997)

Recent studies suggest that diffuse minielgted pollution in rivers may significantly contribute
to the loading of metals, principally because mine water contribution may be influenced by
altered watr tableqYounger 2000)Minerals and metals liberated from rock and soil substrates
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interact with atmospheric oxygemd wateJennings et al. 2000, Younger et al. 2002, Jennings

et al. 2008) The introduction othis metal and mineral rich runoéir AMD into the aquatic
ecosystentan have adverse impacts on the ecology of entire watershecksstarted AMD is

difficult to stop orreverseThis acidic drainage can dissolve metals and metalloids, causing them
to leach from the mined rock into the environmeoitentiallyin toxic levels. AMD also lowers

pH (increases aciditysalmon populations are adversely impacted by acute and chronic
exposureSalmon are particularly vulnerable to low pHien undergoinghe physiological
changes that occur during smoltsdé transition
transiton from salt water to freshwat@hambers et al. 201L.2AMD is knownto betoxic to

fish, algae, zooplanktomnd aquatic invertebrate populations at the ecosystem, metanalic
cellular leves (Buhl and Hamilton 1991, Saiki et al. 1995, West et al. 1995, Barry et al. 2000,
Hansen et al. 2002, Peplow and Edmonds 2005, Levit 2B@aOExample, the release of

cadmium via AMD can causalmonmortality, andchronic exposure to cadmium can cause
pronounced sublethal effects suchdesreased growth, inhibited reproduction, and population
alterationgLevit 2010) The hyporheic zone is especially vulnerable since this zone supports
salmon spawning and incubating eggs as well as production of aaqus&iitsi and aquatic
vegetationGroundwater may enter the hypoiheonein an undiluted condition, leading to

injury and mortality of aquatic organisms (including fish) prior to benefiting from the dilution
effects of the overlying streamflo@@Brunke and Gonser 1997, Gandy et al. 2007)

Metal contamination and exposuresbaen shown to influence simple migratory behavior and
avoidance mechanisms fish populationge.g., Goldstein et al. 1999, Hansen et al. 1999a, Brix
et al. 2001, Farag et al. 2003, Sandahl et al. 2004#erous studies hawhown howexposure

to toxic contaminants in surface watee impact fish olfaction which is critical for behaviors
such as mating, locating prey, and avoiding preddsers Tierney et al. 2010Fopper
contamination irsurface waters is common in watersheds with mining activiemntyre et al.
(2012)recently evaluated the effects of copper exposure on juvenile coho Sadeatator

avoidance behaviors and found that the exposed juveniles were unresponsive to their
chemosensory eimonment, unprepared to evade nearby predators, and less likely to survive an
attack sequenc@dditional studies indicate that salmonids exposed to sublethal levels of metals
aresusceptibleo increasing levels of fish pathogens due to stressed immspenses and
metabolismgJacobson et al. 2003, Peplow and Edmonds 2005, Spromberg and Meador 2005)

The ability to treat or neutralize AMD is very site sifie and often unpredictabl&line waste

will be exposed to the natural elements of weatigovera longperiod oftime (CSS 2002)

Studies on rivers recovering from metal anitheral contamination concluded that despite efforts

to remediate surface water pollution, community recovery in the hyporheic zone may take longer
than surface macroinvertebrate recovery due to the continued release of metals by reductive
dissolution andexposure to AMDDepending on the scale of the mining operation and

associated topograpland hydrgeomorphic processes, active treatment to neutralize AMD may
need tdast in perpetuityo be effectivgKuipers 2000, Jennings et al. 2008)

The creation of waste dumps, tailings impoundments, minggpitsother facilities that become
permanenphysicalfeatures of the posnining landscape can cause fundamental changes in the
physical characteristics of a waterslie® 6 H e a r. Minirlg @rltheplacement of spoils in
riparian areas can cause the lossdnian vegetation and changes in heat exchange, leading to
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higher summer temperatures and lower winter stream temperépesce et al. 1996Bank
instability can also lead to altered wietidepth ratios which further influence teerpture
(Spence et al. 1996Mining efforts can also bury productive habitats near mine gitdsough
reclamation efforts and mitigation practices may restore topographic land forms to mine sites
these effortgienerallyfail to restoe natural hydrogeomorphic and aquatic functiamnd

associated water quantity and quality within measurable tiameelS(Kilmartin 1989, Mutz

1998) Additionally, commercial operations mayvolve roadbuilding (Section3.2.5), tailings
disposal, and leaching of extraction chemicals which may affect EFH

In accessingnineral and ore deposits, many mining meth@dglirewithdrawds from

groundwater aquifers. These naturally occurangoften saturated groundwater aquifetstain

ISFs Altered water regimesiay change instream channel morphologies, stream gradads,

bank and benthic substrates and disrupt the equilibrium between flow and sediment transport in
tributaries(Johnson et al. 1999, Sophocleous 20Q#)en these impacts are seen many miles
upstream and downstreamthé actual mine sifghus impactingEFH and anadromous species

by limiting access to migratory corridoasid reducing available spawning and rearing habitat.

Recommended Conservation Measures

4"Ii'lhzézfollowing measuresare adapted from recommendationSpence et al. (199aG\MFS

(2005a) andWashingtorDepartment ofish andwildlife (2009) Theseconservation
recommendationshould be viewed as optionsgeeventand minimize adverse impadtsEFH
due to mineral miningnd promote the conservation, enhancement, and proper functioning of
EFH.

A To the extent practicable, avoid mineral mmin waters, water sources and watersheds,
riparian areadyyporheiczonesand floodplains providing habitat for federally managed
species.

A Schedule necessaryimater activities when the fewest species/least vulnerable life stages
of federally managedpgcies will be present.

A Minimize spillage of dirt, fuel, oil, toxic materials, and other contaminants into. EFH
Prepare a spill prevention plahappropriate.

A Treat wastewater (acid neutralization, sulfide precipitation, reverse osmosis,
electrochemicalor biological treatments) and recycle on site to minimize discharge to
streams. Test wastewater before discharge for compliance with federal and state clean
water standards.

A Minimize the effects of sedimentation on fish habitat. Use methods such asroanto
mulching, and construction of settling ponds to control sediment transport. Additionally,
use methods such as sediment curtains to limit the spread of suspended sediments
Monitor turbidity during operations and cease operations if turbidity exceeds
predetermined threshold levels

A If possible, reclaim rather than bury mine waste that contains heavy metals, acid
materials, or other toxic compounds to limit the possibility of leachate entering
groundwater.
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A Restore natural contours and use native \&iget to stabilize and restore habitat function
to the extent practicable. Monitor the site for an appropriate time to evaluate performance
and implement corrective measunésiecessary.

A Minimize the aerial extent of ground disturbance (e.g., throughipg of operations)
and stabilize disturbed lands to reduce erasion

A For large scale mining operations, stochastic md@slsools for estimating probability
distributions of potential outcomeshould be employed to make predictions of ground
and surface hydrologic impacts and age&herating potential in mine pits and tailing
impoundmentsSupporting model informatioshould describe how the datens
collected andncludedin the model andummarizethe governing equations and defense
of assumptions made with a sensitivity analysis.

Sand and Gravel Mining

4w Alaska,riverinesand and gravel mining is extensive and can involve several methods
includingwet-pit mining (i.e., removal of material from below the water tgliey-pit mining
on beaches, exposed bars, and ephemeral stregrabddsibtidal mining.

Potential Adverse Impacts
4.4.3.1
Primary mpacts associated wittverinesand and gravel mininactivities include the creation
of turbidity plumes and rsuspension of sediment and nutriettigremoval of spawning
habitat, andhealteration of channel morpholog¥heseprimary impactoften lead tdhe
following secondary impact$l) alteration of ngration patterns(2) creation ofphysical and
thermal barriers tapstream and downstream migrati¢®),increased fluctuation in water
temperature(4) decreasein dissolved oxygen(5) high mortality of early life staget)
increased susceptibility to predatidid) lossof suitable habitatNMFS 2005a)(8) decreased
nutrients (from loss of floodplain connection and riparian vegetation)Qnlkkcreased food
production (loss of invertebratel§pence et al. 1996)

Turbidity plumes camause pawning habitato be movedeveral kiloneters downstream
Reduction in water clarity by sediment plumes can also have behavioral and physiological
impacts to fish specieBehavioral impacts may include the avoidance of turbid waters and
temporary impacts on the feediafficiency of fish thately on visual cues to detect prey. In
addition, fish gills calbecome clogged or damaged by elevated, persistent suspsoiidied
concentration§CSA 1993)and lead to suffocation, increased energy demands, and other
negative consequenc@dichel et al. 2013)Sand and gravel mining in riverine, estuarine, and
coastal environments can also suspend materials atitiireg sites. Sedimentation may be
delayed because gravel removal typically occurs at low When the stream has the least
capacity to transport fine sediments out of the system. Another delayed sedimentation effect
results when freshets inundate extraction areas that are less stable than they were before the
activity occurred. In addition, fapecies such as salmon, gravel operations can interfere with
migratiors past the site if they create physical or thermal changes either at or downstream from
the work sitgWilliamson et al. 1995)
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Extraction of sand and gravel in riverine ecosystemseduace or eliminatepawninggravelsif

the extraction rate exceeds theposition rate of new gravel in the systeaduces gravel depth,

or exposes bedrodiSpence et al. 1996 ravel excavation also reduces the local supply of

gravel to downstream habitats. In addition, mechanical disturbance of spdabitet by

mining equipment can lead to high mdittarates in early life stagedining can alter channel
morphology by making the stream channel wider and shallower. Consequently, the suitability of
stream reaches as rearing habitat for federally nethagecies may be decreased, especially
during summer lowllow periods when deeper waters are important for survival. Similarly, a
reduction in pool frequency may adversely affect migrating adults that require holding pools
(Spence et al.I6). Changes in the frequency and extent oflbad movement and increased
erosion and turbidity can also remove spawning substrates, scour redds (resulting in a direct loss
of eggs and young), or reduce their quality by deposition of increased anoddine sediments

Deep pools created lilge material removal in streams appear to attract migrating adult salmon
for holding. These concentrations of fish may result in high losses as a result of inosasad
predation or recreational fishiragtivities in the deep poal&xamples of using gravel removal

to improve habitat and water quality are limited and isol@fétliamson et al. 1995)

Recommended Conservation Measures

4"IL'1I'13ézfoIIowing recommended conservatimeasures for sand and gravel mining are adapted from
theFederal Interagency Working Group (2008MFS (2005a) andWilliamson et al. (1995)

They should beiewed as options tpreventand minimize adverse impacigsand and gravel
miningto EFHandto promote the conservation, enhancement, and proper functioning of EFH

A To the extent practicable, avoid sand/gravel mining in waters, water sources and
watersheds, riparian are&yporheiczonesand floodplainghe serve akabitat for
federally managed species

A Identify upland or ofichannel (where the channel will not ¢aptured) gravel extraction
sites as alternatives to gravel mingitesin or adjacent to EFH, if possible.

A If operations in EFH cannot be avoided, design, manage, and monitor sand and gravel
mining operations to minimize potential direct and indireqiants to living marine
resoures and habitaEor example, minimize the areal extent and depth of extraction.

A Include restoration, mitigation, and monitoring plans, as appropirnasand/gravel
extraction plans.

A Implement seasonal restrictions to aviampacts to habitat during spedesitical life
history stages (e.g., spawning sedsgg and larval development perspd
Recommended seasonal work windows are generally specific to regional or watershed
level environmental conditions and species requaeats.

4.4.4

Organic and Inorganic Debris

Organic and inorganic debrand its impacts to EFExtend beyond riverine systems into
estuame coastal and marine systemBerefore, this topic is discussed here and also addresses
impacts of debris to other systems.
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Naturaly occurring flotsartf, such as LWD and macrophyte wrack (i.e., kelp), plays an
important role in aquatic ecosystearsdEFH. LWD and wrack promote habitat complexity and
provide structure to various aquatic and shoreline hal{R&SIC and NMFS 2014 he natural
deposition of LWD creates habitat complexity by altering local hydrologic condjtimutrient
availability, sediment deposition, turbidity, and other structural habitat conditions. In riverine
systems, the physical structurel&¥/D provides cover for managed speci@smotes the
formation ofhabitats and microhabitats (e.g., poolflas, undercut banks, and side channels),
provides spawning bed integrity and habitat for aquatic invertel{eltasesin-stream
productivity), retains gravel, and helps maintain underlying chasimetture(Ralph et al. 1994,
Montgomery et al. 1995, Abbe and Montgomery 1996, Spence et al. 1996, Naiman et al. 2000,
Gurnell et al. 2002, ADF&G 2006 WD also plays similar role in salt marsh habit@fsaser

and Sedell 1994)n benthic ocean habitats, LWD enriches local nutrient availability asssep
wood borergonvert the wood to fecal matter, providing terredyribhsed carbon to the ocean
food chain(Maser and Sedell 1994)Vhen deposited on coastal shorelines, macrophyte wrack
creates microhabitats and provides a food source for aquatic and terresamgsroggsuch as
isopods and amphipodshich play an important role in marine food webs.

Conversely, inorganic flotsam and jetdduhebris can negatively impact EFH. Inorganic marine
debris is a problem along much of the coast&8l and consists of a widariety of manmade
materials, including general litter, plastics, hazardous wastes, and discarded or lost fishing gear.
Marine debriditters shorelines, fouls estuaries, entangles fish and wildlife, and creates hazards
in the open ocean. The debris est@aterbodies indirectly through rivers and stovater
outfallsanddirectly via ocean dumping and accidental release. Although laws and regulatory
programs exist to prevent or conttbése issuesnarine debris contingeo affect aquatic
resources.

445

Organic Debris Removal

Naturaly occurring flotsam, such as LWD and macrophyte wrack (i.e., kelp), is sometimes
intentionally removed from streams, estuaries, and coastal sharéedam operations,
aesthetic concerns, and commercial and recreafmabsedqe.g. active beach log harvest
4garaden mulch, and fertilizeHHowever, the presence of organic debris is important for
maintaining aquatic habitat structure and function.

Potential Adverse Impacts

The removal of organic debris from natural systemay adversely impact habitat quality by
reducinghabitat functionFor examplethereductionof LWD inputs to estuarieis the Pacific
Northwesthas reduced the number of spatially complex and diverse channel systems that
provide productive salmon haltif®NRC 1996) Reductions i.WD inputs to estuaries may also
affect the ecological balance of estuarine systems by altering rateateerd$of nutrient
transport, sediment deposition, ahdavailability of inrwater cover for larval and juvenile fish.
In rivers and streams of the Pacific Northwest, the historic practice of removing LWD to

16 Flotsamis defined as marine debris not deliberately discharged or thrown overboard from a vessel.
17 Jetsanis defined as marine debris deliberately discharged or thrown overboara fressel such as to lighten the ship.
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improve navigability and facilitate log trarmp has altered channel morphology and reduced
habitat complexity, thereby negatively affecting habitat quality for spawning and rearing
salmonidqgSedell and Luchessa 1982, Koski 1992)

Beach grooming and wrack removal can saially alter the macrofaunal community
structure of exposed sand beacfizsgan et al. 2000 he species richness, abundance, and
biomass of macrofauna associated with beach wrack ¢amyd crabfEmerita analogg
isopods, amphipods, and polychagtare higher on ungroomed beax{i2ugan et al. 2000)
The inputand maintenance of wrack can strongly influence the structure of macrofauna
communities, including the abundance afd crabgDugan et al. 2000)n important prey
species for some managed feghecies

Recommended Conservation Measures

The recommended conservation measuresrgeainic debrisemovalare listed belowThey
“hdlild be viewed as optionspeventand minimize adverse impaci§organic debris removal
to EFHandto promote the conservation, enhancement, and proper functioning of EFH.

A Encourage the preservation of IDNvhenever possibl&kemoe it only when it presents
a threat to life or property

A Encourage appropriate federal, state, and local agencies to aid in the downstream
movement of LWD around dams, culverts, and bridges wherever possible rather than
removingit from the system

A Educate landowners and recreationalists about the benefits of maintaining LWD.
A Localizeand minimizebeach grooming practices whenever possible.
A Advise gardeners to only harvest dislodged, dead kelp and leave live, growing kelp
(whethe dislodged or not). (Se&®DF&Gbr ochur e fAHarvesting Kelp

Plants in Southcentral Alasiattp://www.adfg.alaska.gov/static
446 sf/region2/pdfpubs/kelp.pif

Inorganic Debris

Inorganic debriss a chronic problem along much of theSlcoastandresulsin littered

shorelines and estuariesth varying degrees of negative effettscoastal ecosystems

Nationally, landbased sources of marine debris account for about 80 percent of the marine
debrisfoundon beaches and in U.S. waters. Debas originate from combined sewer

overflows and storm drainstormwater runofflandfills; solid waste dispossipoorly

maintained garbage binfoating structuresandthelittering of beaches, rivers, and open waters

It generally enters waterways ingctly through rivers and storm drains or by direct ocean
dumping.Oceanbased sources of delyrincludingdiscarded or lost fishing ge@fohnson et al.
2008)and galley waste and trash from commercial merchant, fishing, military, and other vessels,
also create problems for managed species.

Congress has passed numerous laws intende@vergrthe disposal of marine debris in U.S.
ocean waterslhe Marine Protection, Research, and Sanctuaries Act, Titles | and Il (also known
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as the Ocean Dumping Actinplements thénternationalConvention on the Prevention of
Marine Pollution by Dumpingf Wastes and Other Matter (London Dumping Convention)
commonly known as the MARPOL Annex V (33 CFR 1fd)the United Statehe MARPOL
Annex V isintended to protect the marine environment from various types of garbage by
preventing ocean dumping ifdtship is less tha#6.3 km(25 rauticalmiles [nm]) from shore.
Dumping of unground food waste and other garbage is prohibited \2Rt2km(12 nm) from
shore, and ground negplastic or food waste may not be dumped withi® km(3 nm) from
shore

Laws and regulationthat address lanbdased sources aforganic debrisnclude theBeaches
Environmental Assessment and Coastal Health Act of 2BEACH Act), the Shore Protection

Act of 1988, andthe CWA The BEACH Act authorizethe EPA to fund stategerritorial, Tribal,

and local government prograntstest and monitor coastal recreational waters near public access
sites for microbial contaminants and to assess and monitor floatable @akriShore Protection
Act contains provisions to ensure tinanicipal and commercial solid wastes are not deposited
in coastal waters during vessel transport ftbesource to the wasteceiving stationThe

CWA regulaesdischarges of pollutants intd.S.waters The basis of the CW/originally the
FederaWater Pollution Control Acf(FWPCA), was enacted in 194But the Act was

significantly reorganized and expanded in 1972. "Clean Water Act" became the Act's common
name with amendments in 1917i.accordance with the WA, the EPA implementsollution

control programssuch as setting wastewater standards for indasiadyvater quality standards

for all contaminants in surface watetews and regulatory programs also prevent or control
debris disposal from oceaourcesincluding commercial merchant vessét.g., galley waste

and other trash), recreational boaters and fishermen, offshore oil and gas expdatatives
development and production facilities, military and research vessels, and commercial fishing
vesselgJohnson et al. 2008)

Despite these laws and regulations, marine debris continues to adversely impeatieosiThe
National Marine Debris Monitoring Programd{DMP) was afive-year study(2001-2006
designed to provide statistically valid estimates of marine debris affecting the entire U.S.
coastline and to determitiege main sources of the debi&udy esults indicate that marine
debris continues tplague theJ.S., and certain regions face larger problems than others
(Sheavly 2007, EPA 2011Alaska was not included in the results of the study because an
insufficient number of surveyseeing the samling criteriawere conducted. Hawaii was the
only location to demonstrate a significant decrease in all déti2008, Alaska conducted a
workshop addressing marine debris problems and potential prevention m@thitidens and
4Minann 2009)Generdly, marine debris from both oceaand landbased activities increased
across thé&J).S.by over5 percent each yeduringthe study periodThe most abndant debris
items surveyed nationally were straws, plastic beverage bottles, and plastic bags.

Potential Adverse Impacts

Land and oceasrsourced inorganimarine debris is a very diverse problem, and adverse effects
to EFH are varied. Floating or suspendetbriscan directly affect managed specis
consumption or entanglement which may leadubbsequent starvatipsuffocation and

increased vulnerabii to predationKennish 2002)Floating debis, particularly plastics, will

likely increase substantially in estuaries by 2025 due to the continued increase coastal
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populations and recreational uggennish 2002)Microplastics which are defined dess than 5
mm (0.2in) in size,are an emerging marine pollutant, havaegumulated inhe oceans and
sediments in recent yegilsusher 2015)Theycan resemble the prey species of some
commercially important fish spes; fish may directly ingest microplastics or ingest lower
trophic organisms that have fed on microplagtiwsight et al. 2013)Some species will not only
ingest microplastics baiso drawplastics into the gill cavity due to their ventilation mechanisms
(e.g., shore crafCarcinus maengd3 (Watts et al. 2014)Nanometessized microplastics can
actually pass through cell membranes, thus, effecting organisms at the celluldruster

2015)

The potential effects ofla@stic marine debris ingestion by North Pacific and Bering Sea juvenile
salmonand steelhead haween reported to cause direwbrtality (e.g., mechanical injury,
starvation, or toxicity) or indiregnhortality (e.g., biomagnification/bioaccumulation okto
chemicals and transgenerational epigenetic effects on physiology and befMyerg et al.

2013) The ngestion of microplastics by North Pacific zooplanksaggestshat these species
(copepods and euphausiids) at the lower trophic levels of the marine foodealstaking

plastic for food which raises the potential risk to higher trophic level species, such as salmon
(Desforges et al. 2015)

Toxic substances in plastics can kill or impair fish and invertebrates thétaelssbitas polluted
by these materiald/egter et al. 2014)n addition, he chemicalshatleach from plasticsan
persist in theenvironment and bioaccumulate through the food \Wwédistics are also subject to
fouling; harmful algal bloom species are known to thrive on floating pladfiasé et al. 2003)
Because plastics essentially do fudly degrade in these environments, tipege a longerm
pollution hazardKennish 2002

Once floatable debris settles to the bottom of estuaréesshore areaandtheopen oceant

can continue to cause environmental problems. Plastics and other materials with a large surface
area can cover and suffocate immobile animals andsplareating large spaces devoid of life.
Currents can carry suspended debris to underwater reef habitats where the debris can become
snagged, damaging these sensitive habitats. The typical floatable debris from combined sewer
overflows includes street tér, sewage containing viral and bacterial pathogens, pharmaceutical
qhygproducts from human excretion, and pet wastes. Pathogens can also contaminate shellfish beds
and reefs.

Recommended Conservation Measures

Pollution prevention and improved wast@anag@ment can occur through regulatory controls and
BMPsasreviewed byLippiatt et al. (2013)The recommended conservation measures listed in
the section below should be viewed as optiorésentand minimize adverse impacif

inorganic debris to EFldndto promote theconservation, enhancement, and proper functioning
of EFH.

A Encourage proper trash dispogarticularlyin coastal and ocean settingad
participate in coastal cleanup activities
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A Advocate for local, staf@nd national legislation that rewards progisposal of debris
(e.g, implementation of a deposit on all plastic bottles).

A Encourage enforcement of regulations addressing marine debris pollution and proper
disposal.

A Provide resources and technical guidancetfedevelopment of studies and solutda
addressnarine debrisssues

A Educate the public on the impact of marine debris and provide guidance on how to reduce
or eliminate theelease of debris into the environment

A Implement structural contrglsuch as trash racks, mesh nets, bar scraadgyash
boomsto collect and remove trash before it enters nearby watern@aysentrate
floating debris and trastindprevent it from traveling downstream

A Consider the use of centrifugal separation to physically separate solids and floatables
from thewater in combined sewer outflows by increasing the settling time of trash and
particles.

A Encourage the development of incentives and funding mechanisms to recover lost fishing
gear.

A Require all existing and new commercial construction projects near the coast (e.g.,
marinas and ferry terminals, recreational faciliteasjboat building and repair facilities)
to develop and implement refuse disposal plans.

44.7 Dam Construction and Operation

Dams provide sourcex hydropower, water storage, and flood contfdle construction and
operationof damsmay affectbasic hydrologic and geomorphic functgncluding the alteration
of physical, biologicalandchemical processes that turn, may affectwater quality, timingand
4wtityandalter sediment transpdrddapted from(EPA 2007, Johnson et al. 20D38)

Potential Adverse Impacts

Thepotentialeffects of dam construction and operation on fish and aquatic lsabdiaide (1)
conplete or partial upstream and downstream migratory impedimerdtt€2ations tavater

guality and flow patterg (3) alteratios to thedistribution and function of ice, sedimeand

nutrient budgets; (4) alterations to the floodplain, including riparian and coastal wetland systems
and associated functions and values; (5) thermal impauds(6) alterations talownstream
estuariesSalmonids in particular, face impacts from hgadam obstructioriLiermann et al.

2012)

Dam construction and operations can impede or block anadromous fish passage and other
aquatic species migration in stremand rivers. Unless proper fish passage structures or devices
are operational, danmay prevent access to productive upstream spawning and rearing $iabitat
or can alter downstream juvenile migratidirbines, spillways, bypass systems, and fish

ladders &0 affect the quality and quantity of EFH available for salmon passage in streams and
rivers(PFMC andNMFS 2014) The construction of a dam can fragment habitat, resulting in
alterations to both upstream and downstream biogeochemical processes
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An understanding of the hydrologic system, includimgtiming and annual variation of flows
andlongtermtrends in hydrology and climatis necessary tdeterminehow changesnay alter
habitat, habitat flow needs, and project operations. Dam operations alter downstream water
velocities and change discharge patterns. Watesl fluctuations, altered seasbaad daily

flow regimes, and reduced water velocitegy affect the migratory behavior of juvenile
salmonids and reduce the availability of shelter and foraging h@EMC and NMFS 2014)
Thesemodificationscanalsoincrease migration timg®aymond 1979)Dam operation effects
include pulsaype flowswhich aresudden changes in flow oveelativelyshort periods of time
These flowamost often occur in regulated rivers associated with hydroelectric operations and
water resource need3ased on flow magnitude andrious combinations of frequency and
duration hydropower operationsiay affect flow, water temperature, turbidity, riparian/organic
matter, and nutrientshich, in turn,may affect fish communities and benthic
macroinvertebrates. The effects on anadromous fish can include stftnagipiggof fry and
juvenile fish isolation of habitat featurelass of productive habitadlisruption of spawning,
dewatering of redds, scour and flushing of redds, and food chain disr(fpémer 2005, Reiser
et al. 2008)

Many dams have multiple functions including flood control and water storage. Dams that are
used for flood control are designedstgpprespeak flavs; dams that are designed for water
storage use the reservoir capacity to store peak flows to increase water supply during normally
low-flow periods thus, dampening flow variation throughout the y®&daples et al. 2009The

result of flood control and water storage is a reduction in thgeraf flows in the river, which

can result in a loss of hydrologic and geomorphic functamsreduce the complexity of salmon
rearing habitatd_arge floodscreate new channels and recruit wood fronmflibedplain Bank
protection to stop river movememcross floodplains also reduces habitat. In addition, inhibiting
channel movement reduces wood recruitment from floodplains andfiofiglain forest
composition to older age classes over t{iWaples et al. 2009Fach of these impacts reduces
salmon habitat diversity in the river landpe and, consequently, leads to reduced salmon life
history diversity because the habitat types necessary for the expression of certain life history
variants are logBeechie et al. 2006Yhese reductions in life history diversity lead to a reduced
resilience of salimn populationgWaples et al. 2009)

Theeffectsonthe migratory behavior banadromous species are additionally complicatethéy
development of reservoirs associated with dams. Reservoir affects include impediments to
migration(e.g., ircreased migration timgghermal barriers, increag@redation, and loss of
riparian habitat due to the large range of water level fluctuation

Changes to the natural flow regime hafiectson sediment andWD transport as well asn

seasonal icing. Ice formation and brealwgimportant to flood hazds, fluvial morphology,

and fish habitat. An understanding of the relationship between the natural flow segiine
development and function is necessary to assess how dam operations will affect these processes
An understanding of sediment ab@D transport, geomorphic influence, and an overall

sediment budget is also import to understand dam effects. Dam operation can limit the natural
processes associated with floodaryl icebreakup and can limit or alter natural sediment and

LWD transport processeby impeding the high flows needed to scour fine sediments and move
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gravel and woody debris downstreéif-MC and NMFS 2014 Floods transport sediments

such asilt, sand, gravelandaquatic plants and animals, leafy debris, BYMD. Curtailing

these resources will affect the availability of spawning gravels and simplify channel morphology
(Spence et al. 1996)

Changes to the timing and quantity of flow in rivers may result in the loss of riparian wetlands
when water levels increase upstream and result in flow alterations downstream of the dam. In
general, the greater the storage capacity of a dam the moreiextbeslownstream
geomorphologic and biological impag¢ihe Heinz Center 2002).ost wetlands result in a loss

of floodplain and flood storage capacity atidis a reduced ability to provide flood control

during storm evest(Johnson et al. 2008)

Damsmay affect the thermal regimes of streams by raising or lowering water temperatures
Reductions in river water temperatures are common below dams if the intake of the water is from
lower levels of the reservoir. Stratification of reservoir water not only affects temperature but can
create oxygeipoor conditions in deeper areas and, if éwwaters are released, can degrade the
water quality of the downstream arédshnson et aR008) Below adam, nitrogen

supersaturation may also negatively affect migratas well as incubain or rearing salmon by
causing gadubble disease.

Damsmayalso affect the health and extent of downstream estuaries by altering seasonal flow
paterns and reducing the transport of average sediment supply of detritus and niitnisrdan
lead to increased competition with nonnative species, influence the success of predators and
competitors, anthfluencethe virulence of disease organisms (gb@cteria, viruses, and
protozoaPFMC and NMFS 2014)

4472
Recommended Conservation Measures

Thefollowing conservation recommendations should be viewed as options to prevent and
minimize adverse impacts of dams to EFH and to promote the conservation, enhancement, and
proper functioning of EFH [Adapted from (EPA 2007, Johnson et al. 2008)].

A Avoid theconstruction of new dam facilities, where possible.

A Constructand designfacilities with efficientand functionalupstreamanddownstream
fish passagehich ensureshe safe effective,andtimely passag®ef juveniles and adults

A Retofit existing danms with efficient ard functiona upstrean ard downstream fis
passage structures.

Develop and implement monitoring protocols for fish passage

N >\

A Operate dams within the natural flow fluctuation rates and tinnimaic the natural
hydrograply, allow for sediment and wood transport, and consider and allow for natural
ice function.A run-of-river dam operatiom whichthe volume of water entering an
impoundment exits the impoundment with minimal change in stasag@imalandis
the preferrednode of operation for fishery and aquatic resource inteMsterflow
monitoring equipment should be installed upstream and downstream of the.facility
Reservoidevel fluctuation should also be monitored
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A Understand longer term climatic and hydroogatterns and how they affect habitat;
plan project design and operation to minimize or mitigate for these changes.

A Use seasonal restrictions for the construction, maintenance, and operation of dams to
avoid i mpacts t o hab iehisioty stdgasr(e.gn spavsipgeandieggs 6 ¢
development periods). Recommended seasonal work windows are generally specific to
regional or watersheldvel environmental conditions and species requirements.

A Construct dam facilities with the lowest hydraulic th@aacticable for the project
Develop the project at a location where dam height can be reduced.

A Downstream passage should prevent adults and juveniles from passing through the
turbines and provide sufficient water downstream for safe passage.

A Coordinatemaintenance and operations that require drawdown of the impoundment with
state and federal resource agencies to minimize impacts to aquatic resources.

A Develop water and energy conservation guidelines for integration into dam operation
plans and into regia and watershetlased water resource plans.

A Encourage the preservation of LWD, whenever possible. If possible, relocate debris as
opposed to removing it completely. Remove LWD only to prevent damage to property or
threats to human health and safety.

Devebp a sediment transport and geomorphic maintenance plan to allow for peak flow
mimicking that will result in sediment pulses through the reservoir/dam system and allow
for high-flow geomorphic processes.

448 Commercial and Domestic Water Use

An increasing demand for potable water combined with the inefficient use of freshwater
resources and natural events (e.g., droughts) have led to serious ecological damage worldwide
(Deegan and Buchsbaum 200Bgcause human populations are expected to continue to increase
in Alaska, water use, including water impoundments and diversion, is also assumed to increase
(Gregory and Bisson 1997kroundwater supplies 83 percenttof askaods 1, 602 publ
water systems. Ninety percent of the private drinking water supplies are groundwater. Roughly
1,500,210 cubic m (& (330 million gallons) of water per day from aquifers, which directly
support riverine systems, are useddomestic, commercial (including aquaculture), industrial,
sanghagricultural purposes in Alas@&DEC 2008) Surface water sources serve a large number

of people from a small number of public water systems (e.g., Anchorage and several
southeastern communities).

Potential Adverse Impacts

Thediversionof freshwater for domestic and commercial usesachwerselyaffect EFH by (1)
atering natural flows and the peess associated with flow rat€®) adteringriparian habitats by
removing water or by submersion of riparian ayéasremovingthe anount and altering the
distribution of prey base#4) affectingwater quality and (5)entrappingfishes. Water diversions
can involve either withdrawals (reduced flow) or discharges (increased flow)
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Water withdrawal alternatural flow, stream velocityand channel depth and width. Water
withdrawal can also change sediment and nutrient transport charactegi@tiastie et al. 1993,
Fajen and Layzer 1993)ncreasehedeposition of sediments, reduce water depth, and
accentuate diel temperature pattdi@ale et al. 1993)Loss of vegetation along streambanks and
coastlines due to fluctuating water levels can decrease the availabflgi cover and food and
reduce bank stabilit¢Christie et al. 1993)Changes in the quantity and timing of stream flow
alters the velocyt of streams which, in turn, affects the composition and abundance of both
insect and fish populatior{fSpence et al. 1996Returning irrigation water to a stream, lake, or
estuary can substantially alter and degrade hablR€C 1989) Problems associated with return
flows include increased water temperature, increased satimétiytroduction of pathogens,
decreased dissolved oxygen, increased toxic contarsiframt pesticides and fertilizers, and
increased sedimentatigNorthwest Power Planning Council 198B)versions can also
physically divert or entragFH-managed species

Water withdrawn from freshwater lakes during construction projects can result in low dissolved
oxygen levels due to fluctuating water levelhich stress fish and/or cause morta{iBptt et al.
2008) Fish are particularly susceptibledecreased oxygen levels from water withdrawals
duringthewinter months when lakes are covered by ice; the ice limits the amount of available
habitat for overwintering fish when compared with opeater period¢Cott et al. 2008)Water

level fluctuations can be especially influential on the natural cigpeof larval and juvenile fish

to rearing areas. Aquatic invertebrates can also be significantly impacted by water level
variations otside normal seasonal conditioi@ott et al. 2008)

Responsible water utilization can heg@ucedomestic and commercial water uség®wers
2004)which minimizes theffects to EFHDuring 1990, industrymining, and power (23
percentwas the majocommercialwater use category in AlaskADEC 2008) Prudent
planning and watansage at the commercial scaleo has the advantage of beawgt effective
4.4.8.2

Recommended Conservation Measures

The conservation measuileged belowshould be viewed as optionspgreventand minimize
adverse impactsf commercial and domestic wateraie EFHandto promote the conservation,
enhancement, and proper functioning of EFH.

A Design water diversion and impoundment projects to create flow conditions that provide
for adequate fish passage, particularly during critical life history stages. bovoidater
levels that strand juveniles and dewater redds. Incorporate juvenile and adult fish passage
facilities on all water diversion projects (e.g., fish bypass systems). Install screens at
water diversions on fisbearing streams, as needed.

A Maintainthewater quality necessary to support fish populations by monitoring and
adjusting water temperature, sediment loads, and pollution levels.

A Maintain appropriate flow velocity and water levels to support continued stream
functions. Maintain and restorearmel, floodplain, riparian, and estuarine conditions.
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A Where practicable, ensure that mitigation is provided for unavoidable impacts to fish and
their habitat. Mitigation can include water conservation measures that reduce the volume
of water diverted omnpounded.
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Estuaries and Nearshore Zones

Introduction - Current Condition

ChCog@st%zones comprise some of the world's most ecologically productive and biologically

BRE Pmarine ecosysterfBheaves et al. 2019)his interface between land and geavides a
complex and dynamic exchange of energy, water, nutrients, sediments, and orgaacoet

al. 2001, Beck et al. 2003, Sheaves 2009, Gleason et al.. Zdddies conducted ialaska

suggest comparable productivity in estuarine and nearshore zones although ecosysss@sproce
and functions differ considerably froramperate climates.

5.

Alaskads rugged and extensive coastline provid
types from sheltered Pa to exposed bedrock outcrops infinite combination of substrate
compositiongexistincluding amalgams of muds, sands, pebbles, gravedsc@bble and boulder
beachesln some regions there are extensive miamd macrealgal beds, eelgrass meadows,

and kelp forests. In contrast, other regions under the seasonal influence of ice scour have little
evidence of benthic vegetation with the epton ofmicroalgaebeds. In the Arcticea ice plays

a funcamental role in the bichemica) and physical processe&dpring sea ice melt releases

trapped algae and nutrient nourigipiprimary production imearshor@nd estuarine zones

providing essential nutritioanadromosa and amphidromoussh and invertebrate species

(Loeng 2005, NPFMC 2009b)

Water is the primary medium movirdj nutrients, detritus, and organisms back and forth
through estuarineearshoreffshore ecosystem$he flow of water, both vertically (e.g.,
upwelling) and horizontally (i.e., currentsj@l movements), is a key determinant of estuarine
and nearshore productivity and consequent food wigtesstemporal dynamics of flow (e.qg.,
frequency, duration, magnitude, timing, and rate of change) within and among these zones vary
in time and space andfluence the physical, chemical, and biological connectivity between
these ecosystemshe physical connection (depth and velocity) of water flow through the
5 estuary and nearshore zones largely forms the foundatiatl @remical and biological
" connectiongPolis et al. 1997, McClelland et al. 2012, EPA 2015)

Alaska Metrics

In Alaska, large coastal watersheds and rivers provide significant vobfrtersestriallyderived

nutrients and sedimentwhich in turnprovide complexityand support biodiversity iastuaries

and nearshore zon@édall 1988) Of the 30coastabndnearshoe zonesdentified in Alaska

(Piatt and Springer 200,7}7 are distinctlyassociatedvith estuarine complexasithin Arctic,

subarcti¢ and temperatelimate and oceanic influenc&Sompared to theoastline of the lower

48 states, Al askabds estuaries andtedpamchr shore z
complex.Although estuaries and nearshore zones undoubtedly gigpificantrole in

supporting the most productive fisheries in North Aiceerihe associated nearshore gstsn

processes, functions and libemical interactions, though known to exesnain relatively
unstudiedEmmett et al. 2000)
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Al askabds coastline is est ¥ Wihinéid coatdxt, ahme 70, 00
EFH is generally defined as waters from the 20 m (60 ft) contour to the high tide line and is
characterized as supratidal, irigal, and subtidal habitatfhe surface area of coastal bays and
estuaries in Alaska is approximately 53,448 k&8,211mi?), nearly three times the estuarine

areafound inthe lowe 48 state¢Saupe eal. 2005) These estuarine and nearshore zones have

highly variable water conditions, oceanography and salinity, diverse geomorphology and

substrate types, and complex trophic dynamics, all of which are subject to significant seasonal
climatic and envbnmentalinfluencegBaker et al. 2011 Marine and terrestal-driven

influences fuel theich biodiversity within these coastal zor{@addy and Bakun 1995, NMFS

2013)

Regional Coastal Ecosystems

Southeast and Gulf of Alaska

52.1

Jn southeast Alaska, the Alexander Archipelago (>100 ha [247 ac]) has over 2,900 estuaries
encompassing a total surface area of 30,724(ki861 mf). At 1,181 ha (2,900 ac), the Stikine
River Delta is the largest of these estuaffdbert and Schoen 200.7yhe GOA includes two
large estuary systems: Cook Inlet, which is 376 @80 m?) long with the second largest tidal
range (12 m [39 ft]) in Nah America, and Prince William Sound, a nearly enclosed glacially
carved embayment covering over 9,000 k5600 mf). Prince William Soundhas a convoluted
shoreline that is approximately 4,500 km (2,800 mi) in leg§dupe et al. 2005From
southeastern Alaska to the end of the Alaska Peninsula, there are thousands of holedioé s
inside sheltered and semnclosed bays. ThHenlargest estuaries of the Alexander Archipelago
encompass 30,985 ha (76,747 ac) of habitat supporting salt marsh, mudflat, and algal bed
communitiegCarstensen 2007y he extensive 48,000 kmgB00 mi) of coastline provides
ideal habitat for seaweeds (e.g., canopy and understory kelp communities), which occur on
shores from the splash zone to approximately 30 m (90 ft) into the subtidgLawh&trom
2009) Alaskan eelgrag&ostera marinabeds are distributed along sheltered portions of the
coastline fronsoutheast Alaska to the Seward PeningARF&G 2006)

In thesoutrcentral GOA, the Copper River Delta, encompassing 5G0&bti mp) of intertidal
mudpflats, serves as feeding grounds for a anémigratory (salmonids and seabiy@sd
resident demersal (e.g., Dungeness cf@lascer magistd) speciegPowers et al. 2002 he
CopperRiver provides the largest source of freshwatediment loacnd terrestal nutrient to
sthe deltaBrabets (1997)eported the delivery of 62 million metric tons (69 million tons) of
suspended sediments annually to the delta from the 63,00@&824 mf) drainage basin of
the Copper River.

Aleutian Islands

TheAleutian Islands lie in a long, porous arc consisting of over 300 small, volcanic islands
extending for 2,260 km (1,404 mi)his arc has a narrow continensalelf with steep slopes
separated by deepater passes. Thathymetry chages dramatically frorbenthicdepths of the
Aleutian Trench t@sea levelisein a distancef <150 km(<93.2 mi) providing dramatic

BEsti mates of the size of Al askaods candarethddsohneecasare e known t o vary amon
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variety between oceanghelf tonearshore habita{dhNPFMC 2007, 2015c)rhe northsouth

width of the shelf alswaries from east to westom 4 km (2.5 mi) to >80 km (49.7 mi)

occurring east of Samalga P@s®FMC 2007, 2015c¢)This continental shelf/slope is composed

of a complex mixture of substrates ranging from boulders to @¢PEMC 2015c) Bedrock

covered by suchoarsely fragmentesubstrateslominate and provideabitatstructure in many

of the passef~autin et al. 2010)These geologic features influenoexing of ebb and flod

tides between shallgveolder Bering Sea and deep, warrRacific Ocean to th8outh This

mixing of waters (deep and shallow, warm and cold) provici@sne nutrientso fuel complex

food chains thasupport rich marine biodiversitgorals and sponge communities are dominant
features of benthic communities on the steep rocky slopes and provide important habitats for a
variety of fish and invertebrate specieteifetzet al. 2005, Stone 2014) species and diversity
habitat gradient appears in local foedbs along the Aleutian chain with Atka mackerel
(Pleurogrammus monopterygi$acific cod Gadus macrocephaljisand neritic zooplankton

being prominent to the west of the deeper passes and walleye pollock and oceanic zooplankton
being more frequent to the e@ilsiunt and Stabeno 2005, Logerwell et al. 2005, Neiggtehal.

2014)

Bering Sea

Sﬁz\t:lé%rding toPiatt and Springer (200,Ahe nearshore coastagionfrom Unimak Island in the
south toPointHope in the northdefines oneelativelydistinct coastal zond hat coastal
expanseepresents approximatety532.7km (3,527.4nm) of nearshordabitat(Lewis 2016)
The Bering Sea isne of the modbiologically diversanarine ecosystems in the woddd
supporst he wor | d o ms,theeis gueestly little infermation on nearshore and
estuary processe®rth of Cape Newenharklowever, similar estuarine bi@hemical processes
documentedn arctic and sufarctic regions, to the North and Soytihgvide similar fish nursery
functionsdiscussedater in the reportSectiors 5.3.1 and 5.3.2

North of Nunivak Islandeasonal ice cover in th@rthernBeringSea begins in November and
oftenincreases$o greaer than 80 percembverage of the Continental Shelf during its maximum
extent in March Shallow water nearshore zones exposest&sonal influencef gea ice can be
heavilyscoured and magrovide little beneficial habitab larval and juvenile lifetages of fish

and irvertebrates. Much of theearshoreoastline of theorthernBering Seawith theexcepion

of part of the Sewarddninsula, ismostly shallow vith offshore bars and lagoor3and and silt

are the primary components over most of the seafloor of the Beeagwith sand

predominating in waters at a depth of ldsnt60 m (197 ftfjiNMFS 2004, 2005a)senerally,

despite seasonality, benthic substrates deeper than the impact of ice scour is likely EFH to some
species of fish or invertebrateslarval or juvenile life eages

The dominantirculationpatternof nearshor@ering sea waters begins with the flofvNorth
Pacificwater (the Alaska Stream) into the EBS through the major passes itetit@Al slands
There is negain inwater transport eagardand northvardalong the north side of thidaska
Peninsulaeventually flowing northwarahto Bristol Bay, and around Cape Newenhiamard
Nunavak Island, Norton Sound and the Bering S(NMFS 2013)

The largest embaymentstime Bering Sea are Norton Sousnad Bristol Bay whicthemselves
corsist of many smaller estuaries. There are a mutiltude of smaller estuarine emisayme
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draining coastal watersheds suchireesKuskokwim and HazeBays.One of the largest Alaskan
riverine deltas, the Yukon, flows into Norton Sound, whereas the second largeshever
Kuskokwim, flows intokuskokwim Bay(Kammerer 1990, Brabets et al. 200Dhe Nushagak,
Kvichak, and Wood Rivers are three of the latgwers draining into Bristol BagWWF and

TNC 1999, NMFS 2013)rhe largest salt marsh complex, the Yuk&umskokwim Delta in the
Bering Sea, encompasses over 40,469 @m,625 mf) (Glass 1996)On the Alaska Peninsula

in the southern Bering Sea, the Izembek Lagoon contains the largest eelgrass bed [6B0 km
mi?]) in the world(Tippery 2013) Eelgrass cover dominatapproximately 31,000 ha (76,600
ac) or 91percentof theSAV on the lower Alaska Peninsuldogrefe et al. 2014)

Because of economic value, trmutheastern Bering séiaheries ad marine processes are
extensivéy studied A nearshore ecosystem component of that famggrine system is Bristol

Bay, which is comprised of numerous smaller bay and estuary complexes. Notable complexes
areNushagak and KvichaRays,Togiak and Kulukak Bays in the north, Egegik and $hga

Bays in the south, and numerous other semtslosed bays along the Alaska Peninsula shoreline
(NMFS 2013) Bristol Baybenthicsediments represent a wide rang@raiin sizednuds, clays

and silts, sands, amavels Gravels andands tend to dominate nearshore zones while finer
grained sands, silts and muds tend to dominate as depth and distance inbr@asi® inner

bay influences of tides and river outwelling. This gradingadicularly noticeable iBristol Bay
and immediately westwar@he condition occurs because settling velocity of partitéeseases
with particle size (Stokes Lgwasdoes the minimum energy necessary to resuspend or tumble
them(Smith and McConnaughey 1999, NPFMC 2015a, NPFMC 2015b, NPFMC 2015e)

5.2.1.4 Arctic

In the Arctic Ocean, numerous estuaries also exist where freshwater streartiseg@terkchi

and Beaufort Seas. In the Chukchi Sea, Kasegaluk Lagoon is over 190 km (120 mi) long and 8
km (5 mi) wide, and Kotzebue Sound is 160 km (100 mi) long and 110 km (70 mi) wide. In the
Beaufort Sea, the Colville River Delta near Prudhoe Bay spasrs40 km (25 mi) in width with

its shallow waters (<3 m [10 ft]) extending 16 km (10 mi) or more offs(ik&S 2015) The
adjacent Canadian Mackenzie River Delta (12,170 km g7t long) also provides a vast

majority of the freshwater input (~300 km/year [186 mi/year) to the BeaufoDheion et al.

2012, Casper et al. 2015)

In northern regions of Alaska, the seasonal influence of ice, tides, currents, storm surge, and
wave energy severely limits suitable shallow nearshore habitat. This is evidenAattingand

sularctic coastlines and seasonally as far south as Bristo{\Bajngartner et al. 1998, Gutt

2001) Survivalof any life stage of marine species is greatly reduced under these conttitions.
contrast, deeper nearshore habitats below the influence of ice scour remain unaffected along with
the vast majority of Al as kacficzonse and farthér sontle a n d
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Physical, Chemical, and BiologicaProcesses

Nearshore Fish Nurseries

A growing body of I|iterature identifies Al ask
3.3 biologically productive in North AmericéRobards et al. 1999, Abookire et al. 2000, Dean et al.

% 00, Arimitsu et al. @03, Abookire and Piatt 2005, Arimitsu and Piatt 2008, Johnson et al.

2012)Manys peci es that inhabit nearshore zones and

From 2000 to 2004, approximately p&rcentof the total landed weight (25 billion pounds) and

32 percentof the total dollar value ($4.7 billion) of commercial landing#iaska were directly

attributed to estuarine and nearshore fish and shellfish species héredstDibble et al.

2008)

In an extended ses of nearshore surveys across multiple marine ecoregions in Alaska,
approximately 718,345 fish representing 121 species from 29 families were captured in beach
seinegJohnson et al. 2012our commercially important FMP species accounted fqresbent

of that total catch: walleye pollockaEific herring(Culpea pallasij, pink salmon, and chum
salmon. Although species assemblages, abundance, and richness vary considerably within
seasongjearshore zones and regions surveyedythjerity of species caught werelarval or
juvenile life stges.Ecologically important forage fish species (e.g., Pacific sand |&awfic
herring, Pacific sandfisfirrichodon trichodoh and capeliiMallotus villosu$) were also well
represented in these nearshore surveys. Pacific herringaaiitt sandfish capelin (97perceny

and sand lance (§8rcen}f were alsocgptured in juvenile life stageBased on estimated sizes at
maturity, juvenile life stages dominated catches for most species, particularly those represented
in federal FMPs for Alask@lohnson et al. 2012)

Very recent nealwore survgs of the GOA further emphasiiee importance of these nehore
zones as fishurseriegOrmseth et al. 2016As Ormseth et al. (201&)escribe, the most notable
feature seen in thesearshore fish comunitieswasthe strong seasongummer)changes in
abundance and specissmposition that were drivehy the arval of age0 fishes such aBacific
cod, walleye pollock, s&fon cod, andHexagrammospp.Age-0 hering were strongly
represented despite the seaso, sand lance were also occasionally in high abundance. Species
specific growth rates were also documentagk-0 Pacific cod, pollock, and saffron cod
appeared in the summer at%0 mm length and by fahad grown to 810 mm.The research
conducted during these surveys contributed a great deal of new information regarding the
neashore environment of the GOAhesesurveys provided substantial evidence for the
importance of nearshore areas as refugefigh, paticularly early juvenilesbecause tree areas
provide suitable physical habitaiad abundantutrition. Analyses arealsobeing conductetb
further develop habitat suitability modelssimilar nearshore EFlkmportant tojuvenile stages

of offshoreFMP groundfishspeciesalthough these efforts are in their infar(@rtle et al. In

prep, Pirtle etl. In review)

Adult stages of many commercially important species (i.e., flatfishes) spawn in offsdters;
however, their egg$arvee and juvenile stages are found in nearshore zones. Ocean currents
transport and distrilia (through advection) egdssval and juvenile stages to nearshore zones
(Nichol 1998, Coyle and Pamuk 2002, Wilderbuer et al. 2002, Dew and McConnaughey 2005,
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Norcross and Holladay 2005, Lanksbury et al. 2007, Cooper et al. 2014, Hurst et alTk@$b)
early life stages settle in a variety of rearing substrates and habitat types that provide increased
refuge, forage, and rearing opportunitiégpending on the species range, distribution and

region, larval and juvenile life stagksind in nearshore zones gradually move offshore and are
seen as adults in commercial fishe@dlanders et al. 2003, Able 2005rddvn 2006,

Lanksbury et al. 2007, Laurel et al. 2007, Hurst et al. 208$5emblages ajroundfish forage

fish, invertebrates, and anadromous species argepettsented in a variety of different habitat

and substrate types and water conditions in nearshore hbiatson et al. 2012, NMFS 2013,
Ormseth et al. 2016)

Although commercially important FMP speciababit these nearshore zones at earlier life
stages, less is known about the specific EFH attributes supporting their abufideye et al.
1978, Beck et al. 2003, Johnson le2812) The survival and abundance of these early life
stages is apparently the result of increased nutrient and refuge availability and subsequent
decreased predation. A growing body of evidence also suggests that téirgksteiaces play a
role, especially those nearshore zones influenced by estlzsiaaries areecognized asritical
links that transfer DOM and nutrients between terrestrial and coastal marine ecoslgatents
some of the highest areal rates of hett®phic bacterial production in aquatic ecosysterhe.
mixing behavior of terrigenous DOM #stuaries is quite variable aokdanges seasonally with
riverine dischargerl he terrestrial ecosystem processes that alter the timing, magnitude, and
lability of DOM delivery to estuaries have the potential to influence biogeochemical cycling in
nearshore marine ecosysteffsliman et al. 2010)

53.2 Estuarine Processe$ Terrestrial Influence

Many of A lriassale allocitoneus®innature(turbid) with some nearshore waters

often dominated by seasonal freshwatmoff (outwelling) from snowelt and summer rains.
Coastal watersheds drain to the ocean transporting riverine sediment and nutrients to marine
estuaries and nestrore zoneéMilliman and Meade 1983, Milliman and Farnsworth 2011, Day

et al. 2012) Anthropogeit impacts to watersheds, estuaries, and nearshore zones are well
documentedCaddy and Bakun 1995, Hopkinson and Vallino 1995, Jonsson and Jonsson 2003,
Kennish 2016)However, little attention is focused on understanding the natural processes in
pristine ystems that link watershedsearshoreones and associated fisheries.

Outwelling?®nutrients in the form of detritus, DOM, and POM influeestuarine and raeshore
zoneslIn regionsof Alaskawhere salmon remain abundantDM also contributéo an
ecosystemd INMF$ 20BuSedimententrayned in outwelling river plumes dictate
the composition of benthic substraia estuaes All of these components influence everything
from trophic dynamics to distribution, abundance, and growth of nearshore laryavanie
marine speciesThe turbidityobserved in many of tee estuaries and nehore river plumes
also provideefugefor a multitude oimarinefish and invertebrate speciéhis frontal, or

19 |n aquatic or marine ecology, allochthonous materialsnatgile DOM from leaves and woodetritusor sediments. Often these mobile
DOM6 and nutrients (C, N, and Bpmprisefoundational elements of secondary production and food chains.

20 Terrestrial freshwater runoff from large river systems and watersheds drains into marine estuaries. In réferategthis runoff is often
referred to as fAoutCultowed | omgindutewdlwlat eg chemistry, temperatur e,
chemistry and productivityOne analysis estimates 20 billion tons of dissolved sedinagitorganic material if transported to the global
ocean annuallgMilliman and Farnsworth)Current total estimates specific to Alaska do not exist.
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mixing zone between plume and ocean waters is charactéyz&tiong physical (e.g.,
hydrodynamic convergence) and biological proce@Sesnes and Kingsford 1996)

The influence coastal rivers have on estuaries and nearshore zones is a function of the size of the
watershed, terrésal geology, landformmd vegetation, and coastal proces3é®ese factors

determine the composition of the detritus entering a marine estuary. The Columbia River is an
example of a welktudied coastal river which contributes substantial quantitieeiafstrial

derived ferrigenou¥! andallochthonousnaterial into nearshore zones (approximately 7,501
m¥seond [sec][264,900 ft/sec])(Kudela et al. 2010, Litz et al. 20143enerally, lighter river

water plumes override heavier ocean water creating frontal and convergeaselayge

aggregations of terrigenodetritus and sediments provide nutrient and refugenydoplankton,
zooplankton, ichthyoplankton, forage fish, juvenile salmon, and fish predators in nearshore zones
(Litz et al. 2014)

During high flow periods, outwelling river plumes modify regional coastal circulation patterns,
frequently becoming bidirectional throughout an ocean driven upwelling season depending on
prevailing wind stress, Coriolis Effe@ndEkman Tanspor?. River plumere-circulation

provides a biological refuge during weak or absent upwelling and promotes trophic transfer of
carbonand nitrogen to higher trophic leveRxoviding refuge increases residence times,
increases growth rates and biomass, and collectivelyneehdiological productioand

diversity (Kudela et al. 20101tz et al. (2014yeported that abundant numbers of forage and
anadromous fish species sought refuge from predators and took advantage of ample feeding
opportunitiegn the river plumeCampbell et al. (201Zylentified similar seasonal productivity
occurring in the Copper River plume and coastal Gthat occured in the Columbia River

plume

In Alaska, variable freshwater discharges from several watersheds and river systems share
similar characteristics and contributeastuarine and nearshore marine systems in a comparable
mannerln the GOA, the greater Alexander Archipelago provides significant freshwater flows
(approximately 25,500 ffsec [1 million f8/sec]) to southeastern Alaska marine watBeker et

al. 2011) The discharge from the Copper River is approximately 1,606em(56,500 #sec).

In soutleentral Alaska, the Kenai River discharges water at 1%8em (5,922 fisec). In Bristol

Bay, the collective discharge frothe Nushagak, Kvichak, and Wood Rivers contribute 1,312
m3/sec (46,323 ffsec). More comparable in scale to the Columbia River, the Yukon River
provides 6,428 #fsec (227,000 $tsec). In theéArctic, the Mackenzie River provides freshwater
volumes of aproximately 9,911 rdisec (350,000 $tsec).

Turbidity in some estuarigeay minimizephotosynthesis, associated algal blooms, and primary
production.To the contraryoutwelling nutrients in the form of detritus, DOM, POahd MDN
provide the foundation of energsansfer (secondary production) supporting assemblages of

21 Terrigenous sedimentse those sediments derived from terrestrial sources such as rocksnaaagland silts.
Because DOM comprisglements omuds and si§, they can alsbe composed derrestrialplant and organic
sources.

22 Though Wind Stress, Coriolis Effect and Ekman Transport all influence marine ecosystem processes and
productivity, a detailed understanding or each is currently beyond the scope of this report. Additional
information is provided athftp://oceanmotion.orgtml/background/oceaim-motion.htmn).
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minute bacteria, fungi, and algae through larval stages of plankton, invertebrates, juvenile
growndfish, and anadromous speciestv@ys of allochthonouslaskanestuaries have revealed
abundant invertebrate populatioRecognized species found in the estuaries of Bristol Bay and
CooklInletinclude euphausiids, hyperiids, amphipods, copepods, pteropods, chaetognaths, and
polychaetegTurek et al. 1987, Moulton 1997, Radenbaugh 2010, 2011, 2012, Hartwell et al.
2016) Abundant prey availability at these trophic levels is essential to the fithess and survival of
larval and juvenile fisi{Beamish and Mahnken 2001, Beamish et al. 2004, Moss et al. 2005,
Farley et al. 2007, Farley et al. 2011)

Terrestrial Carbon 7 Plant Derived Nutrient

The contribution of terrestrial detritus has been demoestiatrecent studies of estuarine and
nearshore trophic and fisheries dynamics using stable isqfopesaude 2005, Schlacher et al.
2009) Similarly, in theArctic, the Mackenzie River Delta is a conduit through whichdarg
volumes of riverine DOM and POM are exported to the coastal marine envirofWedkéer
1998) In this system, the composition of terrestrial and riverine particulates is a mixture of
freshwater bacteria, phytoplankton, and peaty detrital material distributed over shelf sediments
and benthogCasper et al. 2015yhese DOM/POM nutrient sources havemshown to be
more readily biavailable to marine fish and invertebratesee in shorter food chairiarther
offshore(Dunton et al. 2006, lken et al. 2010, Letscher et dl12¥inagre et al. 2011, Dunton
et al. 2012, OrtegRetuerta et al. 2012, von Biela et al. 2013, Casper et al. 2015, Bell et al.
2016) Results strongly indicate that marine production in nearshore trophic dynartiies
Beaufort Sea is more closely linked to allochthonous riverine outwelling and terrestrieés
than previously recognized.

The estuarine Beaufort Sea and its inshore lagoons receive most freshwater from the Canadian
Mackenzie River as well as numerous smaller Amerfgantic rivers (i.e., ColvilleRiver). In

these nearshore sedimentst&U5 percentof the carbon deposited in these nearshore zones are
of terrigenous origirfDunton et al. 2012)The brackish band of water extending along 750 km
(466 mi) of the Beaufort Sea coastline provides habitat for numerous anadromous and marine
fishes (e.g.Arctic cisco/cod Coregonus autumnalis/Arctogadus glacijliwhich feed

exehusively on epibenthic fauna (e.g., polychaetes, mysids, and amphipods) that inhabit the
various coastal bays and lagodg@saig 1984)

Terrestrial Nitrogen - SalmonDerived Nutrient

Despite continued declines in worldwide salmon populations, salmon in many regions of Alaska
remain relatively abundant and exissastainable population§he reasons for salmon declines
have been well documented iountless studies and paeviewed literaturelichatowich

(2001) Gresh et al. (2000 andMontgomery (2004providewell written summaries addressing

the many reasons for these decliagd in some cases extinctions

Becauseofheirc ul t ur al , commer ci al , an salmonepedestad i on al
been the focus of extensivesearch to gain a better understanding of their reliance dn, an
simultaneous contribution toophic dynamics and ecosystem conditi@almon represera

species that transsall types of EFH; frontarval and juvenileearing in headwater streams

tributaries and estuaries, withdult stages in thEBS, North Pacifi¢ and the Arcticand back
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again. Salmon are also recognized &syandicator of ecosystem conditiolm watersheds and
estuarine systems heavily impactgdanthropogenic influences, dieing salmonid abundance
is often a direct reflection of these impacts.

Marine nearshore and estuarine habitats serve as transition zones and migratory pathways for
juvenile salmon. They provide increased feeding and refuge opportunities and osmanegulato
adaptation between marine and freshwater za@mmonids not only take advantage of abundant
feeding opportunities in estuarine and nearshore zondmbetalso demonstrated prolonged
residence time, even seasonally, in estugiiesphy 1984, Heifetz et al. 1989, Johnson et al.
1992, Thedinga et al. 1993, &dlinga et al. 1998, Koski and Lorenz 1999, Halupka et al. 2003,
Koski 2009, Hoem Neher et al. 201#)oem Neher et al. (2014)entified Alaskan juveile

coho salmon moving to and from marine and freshwater hatatargy advantage of abundant

prey opportunities

MDN have been shown to subsidize coastal watersheds with organic nutrients (e.g., carbon,
nitrogen, and phosphorous) first in the fornwdfole carcasses and large solids and later as
dissolved particulate@Villson et al. 1998, Cederholm et al. 1999, Gende et al. 2002, Naiman et
al. 2002) Salmon carcasses contributétologic production in estuarigbrough seasonal

pulses benefiting both marine estuaries and nearshore @nsll and Goering 1970, Richey
et al.1975, Reimchen 1994, Bilby et al. 1996, Wipfli et al. 1998, Gende et al..Zleye
dissolved nutrients fuel estuarine productivity, and the assodatedria and akg, in turn,
increase the abundanckharpacticoid copepods that serve as primary prey for outbound
juvenile salmor{Fujiwara and Highsmith 1997k stimates generated from recent nutrient
transport studies indicate that substantiabants ofMDN (46 to 60 percent move directly back
into the estuaryMitchell and Lamberti 2005)

Samon also contribute to estuarine and nearshore productivityiiretimy marine phase as

smolt.Based orarecent assessment of the contribution of the Nushagak River and Kvichak

River sockeye salmon to trophic dynamics of BBS, sockeye salmon smoklimked among the

top ten forage groups and were comparable to Pacific herring or eul@dtadeichthys

pacificug as a nutritional sourd&aichas and Aydin 2010yhese conclusions asémilar to

results fromMoore and Schindler (22)who found that outbound salmon smolt export

substantial levels of nitrogen and phosphorus seaward. It takes hundreds of millions of outbound
3.4 salmon smolt to produce tens of millions of returning inbound adults. Therefore, the trophic

contribution ofsmolt to marine estuaries and nearshore zones is substantial.

Sourceof Potential Impacts

A | arge portion of Al as k ab4b63no(B3.004ami) doastiner es i d e
(NOAA 2010)Al askabdbs popul ation centers are sparse,
by a continuous road system. Further, commtunie s O boom and bustd as r e
and their associated industries rise and Iffiltorically, coastal features such as estuaries and
embayments have been ideal for fishing, farmargihunting anchaveprovided sheltered

waters withtransporationaccess to rivers and the ocean. Nationally, urban development in

coastal areas is growing at a rat@pproximately five times that of other areas of the country

and ovelb0 percendf all Americans live withirBO km 60 mi) of the coas{Markham 2006)

The expansion of port facilities, urbanization, filling of aquatic habitat and wetlands, and other
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forms of development surrounding estuadasnearshorareas can have adverse impacts on
fish habitat.

The dredging and filling of coastal wetlands for commeyogsidential port, and harbor
development directly removes importaoiastahabitas and alters the habitat surrounding the
develged area. Physical changes from shoreline construction can result in secondary impacts
such as increased suspended sediment loading, shading from piers and \ahdrtres,

introduction of chemicatontaminant$rom landbased human activiti€gRobinson and

Pederson 2005Even development projects that appear to have minimal individual impacts can
have significant cumulative effects on the aquatic ecosy&tehmson et al. 2008)

Dredging

The construction of portsnarinas and harborsypically involvesthedredgingof sediments

s from intertidal and subtidal Ibétats to create navigational channels, turbagins, anchorages,
andberthing docksAdditionally, periodic dredging is used meaintain the required depthi&ex
sediment is deposited intbese facilitiesDredging isalsoused to create deepwater ig@able
channelsandto maintain existing channels that periodically fill with sedimeldst expansion
has become an almost continuous process due to economic growth, competition between ports,
and significant increases in vessel size

ALl Potential Adversémpacts
Dredgingactivities caradversely affect benthic and watelumn habitat The potential
environmental effects of dredging on managed species and their $istoitade (1) thedirect
removal/burial of organisms; (&)creasedurbidity andsiltation, including light attenuation

from turbidity; (3) contaminant release and uptake, including nutrients, metals, and organics; (4)
therelease of oxygesonsuming substancés.g, chemicals and bacterigp) entrainment; (6)

noise disturbances; dr{7) alteratiosto hydrodynamic regimes and physical habitat.

Many managed species forage on infaunal and bedtwsdling organisms. Dredging may

adversely affect these prey species by directly removing or burying(eemDer Veer et al.

1985, Newell et al. 1998%imilarly, dredging may also force mobile animals such as fish to
migrate out of the project area. Recolonization studies suggesttbatry may not be
straightforward. Physical factors, including patrticle size, distribution, currents, and
compaction/stabilization processes, can limit recovery after dredging events. The principal
projectrelated factors that influence recovery rateguide the composition of the beach fill
sediments relative to those of the native beach and the timing of nourishment projects relative to
spring benthic invertebrate larval recruitment perigdi#ber et al. 2009)Rates ofecovery are

known to range from several months for estuarine muds to up to two or three years for sands and
gravels. Reported rates of recovery have been rapid when highly compatible beach fill sediments
were used and spring larval recruitment periodseeveeoided. Conversely, longer recovery

periods have been associated with the use of noncompatible fill and/or the occurrence of
nourishment projects during larval recruitment peridligber et al. 2009)Recolonization can

take up to one to three years in areas with strong currents and five to 10 years in areas with
weaker currents. Additionally, pedtedging recovery in cold waters at high latitudes may

require additional time because these benthic communities can besamhgidarge, slow
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growing speciegNewell et al. 1998)Therefore, forage resources for benthic feeders may be
substatially reduced in dredged areas. For example, the shallow subtidal macrobenthos at Port
Valdez, Alaska, had not fully recovered 2.5 years after the dredging(®lanthard and Feder
2003) Although macrobenthic communities may recover total abundance and biomass within a
few month oryears, their taxonomic composition and species diversity may remain different
from predredging to postiredging for more than three to five ye@vlichel et al. 2013)

Certain types of dredging equipment can elevate levels of mineral particles or suspended
sediment smaller than silt and orgamiatterin the water column. The assaied turbidity

plumes of suspended particulates may reduce light penetration and lower the rate of
photosynthesis for subaquatic vegeta{iPbennison 1987and the primary productivity of an
aguatic area iparticulates remaiauspended for extended periods of tiiGeern 1987)If
suspended sediment loads remain high, fish may suffer reduced feedingBbitifigld and
Minello 1996)and be prone to gill injurgNightingale and Simenstad 20018jolonged

sediment suspension and extensivbitlity plumes are primarily associated with the suspension
of fine silt/clay particles that have relatively slow settling velocities, whereas sand and gravel
that make up the coarggained sediment fraction resettle rapidly in the immediate vicinity of
the dredge before they can be transpoofésite (Schroeder 2009)

SAV bedsand other sensitive habitatsy also belirectly and indirectly affected by dredging
operationsSeagrasses provide key ecological services, including organic carbon production and
export, nutrient cycling, sediment stabilization, enhanced biodiversity, and trophic transfers to
adjacent habitat®rth et al. 2006)Eelgrass beds, in particular, are critical to nearshore food
web dynamicgWyllie-Echeverria and Phillips 1994, Murphy et al. 200&tudies have shown
seagrass beds to be among the areas of highest primary productivity in théHedkkland

Rogers 1993, Hoss and Thay®93) This primary production provides high rates of secondary
production in the form of fisfGood 1987, Sogard and Able 1991, Herke and Rogers 1993)
Direct impactf dredginginclude the physical removat burialof the vegetation, while

indirect impactganresult from increased sedimentatiombidity (Erftemeijer and_ewis 2006)

The suspension of disturbed sediments during the dredging process nsrtmaizight intensity
that reacheSAV which depends on photosynthesiepending on the depth at which the
vegetation occurs, high turbidity can cause a significeshiction in light availability leading to
sublethal effects or dea#imd, in turnjmpacttheaquatic wildlife which depergbn this

vegetation for nourishment and hab(tatftemeijer and Lewis 2006)

Suspended material from dredging may react with dissolved oxygen in the water and result in
shortterm oxygen depletion to aquatic resour@éghtingale and Simenstad 2001Byedging

can also disturb aquatic habitats by resuspending bottom sediments and releasing nutrients, toxic
metals (e.g., lead, zinc, mercury, cadmium, copppgdrocarbons (e.g., polyaromatics),

hydrophobic organics (e.g., dioxins), pesticides, and pathogens into the water (feRANN

2000b, Erftemeijer and Lewis 200@)oxic metals and organics, pathogenic microorganisms

(i.e., bacteria and viruses), and parasites, notably helminthes and protozoa, may become
biologically availalke to organisms either in the water colunmrttoough food chain processes.

Dredges have the potential to entrain fishes and invertebrates during all life cycle phases
including adults, juveniles, larvae, and edgstrainment is the direct uptake of aquatic
organismgausedy the suction fieldyeneratedby hydraulic dredgeée.g., hopper and
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cutterhead dredges}enthicinfaunais particularly vulnerable to entrainment by dredg{Rgine

and Clarke 1998&lthoughsome mobile epibenthic and demersal spesigsh as shrimp, crabs,

and fish can be susceptible emtrainment as we(McGraw and Armstrong 1990, Nightingale

and Simenstad 2001&almonidsare frequently cited istudies of fish entrainment. For

instancejn the Fraser River, Canada, juvenile salmonids and eulachon were the dominant taxa
entrained during dredge operations, but nonanadromous estuarine and marine demersal species
were the mosfrequently entrained at the mouth of the Columbia River and in Grays Harbor
(Larson and Moehl 1990, McGraw and Armstrong 198@gtors that contribute to higher
entrainment rates include the dredge location and theéegconstriction of the waterway. The
juvenile salmon and smelt in the Fraser River were distributed in closer proximately to the
dredge, while the fish in the Columbia River and Grays Harbor were able to disperse over a
greater area as they migrathaeto the expansive mouth of this river and hartiteine and

Clarke 1998)

Fishdetect and respond to sounds for many life history requirerotiason et al. 2008yhe

noise generated by pumps, cranes, and the mechaaoiwai of the dredge has the ability to alter

the behavior of fish and other aquairganismsThe noise levels and frequencies produced

from dredging depend on the type of dredgéagipment beingsed, the depth and thermal
variations in the surrounding water, and thygography and composition of the surrounding sea
floor (Nightingale and Simenstad 2001a, Stocker 2088yeralstudies have indicated that

dredge noise occurs in the low frequency range (< 228 Hz]) which is withinthe audible

range of many species of figReine et al. 2014bAccording to a study b¢larke et al. (2003)
cutterhead dredges produce peak sound levels in the range of 100dectd (IB)r e 1 ¢ P a
rootmeansquare (rmsyvith rapid attenuation occurring at short distances from the dredge and
sound levels becoming essentially inaudible at a distance of ~§00,640 ft) Sound levels

were recently recorded during hydraulic and mechaniesmging operations at depths of 3 and

9.1 m(9.8 and 29.9 ftjReine et al. 2014ayource levels ranged from 170to /B r e 1l e Pa
rmsduring hydraulic cutterhead suction dredge operations and from 164 to ¥17@dB1 ¢ Pa r ms
during backhoe dredge emations. The sound pressure le(8IBLs)measured in this study were
below levels that would cause physical injunyany fish species in the study atBeine et al.

2014a)

Due to the rapid attenuation of low frequencies in shallow watergdrardse normally is
undetectable underwater at ranges beyzihkin (12.4 mi)to 25km (15.5 mi)(Richardson et al.
1995) Established noise exposure thresholds for fishes are limited to interim critezlaymbz

by the Fisheries Hydroacoustic Working Group (FHWG) for impulsiveqriding noise, and,
consequently, there are no specific criteria for evaluating the potential impacts of continuous
dredging noise on marine fishdshas been hypothesized tltaedginginduced sound may

block or delay the migration of anadromous fishes, interrupt or impair communication, or impact
foraging behavio(Reine et al. 2014bjand dredging is known to elicit an avoidance response by
marine fshegLarson and Moehl 1990, McGraw and Armstrong 19B@wever, very little is

known about effects of anthropogenic sounds on fish and it is not yet possible to extrapolate
from one experiment to othsignal parametersf the same sound, to other types of sounds, to
other effects, or to other speci@opper and Hastings 200%¥hile noise levels from large ships
may exceed thodeom dredging, single ships usually do not produce strong noise in one area for
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a prdonged periodf time (Richardson et al. 1995owever, noise from dredging may be
continuousthus,impading fishfor extendedime periodgNightingale and Simenstad 2001a)

Dredging and dredging equipment, such as pipelines, may physically alter, damage, or destroy
spawnng, nursery, and other sensitive habitats including eelgrass and kelp beds. Dredging may
also affect hydrodynamic regimes by modifying current patterns and water circulation via
alterations to substrate morphology. These alterations can cause changefirection or

velocity of water flow, water circulation, or dimensions of the waterbody traditionally used by
fish for food, shelter, or reproductive purposéiéered hydrodynamicmayaffect estuarine
circulation, including shosterm (diel) and longerm (seasonal or annual) chan{fesegan and
Buchsbaum 2005)

Recommended Conservation Measures

The recommended conservation measures for dredgimlistedoelow. They shold be viewed
sasiaptions t@reventand minimize adverse impacaigdredging operation® EFH andto
promote the conservation, enhancement, and proper functioning of EFH.

A Avoid dredging in sensitive habitat areas to the maximum extent practicable.igstivit
that would likely require dredging (Q.,placement of piers, docks, marinas) should
instead be located in dempwater or designed tminimizethe need for maintenance
dredging.

A Reduce the area and volume of material to be dredged to the maximumm exte
practicable.

A Avoid dredging andhe placement ofiredgingequipment in special aquatic sites and
other highvalue habitat areas (e.gelp beds, eelgrass beds, salt marshes).

A Implement seasonal restrictions to avoid impacts to habitat during spetiss life
history stages (e.g., spawning season/leg@l development perigl Recommended
seasonal work windows are generally specific to regional or watelsheld
environmental conditions and species requirements.

A Utilize BMPs to limit and conti the amount and extent of turbidity and sedimentation
Standard BMPs may include silt fences, coffer dams, and operational modi¢atmn
use ofhydraulic dredgénstead oimechanical dredge).

A For new dredging projects, undertake ma#asorandpre- and postdredging biological
surveys to assess the cumulative impacts to EFH and allow for implementation of
adaptive management techniques.

A Prior to dredging, teshe sediments to be dredged for contaminants as per EPA and
USACE requirements.

A Provideappropriate compensation for significant impacts (stesrh, longterm, and
cumulative) to benthic environments resulting from dredging.

A Identify excess sedimentation in the watershed that prompts excessive maintenance
dredging activitiesimplement apmpriate management actions, if possible, to curtail
those causes.
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A Determinea reasonable background turbidity lelsaked on regular monitoring of

ambient conditionsEstablishurbidity limits (percent maximum allowable exceedance
above the best estimates of background turbidity). Apply mitigation measures (e.g.,
temporary cessation or modification of dredging or disposal) if these limits are exceeded
during dredge operatiorfsee Erftemeijer and Lewis 2006)

Material Disposal and Filling Activities

Material disposal anfilling activities cardirectly remove important habitat and alter the habitat
surrounding the developed arg@&e expansion of navigableaterways is associated with

58 onomic growth and development and generally adversely dffetisic and waterolumn
‘habitats.The dischargef dredged materials or the use of fill material in aquatic habitats can
result inthecovering or smothering existing submerged substrates, loss of habitat function, and
adverseeffects on benthic communities.
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Disposal of Dredged Material

Potential Advese Impacts

sHeldisposal of dredged material can reduce the suitability of water bodies for managed species
and their prey byl) reducingloodwaterretention in wetlandq2) reducing nutrientsptake and
release(3) decreasing the amount of detritgdut, an importantood source for aquatic
invertebrategMitsch and Gosselink 1993|) alteringhabitatby changingvater depth or
substrateype; (5) removing aquatiegetation and preventing natural revegetation; (6)
impedingphysiological processés.g., photosynthesis, respiratidn)aquaticorganismsia
increased turbidity and sedimentati@rruda et al. 1983, Cloern 1987, Dennison 1987, Barr
1993, Benfield and Minello 1996, Nightingale and Simenstad 200@&ajirectly eliminating
sessile or semnobile aquatic organismga entrainment or smotherirfgarson and Moehl
1990, McGraw and Armstrong 1990, Barr 1993, Newell et al. 148Bhltering water quality
parameters (i.e., temperature, oxygen concentraiwhiurbidty); and (9) releasing
contaminantsuch as petroleuproducts, metals, and nutriefEEPA 2000b)Adapted from
SEPA 2007, Johnson et al. 2008)].

Recommended Conservation Measures

The following reconmended conservation measures should be viewed as optmesémtand
minimize adverse impactd dredged material disposal to ERHdto promote the conservation,
enhancement, and proper functioning of EFH.

A Avoid disposingof dredged material in wethds,SAV, and other special aquatic sites

whenever possibléssessll options including upland disposal siteer thedisposal of
dredged materials and select disposal sites that minimize adverse effects to EFH.

Test sediment compatibility for opevater disposal pdePA and USACE requirements
for inshore and offshoreinconfined disposal.

Ensure that disposal sites are properly managed (e.g., disposal site marking buoys,
inspectors, the use of sediment capping dredge sequencing) and monitored (e.g.,
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chemicaland toxicity testingbenthic recovery) to minimizinpacts associated with
dredgel material

A Acquire and maintain disposal sites for the entire projeciviifenlong-term
maintenance dredging is antiaipd

A Encourage beneficial uses of dredged materials. Consider usingdredggrial for
beach replenishment and construction. When dredging material is placed in open water,
consider the possibilities for enhancing mathaditat.

Discharge ofFill Mate rial

Like the discharge of dredged material, the discharge of fill material to create upland areas can

remove productive habitat and eliminate importaattitatfunctions.For example, the loss of
S{vetland habitatseduces the production of detritus, an artpnt food source for aquatic

invertebrates; alters thgptake and release of nutrients to and from adjacent aquatic and

terrestrial systems; reduces wetlarggjetation, an important source of food for fish,

invertebrates, and water fowl; hindgtsysiolagical processes in aquatic organisms (e.g.,

photosynthesis, respiration) because of degradedr quality and increased turbidity and

sedimentation; alters hydrological dynamics, includlogd control and groundwater recharge;

reduces filtration and abgption of pollutants fronuplands; and alters atmospheric functions,

such as nitrogen and oxygen cydbBtsch and Gosselink 1993)

5441 Potential Adverse Impacts

Adverse impacts to EFH from the introduction of fill material incltiteloss of habitat function

and changes in hydrologic patterAgjuatic habitats sustain remarkably high levels of

productivity and support various life stages of fish species and theirTgrege habitats are
oftenused for multiple purposes, including spawning, breeding, feedimtsupportinggrowth

to maturity. The introduction of fill material eliminates those functions and permanently removes
the habitat from production.

Fill material can modify current patterns and water circulation by obstructing flow, changing the
direction or velocity of water flow and cintation, or changing the dimensions of a water body

As a result, adverse changes can occur in the location, structure, and dynamics of aquatic
communities; shoreline and substrate erosion and deposition rates; the deposition of suspended
particulates; theate and extent of mixing of dissolved and suspended components of the water
body; and water stratificatioffNMFS 1998a)

In coastal watersjlF that causetheloss of low gradient habitat or native substrate will likely
negativdy affect salmon rearing in the arddearshore shallow slopes are important to juvenile
salmonidsecause they providstimal feeding habitashelter from high currents, and shelter
from predators. Both the abundance and productivigdoftsalmon and salmopreyare

affected by habitat gradiesifCelewycz and Wertheimer 1994he abundance of food
organisms for juvenile salmon appearsigobe affected by habitat gradisr{Sturdevant et al.
1994) In addition to salmonifill in coastal watergnay affectjuvenile flatfish thatear in
nearshore areasdhave specific depth, slope, and substrate prefer¢humes and Norcross
1995)that limit their distribution and abundandéearshore juvenilddtfish habitat preferences
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vary by species, buhose that rear in nearshore argeserallypreferintertidal to shallow
subtidal areas with substrate conditions that allow the animal to easily bury itself.

Fill that causes a loss of circulation in the nearshore arealsagliminish important food
sources for juvenile salmand other managed spexiPelagic zooplanktois an important food
source for juvenile pinkrad chum salmoiiSturdevant et al. 1996Jooplanktondistributionand
abundancelepend®n currentgo transport theooplankton from déhore areas to nearshore
areas

Recommended Conservation Measures

The following recommended conservation measures should be viewed as oppi@vetdand
minimize adverse impactseom the discharge of fill material on EFdhdto promote the
>éohservation, enhancement, and proper functioning of EFH.
A Federal, state, and local resource management and permitting agencies should address the
cumulative impacts of fill operations on ERdd consider them in the permitting process
for individual projects.

A Minimize the areal extent of any fill in EFH or avoid it entirely. Mitigate all-non
avoidable adverse impagts appropriate

A Consider alternatives to the placement of fill in areas shpport managed species
Identify and characterize EFH functions/services in the project areas so that appropriate
mitigation can be determingifl necessary

A Fill should be sloped to maintain shallow water, photic zone productivity; allow for
unrestrcted fish migration; and provide refifpr juvenile fish.

A In marine areas of kelp and other aquatic vegetation, fill (including artificial structure fill
reefs) should be designed to maximize kelp colonization and provide areas for juvenile
fish to sheler from high currents and predators.

A Fill materials should be tested and be within the neutral range of 7.5 to 84 ipldrine
545  Wwatersthis pH range will maximize colonization of marine organisms. Excessively
alkaline or acidic fl material should nobe used.

Vessel OperationsTransportation, and Navigation

The demand for increased capacity of marine transportation vessels, facilitiegrastd.cture

is a global trend in responsett@eincreaseof humanbased needs coastal areas.sA\coastal
areas grow, thereraassociate@hcreassin vessel operations for cargo handling activjtiester
transportation serviceand recreational opportunitié€3ohnson et al. 2008)n Alaska, the

growth in coastal communities acingdemands on port districts to increase infrastructure to
accommodate additional vessel operations for cargdlimgrand marine transportation. Port
expansion has become an almost continuous process due to economic growth, competition
between ports, and significant increases in vessed. dizaddition, increasd boat salefave led

to additionalpressurs to impoveand build new harboysvhich isan important factor in Alaska
because of the limited number of roads
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Potential Adverse Impacts

Activities associated withhe expansion of port facilities, vessel/ferry operations, and
recreational marinas cafirecly and indiredly impact EFH Potential mpacts include(1) the
loss andor impairmentof benthic, shoreline, and peladiabitas; (2) altered light regimes and
| %b ofSAV; (3) altered temperature regimes; i@reasediltation, sedimentation, and
turbidity; (5)the release afontaminang and debrigSection 4.2.6)(6) atered tidal, current, and
hydrologic regimesand (7) the introduction of invasive or nonnative spe@est{on5.2.6).

Potential adverse impacts EFH can occur during both constructiordaperation phase®ne
of the most obvious habitat impacts related to the construatiamport or marina facility ithe
alteration or loss of physical space taken up by the structures refjuiseath a facity. In
Alaska,open cell sheet pildock faces with backfill are often used to construct or expand
existing facilities. Sucklesignsreplace existing areas of shallostow moving water with deep
fast moving water across a sheer sheet pile face. Therguehreas of slosv moving water
where juvenile fish tend to be more abundaneieliminatedalong withthe clearer water
microhabitats in the intertidal area that allow for aisieeding.

An increase in the number and sizepératingvessels casausemore wave and surge effects

on shorelines. Vessel wakes can cause a significant increase in shoreline erosion, affect wetland
habitat, and increase water turbidity. Vessel prop wash can also damage aquatic vegetation and
disturb sediments, which maycirease turbidity and suspend contaminéidtsin 1997,

Warrington 1999)When anchored in shallow nearshore watesynng buoysan drag the

anchor chain across the bottom, destroying submerged vegetation and creating a circular scour
hole (Walkeret al. 1989)

The altered light regimes caused by these facilities and operationastal watermay affect
primary production. Docks and piers block sunlight penetration, alter water flow, introduce
chemicals, and restrict access and navigaBding densitycan alsaaffectthe amount of light
attenuation created by doskructuresTheheight width, and composition of the structures, as
well as the orientatioof the structure in relation to the swan influence how large a shade
footprint an overwatestructure may produce and how much of an adverse impact that shading
effect may have othe locdized habitafFresh 1997, Burdick and Short 1999, Fresh et al. 2001,
Landry et al. 2008, Gladstone and Courtenay 2014)

Nearshore temperature regimes amaogicalcommunitiescan be alteredia the constration of
seawalls and bulkheadsh@&elinesthat have been modifigdvariably contaifess vegetation

than natural shorelinesdcan reducaaturalshadingand cause increases in water temperatures
in the nearshormtertidal zoneand in riversConverselyseawalls and bulkheads constructed
along north facing shorelines may unnaturally reduce lighls(and primary production rates)
and reduce water temperatures in the water column adjacent to the stridctbnsen et al.

2008)

Changes in water quality due to increas#ition, sedimentation, and turbidity can also result
from marina/port facility construction and operatid he nadequate flushing of marinesy
cause changes water quality(USACE 1993, Klein 198). For instance, gor flushing in
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marinas can increase temperature and raise phytoplankton populations with nocturnal dissolved
oxygen level declines, resulting in organism hypoxia and pollutant ig@atslwell et al. 1980)
An exchange of at least 30 percent of the water in the marina during a tidal change should
minimize temperature increases and dissolved oxygen prolGamdwell et al. 1980)n
addition,vessel operations poagisk of accidental spillsvhich wouldaffect water quality and,
in turn, the organisms and habitétéichel et al. 2013)Diesel the most commonly used fued,
considered one of the most acutely tayjoes ofoil. Fish, invertebrates, and plarnltst come in
direct contact with a diesel spill may be killédsh kills have been reported for small spills in
confined, shallow water Crabs and bivalves caiso be impactettom small diesel spills in
shallow, nearshore areas. These organisms bioadate the oil but will also depurate the oil,
usually over a period of several weeks after expo@diehel et al. 2013)

During port developmenlargesectionsof shorelinearetypically replaced with impervious
surfacessuch as concrete and asph@tiese surfaces exacerbstermwater runoff and can
increase the siltation arsdimentation loadsnd contaminants estuarine and marine habitats
This increase in hard surfaces close to the marine enviroratsemtensifies nonpoint surface
discharges, adds debris, and reduces buffers between land use and the aquatic ecbgystem
lead todirect, indirect, and cumulative impacts @wariety of habitats includinghallow

subtidal, deep subtidal, eelgrass bed, mudkaid shoal, rogkreef, and salt marsh habitats
Bulkheads, jetties, docks, and pilings can create watertttrapaccumulate contaminants or
nutrients washed in from ladzhsed sources, vessels, and facility structures. These conditions
may create areas of low dissolved oxygen, dinoflagellate blooms, and elevatedJolirson et
al. 2008) Potential mpacts would be sitgpecific structureggenerallyinterfere with longshore
sediment transport processes resulting in altered substrate amalgamation, bathymetry, and
geomorphologyChanges irthe type and distribution of sediment may alter key plant and animal
assemblages, starve nearshore detogigledood websand disrupt the natural processes that
build spits and beachéNightingale and Simenstad 2001b) addition, the protected, lew
energy nature of maras and ports may alter fish behavior as juvenile fish show an affinity to
structure and may congregate around breakwaters or bulkfidigtitingale and Simenstad
52002.b)

Recommended Conservation Measures

The following recommended conservation measures should be viewed as oppievetdand
minimize adverse impactd vessel operations, transportation infrastructure, and navigation to
EFH andto promote the ceservation, enhancement, and proper functioning of EFH.

A Locate marinas in areas of low biological abundance and diveFsitexample, when
possible, avoid the disturbance of eelgrass or @Ré&f, including macroalgae, mudflats,
and wetlandsas part othe project design. In situations where such impacts are
unavoidable, consider mitigation as appropriate.

A When docks must be constructed over seagrass or@herconsider these measures to
minimize impacts to theegetation(Landry et al. 2008, Gladstone and Courtenay 2014)

0 Unless absolutely unavoidablayild docks so that thegxtendoutinto deep watefor
boating purpose® maintain the integrity of the shallow veaitseagrass beds between
docks.
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0 Use light transmitting docks (e.@luminummesh decking instead of wooden decks)
to reduceseagrass loss and bed fragmentatioa to shading

0 Minimize the effects of shading by minimizing the dock width, maximizingltok
height, and orienting the dock in a manner that decreases the area and time the space
under the dock is left shaded during the day.

Leave riparian buffers in place to help maintain water quality and nutrient input.

Include lowwake vessel technologgppropriate routes, and BMPs for wave attenuation
structures as part of the design and permit process. Vessels should be operated at
sufficiently low speeds to reduce wake energy, and/ake zones should be designated
near sensitive habitats.

IncorporateBMPs to prevent or minimize contamination from ship bilge waters,
antifouling paints, shipboard accidents, shipyard work, maintenance dredging and
disposal, and nonpoint source contaminants from upland facilities related to vessel
operations and navigation

Locate mooring buoys in watedeep enough to avoid grounding and to minimize the
effects of prop wash. Use subsurface floats or other methods to prevent contact of the
anchor line with the substrate

Use catchment basins for collecting and storingesarfunoff from upland repair
facilities, parking lotsand other impervious surfaces to remove contaminants prior to
delivery to any receiving waters.

Locate facilities in areas with enough water velocity to maintain water quality levels
within acceptableanges.

Locate marinas where theyll not interfere with natural processes so as to affect
adjacent habitats.

To facilitatethe movement of fish around breakwaters, breach gaps and construct shallow
shel ves t o s e roasaappeopriat@Dften Behchds areexgamded shelf
features used in common tepe stabilization transitions within the breakwater design
Benches need to provide for unrestricted fish movement throughout all tidal stages.

Harbor facilities should be designed to include pcat measures for reducing,
containing, and cleaning up petroleum spills

Stage oil spill response equipment at several planned locations throughout the shipping
route to facilitate any accidental spillage of vessel cargo or fuels.

Invasive Species

Basd onPresidential Executive Order 13112, an invasive species is a species that is nonnative
to the ecosystem under consideration and whose introduction causes or is likely to cause
economic or environmental harm or harm to human hegtté.ntroduction d aquaticinvasive
species into estuarine, riverine, and marine habitatbden well documentgdohler and

Courtenay 1986, Rosecchi et al. 1993, Spence et al. 2886)an be intentional (e.g., for the
purpose of stock or pest control) or unintentional (e.g., fouling organisms). Exotic fish, shellfish,
pathogens, and plants can be spreadndastial and commerciadhipping, recreational boating,
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aquaculture, biotechnology, and aquariums. inlreductionof nonnativeorganisms to new
environments can have many severe impacts on hafiitatori et al. 1994)

Ballast waterwater that is taken in or released by cargo vessels to compensate for changes in a
shipds weight as cargo is | oaded aramaanl oaded
sourceof introducing invasive specidésto aquatic ecosystem$ When a vessel takes in ballast

water, italso takes in aquatic organisms that may be carried from one port to another along the
vessel 6s route. When ball as tbeintradusedintonew r el ease
environments where tigecan cause environmental harfime EPA has historically exempted

ballast water discharges and other discharges incidental to the normal operation of vessels

(Ai nci dent al tCWACNatoomagPeligamt)Disdharge Elimination System

(NPDES permit requirements. However, on December 18, 208EPA signed the final

Vessel General PermiVGP) (73 FR 79473December 29, 2009vhich went into effect in

Alaska onFebruary 6, 2009 (74 FR 704Rebruaryl2, 2009. Under the VGP, aNessels

operating as a means of transportatodthat discharge ballast water or other incidental

discharges int®J.S.waters require coverage except for (1) recreational vessels as defined in

CWA 8§ 502(29 and (2) vesselsfdhe armed forces as defined in 40 CFR § 1700.3. In addition,

as required by &b.L. No. 116299, commercial fishing vessels and nonrecreational vessels that

are less tha@4 m (79 ft) in length are not subject to this permit with the exception of ballast

water discharges.

l nvasive aquatic species that are considered
include:northern pike Esoxluciug, Atlantic salmon $almo salay, Chinese mitten crab

(Eriocheir sinensiy signal crayfish Racifastacuseniusculu$, zebra musseDeissena

polymorphd, New Zealand mudsnaiPbtamopyrgusntipodarum), water thyme lydrilla

verticillata), dotted duckweed_@ndoltia[Spirodeld punctatg, saltmarsh cordgrasSgartina
alterniflora), denseflowered cordgraséS. densiflorg, purple loosestriféLythrum salicarig,

Eurasian watemilfoil and(Myriophyllum spicatur)y) reed canary gras®lalaris arundinacep

Japanese knotweeBdlygonum cuspidatumswollen bladderwort{tricularia inflata), and
tunicategBotrylloides violaceuandDidemnum vexilluln(ADF&G 2002)%*

Relatively few aquatic invasive species have been documented in Alaska although a wide

diversity of nonnative taxonomic groups have colonized coastal ecosystentiser parts of the

U.S. (McGeeetal.2006) Al askads geographic i d¢nttdati on, ha
number othighly disturbed habitat areas, stringent pkamd animal transportation laws, and

small human population may explain the relative lack of invasion compared to more temperate
sites in North AmericfADF&G 2002, McGee et al. 2006As economic activity and population

size increase and the climatentinues tahange, the likelihood of aquatic invasive species
establishing in Alaska will increag&rebmeier et al. 2006 McGee et al. 2006According to

ADF&G (2002) fpotential introduction pathwayaclude fish farms, the intentional movement

of game or bait fish from one aquatic system to another, the movement of large ships and ballast
water fromthdJ.S'\West Coast and Asia, fishing vessels
fishing ports, constrction equipment, trade of live seafood, aquaculture, and contaminated sport
angl er gear br ourgnbwnedtfishingsitem s k ads wor | d

2 http://www.epa.gov/owow/invasive_species/ballastwaterFINAL.pdf
2 http://www.adfg.alaska.gov/index.cfm?adfg=invasiveprofiles.didemnum_characteristics
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The Alaska Invasive Species Working Grd@gpSWG) was formed in 2006 to minimize

invasive species impacts in Alasky facilitating collaboration, cooperatiaand communication
among AISWG members and the people of Ala3ke AISWG iscomposedf representatives
from state, federal, university, citizen, native, conservation, and military organizations. Current
information on invasive species in Alaska can be foundnat.uaf.edu/ces/aiswg heAlaska
AquaticNuisanceSpeciesManagemeniPlan (ADF&G 2002)focuses on prevention of invasions
by the major invasive threats. The main goals of the plan are to coordinate with the public and
with federal, state, local, and tribal governments foipile@ention and monitoring of invasive
species and the development of an effective public information program.

l nvasive species pose a serious threat to Al a
coastlines, busy shipping centeasid a large amau of imported goods give invasive species a

variety ofways to enter Alaskanwateoor di nati on and cooperation
organizations and their available resources is critical to successfully control and prevent invasive
species in Alask(ADF&G 2002)

Potential Adverse Impacts

hddsive species can create five types@gative effectsn EFH (1) habitat alteration, (2)

trophic alteration, (33patial alteration(4) gene pool alteratigrand (5) introduction of diseases

Habitat alteration includes the excessive colonizaipsessilenvasive species, which

preclues the growth of endemic organisims/asive species may alter community strugture

particularly the trophic structurby preyingon native speciegndby increasing their own

populationlevels Introduced organismsmay competavith indigenous species preyon

indigenous species which can redunegivefish and shellfish populationsor example, in
freshwater | akes on Al askaods Kenai Peninsul a,
salmonid populations through rampamggnile predatiofADF&G 2007) Spatial alteration

occurs when territorial introduced species compete with and displace native .speeies

introduction of invasive organisms also threatens native biodiversity and could lead to changes in
relative abundance of species amdividuals that are of ecological and economic importance

Longterm impacts from the introduction of nonindigenous speciesnctute a decrease the
overall fitness and genetic diversity of natural stogdhough hybridization is rare, it may
occur between native and introduced species and can result in gene pool deterPottiotial
longterm impacts also include the spread of lethal dise@besintroduction of bacteria,
Wrlses, and parasitesasevere threat to EFH as it may reduceitaalguality. New pathogens
or higher concentrations of disease can be spread throughout the environment, resulting in
deleterious habitat conditions.

Recommended Conservation Measures

The following recommended conservation measures should be viewpticas dopreventand
minimize adverse impactd invasive specie EFH and tgromote the conservation,
enhancement, and proper functioning of EFH.
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A Uphold fish and game regulations of the Alaska Board of Fisheries (AS 16.05.251) and
Board of Game (A396.05.255) which prohibit and regulate the live capture, possession,
transport, or release of native or exotic fish or their eggs.

A Adhere to regulations and uB&Psoutlined in the State of Alaska Aquatic Nuisance
Species Management PIERDF&G 2002)andManagement Plan for Invasive Northern
Pike in Alaska ADF&G 2007).

A Encourage vessels to perform a ballast water exchange in marine waters (in accordance
with the U.S. Coast Guardés voluntary regu
introducing invasive estuarine species into similar habitats. Ballast water takerhen in t
open ocean will contain fewer organisms, and these will be less likely to become invasive
in estuarine conditions than species transported from other estuaries.

A Discourage vessels that have not performed a ballast water exchange from discharging
their kallast water into estuarireceiving waters.

A Require vessels brought from other areas over land via trailer to clean any serfaces
propellers, hulls, anchors, fendetisat may harbor nenative plant or animal species
Bilges should be emptied antkaned thoroughly by using hot water or a mild bleach
solution. These activities should be performed in an upland area to pileent
introduction of nomative species during the cleaning process.

A Treat effluent from public aquaria displays and labeiesoand educational institutes
using nonnative species before discharge to prevent the introduction of viable animals,
plants, reproductive material, pathogens, or parasites into the environment.

A Encourageheproper disposal of seaweeds and other ptaaterials used for packing
purposes when shipping fish or other animals. These materials may harbor invasive
species and pathogens and should be treated accordingly.

A Undertake a thorough scientific review and risk assessment before angtanspecies
547 are introducedhto the environment

Pile Installation and Removal

Pilings are an integral component of many overwater afwhber structureHanson et al.

2005) They supprt the decking of piers and docks, function as fenders and dolphins to protect
structures, support navigation markers, assisin breakwater and bulkheawnstruction

Materials used in pilings include steel, concrete, wood (both treated and unirelastt), or a
combinationof these material@dHanson et al. 2005)

Impact or vibratory hammers are typically used to drilespnto the substraiglanson et al.

2005) Impact hammers consist of a heavy weight that is repeatedly dropped onto the top of the
pile to drive the pilanto the substrate. Vibratory hammers use a combination of a stgtiona

heavy weight and vibration in the plane perpendicular to the long axis of the pile to force the pile
into the substrate. The type of hammer used depends on a variety of factors including pile
material and substrate type. Impact hammers can be useddalitypes of piles, while

vibratory hammers are generally most efficient at driving piles with a cutting edge (e.g., hollow
steel pipe) and are less efficient at driving displacement piles (those without a cutting edge that
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must displace the substratBisplacement piles include solid concrete, wood, and cleedd
steel pipgHanson et al. 2005)

Pile Driving
Potential Adverse Impacts

Feist et al. (1996)ported that pikelriving operationaffectedthe distribution andbehavior of
juvenile pink salmon and chum salmon. Fish may leave an area for more ssptableng
S.¢founds or may avoid a natural migration path because of noise disturbances. Pile driving can
sgeherate intense underwater sound pressure waves that may adversely affect EFH. These
pressure waves have been shown to injurekdhiish (CalTrans 2001, Lngmuir and Lively
2001, Stotz and Colby 2001, Stadler 2002aves are much more likely to affect bottdming
fishes and invertebrates thtéhose in the water colunfawkins et al. 2014 Fish hjuries
associated directly with pile driving are poorly studied but incthdeupture of the swim
bladder and internddemorrhaing (CalTrans 2001, Abbott and Birigawyer 2002, Stadler
2002) However, we still know very little about the effects of anthropogenic sounds oariidh,
the extrapolation of these findings to the samends under other conditigrig other fish
speciesor to wild animals from caged fish studiesiot possibléPopper and Hastings 2009)

The underwater sounds produced by pile driving are typically characterized by multiple rapid
increases and decreases in sound pressure over a very short period of time. The peak pressure is
the highest absolute value of the measured waveform and carebetav@ or positive pressure
peak(Popper 2006)The type and intensity of the sounds produced during pile driving depend on
a variety of factors, including the type and size of the pile, the firmness of the substrate into
which the pile is being driven, tlteepth of water, and the type and size of theghileing

hammer. SPLs are positively correlated with the size of thesipig@more energy is required to
drive larger piles. Wood and concrete piles appear to produce 8®esthan hollowsteel piles

of a similar size although it is unclear if the sounds produced by wood or concrete piles are
harmful to fishesHollow steel piles with a diametef 35.5 cm {4 in) in diameter have been

shown to produce SPLs that can injure {iRleyff 2003) Firmer substrates require more energy

to drive piles and produce more intei®eLs Sound attenuates mamgpidly with distance from

the source in sdllow water than it does in deep watRiogers and Cox 1988, CADoT 2009,

CADoT 2015)

Driving large hollow steel piles with impact hammers produces intense, sharp spikes of sound
that can easily reaclmjuriouslevels to fish. Vibratory hammers, on the other hand, produce
sounds of lower intensity with a rapid repetition rate. A key difference between the sounds
produced by impact hammers and those produced by vibratory hammers iptmsesshey

evoke in fish When exposed to sounds that are similar to those of a vibratory hammer, fish
consistently displayed an avoidance resp@asger et al. 1993, Dolat 1997, Knudsen et al.

1997, Sand et al. 200(nd they didhot habituate to the sound even after repeated exgosure
(Dolat 1997, Knudsen et al. 199Fish may respond to the first few strikes of an impact hammer
with a startle response. After these initial strikes, the startle response wanes, and fish may remain
within the field of a potentially harmful sourfBolat 1997, NMFS 2001)lhevariousresponses

to these sounds are due to the differences in the duration and frequency of the sounds
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When conpared to impact hammers, the sounds produced by vibratory hammers are of longer
duration (minutes versus milliseconds) and have more energy in the lower freqalege(15 to

26 Hz versus 100 to 80dz) (Wirsig et al. 2000, Carlson et al. 200%judies have shown that

fish respond to particle acceleration ddDm/seg atinfrasound frequencies, that the response to
infrasound is limited to the nearfield (less than 1 wavelength), and that the fish must be exposed
to the sound for several secon@sger et al. 1993, Knudsen et al. 1994, Sand et al. 2000)

Impact hammers, however, produce such short spikes of sound with little energy in the
infrasound range that fish fail to respond to the particle m@@amison et al. 2001Y hus,

impact hammers may be more harmful than vibratory hamneeaulse they produce more

intense pressure waves and because the sounds produced do not elicit an avoidance response in
fishes.

The degree of damage is not related directly to the distance of the fish from the pile but to the
received level and duration thfe sound exposufélastings and Popper 2003he degree to

which an individual fish exposed to sound will be affected dependvanedy of variables
including (1) fishspecies(2) fish size, (3) presence of a swim bladder, (4) physical condition of
the fish, (5) peak sound pressure and frequency, (6) shape of the sound wave (rise time), (7)
depth of the water around the pile, (8) depth of thle ifn the water column, (9) amount of air in
the water, (10) size and number of waves on the water surface, (11) bottom substrate
composition and texture, (12) effectiveness of bubble csreiad othesound/pressure

attenuation technology, (13) tidal cents, and (14) presence of predatBrspending on these
factors,adverseeffects on fish can range frobpehaviorachangeto immediate mortality

(Hastings and Popper 2005, Popper 2006)

Minimal data exist on th8PL required to injure fistBPLs 100 decibels (dB) above the
threshold for hearing may be sufficient to damage the auditory system in manyHakgsgs
2002)SPLs of 155 dB re leg¢Pa may be sufficient t ¢
not physically injured, are more susceptible to predatio8008, theFHWG developed the
Agreenent in Principal for Interim Criteria for Injury to Fish from Pile Driving Activiti@&ased
on this agreemeniyMFS considerghysical injury to begin when peak SREeach 206 dBe 1

¢ Pduring a single strike and/or when the accumulated sound exposureSElgf{om
multiple strikes reaches 187 dBe  1f cerP al a r Reyanfs [g§OtD@osince @)]) or

183 dBr e 1for snialhfishes (< 2 §0.07 oz) (CADoT 2015) However,our knowledge on
the sound levels at which mortality injury mayoccur is limited for juvenile and addlsh and
practically noexistent for fish eggs and larvéieopper and Hastings 2009)sh larvae may
suffer more from underwater sound than older life stages simply bgoaaade and adultish
can activelyswim away from a sound soureehile planktoniclarvae are passively transported
by currents andherefore not capable of avoidig sound exposui@olle et al. 2012)

Shortterm exposure to peak SPLs above 190 dB Jisgh®ught to impose physical harm on
fish (Hastings 2002)Ruggerone et al. (2008judied the effects of pHériving exposure on
yearling coho salmooaged nar (1.8t0 6.7 m[5.9t0 21.98 ft) hollow steel piles. Although the
SPLsr eac hed 20 @withdcBmulatere SEL of 203 dBo significant changes in
behaviorwere observed duringle driving, and no fish were physically injuredowever,
researchis could not exclude all potential injuries to the test fisbause researchers did not
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examine for potential injuries immediately after exposure or potential injuries to the auditory
system, injuries that may have occurred at the cellular level, os stiased by pile driving.

Small fish are more prone to injury by intense sound than are larger fish of the same species
(Yelverton et al. 1975)or example, a number of surfperchasirffer] Cymatogasteaggregaté
andstriped[Embiotoca lateralif) were killed during impact pile drivin@tadler 2002)Most of

the dead fish were the smalfer aggregataand similarsized specimens &. lateraliseven

though many largdE. lateraliswere in the ame area. Dissections revealed that the swim
bladder of the smallest fish (80 niB115 in]fork length [FL]) was completely destroyed, while
that of the largest individual (170 mi§.69 in] FL) was nearly intact, indicating a size
dependent effect. The SPIthat killed these fish are unknowdf the reported fish kills
associated with pile driving, all have occurred during use of an impact hammer on-sialébw
piles (Longmuir and Lively 2001, NMFS 2001, Stotz and Colby 2001, NMFS 2003)

Systemausing air bubbles have besaccessfully designed to reduce the adverse effects of
underwater SPLef pile drivingon fish Both confined i(e., metal or fabric sleeve) and
unconfined air bubble systems have been shown to attenuate underwater sound pressures
(Longmuir and Lively 2001, Christopherson and Wilson 2002, Reyff and Donovan. 2008
using an unconfined air bubble system in areas of strong currents, it is critical that the pile be
fully contained within the bubble caiih. To accomplish this when designing the system,
adequate air flow and ring spacing, both vertically and in terms of distance from the pile, are
factors that should be considered.

5482 Recommended Conservation Measures

Common measures to reduce timelerwatesound generated by-imater pile drivingnclude
treatmentsd reduce the transmission of sound through the watetraatinents to reduce the
sound generated by the p{fleADoT 2015) The following recommended conservatimeasures
should be viewed as optionsgeeventand minimize adverse impadaspile driving to EFHand
to promote the conservation,l@ncement, and propmctioning of EFH.

A Install hollow steel piles with an impact hammer at a time of year when larval and
juvenile stages of fish species with designated EFH are not present

If this first measure is not possible, then the followingasures regarding pile driving should be
incorporated when practicable to minimize adverse effects:

A Drive piles during low tide when they are located in intertidal and shallow subtidal areas.

A Use a vibratory hammer when driving hollow steel piles. Whmyact hammers are
required due to seismic stability or substrate type, drive the pile as deep as possible with a
vibratory hammefirst and then use the impact hammer to drive the pile to its final
position.

Follow standard procedures to measure amdlyaathe underwater noise from pile drivir(gee
CADoT 2015) Implement measures to attenuate the sound shexdtsexceed thenterim
criteria thresholds: when peak SReach 206 dB e  lduringPaasingle strike and/or when the
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accumulated SEL from multiple strikes reaches 187 dB 1f cerP al ar R2g[0.07i08)hes ( O
or 183 dBr e 1for snialhfishes (< 2 §0.07 oz). If sound évelsare anticipated to exceed
theseacceptable limits, implement appropriate mitigation measwigsn practicableMethods

to reduce th&PLsand SELsnclude, but are not limited to, the following:

A Surround the pile with an air bubble curtain systenairfilled coffer dam.

A Because the sound produced has a direct relationship to the force used to drive the pile,
use a smaller hammer to reduce sound pressure.

A Use a hydraulic hammer if impact driving cannot be avoided. The force of the hammer
blow canbe controlled with hydraulic hammergducing the impact force will reduce
the intensity of the resulting sound.

A Drive piles when the current is reduced (i.e., centered around slack current) in areas of
strong current to minimize the number of fish exq@bto adverse levels of underwater
sound.

Pile Removal

5.4.9 Potential Adverse Impacts

STel primary adverse effect of removing piles is the suspension of sediments which may result in
harmful levels of turbidity antherelease of contaminants contained in theesdimentsThe

methods generallysedfor pile removalarevibratory removal, breaking @autting below the

mudline, direct pull, and use of a clamsh¥ibratory pile removal tends to cause the sediments

to slough off at the mudline, resulting in relatly low levels of suspended sediments and
contaminants. Vibratory removal of piles is gaining popularity because it can be used on all types
of pilesas long ashey are structurally sound. Breaking or cutting the pile below the mudline

may suspend onlyngall amounts of sediment pro@dthat the stub is left in place, and little

digging is required to access the pile. Direct pull or use of a clamshell to remove broken piles
may suspend large amounts of sediment and contaminants. When the piling i§quonltde

substrate using these two methatie,sediments clinging to the piling slough off as it is raised
through the water column, producing a potentially harmful plume of turbidity areléasing
contaminantsMoreover, he use of a clamshell may pesd additional sediment if it penetrates

the substrate while grabbing the piling.

While there is a potential to adversely affect EFH during the removal of piles, many of the piles
removed in Alaska are old creosdteated timber pilesSThe removal oftiese piles may provide
FbfAdterm benefits to EFince chemicals from the piles can leach out, introducing toxins into
the water columiiPerkins 2009)Therefore, in some cas@smoving a chronic source of
contamination may outweigh the temporary adverse effeit€asedurbidity.

Recommended Conservation Measures

The following recommended conservation measuregldhxe viewed as options pyeventand
minimize adverse impactd pile removal to EFHindto promote the conservation,
enhancement, and proper functioning of EFH.
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A Remove piles completely rather than cutting or breaking them off if they are structurally
sound.

A Minimize the suspension of sediments and disturbance of the substrate when removing
piles. Measures to help accomplish this include, but are not limited to, the following:

o When practicable, remove piles with a vibratory hammer rather than usidgebe
pull or clamshell methaxl

o0 Remove the pile slowly to allow sediment to slough off at or near the mudline.

0 The operator should first hit or vibrate the pile to break the bond between the
sediment and the pile to minimize the potential for the pileéakandto reduce the
amount of sediment sloughing off the pile during removal.

o Encircle the pile or piles with a silt curtain that extends from the surface of the water
to the substratto help contain the sedimentation.

A Complete each pass of the cldmalto minimize suspension of sediment if pile stubs are
removed with a clamshell.

A Place piles on a barge equipped with a basin to contain attached sediment and runoff
water after removal. Creosetieated timber piles should be disposed of properly to
prevent reuse in the marine environment, and all debris, including attached contaminated
sediments, should be disposed of in an approved upland facility.

A Using a pile driver, drive broken/cut stubs far enough below the mudline to ptegent
release of containants into the water column asaternative to their removal.

54.10 Overwater Structures

Overwater structures include commercial and residential piers and docks, floating breakwaters,
barges, rafts, booms, and mooring buoys. These strueitggpically located in intertidal areas

out to aboutl5 m @9 ft) below the area exposed by the mean lower low tide (i.e., the shallow
stiftidal zonejHanson et al. 2005)

Potental Adverse Impacts

Overwater structuresan primarilyadversely affect EFiia: (1) changes in ambient light
conditions,(2) alteratiors of the wave and curreenhergy regimg (3) releaseof contaminants,
and(4) activities associated with the use aneérmpion of theoverwaterfacilities (Nightingale

and Simenstad 2001Although the effect of some individual overwater structures on EFH may
be minimal, the ouall impact may be substantial when considering cumulative effects of
multiples structures in a given area.

Changes in ambient light conditions are caused by the shade/énaiter structures can create
which reduces the light levels below tsteucture. The size, shape, and intensity of the shadow
cast by a particular structure depends upon its height, width, construction materials, and
orientation. Highnarrow piers and docks produce narrower, more diffuse shadows than low
wide structures.nl addition, less light is reflected underneath structures built with-dilgborbing
materials (e.g., wood) than structures built with kgtftecting materials (e.g., concrete or steel)
(Hanson et al. 2005)ight-transmitting decking (e.g., aluminum grating) also minimizes
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shadingcompared to nograted material (e.g., wooden planksandry et al. 2008)The

preferred orientatiofor docks and other overwater structures depends on theatioenof the
shoreline and angle of the sun at the site. Shade can be redunadrigzing the width and
maximizing the height of the structure anddrenting the structure in a manner that decreases
the area and time the space under the structuri gheeded during the dgl.andry et al. 2008,
Gladstone and Courtenay 2014)

The shading causexh overwater structure affects the plant and animal communities below the
structure. Distributions of plants, invertebrates, and fishes appear severely limited hlaocider
environments when compared to adjacent, unshaded, vegetated habitatpiéimidgt levels

can fall below threshold amounts for the photosynthesis of diatoms, benthic algae, eelgrass, and
associated epiphytes. These photosynthesizers are an essentialh@areafshore habitat and

the estuarine and nearshéwed webshat suppdrmany species of marine and estuarine fishes
Eelgrass and other macrophytes can be reduced or eliminated through partial @leedinget

al. 2008, Gladstone and Courtenay 2014)

Areas under largeverwater structures like piease suboptimal habitateot only for benthic

fishes but also fomany of the abundant pelagic fisH@adble et al. 2013)Shading can directly
adversely affect fish whictely on visual cues for spatial orientation, prey capture, schooling,
predator avoidance, and migrati@@uinn 2005) The reducedight conditions found under an
overwater structure may limit the ability of fishes, especially juveniles and larvae, to perform
these essential activitieSor instance, several studies have shown thegnjile salmonids
avoidedswimming beneath overwater structyresggesting that these structures may ditlay
out-migration of juvenile salmoand increase the risk of predation by exposing young salmon to
larger fish(Toft et al. 2007, Munsch et al. 2014)

Shading from overwater structures may afstirectly affect fish byreduéng prey abundance
andhabitatcomplexityvia a decrease iaquatic vegetation and phytoplankton abundance

(Kahler et al. 2000, Haas et al. 200@)asby (1999Jound that epibiotic assemblages on pier

pilings at marinas subject to shading werarkedly different than in surrounding areas. Other

studies have shown shaded epibenthos to be reduced relative to that in open areas. These factors
are thought to be responsible for the observed reductions in juvenile fish populations found under
piers awl the reduced growth and survival of fishes held in cages under piers when compared to
open habitat§Able et al. 1998, DuffyAnderson and Able 1999)

The potential alterations of wave and current energy regimes from overwater structures can
impact the nearshore detrital food web by altering the size, distribution, and abundance of
substrate and detrital materigi¢anson et al. 2005Y he structures can disrupt transport, thus
altering substrate composition, and can act as barriers to natural processes which build spits and
beaches and provide substrates required for plapagetion, fish and shellfish settlement and
rearing, and forage fish spawnitiganson et al. 2005)

Treated wood used for pilings and docks releases contaminants into satwatemments

PAHs are commonly released from creogotated wood. PAHSs can cause a variety of
deleterious effecte(g.,cancer, reproductive anomalies, immune dysfunction, and growth and
development impairment) to exposed f(§bhnson et al. 1999, Johnson 2000, Seelat. 2000)

112



Wood also is commonly treated withthet chemicals such as ammoniacal copper zinc arsenate
and chromated copper arsen@eston 2001)These preservatives are known to leach into
marine waters for a relatively short time after installation, but the rate of leaching varies
considerably depending on many factors. Concrete and stetle other hand, are relatively
inert and do not leach contaminants into the water.

The onstruction and maintenance of overwater structures often ingidveriving (Section
5.2.8 and dredging (Sectidn2.1); both of theseactivities may adversglaffect EFH.Please see
these previous sections for descriptions of potential adverse impacts to EFH.

Recommended Conservation Measures

The following recommended conservation measures should be viewed as oppievetdand
smipymize adverse impactd overwater structures to EFkhdto promote the conservation,
enhancement, and proper functioning of EFH.

A

A

Use upland boat storage whenever possible to minithezeeed for overwater
structures.

Developoverwater structures in deep enough waters to avoid intertidal and shade
impacts, minimize or preclude dredging, minimize groundings, and avoid displacement
of SAV as determined by a preconstruction survey.

Design piers, docks, and floats to be multiusdifees to reduce the overall number of
such structures and to limit impacted nearshore habitat.

Incorporate measures that increase the ambient light transmission under piers and docks
These measures include, but are not limited to, the following:

o Maximize the height of the structure and minimize the width to decrease the shade
footprint.

o Use reflective materials (e.g., concrete or steel instead of materials that absorb light
such as wood) on the underside of the dock to reflect ambient light.

o Use lighttransmitting materials (e.g., aluminum grating) instead ofgrated
materials (e.g., wooden planKtandry et al. 2008)

o Explore the use drtificial light to mitigate dock shading impac{see Ono et al.
2010)

o0 Use the fewest number of pilings necessary to support the structures to allow light
into underpier areas and minimize impacts to the substrate.

o Align piers, docks, and floats in a nogbuth orientation to allow the arc of the sun
to cross perpendicular to the structure to reduce the duration of light limitation.

Use floating rather than fixed breaiters whenever possible, and remove them during
periods of low dock use. Encourage seasonal use of docks esehetin hatbut.

Locate floats in deep water to avoid light limitation and grounding impacts to the
intertidal or shallow subtidal zoae
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A Maintain at leas0.30 m ( ft) of water between the substrate and the bottom of the float
at extreme low tide.

A Conduct inwater work when managed species and prey species are least likely to be
impacted.

A To the extent practicable, avoid the use of treatecivtiaabers or pilings. Ipossible
use alternative materials such as untreated wood, concrete, or steel.

A Mitigate for unavoidable impacts to benthic habitats. Mitigation should be adequate,
monitored, and adaptively managed.

Flood Control/Shoreline Protection

Structures placed along the shoreline to protect humans from flooding events berionde
breakwaters, jettieslikes, levees, ditchespncrete or wood seawalls, figp revetments

5'(lsllbping piles of rock placed against the toe of the dumdudirin danger of erosion from wave
action), dynamic cobble revetments (natural cobble placed on an eroding beach to dissipate wave
energy and prevent sand loss), vegetative plantings, and santihegs sucturescancause
changesn the physical, chemical, and biological characteristics of shoreline and riparian habitat
andcanhave longterm adverse effects on tidal marsh and estuarine hatft@iéC and NMFS
2014)

54111 Potential Adverse Impacts

Although highly variable, tidal marshes typically have freshwater vegetation on the landward
side, saltwater vegetation on the seawatd,sand gradients of species in between that are in
equilibrium with the prevailing climatic, hydrographic, geological, and biological features of the
coast. These systems normally drain through tidal creeks that empty into bays or estuaries
Freshwater mtering along the upper end of the marsh drains across the surface and enters the
tidal creekPFMC arl NMFS 2014)Dikes, levees, ditches, or otffeyod controlstructuresat

the upper end of a tidal marsh can cut off all tributaries feeding the marsh, preventing the flow of
freshwater, annual renewal of sediments and nutrients, and the formatmm nfarshes. Water
controls within the marsh can intercept and carry away freshwater drainage, thus blocking
freshwater from flowing across seaward portions of the marsh or imgyelas speed of runoff

of freshwater to the bayr estuaies These effectsan lowerthe water table which may permit
saltwater intrusion into the marsh and create migration barriers for aquatic $p&dS and

NMFS 2014)

In deeper channels where anoximditions prevail, large quantities of hydrogen sulfide may be
produced that are toxic to marsh grasses and other aquatic life. Acid conditions oh#resss

may also result intherelease of heavy metals from the sedim@ABEMC and NMFS 2014)
Contaminants maglso be released into the environment via leaching of chenfegls

creosote, chromated copper arsenate, and copper zinc arsenate) used on bulkheads or other wood
materials. Potential impacts of these chemicals on salmon include increased mortality and

adverse effects on behavior, development, navigékecht et al2007, Sandahl et al. 2007,

Baldwin et al. 2011, Mclintyre et al. 2012)

114



Longterm effectf shoreine protection structuremn tidal marshsinclude land subsidence
(sometimes even submergence), soil compaction, conversion to terrestrial vegetation, greatly
reduced invertebrate populations, and general loss of productive wetland charactef#tCs

and NMFS 2014)Changes irthe hydrology of coastal salt marshes can reduce estuarine
productvity, restrict suitable habitat for aquatic species, and result in salinity extremes during
droughts and flood§&lohnson et al. 2008\rmoring shorelines to prevent erosion and to
maintain or create shoreline real estarreduce the amount of intertidal habitat and affleet
nearshore processes and ecology of numerous s@gléams and Thom 2001 Potential
hydraulic effects on the shoreline include increased energy seaward of the armoring, reflected
wave energy, dry beach narrowing, substrate coargebeach steepening, changes in sediment
storage capacity, loss of organic debris, and downdrift sediment starvdi®nstallation of
breakwaters and jetties cahange the local community Vaurial or removal of resident biota,
changes in cover amteferred prey species, and predator attracBamilar toarmoring,
breakwaters and jetties modify hydrologgarshore sediment transpamd themovemens of

larval forms ofnumerouspeciegWilliams and Thom 2001)

Restoration projects often use bank stabilization aredream structures to create new habitat;
however, these projects often fail to consider the physical, chemical, and biological processes
that drivethe riverine ecosystefBeechie et al. 2010)

Recommended Conservation Measures
5.4.11.2

The following recommended conservation measures should be viewed as oppi@vetdand
minimize adverse impactd flood control and shoreline protection on E&Rtito promote the
conservationenhancement, and proper functioning of EFH.
A Avoid or minimize the loss of coastal wetlands as much as pgssitileurag coastal
wetland habitat preservation.

A Do not dike or drain tidal marshlands or estuaries

A Wherever possible, use soft approadieeg.,beach nourishment, vegetative plantings,
pl acement of LWD) in |ieu of Ahaeg,0 shor el
concrete bulkheads and seawallgoncrete or rock revetments).

A Ensure that the hydrodynamics and sedimentation patéee properly modeled and that
thestructured e si gn avoids erosion to adjacent pro
stabilization is deemed necessary.

A Include efforts to preserve and enhance fishery habitlffset impactsFor example,
provide new gravefor spawning or nursery habitats; remove barriers to natural fish
passage; and use weirs, grade control structures, and low flow channels to provide the
proper depth and velocity for fish

A Avoid installing new water control structures in tidal marshesfasthwater streamé.
the installation of new structures cannot be avoided, ensure that they are designed to
allow for optimal fish passage and natural water circulation.

A Ensure water control structures are monitored for potestiatges iwater tempeature,
dissolved oxygen concentration, and other parameters.
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A Use seasonal restrictions to avoid impacts to habitat during species critical life history
stages (e.g., spawnirgdegdlarval development periods). Recommended seasonal
work windows are genally specific to regional or watershéglel environmental
conditions and species requirements.

A Address the cumulative impacts of past, presend foreseeable future development
activities on aquatic habitats by considering them in the review procdtsoiicontrol
and shoreline protection projects.

A Use an adaptive management plan with ecological indicators to oversee monitoring and
to ensure that mitigation objectives are met. Take corrective action as needed.

Log Transfer Facilities/In-Water Log Storage

Rivers, estuaries, and bays were historically the primmaagns of transporting and storilogs
5.tilthe Pacific NorthweqPFMC and NMFS 2014)n Alaska, the use adstuariesbays and

nearby uplands fdog storage istill common mostLTFs arein Southeast Alaskaith a few in

Prince William SoundLTFs are constructed wholly or in partwaterways and used to transfer

commercially harvested logs to or from a vessel or logoréfi consolidatdéogs for

incorporation into log rafté€EPA 2000a)LTFs may usa crane, Aframe structure, conveyor,

slide or ramp to move loggom landinto the water. Logs can also be placed in the water at the

site by helicopters

5.4.12.1 Potential Adverse Impacts

The potential physical adverse effects of LTFs on EFH are similar sh#ting and other

effects of floating docks and other overwater dtrites(see Sectio®.2.10. However, the
accumulation of bark debris is unique to LTP&MC and NMFS 2014Bark and wood debris
may accumulaten theocean floorwf the waterways a rsult of the abrasion of logs from
transfer equipmerduring the process of bundling the logs into rafts and hooking them to a tug
for shipmen{PFMC and NMFS 2014)hedebriscanchange the benthic habitat and degrade
the water qualitfLevings and Northcote 2004)he debris may smothelams, mussels,
seaweed, kelp, and grasges&MC and NMFS 2014)'hese changes may be long term since the
debris carsometimes remaiim the aredor decadesThe acumulation of bark debris in

shallow and deepwvater environmentias been showto decrease benthic species richness and
abundancéJackson 1986, Kirkpatrick et al. 1998hich can reduce the availability of food for
some groundfish species and life sta@&@sMC and NMFS 2014)

Log storage magause adverse impacts via the leachingpdiible organic compoundiom the
stored logsLog bark may affect groundfish habitat by significantly increasing oxygen demand
within the area of accumulatig®acific Northwest Pollutio Control Council 1971High

oxygen demand can lead to an anaerobic zone within the bark pile where toxic sulfide
compounds are generated, particularly in brackish and marine waters. Reduced oxygen levels,
anaerobic conditions, and the presence otteuifide compounds caeducethe production of
salmon and their forage organisaswell as thavailable habita(PFMC and NMFS 2014)n
addition, soils at onshore facilities where logs are decked can becoraemguted with

gasoline, diesel fuel, solventmd other pollutarfrom trucks and heavy equipment. These
contaminants could leach into nearshore EFAMC and NMFS 2014)
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Recommended Conservation Measures

The following recommended conservation measures should be viewed as oppi@vetdand
minimize adverse impactd log transfer and storage fati#s to EFHandto promote the
conservation, enhancement, and proper functioning of EFH.

SPdtehtial adversphysical, chemical, and biologicaffectsof LTF operations can be

substantially reduced ldheringo appropriate siting and operatiogahstraint{PFMC and

NMFS 2014) In 1985, the Alaska Timber Task ForéelTF) developed guidelings
Afdelineate the physical requirements necessar
facilities, and in context with requirements of applicable law and regulations, methods to avoid

or control potential impacts from these facilities on water qyalfjuatic and other resourges

Since 1985, the ATTF guidelines have been applied to new LTFs through the requirements of
NPDES permits and other state and federal prog(&mRa 1996) Adherence to the ATTF

operational and siting guidelinescaBMPs in the NPDES General Permit will reduce the

amount of bark and wood debris that enters the marine and coastal environment, the potential for
displacement or harm to aquatic species, and the accumulation of bark and wood debris on the
ocean floor. Th following conservation measures reflect those guidelines.

A Restrict or eliminate storage and handling of logs from waters where state and federal
water quality standards cannot be met at all times outside of the authorized zone of
deposition.

A Minimize potential impacts of log storage by employing effective bark and wood debris
control, collection, and disposal methods at log dumps, raft building areas, astimill
handling zones; avoiding frdall dumping of logs; using easy {dbwn devices for
placing logs in the water; and bundling logs before water storage (bundles should not be
broken except on land and at rsltlezones.

A Do not store logs in the water if they will ground at any time or shade sensitive aquatic
vegetation such as eelgrass.

A Avoid siting logstorage areas and LTFs in sensitive habitat and areas important for
specified species as required by the ATTF guidelines.

Site log storage areas and LTFs in areas with good currents and tidal exchanges.

\ >\

A Use landbased storage siteshere possile, with the goal of eliminatinthein-water
5413  Storage of logs.

A Also see the following link for LTF guidelines:
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5445506.pdf

Utility Line , Cables and Pipeline Installation

With the continued developmeot coastal regions comes greater demand for the installation of
cables These includeitility lines for power and other servigesd pipelines for water, sewage,

and other utilitiesThe installation of pipelines, utility lines, and cables can havetdiret

indirect impacts on the offshore, nearshore, estuarine, wetland, beach, and rocky shore coastal
zone habitats. Many of the direct impacts occur during construction, sgobuasl disturbance
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in the clearing of th&OW, access roads, and equipmengstg areadirect impacts may also
be caused by dredging during the placement of pipe, cable, and utilityhidesct impactsnay
include increased turbidity, saltwater intrusion, accelerated erosiothaimttroduction of urban
and industrial politantsdue to ground clearing and construct{®+MC and NMFS 2014)

Potential Adverse Impacts

Poeential alverse effects on EFH from the installation of pipelines, utility lines, and cables can
occur through (1)hedestruction of organisms and halstagarticularly vertically complex hard
5b401t§qm habitats (e.g., hard corals and vegetated rocky (Befurbidity impacts(3) the

resuspension and release of contaminamtd(4) changes in hydrologfHanson et al. 2005)
Shallowwater environments, rocky reefs, nearshow @ffshore rises, wetlands, and estuaries

are more likely to be adversely impacted than epater habitats due to their higher sustained
biomass and lower water volumes, which decrease their ability to dilute and disperse suspended
sedimentgGowen 1978)

The cestruction of organisms and habitats can occur in pipeline or Ré&bléandcan lead to
long-term or permanent damage depending on the degree and type of habitat disturbance and the
mitigation measures employddredging angipeling utility line, and cabldurials can alter
bottom habitat by altering substrates used for feeding or sH&#teause vegetated coastal
wetlands provide forageabitatfor and protection of commercially important invertebrates and
fish, marsh de@dation due to plant mortality, soil erosion, or submergence will eventually
decrease productivity. Vegetation loss and reduced soil elevation within pipeline construction
corridors should be expected with the use of dedhitshing techniqueéPolasek 1997 Subsea
pipelines that are placed on the substrate have the potential to create ffaysies to bethic
invertebrates during migration and movement. Furthermore, erosion drotied pipelines and
cables can lead to uncovering of the structure and the formatestafpments. This, in turn,

can interfere with the migratory patterns of benthic spédmsnson et al. 2008)

The ncreased turbidityesultingfrom the installation of pigaes, utility lines, and cablesan
cause aecreasén primaryproduction(Hanson et al. 2005Adverse impactsay be
heightened during certain times of the ysach asduringhighly productive spring
phytoplankton blooms attimes when organisms are already under stresseditions
Changes in turbidity catemporarily alter phytoplankton communities. Depending on the
severity of the turbidity, these changes in watarity mayaffect the EFH habitat functions of
specieshigher in the food chain

The installation of pipelines, utility lines, and cables can also result in the resuspension and
release of contaminantich as heavy metals and pesticides from the sedjwhich can have
lethal effect§Gowen 1978)Spills of petroleum products, solvents, and otiwarstruction

related material can also adversely afteeH.

Pipeline canals have the potential to change the hydrology of caeesalfacilitating rapid
drainage of interior marshes during low tides or low precipitation, reducing or interrupting
freshwateiinflow and associated littoral sediments, and allowing saltwater to maherfa
inland duringhigh tides(Chabreck 1972)This intrusion of altwater intrusion into freshwater
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marslesoften causealoss of salintolerantemergent and submerged aquatic pléGtsabreck
1972, Pezeshki et al. 198&rosion, and net loss of soilganic mattefCraig et al. 1979)

Recommended Conservation Measures

The following recommended conservation measures should be viewed as oppievetdand
minimize adverse impactd cable, pipeline, and utility line installation on ERHdto promote
the conservi@gon, enhancement, and proper functioning of EFH.
54.13.2
A Align crossings along the least damaging route. Akoiolwn fishedand sensitive areas
such @ deep seaorak, SAV, emergent margs andanadromous fish bearing streams

A Use horizontal directional driig where cables or pipelines would cross anadromous fish
streams, salt marsh, vegetated intertidal zones, or steep erodible bluff areas adjacent to
the intertidal zone.

A Store and contain excavated material on uplands. If storage in wetlands or watets cann
be avoideduse alternate stockpiles to allow continuation of sheet flow. Store stockpiled
materials on construction cloth rather than bare marsh surfaces, seagrasses, or reefs.

A Backfill excavated wetlands with either the same or comparable mateddilleay
supporting similar wetland vegetation. Restore original marsh elevations. Stockpile
topsoil and organic surface mateyglich as root matseparately and return it to the
surface of the restored site. Use adequate material so that the propejgceelevation
is attained followinghe settling and compaction of the material. After backfilling,
implement erosion protection measures where needed.

A Use existing right®f-way whenever possible to lessen overall encroachment and
disturbance of wetlads.

A Bury pipelines and submerged cables where possible. Unburied pipelines or pipelines
buried in areas where scouring or wave activity eventually exposes them run a much
greater risk of damage leading to leaks or spills.

A Remove inactive pipelines and saérged cables unless they are located in sensitive
areas (e.g., marsh, reefs, seagrasg)p#lines arallowed to remain in place, ensure that
theyare properly pigged, purged, filled with seawater, and capped

A Use silt curtains or other barriers tauee turbidity and sedimentation near the project
sitewhenever possible

A Limit access for equipment to the immediate project area. Tracked vehicles are preferred
over wheeled vehicles. Consider using mats and boards to avoid sensitive areas. Caution
egupment operators to avoid sensitive areasl dtearly mark sensitive areas to ensure
that equipment operators do not traverse them.

A Limit construction equipment to the minimum size necessary to complete the work. Use
shallowdraft equipment to minimize eftts and to eliminate the necessity for temporary
access channels. Use the pdgich method in which the trench is immediately backfilled
to minimize the impact duration when possible.

A Conduct construction during the time of year when it will have thst legpact on
sensitive habitats and species.
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A Suspend transmission lines beneath existing bridges or conduct directional boring under
streams to reduce the environmental impact. If transmission lines span streams, site
towers at leashl m @00 ff) from steams.

A For activities on theontinentalshelf, implement the followingneasures$o the extent
practicablego avoid and minimize adverse impacts to managed species

o Shuntdrill cuttings through a conduit and either discharge the cuttings near the sea
floor or transport them ashore.

0 Locatedrilling and production structures, including pipelines, at l@askm (1 mi)
from the base of a hardbottom habitat.

o0 Bury pipelines at lea€t.9 m(3 ft) beneath the sea floor whenever possiBaaticular
considerationgi.e., currents, ice scour) may require deeper burial or weighting to
maintain adequate cover. Buried pipetiaad cables should be examined
periodically for maintenance of adequate cover.

o Locate alignments along routes that will minimize damagedaone and estuarine
habitat. Avoid laying cable over higlelief bottom habitat and across live bottom
habitats such as cosand sponge

Mariculture
5.4.14

Productive embayments are often used for commercial culturing and harvesting operations
These locations provide protected watersgieoduck(Panopea genero$aoyster and mussel
culturing. In 1988, Alaska passed the Alaska Aquatic FarmingA&F Act) which is designed
to encouragéheestablishment and growth of an aquatic farming inglustthe stateln order

for the Alaska Department of Natural Resour@BNR) to issue an aquatic farm permit, the
AAF Act requiresfour criteriato be metincluding the requirement that the farm may not
significantly affect fisheries, wildlife, or othé@abitats in an adverse manner

Shellfish culture in salmon EFH consists primarily of oyster culture although clams, mussels,

and abalone are also harveste&MC and NMFS 2014 5hellfish aquaculture tends to have less
impact on EFH than finfish aquaculture because the shellfish generally are not fed or treated with
chemical§OSPAR Commission 2009y here are several hundred public facilitiesdgral,

tgball and stat®perated) producinBacific salmonids for release into fresh and sea water

sa{?hon EFHNRC 1996) In addition, hundreds of private hatcheries in salmon EFH

commercially produce salmon, trout, catfiahdtilapia (PFMC and NMFS 2014)

Potential Adverserpacts

Potential dverse impacts to EFH by mariculture operations incl(deherisk of introducing
undesirable species and dised8gthephysical disturbance of intertidal and subtidal araad,

(3) impactgo estuarine food webgcludingthedisruption of eelgrass habitat (e.g., dumping of
shell on eelgrass beds, repeated mechanical rakingnopling, and impacts from predator
exclusion netting

Mariculture includes the risk of introducing undesirable species and diseases into the natural
environmentThe artificial propagation of native and roative fish in or adjacent to salmon
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EFH has the potential tdversely affect that habitat by altering water quality, modifying

physical habitat, and creating impedimetatpassagéPFMC and NMFS 2014 he escape of

finfish, in particularmay adversely impact EEHhtroducedhatcheryfish mayprey on mtive

fish, compet withnative fish for food and habitapreaddiseaseso wild populationscausehe

release of chemicalstmthenatural habitat, andstablismon-native populations of salmonids

and norsalmonidgFresh 1997, PFMC and NMFS 201¥)r k 0 g e k ereporsed thatthe2 0 0 7 )
recurrentoutbreaks of parasitic sea lice from salmon farms typically killed over 80 percent of the
wild pink salmon populatiorunsalong the central British Qambia coast.

Various methods of shellfish culture and haryssth as mechanical harvest in eelgrass beds,
harrowing, offbottom culture, and raft and line cultuatéso have the potentitd adversely
impact salmon EFHThe greatest impacts are tempgrandresult frommechanical haest or
harrowingwhich involve physical disturbance of the benthic zPleMC and NMFS 2014)
Hydraulic dredges used to harvest oysters in coastal bays can cautshomaglverse impacts to
eelgrass beds by reducing or eliminating the l{Btdlips 1984) Theuse of chemicals to

cortrol burrowing organisms detrimental to oyster culture may also adversely&fecand
policies have been developed to regulateuseeof chemicals inatural habitat andffsetlosses
to eelgrass bed$VDF and WDOE 1992)

Concern has also been expressed about extensive shellfish culture in estuaries and its impact on
estuarine food webs. Oysteare efficient filter feeders amdducemicroalgae and zooplankton

that are also food for salmon prey species. The etdemhich this may adversely affect

managed pregpeciess unknownHowever because bivalves remove suspended sediments and
phytodankton from the water column, mariculture may actually improve water quality in

eutrophic areas and can assist in recycling nutrients from water column to the s¢@mmaett

2002)

Mariculture facilities can be @active to bird and mammapeciesoth as a food source and
shelter/resting facilities. Seals particular have been known to prey on shellfish in cages and

use mariculire facilities as haul out$OSPAR Commission 20097 his can result in economic

loss to the facility, danger to emplaseand possibly injury or death for the offending animal(s).
Diving birds may also be attracted to the cages and have been known to become entangled.
slagheased boat traffic, human presence, and the use of scaring devices also may adversely affect
residentbird and mammal species not directly utilizing the mariculture facilities

Recommended Conservation Measures

The following recommended conservation measures should be viewed as oppi@vedand
minimize adverse impactd mariculture facilitieto EFH andto promote the conservation,
enhancement, arqatoper functioning of EFH.

A Aquaculture facilities rearing nemative species should be located upland and use
closedwater circulation systems whenever possible.

A Site mariculture operations away frdwlp or eelgrass beds. If mariculture operations are
to be located adjacent to existing kelp or eelgrass beds, monitor these beds on an annual
basis and resite the mariculture facility if monitoring reveals adverse effects
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A Do not enclose or impound titiainfluenced wetlands for mariculture. Take into account
the size of the facility, migratory patterns, competing uses, hydrographic conditions, and
upstream uses when siting facilities.

A Undertake a thorough scientific review and risk assessment befpreanative species
are introducedhto the natural environment

A Encourage development of harvesting methods to minimize impacts on plant
communities and the loss of food and/or habitat to fish populations during harvesting
operations.

A Provide appropria mitigation for the unavoidable, extensive, or permanent loss of plant
communities.

A Ensure that mariculture facilities, spat, and related items transported from other areas are
free of nonindigenous species. For contrdDafemnuntunicatesremove netsfloats,
and other structures from salt water periodically and allow them to dry thoroughly and/or
soak them irfresh water.

Alternative Energy Development

5.4.15
Alternative energy development projects are expanding in Amsétancludehe following

sources of renewable energy: biomass (e.g., wood, fish byproducts), geothermal, hydroelectric,
solar, wind, and tidal and wayAEA and REAP 2013)Of these potential sources of alternative
energy that may impact EFH, tidal and wave energy development is assessed in this document
because nearshore hydrokinetic technologyasing forward in AlaskdPFMC and NMFS

2014) Tidal energy projecthave been proposéa Cook Inld: one on thavestside of Fire

Island near Anchorage and another adjacent to the East Foreland in the vicinity of Nikiski on the
Kenai Peninsula. These projects are currently in preliminary testing and environmental
monitoring phase@ORPC 2013)Ocean thermal and offshore wind development are not
discussed because they are not likely to be proposed offettheoast of the U.S. in the near
future(PFMC and NMFS 2014)

Tidal and wave energy can be extrdctéa hydrokinetic devices which are placed directly in a
river or tidal current and powered by the kinetic energy of the moving (s and REAP
2013) Opposed to traditional hydropower facilities, hydrokinetic devigenerate electricity
from water without the need for dams and diversi@eda et al. 2007Yhe Energy
Independence and Security Act (EISA) of 2007 defines marine and hydrokinetic renewable
energy as electrical energy from waves, tides, and currenteamsgcestuaries, and tidal areas;
from free flowing water in rivers, lakes, and streams; from free flowing water irnmaaie
channels; and from differentials in ocean temperature (ocean thermal energy cony@rdion)
2009)

Hydrokinetic energy conversion devices demncategorized based on rotating machines and

wave energy convsion devicegBedard 2005)Rotating machines include a rotor which spins

in response to the movements of river or ocean currents. Consisting of conventional propeller
type blades or helical blades, the rotor can be encased in a duct that channels the flow or open
like a wind turbineWave energy converters harness the energggssed by a body of water
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because of its elevation (i.e., head) relative to a reference pbarefore, they oscillate based

on changes in the height of ocean waves (head or elevation chaigek)hese devicesust

be secured to the river or ocdaottom either via pilings driven into the sediments or via anchors
and mooring cableCada et al. 2007)

Hydrokinetic energy development involves four phases of activities that can potentially affect
EFH: preconstruction, construction, operation and maames, and decommissioning phases

(DoE 2009, Boehlert and Gill 2010, Kramer et al. 200 construction activities may include

site evaluations anigchnologytesting. Construction activities typically include horizontal
directional drilling to land cables from the device to the shoreline, laying of subsea transmission
cable,installation offoundatior¥moorings, and deployment and commissioning of device(s).
Operation and maintenance activities include monitoring the mechanical functioning of the
devices and appurtenances and inspecting and repairing equipment. Decommissioning at the end
of the project (typically %0 30 years) involves the removal of all equignt in the water column

and transmission cables and restoration of the site, if needed. Related activities that pertain to
both the construction and operatigisses include the installation and maintenance of
navigation buoys to mark the deployment aed reliable port infrastructure to accommodate
work vessels as well as the delivery and retrieval of large hydrokinetic devices sudpiéor

repair and maintenan€EFMC and NMFS 2014)

Potential Adverse Impacts
54.15.1

Because most hydrokinetic energy projects have not yet been fully developed, there are few
studies of their environmental effecBotenial effects on EFH are thought to result from the
presence and operation of a wave energy convertor device or t(PBRKEC and NMFS 2014)
Potential environmentainpactsof a hydrokinetidacility and operationsnay result from the
following: (1) alteration of river or ocean currents or way@$ alteration of bottom substrates
and sediment transpai&position(3) alteration of bottom habitat§}) impacts of noise(5)
effects of electromagnetic fieldisom electrical equipment and transmission liné&3 release of
contaminants(7) interference with animal movements and migratiamduding fish(prey and
predators) and invertebrate attraction to subsurface components of dan(@3 potential for
injury to aquatic organisms from strike or impingemeintotors or bladetDoE 2009, Kramer et
al. 2010)

Also there is a need to consideetprincipal factors thahayimpact fish populations and EFH
from the development and construction afave energy facilityThese includéhe introduction

of noise; habitat alterations; entrainment, entrapment, or impingement of organisms; and the
potential for spills of fuels or other hazardous mate(dls!S 2007) Although this document
summarizes thsepotential direct and indect impacts to fish resources and Eéiiting
hydrokinetic facility construction and operatjandetailed sitspecific analysis would be needed
since impacts can be influenced by sipecific conditions, such as water depth, currents,
topography, andpecies and types of habitat presestwell as the anticipated spatial and
temporal scales of a projg®tMS 2007, Boehlert and Gill 2010yhe potential cumulative
effects of multiple devices in the water column also need to be eva(iP&btC and NMFS

2014)
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Both the construction and decommissioning of hydrokinetic energy facilities would lead to
alterations in bottom substrates and habitats and increased sedimeuatataity (MMS 2007)
Disturbances to the benthic habitat will occur during the temporary anchoring of construction
vessels; the clearing, digging, and refilling of trenches for power ¢aridtheinstallation of
permanenanchors, pilings, and other mooring devid@sor to nstallation of a buried cable,
debris is typicallycleared from the cable route using a stoyed grapne{Carter et al. 2009)
Cables are buried using a stmpunted plowburied cables are usually exposed and reburied
using a watefjetting techniquavhen needing repr (Carter et A 2009) The placement/removal

of transmission lines on the seafloor and foundation/mooring installation/removal dvstuld

the sediment, increase turbidity due to the suspension of sediments, and possibly alter the benthic
habitat via the crushingghothering of benthic organisms. The increased turbidity may decrease
SAYV due to the limited photosynthesiad in turn mayeducedocal primary productivity andhe
availability of other planktonic organisms that serve as a base of the food chain for fish
resourcesT he loss of vegetation would also limit the forage and shelter habitats fokfid5

2007) The disturbance of sediments during thetallation and removal of tHeundations,

anchors, anttansmission cablasay alsamobilize contaminantsvhich mayimpact fish and

their prey and habitatén addition, contaminants may be released via fuel spdsresultof

vessel accidents or leaks during site construction or decommiss{ding 2007)

Noise associated with construction/decommissioning activities could disturb fish resources
Pilingsmay be required to anchor the devices; thereforedoiléng operationsnay adversely
affectEFH andthe distribution and behaviof fish (MMS 2007) See Section 5.2fr more
information about the potential impacts of pileving operationsOther noise disturbances

during construction may result from the mooring of wave energy generators with other anchoring
systems. However, these activities would likely generate less noise than pile driving, so the
impacts to EFH and fish resources wouldarimal. If pilings are installed during construction,

they will need to be removed during decommissionirige primary adverse effect of removing

piles isnot noise buthe suspension of sediments which may resuteimful levels of turbidity
andtherelease of contaminants contained in thesgiments (see Section 5.2.9).

Once a hydrokinetic facility is operational, fhiesence of the structures themseb@msd
potentiallyaffectthe migration ad rearing habitat functions pfvenile and adult salanids

(DoE 2009. The floating and submerged structures, mooring lines, and transmission cables can
create complex structural habg#hat act as a fish aggregation/attraction device (FAD) provide
substrate for attachmentioivertebratesSalmonids may be attractemlthe physical structure

itself and/or taheforage fishthat areattracted to the structu(@FMC am NMFS 2014)

Floating offshore wave energy facilitiesay also aggregate predators (e.g., fish, marine
mammals, sea birds) which would threaten the safetysafraonmigration corridor via the
increased predation risks to juvenile or adult salmofilde.quality of salmon migration routes
may also be decreased due to castiroen passive fishing gear thécomeentangled on

mooring lines or the deviceshe biological and chemical communities near the structures may
also be alteredue to the deposition of organic matter from biofouling and the new lighted, fixed
surface structures (devices and navigation buoys marking the project area) which may attract
prey and predators of juvenile and adult salmo(fEMC and NMFS 2014)
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The potential effects afoise associated withydrokineticenergyoperatiors are not well known
due to he limited information on sound levels produced during the operation of ocean energy
conversion device@FMC and NMFS 2014)Jnderwater noise would be produced by the
hydraulicmachinery associated with wave energy generation dewgethe sound levels are
currently unknowr(MMS 2007) Noise and vibrations associated with the operation of the
generation units woullde transnited into the water column armbssibly the sediment

depending on the anchoring system uSetth noises could potentially disturb or displace some
fish within surrounding areas or could mask sounds used by fish for communicating and
detecting prefYMMS 2007) Depending on frequeey, amplitude, and propagation, the
operational sounds may also affect rearing and migration corridor hdBEMEC and NMFS
2014)

Hydrokinetic operations may also impagcjuatic organismgia entrainment, impingement, or
entrapmentDepending on the design of the devices, there could be a potential for fish at various
life stages to become impinged screens, entrained through turbines, or trapped within water
collection chambers. Planktonic organisms may also be prone to entra{iMiv®Bt2007)

Collisions wih fixed submerged structures (e.g., vertical or horizontal support piles, ducts and
nacelles) are most likely in higlow environments where fish avoidance or evasion response
times are reduced due to flows that combine with swimming speeds to progh@mproach
velocities. Instead of swimming around these structures, fishr@aapn exhaustion by swimming

in front of them and then be swept downstream towards (Wéteon et al. 2007)The greatest

risk of collision for marine vertebrates is with rotating turbisiese a fish struck by a rotor

could be injured or killedqMMS 2007) Wilson et al. 2007)suggested that marine vertebrates

may be able to detect and avoid devices at some distdagenaret al. (2013}ested a

hydrokinetic turbine rotor (with rotational speeds up toat@tronsper minute) and found that

fish were able to avoid collision during daylight conditions. However, collision risk may increase
at night when fislhavea reducegbossibility of visually detecting a rotor. Moreover, even if fish
avoid collisions, the avoidance zone might be larger than the actual rotor and so multiple turbine
systems may hinder fish migration. Large arrays comprising multiple turbines may fess$trict
movements, particularly for large species, with possible effects on habitat connectivity if
migration routes are exploit¢tlammar et al. 2013)

Additional potential impacts from operations include the release of contaminants and the
presence of electromagnetic fielddMS 2007) Hazardous chaical substancesaybe
introduced into the water column from tlevicesthemselves or as a result of accidental
releases or leaks from service vessitgi-fouling coatings inhibit the settling and growth of
marine organisms, and chronic releases afalved metals or organic compounds could occur
from these compound®oE 2009) In addition, thgpresence of electromagnetic fields associated
with transmission cables has a potential to afeane fish speciefuring transmission of
produced electricity, the matrof vertical and horizontal cables will emit lefrequency
electromagnetic fields. Migrating adult and juvenile salmonids may be exposdexsébelds
generated at a project site, which may affect the movement of s@RRMC and NMFS 2014)
However, the electromagnetic fields associated with new marine and hydrokinetic energy
designs have not been quiéied There is some evidence that eledietds from submarine
cables are detectable by some fish species andesalf in attraction or avoidan¢&ill 2005).
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Recommended Conservation Measures

The following recommended conservation measures should be viewed as options to prevent and
minimize adverse impacts of hydrokinetic energy development and operation on EFH and to
promote the conservation, enhancement,@oger functioning of EFH.

5.4.1%% Locateand operate devices at sites and times of the year to avoid salmon migration routes

and seasons, respectively.

Schedule the noisiest activiti@se., pile driving at certaintimes of the year to minimize
exposursto juvenileand adult salmon.

Scheduldransmission cable installation to minimize overlap with salmon migration
seasons.

Conduct preconstruction contaminant surveys of the sediment in excavation and scour
areas.

Minimize seafloor disturbance during installation of current energy generatisrand
during installation of underwater cables.

To avoidtheconcentration of predatoet the siteabovewater structures could have
design features to preventminimize pinniped haulingout and bird roosting.

Sheath or armor the vertical transnosscable to reducthetransmission of
electromagnetic fieldsmto the water column.

Bury transmission cables on the 8ear to minimize benthic and water column
electromagnetic fieleéxposure.

Align transmission cables along the least environmentialgaging route. Avoid
sensitive habitate.g., rocky reef, kelp beds) and critical migratory pathways.

Use horizontal drilling where cables cross nearshore and intertidal zones to avoid
disturbance of benthand water column habitat

Design the mooringystems to minimize the footprint by reducing anchor size and
cable/chain sweep.

Develop and implement a device/array maintenance program to remove entangled
derelict fishing geaand other materials that may affect passage.

Use nontoxic paints arldbricating fluids where feasible.

Use practices and follow operating procedures that reduce the likelihood of vessel
accidents and fuel spills.

Limit the number of devices and size of projects uwntihulativeeffects are better
understood and minimizationeasures testetf. multiple devices must be used at a site,
install them with gaps of several meters between to allow large fish to pass through
(Hammar et al. 2013)

When turbines are necessary, use brightly colored or fluorescent rotors which can be
more easily visually detected in turbid watétammar et al. 2013)
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Marine and Offshore Zones

Introduction T Current Condition

The marine and offshore zoneflsthe LMEs in Alaska include the GOA in the eastern North
ChPacific,theEBS(whi ch includes the Al eutian I sl ands),
Beaufort SedNMFS 2010, NOAA 2012)These LME support very complex trophatynamics
6.1 andare some oftte most productive marine ecosystems on €dhFS 2010) Primary and
secondary production are considered to be key driveteadverall ecological productivity and
function inthese fisherie®?hytoplankton and zooplankton transfer energy from inorganic
nutrients using solar input and convert thermal and ultraviolet energy into useable organic forms
of energy These processes serve as the base for marine food webs through direct consumption
by juvenile groundfishinvertebratesanadromous salmon, and inteediates such as forage fish.
The timing and magnitudaf primary production are driveny natural physicdborces that affect
nutrient availability and metabolic activity both locallydain large regional patternstuaries
and nearshore zones are all part of a larger, interconnected oceanic Blatead physical
forcessuch as currents, upwelling, dowsling and nutrient outwelling all contribute to the
primary productivity found on theoatinental she.

Although the range and distribution of specific marine species or trophic interactions may be
influenced by climatic or oceanic drivers, these LMEBagally influene the character of each
other.The GOA,EBS (including the Aleutian Islands), Chukchi Sea, and Beaufort Sea are all
linked by diurnal tides and sea®al sea circulation pattern@cean currents generally move in a
counterclockwise flow annd the GOA(Spies and Weingartner 2002) portion of these waters
cross through the Aleutian Islands and intoBEBS (Schumacher et al. 1979, Reed and Stabeno
1994, Stabeno et al. 2002, Stabeno et al. 2005b, Weingartner et al. 2005, Aagaard et al. 2006)
Currents carry some of these waters ontdaB8& shelf and flow northward through the Bering
Strait(Coachman et al. 1975, Stabeno et al. 1999, Woodgate et al. EO86)ually these

waters circulate across the Chukchi &@ingartner et al. 2005, Woodgate et al. 200%)

Beaufort Sea shelves and move farther into the North Atlékéigaard and Carmack 1989)

This transport represents an importarrhponent of larger global hydrologic cycles which move
lower salinity water from the northern Bering Sea and Arctic Ocean to the higher salinity North
Atlantic Ocean(Aagaard and Carmack 1989, Wijffels et al. 1992)e subsequent strength and
temperature of this circulation pattern influences the stratification and ice cover of the Arctic
Ocean as welks the seasonal sea ice extent into the Bering Strait aE@B®@\agaard and
Carmack 1989, Stabeno et al. 2010, Stabeno et al. 2012a)
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Alaskan Metrics

Large Marine Ecosystems

LMEs are expansive areas of the ocean with distinct bathymetry, hydrography, and biological
6.2 productivity features which link plant and animal populations together in the food(blGAA
2012) Of the 64 LMEs designated worldwide, four includlaska's productive marine and
o.affshore zones: (1) GOA, (BBS, including the Aleutian Islands, (3) Chukchi Sea, and (4)
Beaufort SegFautin et al. 2010)The high tide line to the U.S. Exclusive Economic Zone (EEZ)
off Alaska is approximately 3,518,617 k(1,358,675 rif) and includes over 7@ercentof the
total area of the continental shelf in the lower 48 s{@N®&FS 2015)A|l askads coastl in
including all known measured islandsover 70,000 km (44,000 mi)

Gulf of Alaska

cPhe1GOA is a large, semicircular bight located in the eadterth Pacific Ocean off the

southern coast of Alaska@the western coast of Canattapans both coastal and deepwater
habitats and is characterized by a broad, deep continental shelf with several banks bisected by
submarine canyons (i.e., troughs olleys). The continental shelf encompasses approximately
160,000 km (61,776 mf) of ocean floor and includes bottom depths ranging from 150 to 200 m
(490 to 660 ft (Mundy and Cooney 2005, DoN 2006, NPFMC 2013the upper slope varies in
depth from approximately 200 to 3,000 m (660 to 9,843 ft), while the relatively flat abyssal plain
is 3,000 to 5,000 m (9,843 to 16,000 ft) below sea IeAiehmé et al. 2003, DoN 2011n the

eastern and central GOA between 270 and 465 km (168 and 289 mi) from shore, approximately
24 major seamounts are arranged in three chains extending perpendicular to the flow of the
North Pacific CurrenfMaloney 2004, Stoe and Shotwell 2007, NOAA 201d)hese

submerged volcanic mountains disrupt the monotony of the abyssal plain and rise above the sea
floor from depths as great as 4,200 m (13,780 ft) to as shallow as 170 m (384F$ 2015)

In the western GOA, bathymetry changes dramatically from the deep depths of the Aleutian
Trench to sea level to volcanoes (>1,000 m [3,281 ft] high) in a distance of <150 km (490 ft)
SKPEMC 2007, 2015¢)

East Bering Sea

The Bering Sea is a setanclosed higHatitude sea that is bounded on the north and west by
Russia, on the east by mainland Alaska, and osdhth by the Aleutian Island®f its total area

of 2.3 million kn? (888,035 n), 44 percents over the contiental shelf, 1®ercents over the
continental slope, and 4#ercents over the deepwater basin with a maximum depth of 3,500 m
(11,483 ft)(Stebeno et al. 1999, NMFS 2019)his relatively shallow sea is subdivided into
southwestern deepwater and northeastern shallow water by the centrgKslogg and Zuev
2007)At 1,200 km (246 mi) |l ong by 500 kmig 311 mi
one of the largest in the worl@he shelf is much broader in te8Sthan in the West Bering Sea
(<100 km [<62 mi])(Stabeno et al. 1999)he continental shelf breaksatproximately 170 m

(558 ft) in depth with seven major canyons, including three of the largest submarine canyons in
the world (the Zhemchug, Navarinsky, and Bering Canyons), indenting the continental shelf
(Carlson and Karl 1988, Stone and Shotwell 2007)
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TheEBSLME includes the Aleutian Islands which lie in a long porous arcabwasist of over

300 small volcanic islands extending 2,260 km (1,404 mi) from the Alaska Peninsula to the
Kamchatla Peninsula in Russia and form a partial geographic barrier separated by oceanic
passes that connects the waters of the North Pacific witBBBeThe passes between the
Aleutian Islands vary from narrow, shallow passes in the east to wide, deep pdssegdst

The northsouth width of the shelf also varies fraast to west from 4 km (2.5 mi) to over 80
km (50 mi) east of Samalga P¢B8*FMC 2007, 2015c)f'wo unique features that lie east and
west of the Aleutian Islands are the Alian Trench and Bowers Ridgehe Aleutian Trench

runs along the shelf margiroin the southern coastline of Alaska to waters off the northeastern
coast of Siberia and is one of the deepest trennltes eastern North Pacifithe trench is
approximately 3,700 km (2,299 mi) in length with an average width of 50 km (31 mi) and a
maxmum depth of 7,700 m (25,262 fyVeingartner 2005Bowers Ridge is a ~76km (~435

mi) long submerged ridgeline north of PeBalnk in the Aleutian Island3his ridge spans
depths from as shallow as 11 m (33 ft) to over 3,700 m (12,139 ft) and includes a number of
pinnacles that rise close to the suefas well as submarine canyons and a-geepplateau
(AMCC 2004, NMFS 2015)

Chukchi Sea

6I'\|2'ol'r%h of theEBSlies the Chukchi Sea which forms an ecological transition zone between the
boreatarctic Bering Sea and the higinctic Beaufort SeéDay et al. 2013)The Chukchi Sea is

an embayment of the Arctic Ocean bounded on the west by the Siberian coast of Russia and on
the east by theorthwestern coast of Alaskidis predominately a shallow seavering an area

of about 595,000 k(229,731 ) with a mean depth of 40 to 50 m (131 to 164N#pFMC

2009b) The continental shelf is broad (approximately 500 km [311 mi]) and shallow (58 m [190
ft] average depthand extends roughly 800 km (494 mi) northward from the Bering Strait to the
continental shelf breafWeingartner 2008)The wide, shallow Chukchi Sea shelf is classified as
an inflow shelf to the Arctic Ocean because Bering Sea water flowing from the North Pacific
Ocean influences its characteristfbBd®FMC 2009b, Moore and Stabeno 20F%)r instance, the
peak of inflow during the summer provides fresh water, heat, nutrients, and plankton to the
Chukchi Sea marine ecosystéoore and Stabeno 201Beyond the shelf break, water depths
increase quily beyond 1,000 m (3,281 ftJ.he western edge of the Chukchi Sea shelf extends
to Herald Canyon, and the eastern edge is defined by Barrow Canyon which separates the
6Chukchi and Beaufort SefSOAA 2013) The Hanna and Herald Shoals rise to approximately
20 th (60 ft) below sea lev@IMS and NOAA 2007,)while water depths range from 50 to 200

m (160 to 660 ft) in the Barrow and Hanna Cany®SAA 2013)

Beaufort Sea

In contrast to the Chukchi Sea, the Beaufortl@eaa narrow shelf and steep slope culminating

in the deep Canadian BagiMoore and Stabeno 201%) is a semienclosed basilocated east

of the Chukchi Sea off the northefnctic coast of Alaska and extending generally from Point

Barrow eastward to the end of Demarcation BéyFMC 2009b)Covering an area of

approximately 476,000 kh{183785mf) , t he Beaufort Seads narrow
continental shelf has an average water depth of approximately 37 m (121 ft) and extends from 30

to 80 km (19 to 50 mi) from the cod®tOAA 2013) The narrow Beaufort Sea shelf is classified
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as an interior shelf which is mostly influenced by rivertg§NPFMC 2009b)Bottom depths

on the shelf increase gradually to a depth of approximately 80 m (262 ft) and then increase
rapidly along the shelf break and continental slope to a maximum depth of approximately 3,800
m (12,467 ft(Weingartner 2008, NOAA 2013Numerous narrow and low relief barrier island
lagoon systems within 1.6 to 32 km (1 to 20 mi) from the coast extend from the western
Mackenzie River Delta to the Colville RivedPFMC 2009b)

Physical, Chemical and Biological Pocesses

Physical Oceanography

6.3 Currents through LMEs and across Aleutians

6'I3-’tl=,-lagic ancdoastal arrents thread all of theMEs together, whilehe presence or absence of
tsehbsonal and permanent sea ice helps to differentiatgaertin et al. 2010)The ocean
circulation in the GOA is dominated by the courtkrckwise motion of the North Pacific
Subarctic Gyre (also referred totag Alaska Gyre) and thilaska Coastal CurrenACC). The
ocean circulation in the interior of the GOA is an impartaechanism for crosshelf transport
and is influenced by three major groupings of eddies (Haida, Sitka, and Yakutat) encompassing
an area between 20,000 and 60,008 khv22 and 23,166 @i The Alaska Gyre is composed
of the North Pacific Current flowg along the GOA's southern boundary; the Alaska Current, a
northwardflowing, warmwater current offshore of the continental shelf; and the Alaska Stream,
an extension of the Alaska Current flowing westward along the Alaska Peninsula and Aleutian
Islandsand forming the northern (westward) boundeurrent of the Alaska Gyr€irculation
patterns along the shelivide the GOA inner sheli{CC) from the mid anaduter skelf
including the shelf brealds the most prominent aspect of shelf circulation inGI@A, the
ACC provides a large, ecologically important narrow zone (<40 km [<25 mi]) between the
nearshore (within 35 km [22 mi] of the shore) and oceanic commu(Miasdy andSpies 2005,
Weingartner2005r hi s #fAri ver in seaodo is forced along b
runoff (Stabeno et al. 2004)

The Aleutian Islands are influenced by the ACC and Alaska Stream in the North Pacific and the
Aleutian North Slope Current in tiEBS (NPFMC 2007) Flowing along theauth side of the
Aleutian Islands, the ACC enters through the relatively shallow (<80 m [<263 ft]) and narrow
(=30 km [~19 mi]) eastern Aleutian Unimak Pass, while the Alaska Stream flows through the
central and western Aleutian passes connecting the @@#etAleutian IslandéStabeno et al.

1999) Both the ACC and the Alaska Stream flow into the Aleutian North Slope Current which
flows along the northern side of the Aleutian Islands before the steep continental slope forces
much of the flow into the northwe#iowing cyclonic Bering Slope CurrefBtabeno et al. 1999,
Stone and Shotwell 2007his current flows northwestward off the shelf break, and together
with currents of the East Bering Shelf water from the south and the Anadyr water from the west,
it flows northward through the Beringr&it into the Chukchi Segtone and Shotwell 2007)

Pacific water exits the Chukchi Sea shelf through the Barrow Canyon in the east and Herald
Canyon in the west forming an eastwdicected shelf break boundary current that flows along

the nearshore portions dfe Alaskan Beaufort Sea sh@ickart and Stossmeister 2008he

ACC influences all of the LMEs and is forced mainly by a combomadf coastal, windiriven
convergence and freshwater runoff from the surrounding(lslucidy 2005)
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Function of Shelf Breaks and Upwelling Nutrients

The GOA shelf ipredomingely a downwelling systerfHenson and Thoas 2008)Although
downwelling dominates the GOA coastal regions throughout the year (seven to eight months),
short reversals of wind during the summer can occur and lead to brief periods of intense
L&pV\éeIIing(Stabeno et al. 2004)Vater transport over submarine canyonsksaand additional
6ba]thymetric features can also induce upwelling in localized regions along the GOA-eoidsr
offshore, deep waters are upwelled along the continental shelf break and in the Alaska Gyre
(Mundy and Spies 2005, Weingartner 2008)e operocean interior of the GOA is generally
considered to be an upwelling region; however, this upwelling is weak (on the order of fl m [3 f
per day)Sugimoto 1993, Xie and Hsieh 1995) the Aleutian IslandsSwift and Aagaard
(1976)reported upwelling of relatively saline water that is poor in oxygen and rich in nutrients
from summer hydrographic data frahe vicinity of Samalga Pasdnusually low surface
temperatures and shallow seasonal thermoclines in summer in the region have also contributed to
upwelling.

In theEBS, the Zhemchug and Pribidanyons are | ocated in the hi:
B e Ihabtdatzonealong the broad continental shéBpringer et al. 1996Physical processes on

the shelf edge, such as intense tidal mixing, transverse circulation, and stationary mesoscale

eddies in the Bering Slope Current, greatly enhance primary and secondary production through

the upwelling and mixing of nutriemich waters into the euphoric ze(Mizobata and Saitoh

2004) In addition upwelling along the shelf edge and the resultant high flux of pdstidtus to

the seafloor combined with the availability of hard substrates on canyon slopes also likely sustain

high densities of corals and spongksller et al. 2012) Nutrientrich upwelling has also been

documented in the West Bering Sea on the Koryak Shelf, west Gulf of Anadyr, and Chirikov
Basin(Kivva and Chulchekov 2013)

In the Chukchi and Beaufort Seas, upwelling of warm, salty Atlantic water aantmttinerdl

shelf is commonThis upwelling is particularly pronounced in the three major canyons that cut
into these shelves: Herald and Barrow Canyons in the Chukchi Sea and Mackenzie Canyon in
the Beaufort SeéPickart et al. 2009)Along the central Chukchi Sea near the shelf break,
conditions are also favorable for upwelling, nutrigonh Pacific winter water from the interior
halocline onto the shelf when easterly or northeasterly winds are associated with Aleutian low
storms to the adh (Spall et al. 2014)n the eastern Chukchi Sea, an episadnd-driven

upwelling of deep, nutrierrich layers along the canyons (e.g., Barrow) has been reported on the
continental slopéHunt et al. 2013)Shelfbreak upwelling is obserddn all seasons in both the
Alaskan and Canadian Beaufort Seldgs most common in the fall and winter months when the
Aleutian low pressure systems passing to the south result in easterly winds along the northern
slopes of Alaskarad CanadaUnder thes conditions, the normally eastwatdwing Pacific

water shehlbreak jet reverses to the west, and water hal®é brought onto the sheks part

of this winddriven exchange, heat and freshwater are fluxed offshore in the surface layer, while
nutrierts and CQare transported upwards and onsHdi®AA 2013)
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Role of Sea Ice

Formed by the freezing of sea water, sea ieedeminant feature of tHgering, Chukchi, and

Beaufort Seadce cover on the continental shelves forms seasonally and takes three major

forms: immobile landfast ice, which is attachedrte shore and extends tariable distances
ffshore;stamukhi, which is grounded, ridged sea ice; and fréefting offshore pack ice,

which includes firsyear and multiyear ice and moves under the influence of winds and currents

(MMS and NOAA 2007)Ice alters physical relationships on the continental shelves and in the

deep basin by altering tides, currents, mixing, and upwelling, as well &sbsbang and

reflecting light.The cycle of ice formation and retention is important to resident and migratory

wildlife and has very different patterns depending on the rgi@AA 2013) Sea ice controls

the exchange of heat and ettproperties between the atmosphere and ocean and, together with

snow cover, determines the pemaéon of light into the se&ea ice also provides a surface for

particle and snow deposition and a habitat for plankton and contributes to stratificadigghth

ice melt. The zone seaward of the ice edge is important for plankton production and

planktivorous fish

In theEBS, seasonal ice forms as early as November and grows to cover quenc8aif the
continental shelf during its maximum extent in Ma(biMFS 2015) Ice cover on the northern

shelf is consistently seasonal, while ice cover on the southern shelf is highly viBeids et

al. In press)In contrast, the Chukchi Sea can vary from full ice cover to full open water annually
with full ice cover typically extending for six months faipximatelyDecember to JuneJhe

southern Chukchi Sea is free of sea ice one to two months longer each year than the northern
Chukchi SedMMS and NOAA 2007)In the Beaufort Sea, ice cover lasts 9 to 10 tim®from
October through JulyOver the shallow Chukchi shelf, annual ice frimmal freezing is most
common.The Beaufort Sea slf can be affected by perennial ice from the ceratic

following the circulation of the Beaufort Gyre along the shelf break, as well as annual ice formed
locally over the shelfDavis et al. 2014)n both the Chukchi and Beaufort Seas, remnants of
annual landfast ice may remain near the coast during the sugmereif offshore ice is gone.

There are often aas of open water surrounded by sea ice (polynyas) during the winter and
spring along the Alaskan Chukatpast and in the Beaufort Séandfast ice and polynyas alter
Jhysical characteristics by forming dense water and represent important areas ofdiologi
productivity during seasons with dayligiNPFMC 2009b)

Temperature and Salinity

The GOA is generally characterized by tworSg8gimes throughout the ye&telatively warm
surface water occurs over the continentedls while colder water is found farther offshore
beyond the shelf bregRoyer and Muench 197.7Across the shelf, changes in SSTs are
generally small (approximately 2°G.5°F]). The overall difference in annugmperatures
diminishes with depth whh annual SSTs being only 1°C (333 at depths greater than 150 m
(492 ft) (Weingartner 2005} reshwater entering the eastern North Pacific Ocean inhibits the
development of deep water masses whibécts oceanic heat transpofhe annual average
freshwater influx isapproximately ~33,000 #sec (1,165,384 dtsec).This discharge accounts
for nearly 40 percent of the freshwater flow into the G@Ayer and Grosch 2007)he vertical
salinity structure of the GOA andlaska Gyre consists of a semallyvariableupper layer
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extending from the surface to appnmately 100 m (330 ft) in depth. Aalocline (strong,
vertical salinity gragent) extending from 100 to 26©(330 to 660 ft) irdepth withsalinity
increasing from 33 to 34 psu.deep layer extending to approximately 1,000 m (3,300 ft) in
depth where the saliniipcreases slowly to 34.4 pdBeneath this deep layer, the salinity
increases gradually to a maximum value of approximately 34.7 psu at the s@dtlody
2005)

The patterns of temperature and salinity in the Aleutian Islands are very similar to the GOA
Temperature values at allptbs decrease toward the wesbng the edge of the shelf ingh

Alaskan Stream current, a low salinity (>32 psu), toAgke feature protrudes westwafn the

south side of the central Aleutian Islands, nearshore salinities can reach as high as 33 psu as the
higher salindEBS surface water occasionally mixes sou#ind/through the Aleutian Islands
Proceeding southward, a minimum of approximately 32.2 psu is usually present over the slope in
the Alaskan Stream current; values then rise to abo¥e@2 in the offshore watelthough

surface salinity increases toma the west as the source of freshwater from the land decreases,
salinity values near 1,500 m (4,921 ft) decrease sligNBFMC 2015c)

In theEBS, the year can be divided into tileermal periods based on largeale features of

SST distribution: winter (November through June) and summer (July through September)
October is considered a transitional period betvirege two thermal condition§o a large

extent, the thermal regime in te8Sdepends on water exchange with the Pacific Ocean
Seasonal temperature variations by depth are small and are as follows: 3 to 5°C (37 to 41°F) at
100 m (328 ft); difficult to discern variations at 200 m (6§6>0.3°C(33°F) at 500 to 1,000 m
(1,640 to 3,281 ft); variable changes between 1.8 and 1.95°C (35.24 and 35.51°F) at 2,000 m
(6,562 ft); and variable changes between 1.56 and 1.7°C (34.8 and 35°F) at 3,000 m (9,843 ft)
(Luchin et al. 1999)The salinity in the upper water layer of tBBS depends on the adst&on

of the Pacific Ocean water, the hydrological cycle between the surface layer and the atmosphere,
continental drainage, ice formation, and thetmglof sea iceSalinity in theEBSincreases with
depth; however, during the period of ice formatidreré may be a slight salinaviersion in the
surface layerDuring the winter thermal period, daily salinity variations in the upper layer nearly
disappearin theEBS, the seasonal variability in salinity does not penetrate below 150 m (492

ft). The greagst range of salinity variation (4 to 7 psu) is observed in the surface layer, while the
range of salinity variation is small (0.2 to 0.4 psu) below 150 m (49Ruthin et al. 1999)

Temperature and salinity in the Chukchi Sea vary seasonally and are influersesdiby
formation and meltingduring the spng (May through July), warm water (above 0°C [32°F])
appears in the southern Chukchi Sea due to a gradual increase in solar radiation and the warm
water advected thumh the eastern Bering Strdit.the summer (August), deep waters of the
Chukchi Sea aastill be cold (0 to 3°C [32 to 37.4°F]) depending on the location on the shelf
However, SSTs can be above 9°C (48fRhe southern Chukchi Sdauring the fall

(September and October), SSTs of the southern Chukchi Sea cool but still remain relatively
warmat 2 to 6°C (35.6 to 42.8°Hradiative cooling causes the whole Chukchi Sea to fall below
freezing during the winter (November through Ap(Dhu et al. 1999, NOAA 2013[puring this
time of year, shelf waters cool to the freezing point, and salinityaseseduring sea ice
formation.As the ice melts and Bering Sea water moves onto the shelf during the spring and
summer, the salinity decreag®¥eingartner 2008)
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In the Beaufort Sea, the temperature increases and salinity decreases throughout the summer due
to surface warming and associated ice melting and freshwgaiut from the riverg-ollowing

the removal of ice and the first significant windxing event, salinities decrease rapidly in
nearshore areas as a result of-kaline ice meltwater and freshwater input from rivers
(Weingartner etl. 2009) SSTs increase to a maximum value near 8°C (46.4°F), and salinity
varies from 14 to 32 psu with the lowest salinities observed immediately following the decay of
landfast icChu et al. 1999, Weingartner et al. 2Q@)iring this time of year, the profiles of
temperature and salinity show a multilayer structure with a shallow layer of warrsalowe

water overlyingcool, high-saline deep layer.emperatures decrease to arothd°C ¢28.9°F)

in the fall and remain near freezingtil late June or early Julin October after ice formation,

the salinity increases and ranges from 34 to 35 psu by January due to tkeaxjsalt from
growing sea iceDuring the winter, the temperature decreases and salinity increases mgfreez
expels brine from sea icBalinities remain relatively constant through winter and spring and
begin to decrease in Juf\&eingartner et al. 2009)

Marine Processes and Complexity of Trophic Dynamics

6BhegSfour LMEs comprising the marine and offshore zones off Alaska are all considered Class II,
moderately productive (150 to 300 grams of carbon geyenyear) ecosystenfdquarone and

Adams 2012a, b, Belkin et al. 2012, Heileman and Belkin 201 GOA's cold, nutrieatich

waters support one of the most protive marine ecosystems in the world with numerous
interactions and food wel§sloem Neher et al. 2013primary (phytoplankton) and secondary
(zooplankton) production are considered to be key drivers of the overall ecological proguctivit
and function in this regiorm.hese organisms transfer energy from inorganic miriand

transfer thermal and ultraviolet energy into useable organic forms of energy that serve as the
base for marine food webs through either direct consumption or intermediates dacige

fish. The timing and magnitude of primary production is dni\ay natural physical forces that

affect nutrient availability, solar input, and metabolic activity (through thermal variability) both
locally and regionall{Mundy 2005) The GOAwatersheds, estuaries, fjords, and bays are part

of a larger, interconnected offshore oceanic system (continental shelf, shelf break front,
continental slope including submarine canyons, and abyssal plain intersected with seamounts) in
which natural physial forces, such as currents (ACC and Alaska Gyre), upwelling,

downwelling, precipitation, and freshwater runoff, all play important roles in determining

regional primary productivitgMundy 2005, Harwell et al. 20103pecies richness and diveysi

are the greatest along the shelf break and slope; species richness peaks at or just below the shelf
break, and species divéyspeaks deeper on the slope.general, richness and diversity are

higher in the eastern GOA compared to the western @ador 2015)

The marine environment of the Aleutian Islands is very dynamic; the islands are oriented east
west and form a porous boundary between the BeringaBeé the North Pacific Ocearhe

islands are warmed by the North Pacific Ocean to the east and cooled by theéSBartnghe
west.Due to the dramatic bathymetry variations a very short distance from shore, the islands
provide a variety of habitat coupling between onshore, nearsmareflshore system@PFMC
2007) Many Aleutian environmental attributes change in the vicinity of Samalga Pass,
suggesting that the marine ecosystem of the archipelago may be differentiated into multiple
ecologically distinct regions:or example, the east side contains shallf@mow passes;
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Aleutian-Low-influenced weather; warm, fresh water; depleted nutrients; generally high
chlorophyll concentratiog) neritic zooplankton; and abundant forage fish/flatfisitontrast, the
west side contains deep, wide passes; Asiinenced weather; cold, salty water; abundant
nutrients; generally low chlorophyll concentrations; oceanic zooplankton; and food webs of
demersal fisheeNPFMC 2007)

The combination of a broad continental shelf, extensive winter sea ice coverage, temperature and
seasonal oscillations, and convergence of nutriehtcurrent systems characterizes the Bering
Sea as one of the most productive and biologically diverseenacosystems in the world

(Loughlin et al. 1999, NMFS 2019n the southeriEBS, the broad continental shelf is
differentiaed into three bathymetrically fixed domains which are characterized by water column
structure, currents, and biota. These domains include the coastal domain (depth <50 1t})[<164 f
with a weak stratificatiorthe middle shelf domain (depth 50 to 100 m [16828 ft] with a
wind-mixed surface layer abuttira tidally mixed bottom layeand the outer shelf domain

(depth 100 to 180 m [328 to 591 ft]) with mixed upper and lower layers separated by aitlayer w
slowly increasing densitythe domains are sepé&ed by the following fronts or transitional

zones: a narrow (5 to 30 km [3 to 19 mi]), inner structural front separates theiwedl coastal
waters and the twtayered middle shelf domain; the middle transition zone lies between the
middle and outer shietlomain; and the outer front domain shelf break separates the outer shelf
from slope watergMacklin and Hunt 2004, Stabeno et al. 2003&k balance of wind and tidal
energy plays a major role in shaping the verttaucture of the coastal and middihelf
domains.These domains provide unique habitats for biota; for example, the mesozooplankton
community is dominated by smatiedium copepods in the two shallower domains, while the
outer shelf and oceanic regioreatominated by large copepod$ie nearshore environment has
little to no connection with the outer shelf or slope environridRFMC 2007)In the northern

EBS, changes in topography, tidal energy, and river discharges (e.g., Yukon River) affect the
location of the fronts withhte inner front occurring in water depths of 30 m (98 ft) or less
(Macklin and Hunt 2004, Stabeno et al. 2005a)

Detailed mass balanced food web models were constructed to compareesecaymtacteristics

for theEBS, theAleutian Islands, and the GOAhe results showed tiEBShaving a much

larger benthic influence on its food web than either the GOA or the Aleutian Is@@onigersely,

the Aleutian Islands ecosystem had the strongsdage influence on its food web rélee to the

other two system3.he GOA ecosystem appeared balanced between benthic and pelagic
pathways, but this system has smaller fisheries than the other two systems and a high biomass of
fish predatorgAydin et al. 2007)

In general Arctic ecosystems are expected to have less biological productivity than lower
latitude ecosystems due to seasonal darkness and cold weather; however, there is considerable
variability betweerArctic systemsThe Chukchi and Beaufort Sea LMEs are physically and
ecologically differen(NPFMC 2009b)An Arctic climate along with major and annual changes

in ocean climate, in particular the annual formation and deformation afesezharacterize the
relatively shallow inflow shelf of the Chukchi Sea LMHeileman and Belkin 20127 his LME
remains icecovered throughout the winter, is well mixed from fall through spring, and is

stratified in the summer due to the input of relatively warm Alaska coastal (\tierse et al.

2013) The Chukchi Sea shelf is characterized by high productivity, rich benthic communities,
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and tight benthipelagic coupling which is due to a lack of significant grazing of the primary
productionin the water column, resulting in large amounts of organic material settling onto the
seafloor(lken et al. 2010)The strength of this pelagleenthic coupling varies with a variety of
factors, including the magnitude of primary production in sea ice and the water column, the
timing of the seasonal sé&& cover, and the structure and trophic dynamics of the zooplankton
community (1,300 mg/édominated by copepods) in relation to phytoplankton development
(Iken et al. 2010, Heileman and Belk2012) During the operwater season, two ecosystems
with different foodweb structures located adjacent to each other are present in the northeastern
Chukchi SeaThe pelagiedominated ecosystem contains oceanic zooplankton, a higher
percentage afand and lower percentage of mud in sediments, lower densities and biomass of
benthic macrofauna and megafauna, and higher densities and species richresssai dishes.

In contrast, the benthidominated ecosystem has more neritic zooplankton, a jpgveentage

of sand and higher percentage of mud in sediments, higher densities and biomass of benthic
macrofauna/megafauna, and lower densities and species richness of demergaldisleesl.

2013) Faunabenthic diversity generally increases to the north in the Chukchi Sea where food
availability in bottom water and surface sediments are greater and more heterogeneous and
where finer grain sediments occur due to the northward flowing currents andwinoigixing
upwelling(Wiese et al. 2013)

Like the Chukchi Sea LME, the Beaufort Sea LME exhibitégctic climate and extreme
environment which is driven by majeeasonal and annual changes in climate with ice coverage
occurring for most of the year. In this oligotrophic sea, productivity is relatively high only in the
summer after the ice melfBelkin et al. 2012)The Beaufort Sea shelf remains ice covered
throughout the winter, weknixed from fall through spring, arstratified in the summer due to
warm (~4°C [~39°F]) freshwater input form the Colville and Mackenzie Rivers, water intrusion
from the clockwise flowing Beaufort Gyre, and wind/gymeduced upwelling of deep Atlantic
Water(Wiese et al. 2013)he Beaufort Sea continental shelf and slope waters generally have
lower productivity and lower levels of benthic biomass than the norERB8and Chukchi Sea
(Audubon et al. n.d.)n the western portion, the mid shelf typically has higher benthic biomass
levels than the eastern portiphudubon et al. n.d.JOn the narrow Beaufort Sea shelf, benthic
communities are strongly influenced by freshwater inflow from the Mackenzie River and smaller
Alaskanrivers that carry terrestrial, mostly recalcitrant carbon, large sediment loads and
inorganic nutrients within therfBell In reviewin press) These conditions result in generally

lower infaunal biomas&10 g/n¥). Epifaunal biomass is higher on the upper Beaufort Sea slope
near Barrow Canyon than on the Beaufort Sea shelf due to the upwelled, comparatively warm,
Atlantic Water along the slope providing nutrients &rdtic zooplankton onto the shelf atiee
nutrientrich outflow from Barrow Canyon at depth which gets deflected to th¢Riakart et al.
2009, Bluhm et al. 2013)

Productivity and production at lower trophic levels can sihfagéic ecosystems, especially
considering the relativelghort food chains that occur in tAectic. Primary production is

ultimately the foundation of thegerctic ecosystem food webs which are supported by ice algae
that grow on the underside of and within the sea ice itself and phytoplankton which ochers in t
watercolumn and near the ice eddethe Chukchi and Beaufort Sea ecosystems, a greater
proportion of primary productivity moves through the benthic portion of the food web compared
to more southern regions, such as the soutBB® This makes productivity of seafloor
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communities particularly importa@udubon et al. n.d.Light-limitation, low temperatures, the
timing of ice melt, and the nature of zooplankton advection result in the export of the majority of
the primary/secondary production to thenthogWiese et al. 2013Petailed mass balance food
web models were constructed to compare ecosystem characteristicsH8SheasterrChukchi

Sea, and BeaufbBea Results indicated that tieBShad the highest benthic biomass, which

was nearly equaled by the eastern Chukchi Sea, while the Beaufort Sea had the lowest benthic
biomass compared to the other two ecosysi@iigtehouse 2012, Wiese et al. 2013)

Sourceof Potential Impacts

Increasing Vessel Traffic

6.4 The Bering Sea is a highly productive ecosystemcamcently supports the largest sustainable

fisheries in the world. To the north, the Bering Strait connects the Bering Sea to the Chukchi and

6.Bkaufort Seas, and the Arctic Ocean. The coastlines of the Beaufort and Chukchi seas, from the
Canadian Border tBoint Hope is approximately 4,057.4 km (2,521.7 miles). The Bering Sea
coastline from Point Hope south to the end of Unimak Island in the Bering Sea is approximately
6,532.7km (3,527.4 miles). The combined linear length of that coast line and nearslesris zon
10,590.1 km (6,049.1 mile¥)(USCTI 2016). Though marine surface circulation flows north
from the Bering Sea into the Chukchi, and east into the Beaufort Sea, seasonal winter sea ice
builds and moves in the opposite direction, from the Beaufort ao#dbi seas south through
the Bering Strait, into the Bering Sea. This counter current movement of sea ice is the result of
several simultaneous influences; the rapid expansion of new sea ice, displacement of old sea ice,
rapidly expanding sea ice redudbke north and west circulation pattern, subsequently allowing
the prevailing weather pattern to dominant sea ice migration.

Hi storically, the Arcticbés Beaufort and Chukc
obstructing maritime shipping from Odter through June. Conversely, recent warming trends

and continually diminished sea ice conditions are extending the navigable open water season

during summer months. Arctic sea ice reached its lowest extent ever previously recorded in
September 2012, rementing the longest Arctic navigation season on record (NSIDC 2017). In

the years between 2012 and 2015, the Arctic sea ice minimum extent was the lowest in the

csategllite record (1972015), and in January 2017, a new record low for winter sea ice exdent w
established (ARC 2017, NSIDC 2017).

Bering Seai Vessel Activity
A variety of vessel types operate in the Bering Sea, south of the Bering Strait. Bering Sea
shipping is currently dominated by traffic through the Aleutian Islands between North America
ard East Asia, the Great Circle Route (Fletcher 2016). Year round, commercial fishing vessels
are also very common throughout the Bering Sea. Numerous other vessel types include fuel
tankers, container and refrigerated cargo ships, and the U.S. Coast&ualldr tankers, cargo
ships, and barges also move throughout the eastern Bering Sea serving coastal and inland
communities with goods, supplies and fuel. Cargo ships supporting industrial activities and

25 Adding the length of the Aleutian Islands, from Uningland in the east to the far western Island of Attu, the Aleutian

Islands add approximately 1,800km (1,100 miles) to this linear measure to total 12,390.1 km of coastal and nearshore zone.
Dutch Harborin the Aleutian Islands is the only deep draft paithin the entire expanse that can currently support oil
response capabilities.
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resource extraction in the region also comprisgaifstant volume of vessel traffic (Fletcher

2016). Seasonally, the Alaska Marine Highway ferry also serves communities of the Aleutian
Islands archipelago and the Alaskan Peninsula. Other seasonal vessel operations include
government vessels and reseahlps, some pleasure craft and more recently cruise ships.

Overall, fishing vessels are most common, tankers and bulk carriers comprise the majority of
deep draft vessels, and ocean going tugs are prevalent due to the extensive use of tow barges to
serve Aaskan communities.

Bering Strait and Arctic- Vessel Activity

Vessel traffic through the Bering Strait has always increased in the summer as seasonal winter
sea ice recedes. The primary incentive for the potential increase in shipping through the Bering

trajt and Arctic shipping routes is to save time and reduce shipping expenses between the north
Pacific and north Atlantic ports (Masters, 2013). Accounting for the increased vessel activity is
variable depending upon periods examined, vessel type aasit tracking mechanism. In
2009, roughly 150 large commercial vessels transited the Bering Strait during the open water
period from July to October (AMSA 2009, Hartsig 2012). Approximately twéag/were bulk
carriers moving supplies or commoditietoior from mining operations near Kivalina, south of
Point Hope. Russian bulk carriers supported communities in the Russian far northeast. The
remaining large vessels comprised fuel barges serving coastal communities, and industry or
government research ésurvey vessels involved in different phases of marine science or oil and
gas exploration. One report concluded that between 2011 and 2013, transits through the Bering
Strait increased from 410 to 440, and transits through the Northern Sea Route infcosaS&d
to 71, as compared to only 4 in 2010 (USCMTS 2016). Respectively, a 30 and a 35 vessel trip
increase. Transit statistics reported in another report indicate that during the 2015 season 300
unique vessels accounted for 540 vessel transits thrbedgBering Strait (NSRIO 2015). These
reports both clearly indicate some degree of increase in vessel traffic.
6.4.1.3

Arctic Port Facilities

The current trend of diminishing sea ice and predictions of continued decline have stimulated
discussions of new internatial trade routes through the Arctic. Historically, vessels had very
limited access to the region. There has previously never been a need for a modern Marine
Transportation System (MTS) (CMTS 2016). Nearshore zones are typically very shallow with
poorappra c h e s . Navigation aids such as buoyds cou
shallow depths, shifting shorelines and heavy seasonal ice scour. Nearshore nautical charts
remain dated. Less than two percent of navigationally significant U.S. Arctic \natezhever

been surveyed using current technology and standards (USCTI 2016). Marine transportation in
the Arctic remains hazardous do to extreme weather conditions and unpredictable sea ice extent.
Emergency communications, and response and rescue ltagsahie limited further challenging
already difficult and potentially dangerous operations (CMTS 2013). Though vessel activity and
transits through the Arctic may continue to increase, the rise in coastal resource extraction and
associated developmenstspeculative. Currently, there are no firm economic incentives or
justification for investment or development of port facilities in the Arctic. On land, thawing
permafrost provides an unstable construction foundation for buildings, structures, or roail and
infrastructure (Mellgren 2007, Reiss 2008). Mobilizing manpower and construction material to
remote Arctic areas by air remains extremely expensive.
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Introduced Environmental Risk

Despite challenges of coastal infrastructure development, shippingythtieese northern routes
may increase significantly introducing a different suite of risks. Projections of vessel traffic
based on recent industry surveys suggest the region will see further increases in all types of
vessel traffic ( GMI &sseldcar’y some form pfdildpsodutHoh board

,fuel or lubricating oils. Tankers vary in size but all carry large volumes of oil as cargo
(Fletcher 2016). Some ocean going barges carry more oil cargo than small tankers. The first
luxury cruiseship to transit the North West Passage (Seward Alaska to New York City N.Y.) had
a fuel capacity of 20,600 bbl. This volume of fuel is currently larger than many bulk cargo
carriers or tankers transiting these waters.

Based on vessel operations and pueptize estimateoverall oil exposure risk wagentified for

each vessel type (Fletcher 2016). Tankers dominated overall potential oil spill exposure due to

the volume of oil and fuel carried. Currently, at least on the U.S. side, oil cargo is all
Anospesrntento (Types 1 and 2) oil carried for wu
regi on. Most | arge ships currently use heavy
oil (Types 3 and 4) typically lasts longer in the environment Ifespthan a nofpersistent type.

There are currently no reports or analysis that clearly confirm or address tankers are transporting
large volumes of raw crude oil or bitumen. The extraction and refining of bitumen from tar sands

is so recent that bitumdras not been classified into any group of oil regarding persistence in the
environment.

Generally, vessels carry less volume of oil for their own fuel than tankers, however the largest of
the bulk carriers in the analysis had more than 30,000 bbl fuatibgpahich is more than most

tank barges currently carry and more than one third the cargo capacity of the smallest tankers
(Fletcher 2016). To consider the proportionate contribution of different vessel types to oll
exposure in the regions, total expaswuras estimated based on persistent orpgeogistent oils;

tankers account for 90% of nqersistent oil exposure, bulk carriers represent 38% of persistent

oil exposure, then other cargo vessels are at 36% and tankers were 25%. When exposure for both
oil types is combined, the persistent oil volume accounted for the longer duration of persistent oil
% tRe environment and thus greater potential impact (Fletcher 2016).

Recommended Conservation Measures

Vessel Operations

A Vessel operations and shipping aitie&ss hou |l d be f a miGedgraphic wi t h Al
Response StrategiéSRS3,whi ch detail environmentally s¢
coastline Currently, GRSs exist fanany different regions and areas including southeast
Alaska, southcentral Alaska, K@k Island, Prince William Sound, Cook Inlet, Bristol
Bay, Northwest Arctic, North Slope, and the Aleutian Islands
(seehttp://www.dec.state.ak.us/spar/perp/grs/home.htm

A Coordinate withother federal and statgencies to access and identify commercial
activities and major infrastructur@gs thapromote safe and sustainable Arctic
communities.
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