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Executive Summary

The Stock Assessment Action Team (SAAT) @yedis asess the status and trends of the stocks that
comprise theGuf of Maine Disting PopulationSegment (GOM DPSEstimaed total adult Atlantic
salmonreturnsto riversin the geogaphic areaof the GOMDPSn 2012were 744. Mot of the returns
wereto riversin the PenobscoBay SalmormHabitatRecoverynit (SHRY The number of potential
spawnersin riversduringautumn,known asescagment, was752 Escapement of all agesto the GOM
DPSareawasnot evenlydistributed amongthe SHRUs. Escapment wasat most29%of the estimated
239N Conservatiorsmwner Escapment (CSE) targdor riversin the DowneasiCoastaSHRU2%of CSE
for riversin the PenobscotBaySHRUand 2%of CSHor the riversin the MerrymeetingBaySHRUThe
current tentyeargeometric meanreplacementrate, calculated from naturallyreared returnswith afive
yeartimelag,exceededL.0for both the MerrymeetingBaySHRUand Downeast Coastal SHRU
Hatchery parto-adult survival (PAR), which may includsidencefrom 8 months to two years in
freshwater, was similar between the Narraguagus hatchery parr and the accelerated growth parr
stocked in the Penobscot River.

In 2012 the ConservatiotHatcheryAction Team(CHAT)vorkedcollaborativelyto implementprograms
to preventextinction and to maintaineffectivepopulationsiz andgenetic diversityof river specific
Atlanticsalmonpopulationsin Maine. Approximatdy 3,000,10Galnon fry, 406,800parr, 686,400
smolts,486 pretspawnadults,and2,085pog tspawnadultswere stocked into 10 riversin Maine
throughoutthe year. The USFV&provided eggsto the DowneastSalmornFederation hatcheay facilities
onthe PleasanandEastMachisasrivers. Both Green Lakeand CraigBrookNationalFishHatcheries
conducted fish hedth inspections and screenngsto ensurehigh quality, hedthy fishfor salmonstocking
effortsin Maine. Photoperiodwasmanipulated at CraigBrookto delayspawningof the 481 Penobscot
Rive seartun broodstock shiftincubation at the hatcheryto optimalwatertemperatures andimprove
synchronyof fry developmentand environmental conditions at the time of release.The CHATIn
collaborationwith other Action Teamsreviewedproposaldor new actionsfocusedon new stocking
strategiesdetermining fishpassageffectivenessat hydropowerdamsin the PenobscotRver
watershed and potential behavioraldifferencesinadvertentlycreated by handlingandtaggng of
hatchery salmon.

Maintaining genetic diversityandpresevingthe geretic structure presentin Atlantic salmonisacritical
componentof recoveryof Atlanticsalmonin Maine. The Genetic DiversityActionTeam(GDAThas
identified 27 actionsin three primary focusareas:monitoringgenetic diversity,evaluatinghatchery
practcesandproducts,andmonitoringto detectaquaculture Atlantic salmon. Theseactionsare
consistentwith currentbroodstockmanagement andinclude monitoringandevaluatinghatchery
managment practices andperformance (survivalf hatcheryproductsin the wild. Estmates of
gereticdiversitywithin eachbroodstock, broodstocksaeening andgenetic parentageassessmentsf
broodstockthat are basisfor GDATactions are provided.

Marine ecolbgy of Atlanticsalmonhasoften been equatedto a black box, however,new researc tools
andintegrated oceanographyndbioenergetcs models are providingnewinsightsinto the ecology of
salmonat sea. During2012,the Marine and EstuarineAction Team(MEAT took aninterdisciplinary
multiagency and multinationalpproachto increaseunderstandirg of the structureandfunction of
estuarineandmarinecommunitiesandmigration ecologyof Atlanticsalmon. This yea® d@ctivitieswere
primarily research and assessment projects tlmtghtto understand the estuarine and marine
ecology and migration of Atlantic salmofeam members have usbtbadbasedestuary sampling
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methods to characterize the spatial and temporal distribution oSh@ (i dzF NAy S 02 YYdzy A (i@ Q& 0O A 2
Penobscot systentfforts are being made tovestigate predatiofimpactsin both the estuarine environment

(through the use of acoustic telemetry) and in the nearshore marine environment (analyzing stomach contents

of ground fish stockspdditional workelated toAtlartic salmon smoltswimming depth and marine

distribution was reported in peer reviewed manuscripithering our understanding of marine habitat user

the Penobscot and Downeast SHRUs marine surviglibliess reported in terms of smolt to adulttia (SAR);

in 2013 members of MEAT drafted a preliminary SAR for the Merrymeeting BayBthRigverely warm

ocean conditions in 2012, the working group started evaluations of data from this year to see if anomalies are

apparent in smolt behavior or egnnarine survival.

The mission of the Freshwater Action Team (FWAT) is to increase production-ofaing smolts

and by extension, increase wild adult salm@trategies for increasing smolt production include
identification and restoration of degraded habitat, increasing juvenile salmon survival, and improving
the reproductive success of returning adultGatch per unit effort (BUB surveys measuring relagv
abundance of juvenile salmon (Generalized Rand@ssellated Stratified (GRTS) sampling) were
conducted to inform long term population response to management actions and environmental
variation.Depletion sampling to obtain juvenile population estimatess conducted to address

specific research questionSpawning inventories (redd counts) were used to monitor the distribution

and abundance of adult spawners and potential juvenile recruitment; and adult salmon traps and

smolt traps were selectively depled in all SHRi1o estimate smolt production and adult salmon

returns. Severe declines were observed in all age classes of adult returns and resulted in low spawning
escapementHabitat restoration projects undertaken by state and federal agencies ar@sNi@&luded
removing remnant log drive dams and adding large wood at strategic locatiomgprove habitat

quality in wneast rivers and in the upper Penobscot Riv&icollaborative project investigating the
buffering capacity and environmental respensf adding clam shells to stream reaches was expanded

in 2012 following positive results at Dead Stream treatment skls.relationship between water
temperature, habitat suitability, and salmon performance was investigated in the Narraguagus and
Machias watersheds. The USFWS also developed an ARC View mapping tool to assist NGOs and state
and federal agencies identify areas for habitat restoration and proteciof.¢ ¢/ K2 LJ ' YR 5 NP LJ¥
legislation was passed in 2012 that streamlines the permitting prdoedarge wood addition projects

to improve salmonid habitat.

The Connecivity ActionTeam (CATJocusedon reconnectincheadwater areasthat areimportant for
salmonspawningandrearingwith the Guf of Maine, highightingfour categoriesof actionsin 2012: 1)
Developinglist of barrier prioritiesfor the GOM DPSandimplementing connectivity restoration

projectsin a strategicfashion; 2) Monitoringandreportingon the effectivenesof conrectivity
restorationprojects; 3) Minimizingthe effects of existing fish passagebarriers(sud asdams)and
providingincidentd take authorizationwhereappropriate; and 4)ncrease awareness of the need to
co-restore the suite of ceevolved diadromous specie&ccomplishments with regards to enhancing the
connectivity of seasonally important habitats aneluded in this report

The Educaton and Qutreach ActionTeam(EOAYworkedin 2012 todevelopa comprehensive outreach,
education and stakeholder engagemstrategy; and to do some advanced planning for public outreach when
the Revised Atlantic Salmon Recovery Plan will be released for public review in the Federal Register (now
estimated forFebruary 2014 To this end, th&OATnet twice and held numerousoference calls among a
smaller subset of interested parties to work on the strategy and, later, to help set the development of a new
website in motion.
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Stock Assessment Action Team (SAAT) Report

MichaelBailey, US Fish and Wildlife Service
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Strategy

Assess the status and trends of the stocks that comprise the BB®

Adult Returns

Estimated total adult Atlantic salmon returns to rivers in the geographic area of the Gulf of Maine DPS
(73 FR 514151436) in 2012 were 744Most of the returns were to the Penobscot Bay Salmon Habitat
Recovery Unit (SHRU) (Figur®) 1Returns are the sum of counts at fishways and weirs (648) and
estimates from redd surveys (9®ounts were obtained at fishway trapping facilities on the

Androscoggin, Narraguagus, Penobscot, Kennebec, and Union rivers, and at a new trap on the Pleasan
River.Fall conditions were suitable for adult dispersal throughout the rivers and allowed redd counting.
Approximately 76 % of documented spawning habitat was surveyed in the Downeast Coastal SHRU. In
the other SHRUS, surveys were in selectedwatersheds resulting in approximately 14 % coverage.

The origin of the returns (hatchery or naturally reared) varied among the S@#Rjurel.2), with the

lowest percentage of naturally reared salmon in the population occurring in the Penobscot Bay SHRU.

In 2012 the numbers of potential spawners in rivers during autumn, known as escapement, was 752.
This includes the 481 pispawn captive broodstock stocked in the Dennys, East Machias, Machias,
Pleasant and Sheepscot rivers and one captive repeat spawnttie Narraguagusscapement to the

GOM DPS area was not evenly distributed among the SHRU and was at most 29% of the estimated 2SW
Conservation Spawner Escapement for rivers within a SHRU (TabRiffetgnces in escapement were
influenced by broodsick removal, smolt and prgpawn captive broodstock stocking (Table 1.1).

Table 1.1. Estimated 2012 spawner escapement into rivers within the three geographic areas defined as
Salmon Habitat Recovery Units (SHRU) for the GOM DPS. Escapement ¢(Rotses +
Stocked prespawn adults. Returns = includes sea run returns and captive reared repeat
spawnersLosses = broodstock and documented mortalitie®cked = number of mature
captive reared adults released to spawn naturally. CSE = Conservation sgaaagement for
rivers within each SHRU (Beland 1984 and Colligan et al. 1999).

SHRU Returns Losses Stocked Escapement CSE % CSE

Downeast Coastal * 100 446 546 1,865 29%
Penobscot Bay 2 624 474 150 6,942 2%
Merrymeeting Bay 21 35 56 3,280 2%
Total 745 474 481 752 12,087 6%

! sea run returns, redd estimates + 1 captive reared return
2 sea run returns, redd estimates - broodstock to CBNFH
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For this reportreplacement rates were estimated based on naturally reared returns, however, the team

is working to integrate estimates of escapement into the calcutetidost of the adults were 2SW

salmon that emigrated as 2 year old smolt, thus, cohort replacement rates were calculated assuming a

five year lagThese rates were used to calculate the geometric mean for the previous ten years (e.g. for
2000: 1991 to 200) for the naturally reared component of returns to the GOM DPS overall and in each

of three Salmon Habitat Recovery Units (SHRWIWR Y G KS YAR mMdphpnQad (2 HAMMI
replacement rate for naturally reared returns to the GOM DPS as tevdi not exceed one (Figure

1.3).1n 2012, the teryear geometric mean replacement rate exceeded 1.0 for the GOM DPS and both

the Merrymeeting Bay and Downeast Coastal SHRU.

We also calculated apparent stiiasin redd to redd replacement (2007 to 2012jes for sea run

returns and stocked adults in selected sub watersh&u2012, the redd to redd replacement of 0.95

for Old Stream documents true sea run return replacement, as no fry were stocked in the system over
the period. The replacement rate foative reared adults on the Chase Mill Stream in the East Machias
River was 0.09, while for Mopang and Hobart streams the rate was 0.0.
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Figure 1.1. Documented returns of Atlantic salmon to the GOM DPS by Salmon Habitat Recovery Units
(SHRU). Numbeisclude angler harvests (up to 1986 on the Pleasant and 1995 on other rivers),
trap and weir counts, and redd based estimates (1991 t®p01
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Figure 1.2. Number of returns (bathpt were naturally reared Atlantic salmon in the three Salmon
Habitat Recwery Units (SHRU) defined for the GOM DPS and their estimated percentage
(dashed line) of total return®ercent naturafteturns in 2012 in bold on riglaf graphs.
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Figure 1.3. Ten year geometric mean of replacement rate for returning naturally rédeadic salmon
in the GOM DPS and in the three Salmon Habitat Recovery Units (SHRU).

Downeast Coastal SHRU

Sea Run SpawnerReturns in 2012 were based on adult captures at the Cherryfield fishway trap, a
fishway trap at Saco Falls on the Pleasant Riveradistway trap operated by Black Bear Hydro
Partners, LLC on the Union River in Ellsworth below Graham Lake. Althouggriins Weir was

operated for a portion of the year, no adult returns were captur8thff documented 17 seain salmon
ascending the Narraguagus River fishway and two sea run salmon on the Pleasant River. No salmon
were captured in the trap on the Unionver.

Estimated returns were extrapolated from redd count data using a retedd regression based on redd
and adult counts from 1992009 on the Narraguagus River, Dennys River and Pleasant River (USASAC
2010).In the Machias drainage, 24 redds were itited to sea run spawners during surveys covering
approximately 58% of the spawning habitat ar8& (6) redds attributed to wild returns were counted
during the 2012 redd surveys in the East Machias River that included approximately 96% of known
spawnirg habitat area. The 75 redds counted during surveys by canoe and foot covering approximately
76% of Narraguagus River spawning habitat area indicated more salmon had entered the river than
were counted at the trap, no fish were seen on vidébe same wasue on the Pleasant River, where

the 9 redds attributed to seaun returns during surveys of about 84% of spawning habitat area
exceeded the 2 returns documented at the trap. Thus, for 2012 the redd estimates for these two rivers
were used in estimatingeturns to the SHRU and GOM DPS.

Captive Reared SpawnerA.total of 446 CBNFH captive reared spawners were stocked into rivers in the
Downeast Coastal SHRU in 2012. Stockings were all into their river of origin: Dennys River (257), East
Machias River &, Machias River (81), and Pleasant (S@awning activity was observed in all rivers
wherethesefish were stocked. Only fourteen (14) redds were counted during the 2012 redd surveys on
the Dennys River that included approximately 89% of known spavinaibigat area. On the East

Machias 36 redds were located in Northern Stream. Forty nine (49) redds were documented in the West
Branch of the Machias watershed where adults were stockedthe Pleasant River 4 redds were

attributed to the stocked adults.
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Penobscot Bay SHRU

Sea Run Spawneradult returns to the SHRU were dominated by captures at the Veazie Dam fishway
trap on the Penobscot Rivek. total of 624 sea run Atlantic salmon were ttapd during 2012. Of these,
150 were released directly intdie Penobscot River upstream of the Veazie Trap, the remaining 474
were retained as broodstocKhus, total escapement to the Penobscot River abibre Veazie Dam in
2012 was 15@tlantic salmon.

Estimated escapement to the Ducktrap River and CovelBras zero (0) based on redd courftke
survey on the Ducktrap River encompassed 70% of the spawning habitat area in the watershed and on
Cove Brook 100% of identified Atlantic salmon spawning habitat was surveyed.

Merrymeeting Bay SHRU

Sea RurSpawners Adult returns were counted at traps on the Androscoggin and Kennebec Rivers. No
adult sea run Atlantic salmon were captured at the Brunswick fishway trap on the Androscoggin River.
On the Kennebec Riveghe searun Atlantic salmon catch at thetkwood fish lift was 5 adults; all were
trucked and released to the Sandy RiNguring 2012, a adult Atlantic salmon were captured or

observed at the Benton Falls fish lift on the Sebasticook River, a Kennebec River triRetahgurveys
conducted orthe Sheepscot River focused on spawning habitabénmiddle portion of the mainstem

and West Branch and documented a total of 12 redds.

Captive Reared SpawnerRedds could not be attributed to captive reared adults stocked in the
Sheepscot River.

Jwenile Population Status

A Generalized RandonTessellated Stratified (GRTS) design (Stevens and Olsen 2004) was implemented
for the 2012 sampling season. Site lists were developed for the DE SHRU, the Penobscot, and the
Sheepscot River and Sandy RiveheéMerrymeeting Bay SHRU. Selection criteria included stream

width and drainage. The sampling frame was selected using a combination of the NHD Flow line feature
and the Habitat Model developed by Wright et al. (201Ahalyses based on this samplingsigm are in
progress.

MDMRconducted electrofishing surveys to monitor spatial and temporal abundance of Atlantic salmon
juveniles at 295 sites in 2012. One hundred and forty (140) of the sites were randomly selected (GRTS).
Two sampling methods were usethe first estimated total abundance at sites and produced density in
fish/unit, where one unit equals 1007iThe second method was based on standardized wand sweeping
protocols for 300 seconds of wand time (catch per unit effort (CPUE) and produatideraebundance

in fish/minute.Data aggregated by SHRU (Table 1.2) document the relative low juvenile Atlantic salmon
populations throughout the geographic range of the Gulf of Maine DPS in the last six years.

An index of juvenile abundangealculated using annual densities (log + 0.01 transformed) at sites with
more than ten years of daf@onfirms the relative low densities (Figure A)mixed random effects

general linear model was used to analyze the data, with years specified asffedd;esites within 10

digit HUCs and 10 digit HUCs within years considered random efiétte.intercept” model was
specified.The index is the estimated annual least square means (SE) back transformed from logarithms
to density.The index is sensitiite sample size (Figutk4), evidenced by the large standard error for
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1985 (n = 2) compared to those for 2000 to 2007 (N > Sbjce 1994, the year fry stocking exceeded
11,000,000 and five years after sampling increased, there seems to be an increasing trend (0.1
units/year). A similar index will be produced for relative abundances, when more years of data are
available.

Tabk 1.2. Minimum (min), median, and maximum (max) density (fish/100m2) and relative abundance
(fish/minute) of Atlantic salmon juvenileBata from sampled rivers were aggregated by
Salmon Habitat Recovery Unit (SHRU), 2006 t0.2012

Density fish / unit CPUE fish / minute
Parr YOY Parr YOY
N Min_ Median  Max N Min_ Median  Max N Min  Median  Max N Min_ Median  Max
Downeast Coastal 2006 76 0.0 2.8 352 73 0.0 2.8 51.5| 139 0.0 1.0 3.5| 155 0.0 1.4 4.3
2007 55 0.0 2.9 22.3| 53 0.4 7.3 58.9| 133 0.0 0.6 51| 141 0.0 1.6 15.3
2008 43 0.0 3.6 20.2| 43 0.0 7.0 73.8| 18 0.0 0.0 1.0 18 0.0 0.3 8.8
2009 56 0.0 3.7 32.5| 56 0.0 7.7 36.5| 49 0.0 0.8 20.4| 54 0.0 1.6 15.4
2010 29 0.5 5.2 28.0| 29 0.0 8.0 89.1| 91 0.0 1.0 8.8 96 0.0 1.4 15.5
2011 19 0.0 2.8 94.6| 19 0.0 3.4 65.7| 173 0.0 0.8 8.7| 173 0.0 0.6 6.3
2012 9 0.6 2.8 11.4 9 0.0 0.7 19.9] 68 0.0 0.5 3.2 69 0.0 0.2 5.4
Penobscot Bay 2006 74 0.0 0.2 26.9| 48 0.0 0.0 67.2| 24 0.0 0.0 1.6 34 0.0 0.0 2.2
2007 49 0.0 0.0 33.7| 25 0.0 0.0 66.8| 41 0.0 0.0 25| 53 0.0 0.0 1.8
2008 11 0.0 6.7 17.8| 11 0.0 19.9 47.1| 82 0.0 0.0 15| 88 0.0 0.0 6.8
2009 10 0.0 7.9 20.4| 10 4.1 29.8 39.7| 161 0.0 0.0 29| 163 0.0 0.0 45
2010 7 0.0 17.0 22.1 8 0.0 0.7 29.5| 86 0.0 0.0 3.9 95 0.0 0.8 16.0
2011 5 0.0 7.0 14.9 5 0.0 4.1 49.8| 87 0.0 0.0 3.8 87 0.0 0.0 5.7
2012 13 0.0 1.5 13.0 13 0.0 21.9 69.9] 90 0.0 0.0 3.1 90 0.0 0.8 14.0
Merrymeeting Bay 2006 42 0.0 1.3 234| 41 0.0 0.3 25.3| 12 0.0 0.0 0.6 11 0.0 0.0 4.0
2007 33 0.0 0.3 50.3| 33 0.0 4.0 69.8| 37 0.0 0.0 2.6 33 0.0 0.2 5.0
2008 26 0.0 1.6 21.7| 27 0.0 2.2 38.9| 38 0.0 0.0 0.8 39 0.0 0.0 1.4
2009 17 0.0 6.0 21.7| 17 0.0 3.1 28.1| 46 0.0 0.0 3.3 48 0.0 0.2 9.4
2010 22 0.0 21 16.6| 21 0.0 3.0 109.9| 110 0.0 0.0 29| 112 0.0 0.8 29.4
2011 17 0.0 8.7 445 17 0.0 1.9 43.3| 45 0.0 0.2 4.4 45 0.0 0.2 9.8
2012 20 0.0 2.3 16.0] 20 0.0 6.6 77.5| 108 0.0 0.2 4.9] 107 0.0 0.4 13.0

SHRU Year
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Figure 1.4. Index of parr abundance in the Gulf of Maine DPS, based on juvenile salmon assessments
conducted from 1984 to 2012.

Smolt Abundance

MDMRconducted seasonal field activities enumerating smolt populations using Rotary Screw Traps
(RSTs) in anriver in each SHRBcientists generated population estimates from mark recapture data
(Bjorkstedt 2005; Bjorkstedt 2010).

Downeast Coastal SHRU

On the Narraguagus River 5,669 smolts were handled, 120 (2.1%) of which were rec@pitiresthe

first week of May, ~ 63,000 age 1+ salmon smolts were stocked, and therefore most (93%) of the smolts
captured were hatchery origifi.he total estimate and standard error (STDER) of smolts (naturally

reared, fall parr and hatchery stocked smolts) exiting ther&taragus system was 42,261 + 4,348.

Similar to 2010 and 2011, the overall estimate was much lower than the known number of 1+ hatchery
smolts that were stocked into the systeifhe population estimate (STDER) for naturadigred smolts

was 915 + 238molts (Figure 6), considerably less than that of the previous year (1,404 + 381) and
slightly higher than the estimates from 20@009.

Penobscot Bay SHRU

Of the 455 naturally reared smolts collected in the Piscataquis River RSTs, 220 were marked and
released 3.2 km upstrear@f these marked smolts, 61 (27.7%) were recaptured. The population
estimate of emigratingmolts was 2,013 + 353 (Figurg &bout 38 % of the estimate in 2011 (5,209 +
1,312).
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Merrymeeting Bay SHRU

A total of 375 smolts wer captured at the Sheepscot River site, 240 of which were marked with an
adipose clip, indicating they were stocked as 0+ parr in 2010 or ZbiElpopulation estimate (STDER)
of naturallyreared smolts was 1,101+ 252 (Figure 6), about 65% of the &aitfate (1,702 + 370T.he
estimate of hatchery origin smolts (stocked as fall parr in 2009 and 2010) was 2,102+ 429 (STDER).
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Figure 1.5Population Estimates (+ Std. Error) of emigrating smolts in the Narraguagus River (Downeast
Coastal SHRU), Pisagtiis River (Penobscot Bay SHRU), and Sheepscot River (Merrymeeting Bay
SHRU), Maine from 1997 to 2012 using DARR 2.0.2.

Survival Estimates

Estuarine and Marine
Atlantic salmon survival rates were calculated for marked hatchery stocks and naturadlgl stacks for

the Narraguagus, Penobscot, and Sheepscot rivers (Tabl€al8ulations were based on known

numbers of stocked salmon, smolt estimates, and adult retusnsoltto-adult (SAR) survival rates, the
available proxy for marine survival, varied origin.Hatchery parr stocked on the Narraguagus River had
the highest average SAR survival, followed by naturally reared salmon and hatchery smolts, respectively.
Hatchery panto-adult survival (PAR), which may include from 8 months to two yearsshvater, was

similar between the Narraguagus hatchery parr and the accelerated growth parr stocked in the
Penobscot River.
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Freshwater

Over the last eight yeayssurvival rates of juvenile Atlantic salmon in freshwater were calculated based
on stocking numbers and/or estimates of eggs deposited, 0+ and 1+ parr, and smolt populations for
reaches or sulvatershedsWe estimated the survival rate for each freshwatesidence period as:

R
Y — | &
¢ £

where"Yis thelife stagespecific survivak is the estimated number or number stocked at lifestage

and¢ is the estimated number at the followirlife stage’QTo be able to use these ratesgopulation
models over varying periods of freshwater residence survival rates were converted to monthly survival
based on the number of months encompassed by the transition from one stage to the next (Table 1.4).

v oy )
Assessment biologists continue to identify opportunities to estimate survival.

Research Projects

An inventory of recently completed, ongoing, and supported projects is being maintained by the team
(Table 1.5).
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Table 1.3Summary table oftlantic salmon survival rates that include estuarine and mdifaestages (a = recent cohorts, b= carried from
previous reports) All rates for hatchery origitocks were based on marked groups. Data represent cohdwsanall 2 seavinter adult
returns have been accounted forherefore, in some casgsome 3 seavinter adults may still be at large.

a Number
Cohort Salmon Habitat Suvival  Survival  Stocked or Number of %
Year Recovery Unit Drainage Source From To Estimated Survivors Survival
2008 Penobscot Bay Penobscot Hatchery Smolts Smolt Adult 512500 1005 0.196
2009 Penobscot Bay Penobscot Hatchery Smolts Smolt Adult 559828 2585 0.462
2010 Penobscot Bay Penobscot Hatchery Smolts Smolt Adult 567086 1227 0.216
2010 Downeast Coastal Narraguagus  Naturally Reared Smolt Adult 2372 25 1.05
2010 Downeast Coastal Narraguagus  Hatchery Smolts Smolt Adult 62400 76 0.12
b Number
Cohort Salmon Habitat Survival  Survival  Stocked or  Number of
Year Recovery Unit Drainage Source From To Estimated survivors % Survival
2008 Downeast Coastal Narraguagus  Hatchery Smolts Smolt Adult 54116 21 0.0388
2009 Downeast Coastal Narraguagus  Hatchery Smolts Smolt Adult 52829 88 0.1666
2008 Downeast Coastal Narraguagus  Hatchery Parr Smolt Adult 414 5 1.2077
2009 Downeast Coastal Narraguagus  Hatchery Parr Smolt Adult 231 9 3.8961
2006 Downeast Coastal Narraguagus  Naturally Reared Smolt Adult 2300 19 0.8261
2007 Downeast Coastal Narraguagus  Naturally Reared Smolt Adult 1210 9 0.7438
2008 Downeast Coastal Narraguagus  Naturally Reared Smolt Adult 962 7 0.7277
2009 Downeast Coastal Narraguagus  Naturally Reared Smolt Adult 1180 24 2.0339
2006 Penobscot Bay Penobscot HatcherySmolts Smolt Adult 169066 409 0.2419
2007 Penobscot Bay Penobscot Hatchery Smolts Smolt Adult 147619 529 0.3584
2008 Penobscot Bay Penobscot Hatchery Smolts Smolt Adult 147789 241 0.1631
2009 Penobscot Bay Penobscot Hatchery Smolts Smolt Adult 178034 673 0.3780
2006 Downeast Coastal Narraguagus  Hatchery Parr Parr Adult 17476 5 0.0286
2007 Downeast Coastal Narraguagus  Hatchery Parr Parr Adult 15687 9 0.0574
2002 Penobscot Bay Penobscot Hatchery Accelerated Parr Parr Adult 50249 27 0.0537
2003 Penobscot Bay Penobscot Hatchery Accelerated Parr Parr Adult 72835 26 0.0357
2004 Penobscot Bay Penobscot Hatchery Accelerated Parr Parr Adult 69719 34 0.0488
2005 Penobscot Bay Penobscot Hatchery Accelerated Parr Parr Adult 96320 41 0.0426
2006 Penobscot Bay Penobscot Hatchery Accelerated Parr Parr Adult 100541 54 0.0537
2007 Penobscot Bay Penobscot Hatchery Accelerated Parr Parr Adult 105577 23 0.0218
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Tablel.4. Summary table oftlantic salmon freshwater survival rates (period and monthly) based on number of hatchery product stocked or
estimates of juvenile life stages or eggs spawned ((a = recent cohorts, b= carried from previous reports).

a

Initial

Life Number

stage Stocked  Number Period Monthly

Cohort SHRU Survival  Survival or of Approx. % %

Year Drainage Source From To Estimated survivors Months Survival Survival

Merrymeeting Bay

2008 Sheepscot Hatchery 0 Parr Smolt 13,048 1,618 19 12.4 89.6
2009 Sheepscot Hatchery 0 Parr Smolt 17925 1720 19 9.6 88.4
2010 Sheepscot Hatchery 0 Parr Smolt 14500 2102 19 14.5 90.3
b

Initial Life

stage Number  Number Period Monthly

Cohort SHRU Survival  Survival Stocked or of Approx. % %
Year Drainage Source From To Estimated survivors Months Survival Survival

Downeast Coastal

2010 East Machias Naturally Reared Egg YOY 30,055 1,397 10 4.6 73.6
2010 East Machias Naturally Reared Egg YOY 30,055 370 10 1.2 64.4
2010 East Machias Naturally Reared Egg YOY 15,028 1,356 10 9.0 78.6
2011 East Machias Naturally Reared Egg YOY 26,607 86 10 0.3 56.4
2011 East Machias Naturally Reared Egg YOY 35,476 17 10 0.05 46.6
2011 East Machias Naturally Reared Egg YOY 79,821 4,177 10 5.2 74.5
2010 East Machias Naturally Reared YOY Parr 1,397 410 12 29.3 90.3
2010 East Machias Naturally Reared YOY Parr 370 244 12 65.9 96.6
2010 East Machias Naturally Reared YOY Parr 1,356 1,042 12 76.8 97.8
2006 East Machias Hatchery YOY Parr 1,670 1,077 12 64.5 96.4
2007 Narraguagus Both Parr Smolt 10,213 1,020 8 10.0 75.0
2008 Narraguagus Both Parr Smolt 12,959 750 8 5.8 70.0
2008 Narraguagus Both Parr Smolt 8,245 1,082 8 13.1 77.6
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Tablel.4. Continued

b

Initial Life

stage Number Number Period Monthly

Cohort SHRU Survival  Survival Stocked or of Approx. % %

Year Drainage Source From To Estimated survivors Months Survival Survival

Merrymeeting Bay

2009 Sheepscot Naturally Reared Egg YOY 75,000 3,540 10 4.7 73.7
2009 Sheepscot Naturally Reared Egg Parr 75,000 4,959 31 6.6 91.6
2010 Sandy Hatchery Egg YOY 46,160 8,833 8 19.1 81.3
2010 Sandy Hatchery Egg YOY 42,500 5,857 8 13.8 78.1
2010 Sandy Hatchery Egg YOY 55,930 38,518 8 68.9 95.4
2010 Sandy Hatchery Egg YOY 192,920 49,703 8 25.8 84.4
2010 Sandy Hatchery Egg YOY 47,940 24,581 8 51.3 92.0
2010 Sandy Hatchery Egg YOY 104,130 31,301 8 30.1 86.0
2010 Sandy Hatchery Egg YOY 5,825 2,002 8 34.4 87.5
2010 Sandy Hatchery Egg YOY 47,940 32,219 8 67.2 95.2
2004 Sheepscot Hatchery 0 Parr Parr 15,600 3,565 11 22.9 87.4
2005 Sheepscot Hatchery 0 Parr Parr 15,882 1,206 11 7.6 79.1
2006 Sheepscot Hatchery 0 Parr Parr 16,600 7,743 11 46.6 93.3
2007 Sheepscot Hatchery Fry Parr 29,900 409 16 1.4 76.5
2008 Sheepscot Hatchery 0 Parr Parr 13,048 4,677 11 35.8 91.1
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Table 1.5. Inventory of completed and ongoing assessment and research projects supported during TAC or Frame

review, 2001- 2012.

Study Juvenile Adult
Contact Project short title Watersheds Stocking years  Field years Returnyears  Status  Reports
0. Cox Smolt (alternate rearing) stocking Narraguagus 2008-2012 2008-2012  2009-2014  Analysis interim updates
E. Atkinson Whole River Point stocking Dennys 2007-2010 2008-2012 NA Analysis interim updates
J. Kocik Fry stocking - Smolt & Adult genetics Narraguagus ongoing ongoing ongoing Analysis interim updates
J. van de Sande East Machias Parr East Machias 2012-2017 2012-2019  2014-2023 Data interim updates
. Single strategy - Captive reared pre-
E. Atkinson spag\l/vn adult gi’ocking P Dennys 2011-2015  2012-2017 2014-2021 Data interim updates
J. Zydlewski Smolt acoustictag lab study Penobscot NA 2012 NA Data UM Thesis
J. Zydlewski Smolt migration Penobscot 2012 - 2014 2012 - 2014 2013 -2016 Data UM Thesis
J. Zydlewski Smolt salinity lab study Penobscot NA 2012 - 2014 NA Data UM Thesis
J. Zydlewski Penobscot PIT Tagging Penobscot NA NA 2012 - 2014 Data UM Thesis
J. Zydlewski Al & pH smolt physiology gﬁgsss“fgfs’ Penobscot 2012-2015  2012-2014 2013-2016 Data UM Thesis
P. Christman Androscoggin River adults Androscoggin River NA NA 2011-2013  Data interim updates
J. Burrows Marsh Stream parr Marsh Stream 2011-2014 NA 2012-2016 Data interim updates
P. Ruksznis Cove Brook egg planting Cove Brook 2012 -2016 2012-2018 2015-2020 Data interim updates
E. Atkinson Smolt (alternate rearing) stocking Pleasant River 2011-2013 2011-2013  2012-2015 Data interim updates
C. Bruchs Captive reared pre-spawn adult stocking East Machias 2005 - 2008 & PR
2009 - 2014 2006 - 2015 2009-2019 Data interim updates
P Christman Captive reared pre-spawn adult stocking Sheepscot 2006-2010 2007-2012  2009-2014  Data interim updates
C. Bruchs Captive reared pre-spawn adult stocking Machias gg(l)i _22001103& 2007-2012  2009-2014 Data interim updates
. Upstream stocking retired Captive
E. Atkinson bﬁ,odswck 9 P’ Narraguagus 2007- ? NA 2008 - ? Data interim updates
P. Christman Egg planting Sheepscot, Kennebec 2003-2007 2004-2009  2007-20012 Data interim updates
P. Christman Egg planting Kennebec 2009-strategy ~ 2010- 2014- Data interim updates
B. Naumann/SHARE LWD additions m:ﬁzgjg;j:t Machias, 2006-2010 2007-2014 NA Data interim updates
R. Dill Wild Veazie returns genetics Penobscot NA 2005-2012  Data interim updates
M. Simpson Upper drainage smolt assessment Narraguagus 2003-2008 2005-2010 NA Data interim updates
R. Spencer Upper Piscataquis fry growth Penobscot 2006-2008 2006-2009  NA Data interim updates
R. Spencer Upper Piscataquis adult transfer Penobscot 2009-2011 2010-2013  2013-2016 Data interim updates
Narraguagus, Dennys,
. Riverine index sites; monitoring juvenile Machias, East Machias,
J. Trial populations Pleasant, Saco, Kehnebgc, ]
Lower Penobscot tributaries, Annual reporting
Penobscot NA NA NA Ongoing USASAC, ICES
Penobscot, Kennebec,
Narraguagus, Dennys,
. Androscoggin, Saco,
J. Trial Adult trap counts Aroos tookg,lgllzast Branch
Penobscot, St. Croix, Union, Annual reporting
Pleasant NA NA NA Ongoing USASAC, ICES
Narraguagus, Dennys,
. Machias, East Machias,
3. Trial Redd Counts Pleasant, Sheepscot, Lower Annual reporting
Penobscot tributaries NA NA NA Ongoing USASAC, ICES
. ) . ) . Annual reporting
J. Kocik/Joan Trial ~ Smolt population estimates and indices ~ Narraguagus, Sheepscot NA NA NA Ongoing USASAC, ICES
M. Bailey Size selective mortality Narraguagus, Penobscot 2005-2007 2005-2007 NA Completed UM Thesis, 2008
M. Guyette Marine Derived Nutrients 2{?22;? s Kingsburry 20002011 20092012 NA Completed UM Thesis 2012
W. Ashe Conectivity and productivity Machias NA 2009-2010 NA Completed UM Thesis 2012
E. Atkinson Captive reared pre-spawn adult stocking Hobart 2006-2010 2007-2012  2009-2014  Completed ~Symposium
P. Christman Streamside incubation Sheepscot, Kennebec Sheepscot - 2008
! 2002-2006 2003-2008  2006-2011  Completed ~Kennebec 2006
R. Wathen Bass salmon interactions Penobscat; Pollard, Great
Works, Hemlock, Hoyt 2008-2009 2008-2009 NA Completed 2010, 2011
J. Sweka Fry stocking - habitat & genetics Sheepscot 2004 Completed 2008, 2012
J. Trial Stocked fry upstream movements Machias, East Machias 2007 2007-2008 NA Completed 2008, 2009
D Macaw Translocated adults Kennebec NA NA 2006-2009 Completed 2008, 2009
J. Trial Stocking density 2‘22'? guagus, East Machias. 20022006 2002-2007 NA Completed 2007, 2008
C. Bruchs Smolt stocking - sites, timing Dennys 2001-2006 2001-2006  2002-2008  Completed 2013
. Smolt timing from stocked Green Lake .
P. Ruksznis parr o Pleasant River, Penobscol 5405 5011 2003-2012 20032013  Completed 2011
K. Dunham 0+ parr stocking Narraguagus 2008-2010 2008-2011  2010-2014 Completed 2011
C. Lipsky Smolt stocking - sites, timing Penobscot 2002-2006 2002-2006  2003-2007  Completed 2011
G. Mackey Point stocking, range of sites Lffr';ﬁusa;uf%ﬂﬁ; 20052007  2006-2009 NA Completed 2009
G. Mackey Alewife abundance and smolt survival Narraguagus Historic data Completed 2009
P. Christman 0+ parr stocking Sheepscot 2004-2005 2005-2007  2006-2011  Completed 2008
R. Spencer Sea run, captive reared comparison Aroostook 2003-2008 2004-2010 NA Completed 2007
T. Lindley Merical Penobscot Penobscot 2003-2005 2003-2005  2004-2007  Completed? 2008
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Conservation Hatchery Action Team (CHAT)

Ernie Atkinson, MainBepartment of Marine Resources

Paul Christman, Maine Department of Marine Resources

Chris Domina, US Fish and Wildlife Service

Anitra Firmenich, US Fish and Wildlife Service

Peter Lamothe, US Fish and Wildlife Service

| KNRARAGAYS [ ALJ{| &reFishariesSerdiceb I GA 2yt al NA
Mitch Simpson, Maine Department of Marine Resources

Jacob van de Sande, Downeast Salmon Federation

Joe Zydlewski, US Geological Survey

Strategy
Increase adult spawners through the conservation hatchery program
Strategy Objective

To prevent extinction of Atlantic salmon within the Gulf of Maine Distinct Population Segment by
maximizing abundance, distribution and genetic diversity through the conservation hatchery program.

Strategy Metric
Adult return per egg equivalent, reportdy SHRU (salmon habitat recovery unit)
BackgroundThe Conservation Hatchery Action Ted@hAT addresses the threat of declining populations

and the eventual extirpation of river specific populations and/or the entire Gulf of Maine Distinct
Population Sgment (DPSCHATalso addresses the loss of population diversity (genetic, morphological,

physiological, and behavioral) throughout the DPS, catastrophic disease contraction and transmission, and

catastrophic cohort loss in the wild'he Atlantic salmornonservation hatchery program is a partnership

with the USFWS managing two hatcheries (Craig Brook National Fish Hatchery and Green Lake National Fish

Hatchery) and the Downeast Salmon Federatnanaging two hatcheries (East Machias Aquatic Research
Centea and the Pleasant River Hatchery).

The conservation hatchery program currently implements the following programs:

1 Brood stock management: Penobscot Rivermsgaand domestic brood programs, and the captive
brood program for the Sheepscot, Narraguadeisasant, Machias, East Machias, and Dennys
Rivers

9 Juvenile Production: various life stage and stocking strategies for each population held in the
conservation hatchery program

9 Fish health management: fish health inspections, screening, diagnostics ahdére and
surveillance

Atlantic Salmon Recovery Framework 2012 Report Pagel9



Tables2.1-2.3 highlight juvenile and adult Atlantic salmon stocking accomplishments andisealult
returns by river for 2012.

Table2.1: Juvenile Atlanticamon stocking summary for Gulf of Maine DFP3012

River Fry 0 Parr 1 Parr 2 Parr 1 Smolt Total

East Machias 88,000 53,200 0 0 0 141,200
Kennebec 2,000 0 0 0 0 2,000
Machias 231,000 0 1,400 O 0 232,400
Narraguagus 389,000 0 0 0 59,100 448100
Penobscot 1,073,000 325,700 0 0 555,200 1,953,900
Pleasant 40,000 0 0 0 60,200 100,200
Sheepscot 50,000 15,700 0 0 0 65,700
Union 1,000 0 0 0 0 1,000
Total for Maine Program 2,944,500 (USASAC Annual Rep20tl2)

Table2.2: Number of adult Atlantic salmon stocked in Maine rivers in 2012

Captive/Domestic Sea Run

Drainage Purpose PreSpawn PosBpawn Piepawn PosBEpawn Total
Dennys Recovery 257 0 0 0 257
East Machias Recovery 52 80 0 0 132
Kennebec Recovery 5 0 0 0 5
Machias Recovery 81 141 0 0 222
Narraguagus Recovery 0 297 0 0 297
Penobscot Recovery 0 1,150 0 469 1,619
Pleasant Recovery 56 256 0 0 312
Sheepscot Recovery 35 161 0 0 196

Total for Maine Program 3,040
Prespawn refers to adults that are stocked prior to spawning of that year-$pastn refers to fish that are
stocked after they have been spawned in the hatchery.

Table2.3: Documented Atlantic salmon returns to Maineers in 2012

1SwW 2SW 3SwW
Hatchery Wild Hatchery Wild Hatchery Wild Hatchery Wild Repeat Total
Kennebec 0 0 1 4 0 0 0 0 5
Narraguagus 2 0 9 5 1 0 0 0 17
Penobscot 8 5 531 69 6 0 2 3 624
Pleasant 0 0 0 2 0 0 0 O 2

Total Returns 648

These hatchery programs have been effective in preventing river specific populations from becoming
extirpated, and have also maintained minimum river specifiective population size, ensured healthy and
disease free hatchery populations, maintained a sustainable source of parr for the captive brood program,
and returned sufficient numbers of Penobscot River adults to sustain theusearood program.

In 2012, 624 adult Atlantic salmon returned to the Penobscot RiVBMRDbiologists released 158dult
salmon into the river due to high flow conditions at the trap at Veazie Dam and to allemisdizh to
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spawn naturallyn the river. The remaining 4&dult salmon were transported to Craig Brook National Fish
Hatchery for broodstocklThe 481 adult salmon transported to Craig Brook were 169 adults short of our
target for broodstock management of 650 adulthie reduced numbers of individuals spawned within the
broodstock population will likely reduce the diversity and effective popaoresize for the Penobscot River
as measured by effective population size and other population genetic parameters monitored by GDAT.

In fall of 2012, MDMR expressed the needrantsfer responsibility for transporting adult salmon from the

trap at Veazie Dam to CBNFH to the USFANfflan was put in place to accept that responsibility and stay
within the current budget constraintg.o accomplish this, the production of salmon smad@épprox.

100,000 smolts) at Green Lake National Fish Hatchery for the Downeast SHRU was temporarily suspended.

General accomplishments and activities for 2012 and plans for-2018are highlighted ilAppendix 2.1.

In this 5 year implementation plan, the conservation hatchery program continues to provide fish health,
broodstock management, and juvenile production programs but begins work towards improving
integration of life stage specific assessment and stockingrpros to increase adaptive management
capacity. CHATalso proposes new projects that move production projects towards realizing greater natural
spawning occurrence in the wild. An example for 2@012 includes ceasing fry stocking (2012) in the
Dennys Rier and instead releasing pispawn captive adults into quality habitat (Fall 20IHe challenge
continues to be maintaining viable river specific broodstock that will be able to recolonize marine and
freshwater habitats that become suitable and accessiblthe future.

TheCHATalong with the other action teams reviewed a number of proposals for new actions (research and
management) from both internal (agencies) and external partners and collaborators. All of the teams
reviewed the proposals for consistey with the framework, lent technical advice, and made
recommendations to whether that action should or should not be implemented. The following project
summaries are the proposals that were receiveddyATand approvedthus receiving salmon for 2012

and beyond.

2012 Approved and Ogoing Project Proposals:

TheCHAworks in partnership through the framework with state and federal agencies, universities, and
non-government organizations to provide fish for the investigation of effectiveness of newrsgocki
techniques and locations, and research that will assist in reaching the goal of maximizing adult Atlantic
salmon returns for spawning within the DA®e following are summaries of proposals received and
reviewed by the CHAT in 2012.

Regional effects o&cid and aluminum on Atlantic salmon smolts

The acidification of surface waters due to atmospheric pollution remains an ongoing and serious problem in
the northeastern region of the United States (Driscoll et al., 208digified water impacts the phydany

of organisms both directly and by increasing the bioavailability of toxic metals especially aluminum (Al).
Under acid conditions, Al is particularly harmful to fishes where it accumulates in the gills and impairs their
ability to regulate internal ioevels and leads to mortality (Gensemer and Playle 199®se effects are
particularly problematic for anadromous fishes that must migrate between frasti seawater
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environments.Chronic acieAl conditions have resulted in the elimination of Atlarggédmon populations in
Scandinavian and Canadian rivers.

Most rivers in New England are not chronically acidified, but rather experience episodic events in which pH
decreases for days or weeks at a tirBeveral lines of evidence indicate that episodidification and its
associated Al toxicity have contributed to declining salmon populations in eastern Maine (National
Academy of Sciences, 200#hese poorly characterized impacts may be limiting restoration efforts in many
areas of southern New Englaritihas been known for some time that relatively severe dditevels can
compromise the development of seawater tolerance that occurs during the downstream migration of
Atlantic salmon smoltRRecent evidence indicates that even short exposured daysg to moderate levels

of acidAl can compromise smolt development, resulting in reduced gill Na&TiRase activity (a critical
enzyme for salt excretion) and seawater tolerance (Staurnes et al. 1996; Magee et al. 2002; McCormick et
al. 2009)Impaired smdldevelopment following acid\l exposure is linked to substantial reductions in

adult return rates of Atlantic salmon (Krogland et al. 2007).

The degree to which smolts are impacted is dependent upon the synergistic effects of both Al and acidity.
Exposu8 2F ! GflydAO alrtyz2y avztda (G2 €26 LI O6pdHO | yF
>3kt 0 NBadzZ Ga Ay Y EN ks detereadnditiis (&.9.35 QEONNIAIIAR | >2Fkdi 0
smolts experience a detrimental decredreheir seawater toleranceBecause the effect of aluminum

under acidic conditions is caused by entry of aluminum into the gill, the amount of aluminum accumulated

in the gill exposure can be directly measurBémonstration of such an effect in naturepnds upon

linking exposure to performance in a field settifigne proposed work would attempt to do just that.

In order to directly determine the impact of current water chemistry conditions on Atlantic salinen,
researcherswvill hold hatchery smolts inages at targeted field sites and subject them to a seawater
challenge test after six days of exposurelate April and early Mayenobscot River origin hatchery smolts
will be held in cages (as outlined in McCormick et al. 2@@&gjes will be 0.8 x3m x0.3 m and

constructed of 3 cm wooden supports with 1 cm plastic ma@s$iese structures will be anchored in place,
and the welsealed to prevent unintentional escape if the cage were to move or be overturned in high
flow. They will be placed behindrbe boulders or in side scour pools so that the cages have adequate flow
but are protected from high flow events and reduced water levifter 6 days of exposure 15 fish will be
non-lethally sampled and 15 lethally sampled (as above).

Six sites in Mamwith known water chemistry representing a range of water chemistry (based on our
previous studies) will be chosegites will include at least one experimental limgng (above and below;
in collaboration with Steve Koenig; Project SHARE and Scott(©@&igish and Wildlife Service).Our sites
will include areas with severe acid conditions (both high and low DOC streams). Thesevetuelies
conducted in spring 2012nd 2013 andare planned for spring014.

Principal Investigator: Joseph Zydlewski- 3oStephen McCormick
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Smolt imprinting study

Hatchery supplementation has been a critical component of Atlantic salmon restoration, and as stated
previously has liély prevented extinction in Maine rivers (NRC 2004 majority of adult salmon
returning to the Penobscot are of smedtocked originThe smokto-adult return rate (SAR), however, has
declined steadily over the past 30 years indicating increased titgriia the river or at sea (Moring et al.
1995; USASAC 2005).

During migration, smolts can incur significant direct or indirect mortality from dams (Ruggles 1980; Coutant
and Whitney 2000) and predation (Larsson 1985; Jepsen et al. 1¢88heryrearedsalmon have been

shown to incur higher mortality than their wild counterparts in many systems (Collis et al. 2001; Fresh et al.
2003; Johnsson et al. 2003; Metcalf et al. 2003). Differential performance at seawater entry may also be
partly responsible fothese differences (Alvarez and Nicieza 2003; Fuss and Byrne 2002; Hockett 1994;
Shrimpton et al. 1994 5tudies have shown that survival of hatchery smolts may be maximized if hatchery
releases coincide with the emigration of wild smolts (Hvidsten andsish1993; Heinimaa 2003urvival

at seawater entry has been shown to be highest in cohorts that enter the estuary in an evening outgoing
tide (Clemens et al., 2009) presumably minimizing predation risk.

The parrsmolt transition is a critical transiti@al stage in the life history of Atlantic salma@nterritorial,

streamdwelling parr that transforms undergoes a complex suite of behavioral, morphological and

physiological changes resulting in a migratory smolt (McCormick and SaundersB@&8®ndogaous and
environmental patterns (e.g. photoperiod, temperature, turbidity, and flow) contribute to the timing of

these shifts (Hoar 1976; Eriksson and Lundqvist 1982; McCormick et al. 1998). Successful transition into the
marine environment is thought to@ O dzNJ RdzNA Yy 3 | agAyYR2¢6 2F 2L NIdzy Al
optimal for survivalijlcCormick and Saunders 198Foor synchrony can result in high mortality in the

estuary (McCormick et al. 1999) or at sea (Virtanen et al. 1991; Staurnes@3all. 1

In addition to the obvious advantage of surviving emigration, the ability of anadromous salmon to return to
a natal stream successfully is pivotal to their reproductive success (McDowall, Bfi6ddive homing

allows adaptation to local habitatspbancing the performance of individuals from the local population
(Quinn and Dittman, 1990%traying can be considered an alternate strategy to homing or simply a failure
to home effectivelyln natural populations, this alternative behavior may be beniefito the overall

persistence of a metapopulation by reducing inbreeding (Heggberget et al. 1988; Quinn,Fd93).

hatchery producs, straying is an unintended outcome.

Salmon species home to natal rivers via a suite of cues and clues, olfactiothespmgnary mechanism.

During the parsmolt transformation, enhanced olfactory sensitivity has been documented in Atlantic
salmon (Morin et al., 1989a, b). Wild fish may imprint at multiple life stages following cues from the
variable environment (Schaltet al. 1976; Kudo et al., 1994; Dittman and Quinn, 1996), whereas hatchery
fish are held in a more constant environment do not experience such cues. For salmon that typically live in
their natal stream for years prior to seaward migration, imprinting akso occur during a brief period

during the parrsmolt transformation before the initiation of migration (Scholz et al., 19%8)ere smolts

are imprinted to is clearly important for natural recruitment for broodstock collection. Smolts stocked in
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the lower river tend to home to the lower river (Power and McCleave 1980; Gorsky 2005), where successful
spawning is improbable (or capture as broodstock may be impractical).

A successful stocking strategy balances risks of mortality during migration, vayimstrisks and the timing

of seawater entry such that adult returns are maximized. Gunnerod et al. (1988) stocked Atlantic salmon in

the River Surna, its estuary and offshore. Consistent with the hypothesis that in river mortality was a
significantfad 2 NE { ! wQa F2NJ alfvyz2y ad201SR Ay (KS 20Sly ¢
stocking. Estuary stocking returns were intermediate. Interestingly, stray rates increase with distance
downstream; at sea stocking had the highest stray rateslewhiriver stocking had no known strayBhe
researchergropose to assess a smolt stocking protocol that would a) allow a period of imprinting in order

to minimize straying, b) avoid in river mortality by releasing smolts into the estuary and 3) maximize the
probability of rapid seaward migration by stockimgnight on an outgoing tide. This proposal represents

the first phase of a longer term vision to optimize smolt stocking methodologies.

Figure 3.Aerial image of Wst Enfield Damthe three imprinting pools are indicated with the black
arrow.

Beginring in 2009, a three year study to asses this methodology was initiated. Approximately 29,000

smolts are marked using an unambiguous VIE tag (as partofi A 2 y I £ hOSFyAO ! G4Y24LKS|
National Marine Fisheries ServicdGGAANMFS ongoing making program) and transferred to the West

Enfield holding ponds (FiguB? in order to imprint to the upper Penobscot River for 10 daygrinted

smoltswere removed from the imprinting pools and transported to the Verona Island boat ramp for direct

release into seawater. In order to minimize the risk of predation (a goal of this stocking scenario), the
smoltswere released at the start of the outgoing tide, after dark. Such timing had been shown to reduce

the risk of mortality in migrating salmonidsié@ens et al. 2009). Some of these fish (~+88)e tagged
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using acoustic tags in a joint NOMaine Coop UnitJSFWS cooperative assessment for the purpose of
assessing survival through Penobscot Bay.

Principal Investigators: Joseph Zydlewski, AssisteatlerFisheries, USGS Maine Cooperative Fish and
Wildlife Research Unit, University of Maine, Anitra Firmenich USFWS

On river hatchery rearing of O+ fall parr to increase adult Atlantic salmon returns to the East Machias
River.

In its 2007 Review of Atldin Salmon Hatchery Protocols, Production, and Product Assessment, the
Sustainable Ecosystems Instity&Elyecommendations stated that:

W The Program should adopt the adaptive management approach.

w Hatchery evaluation should be a core element of theovery program. Assessment and scientific
advice should be used in making decisions on hatchery production and release schedules and the
use of hatchery supplementation generally.

w Absolute levels of stocking of fry and smolts have been insufficienetamd further declines of
adult returns across DPS rivers.

W Assessments have not been conducted in a sufficiently rigorous manner to definitively evaluate fry
versus other stage (parr, freshwater smolt and estuarine smolt) stocking tactics.

w OneortwoNA GSNB @gAGKAY GKS 5t{ akKz2dzZ R 0SS a¥FdzZ f &¢

I a

0S YSI &d2NBR FyR GN¥ Ol SRO® G!'d I YAYAYdzY 2yS NA

be adequately outfitted (traps, listening receivers) and continuousipitored to assess the
success of rearing conditions, capture and handling technigues, and release mechanisms on smolt

8dz008a4ad¢ {9L F2dzy R GKIG alAys8Qa (62 &FfvY2y KIi

A o oA M oA s

RSAAIYSR FyR dzaSR 6asdi. vaAiyf38YNPO2NMINSPREQS (K

needs to be placed on releasing smolts and parr from the limited number of available fry to

AYONBI 48 | RdZf G NBGdNY&E | yRZ RdzS (2 GKS NBEFNRY:

rearingoptions8 SR (2 0S8 SELX 2 NBR®E

The use of hatcheries to restore depleted fish populations has been a popular strategy for decades but the

results have generally been disappointihng. RNJ ¥ LJ LISNE WLYLINRGAY 3 | | §OKSI

(Christman. P. M., Dunhg K. and Ruksznis, P.) has summarized much of the literature associated with
hatchery performance as well as the recommendations of a 2007 committee to look at this issue. As this
paper and literature search revealed, a potential major cause of mortalitye failure of hatchery fish to
transition from hatchery feed to live feed (Berg and Jorgensen1991; Fenderson et al. 1968). Other
concerns included the failure of hatchery fish to learn predator avoidance, and the effects hatchery
coloration and sizeompared to similar fish in the wild might have on survival. Fortunately, recent, small
scale studies have demonstrated that all of these issues can be successfully avoided at the hatchery.
Certainly one of the goals of this East Machias project isde garr in the hatchery that closely resemble
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wild fish. East Machias Aquatic Research Ce(EMAREwill follow the recommendations in this paper
and consult with experts to employ existing and new conditioning techniques.

Goals (bulleted list):

1. Tol OOdzNJ 1Sfeé aaSaa GUKS STFSOuUAYSySaa 2F 9al! w/
in the East Machias River, the number of smolts leaving the river, and ultimately the number of
adults returning.

2. To maximize the number of salmoneggstviaio £ S FNBY /. bCl F2NJ 0KS LN
EMARC.

Objectives (bulleted list):
1. To assess the growth and survival of stocked O+ parr to 1+ and 2+ stage.
2. ¢2 O2YLI NB LRLMzZ A2y RSyaadAasSa FTNBRHesa¥Fl € LI NI

3. To assess the number of smolts leaving the river for the five years (or more) of the [(Bgj&2t
20160 YA YA YdzYY (62 @SIFNR 2F LINB@A2dza FNEBR ada201SR

4, To assist the BSFH with adult return asses#niacluding redd counts and assessment of acoustic
imaging techniques.

Methods: (including study design and statistical analyses)

CBNFH will transfer approximately 195,000 eyed eggs to EMARC for the production of fall parr. No fry will

be produced at OBFH for stocking into the East Machias in spring 2013. To mitigate the risk of changing

the existing approach to broodstock management in the East Machias River, DSF agrees to assist with
broodstock collection during the summer of 2013. Collection df@eft numbers (approximately 250

individuals) from 1+ and 2+ parr cohorts is expected to maintain the viability and genetic diversity of the
broodstock population. If collection efforts do not result in sufficient numbers of 1+ or 2+ parr, 0+ parr

from9a! w/ ¢2dzf R 0SS | @I Af I oONBBSNEG YA &EdDEt RFIERSEKE i OF
f S@St 2F ayl GdzNI t¢ aStSOGA2y G2 200dzNJ 2y GKS ONRZ2R
spring smolt trapping efforts anapilot effort is also proposed to test the feasibility of this alternative.

To increase the number of eggs available for fall parr production at EMARC to approximately 400,000 eyed
eggs, it is proposed that suitable post spawn adults be held at CBNFH for fosmreiigg efforts and the

number of parr collected in the summer/fall from the east Machias River increases from the current target
of 150 to 250 individuals. According to CBNFH,steifeasing the number of adults available to spawn

and the number of parcollected for the broodstock population should allow for the production and

transfer of approximately 400,000 eyed eggs within two years.

This proposal was modified in partnership with the Principal Investigator to recognize the need to continue
fry stoking in the East Machias River basin to accommodate the broodstock management approach
currently implemented by CBNFH. Proposed stocking densities were also developed in partnership with ME
DMR. Principal Investigator: Downeast Salmon Federation
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Conclisions and Next Steps

The USFWS is experiencing significant reductions is operating budgets for its federal hatchery facilities. Due
to these budget constraints within the USFWfSaddition to those being experienced by our partners, the
USFWS is planning to reduce the total number of smolts being raised at Green Lake Natibiatchesty.

The reductions wilhitially target smolt production for two &wneast rivers. Smoltsauld be raised solely

for the Penobscot River beginning in 2013. Additional reductions to operating budgets for our hatcheries
could impact the number of smolts being raised for the Penobscot River.

To make future decisions related to hatchery productsrtranspagnt and inclusive as possiblbgtUSFWS
has proposed using the Structured Decision MakBigM)Process to help identify the fundamental
objectives for the Atlantic salmaronservation hatchery program. The use of SDM will allow for
represenation from all state and federal agencies, as well asgovernment organizations in the decision
and prioritization process.
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Genetic Diversity Action Team (GDAT)

Meredith Bartron, US Fish and Wildlife Service

Denise Buckley, US Feid Wildlife Service

Paul Christman, Maine Department of Marine Resources
Mike Kinnison, University of Maine (adjunct)

Strategy

Maintain the genetic diversity of Atlantic salmon populations in Maine over time.

Strategy Metric

Estimates of genetic divsity (e.g. allelic variation, heterozygosity) based on comparable suites of
molecular markers will be assessed and monitored over time.

Background

Maintenance of genetic diversity and the preservation of the genetic structure present in Atlantic salmon is
a critical component to the recovery of Atlantic salmon in Maine. The Genetic Diversity Action Team
(GDAT) has identified a variety of actions ampnt to include as part of the broader management efforts

for Atlantic salmon in Maine. Actions identified by the GDAT relate to three primary focus areas:
monitoring genetic diversity, evaluating hatchery practices and products, and monitoring td detec
aquaculture Atlantic salmon. Actions identified are consistent with the Broodstock Management Plan
(Bartron et al. 2006), and expand to include additional research needs, monitoring of weirs for aquaculture
origin salmon, and to monitor the implementati of the Aquaculture Biological Opinion.

Many of the GDAT actions identified are specified in the Broodstock Management Plan (Bartron et al.
2006). Therefore, most actions are currently undertaken to maintain genetic diversity within the Atlantic
salmon program and reduce risks associated with captive breeding programs and are critical to the

recovery process. Actions identified by the GDAT provide additional monitoring and evaluation of hatchery
management practices, including improving abilitiegt@luate performance (survival) of hatchery

products in the wild and to aid in evaluation of how hatchery production is contributing to recovery

activities. For example, genetic parentage analysis is be used to assess the compaosition of hatchery versus
natural origin individuals within adult and parr broodstock collections. Other actions collate all monitoring
activities of aquaculture permits, genetic screening of broodstock for stray aquacoltigie individuals,

and operating weirs on the Dennys River in emergency situations in response to an escape event.

The metric used to assess the overall outcome of the actions identified by the GDAT is the maintenance of
genetic diversity over time measured by estimates of genetic diversity, includirig adebbility (i.e.

number of alleles per locus, allelic diversity), and heterozygosity. These estimates are obtained through the
use of a comparable suite of molecular markers that are consistently used to monitor diversity over time.
Loss of geneticidersity could be due to inbreeding, small population sizes, or artificial selection.
Assessment and reporting schedules for most of the GDAT actions are specified as part of the Broodstock
Management Plan (Bartron et al. 2006), or are part of the Aqgia®uBiological Opinion. Many actions

are already part of Atlantic salmon recovery activities. Because the actions identified by the GDAT provide
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information and strategies to manage against loss of genetic diversity, implementation of these actions
shoud help to maintain genetic diversity of Atlantic salmon populations in Maine over time.

The GDAT works closely with the other action teams to evaluate and implement management practices
that are consistent with maintenance of genetic diversity. Altfiothe GDAT focuses evaluation efforts at
the hatchery facilities, genetic methods can be utilized to evaluate of hatchery products in the wild,
monitor contribution of natural reproduction by hatchery and wild Atlantic salmon, and as a marking tool
to evduate management practices and habitat utilization.

Monitoring genetic diversity

Genetic monitoring activities involve baseline characterization of potential broodstock to assess estimates
of genetic diversity over time. In addition to monitoring geneliicersity over time, information obtained

from genetic characterization is used to guide spawning activities, identify individuals for culling, and to
track reproduction and recapture of stocked hatchery Atlantic salmon.

Parr collected in 2010 for bralstock purposes were PIT tagged and fin clipped to collect tissue samples

prior to transfer to the broodstock building at Craig Brook National Fish Hatchery (CBNFH) in 2011. Fin clips
were sent by CBNFH to the USFWS Northeast Fishery Center ConsergagitiosG.ab for genetic analysis,

with results available prior to the first spawn of the 2010 year class in 2012cuSeaturning adults to the
Penaobscot River were trapped at Veazie Dam, PIT tagged, and fin clipped, and individuals identified to be
usead as broodstock were transported to CBNFH in the summer of 2012.

All individuals (parr and sean returning adults) were genotyped at a suite of 18 variable microsatellite

f 2010 [ 20A lylLftel SR AyOf dzRSY { &) Ssap4, SsaBH(MaConmell { & | H
et al. 1995), SSOSL25, SSOSL85, SSOSL311, SSOSL438 (Slettan et al. 1995, 1996), and SSLEEN82 (GenBan
accession number U86706), SsaA86, SsaD157, SsaD237, SsaD486, (King et al 2005), Sp2201, Sp2216, and
SsspG7 (Paterson et ai(). Following PCR using conditions described in the primer descriptions,

genotypes were visualized using an ABI 3100 (Applied Biosystems, Foster City, CA). Genescan and

Genotyper software from Applied Biosystems (Foster City, CA) was used to idieltfy @ each of the 18

loci. Genetic characteristics such as allele frequency, number of alleles per locus, observed and expected
heterozygosity, within population variability, and allelic richness to standardize the number of alleles per

locus per coliction for differences in sample size were estimated using FSTAT (Goudet 1995) and GDA

(Lewis and Zaykin 2001). Effective population sizes and 95% jadbksdfe confidence intervals were

estimated using LDNe (Waples 2006).

Estimates of genetic divergiaire used to monitor if genetic diversity within each individual broodstock is

being maintained over time. Maintenance of genetic diversity is one of the primary goals of the hatchery
program: to maintain the genetic characteristics of each individuadd@stock, to allow for the diversity to

persist for natural selection and adaptation to occur, and to ensure that genetic diversity is not being lost
inadvertently due to management practices. Estimates of heterozygosity (observed and expected)
compared oer time within a broodstock and between broodstocks indicate that similar levels of diversity

are present in each broodstock, however for some broodstocks such as the Pleasant River broodstock, have
slightly decreased estimates of allelic diversityN06, Table 3.1) relative to other broodstocks, likely a

result of decreased broodstock number in the early and-migh cpn Q & ® 9atAYlrGaSa 2F STT
(No) also vary between broodstocks, and in general are low relative to conservation targetaus®l

concern for longerm maintenance of genetic diversity. The largest estimate of effective population size is
found in the Penobscot River broodstock$R90.9, 95% Cl=2653.9.9, Table 3.1), due to the larger total
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broodstock number and overall palation size of the Penobscot River population.

Evaluating hatchery practices and products

Information regarding genetic characterization of potential broodstock along with genetic principles is used
to guide hatchery practices at Craig Brook National Fish Hatchery and Green Lake National Fish Hatchery.
Genetic data on relatedness is used ttoim mate selection and determine if spawning between capture
years is necessary (Hardy and Vekemans 2002) to reduce the potential for mating related individuals, in
combination with using the genetitased spawning optimization software.

Information atout the number of families created is used to guide mixing of fry prior to stocking, stocking
practices, and recapture of parr. Genetic determination of parentage is used to determine the hatchery
family composition to assess recapture of hatchery produfeenilies (Tables 3-2.5). Understanding of

the percentage of hatchery produced families is critical to efforts to maintain genetic diversity. The largest
proportion of the spawning adults for each population is maintained at CBNFH, and therefoaegis |
representation of the largest amount of genetic variation within each population is contained within the
hatchery. Recapture of the full representation the genetic diversity stocked out of the hatchery is therefore
critical to maintaining the overbdliversity within each broodstock. Stocking protocols have been
implemented to distribute representatives of hatchery families throughout their rggacific habitats, to
maximize the potential for recapture of each individual family during subsequentstock collection

efforts. Broad distribution of families throughout their rivgpecific habitats should allow for natural

selection to be the primary driver for variance in recapture rates opposed to stocking practices or habitat
guality. Monitoringthe recapture of hatchery families allows for evaluation of both the stocking and
broodstock recapture practices.

Individuals not assigned to hatchery families are considered of unknown origin. These individuals could
represent offspring of natural repduction from wild adults or prespawn stocked hatchery adults, or from
spawning of precious parr (hatchery or wild) spawning with wild (or hatchery stocked) adult females.
Although incorporation of offspring from natural reproduction is important totoap the total genetic

diversity of the population, these spawning events are likely from a limited number of reproducing
individuals compared to the number of adults spawned in the hatchery. Disproportionate incorporation of
unknown origin individuals &m limited number of parental pairs to future broodstock may limit the
maintenance of the total genetic diversity (including that being maintained in the hatchery) of each Atlantic
salmon population.

Evaluation of the age structure of the parr beingaptred indicates that for most populations, the

greatest proportion of fish are age 1+ parr, with some contribution of 2+ parr (Table 3.4). For the 2010 parr
recapture year, no 0+ parr were indicated to be recaptured based on parentage analysis toysaawn

(Table 3.4). In the Penobscot River broodstock, 90.7% of the broodstock was from the 2008 spawn year,
and assuming that the majority were stocked as age 1+ smolts, these adults would then bei@tseéish

(Table 3.5).

Parentage results indicateriability in the proportion of hatchery families recaptured both between rivers
and between years (Table 3.6). In the Penobscot River, the proportion of hatchery families recaptured is
generally higher than all other rivers (Table 3.6). The proportidratfhery families recovered from the

2008 spawn year from the Penobscot River is lower than other years for the Penobscot because not all the
year classes from that spawn year have returned to accurately characterize the recapture from that spawn
year (Tale 3.3). For some broodstocks, the proportion of hatchery families recovered is high (e.g. Pleasant
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2006 and 2008 spawn year, Table 3.6) because pedigree lines were implemented from those spawn years
(also for the 2006 Dennys spawn year (Table 3.6). Afth@ goal of the stocking and parr broodstock
program is to incorporate offspring of natural reproduction into the hatchery broodstock program, lower
proportion of recapture of hatchery fish such as in the Pleasant and Sheepscot rivers (Table 3.3utay res
in less of the total genetic diversity being maintained in the hatchery.

For both the adult and paitbased broodstocks, offspring representing each of the families spawned are not
being recaptured. For the pabased broodstocks, evaluation of tpeoportion of the families spawned in

2008 and recaptured in 2010 indicate that on average, approximately 45.7% of the spawned families were
recaptured (Table 3.6), whereas for the Penobscot 2006 spawn year, 85.8% of the families are recaptured
(Table 3.6) Long term implications of the reduced recapture of the offspring of parental broodstock

include a reduction in genetic diversity and increased inbreeding in future generations. Recapture of
families from other spawn years (e.g. 2007 or 2009), is plesdike to the presence of multiple age classes

of parr present, however based on parentage analysis of the 2010 broodstock, only parr from the 2007
spawn year were in the Dennys, East Machias, Machias, and Narraguagus and none were recaptured from
the 2009spawn year. As a result of the lower than expected recapture of hatettecked families,

collection targets for parr broodstock which occur in late summer were been increased in order to increase
the proportion of families recaptured. The broodstochiection targets starting in 2013 for the Dennys,

East Machias, Pleasant, and Sheepscot will increase to 200 parr and collections for the Machias and
Narraguagus will increase to 300 parr.

Monitoring to detect aquaculture Atlantic salmon

To screen potenal escapees from aquaculture facilities, or strays from outside the region,-ptased
hierarchical screening process has been established for potential broodstock CBNFH (Bartron et al. 2006).
The first phase screens to determine contin@ftorigin die to the use of nofNorth American origin

Atlantic salmon for aquaculture purposes, and based on the large differences in allele frequencies between
populations from different continents (King et al. 2001).

The second screening phase is based on idengifindividuals from the river of origin, or region of origin
(Maine), and to allow for natural straying among populations by excluding individuals with low assignment
probability to either the population of origin or to other Maine rivers. Individuads foe identified to be

culled through either procedure. A twsiep hierarchical criterion based on probability of assignment to
population of origin was used to classify individuals. First, an individual would be identified for additional
analysis if thee was a less than 1% probability of assignment to the population an individual putatively
originated. For individuals identified for potential removal with the first criteria, only individuals that had a
less than 5% probability of assignment to any otlkaine population (Narraguagus, East Machias, Dennys,
Ducktrap, Penobscot, Kennebec, Machias, Pleasant, and Sheepscot) would be removed from the
broodstock. This method was developed to increase the likelihood of correctly identifying individuals
belonging to a specific population, while still allowing for the possibility of straying between neighboring
drainages. Because other source populations not included in the baseline may have contributed to the
unknown group of individuals, the use of thespprocess and low probability of assignment thresholds
would aid in identification to any of the baseline populations used. Therefore, probability of assignment to
river or to other Maine populations would identify individuals of unknown origin due to ksigament
probabilities.

In total, 11 individuals were screened from the phased broodstocks due to not meeting the criteria of
assignment to their river of origin or to other Maine rivers (Table 3.7). Three individuals transported to
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Craig Brook Natnal Fish Hatchery from the 2012 adult sea return to the Penobscot River were also
removed prior to use as broodstock based on not meeting the assignment criteria for the river/region
screening (Table 3.7).

In 2012, a total of seven Atlantic salmaere identified during trapping activities as potential suspected
aquaculture escapees based on physical characteristics. Tissue samples from these individuals (three from
the Penobscot River, three from the Union River, and one from the AndroscoggijpwReve provided to

the USFWS Northeast Fishery Center Conservation Genetics Lab for parentage analysis. Of these
individuals, two from the Penobscot River were assigned to aquaculture parental pairs spawned in 2008
and 2009 spawn year with no mismatchessbd on 14 microsatellite loci. Two individuals from the Union
River were assigned to the 2009 spawn year, one with no mismatches, and the other with one mismatch.
The remaining three individuals were not assigned to Maine aquaculture parents or to CBiRé&hh
broodstock, and none of the individuals failed the culling criteria. Therefore, the origin of the three non
aquaculture assigned individuals was not able to be genetically determined given the data available,
althoughsubsequent reading of the seatamples collected from those 3 fish revealed growth patterns
consistent with aquaculture rearing (Randy Spencer, Maine DNVIR).individuals from the Penobscot

River that were assigned to aquaculture parents were not included into the Penobscot Riedstock.

Progress towards recovery

Overall, the results from the genetic monitoring results indicate that genetic diversity is being maintained
within the hatchery broodstocks. However, the ability to continue to maintain diversity can be at risk based
on the low estimates of effective pofation sizes in most of the broodstocks, as well as the low percentage
of stocked hatchery families being recaptured. Given that for most of the broodstocks, the hatchery
populations represent the largest proportion of the existing population of Atlesatimon, it is important to

be able to capture annually a diverse representation of the families stocked in previous years. Maintaining
genetic diversity and managing to avoid inbreeding will be critical components of providing the genetic
variation for catinued and future adaptation necessary for recovery.
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Tables

Table 3.1. Summary results for estimates of genetic diversity from the 2010 parr and 2012 adult
(Penobscot) broodstock collection years. Estimates include the number of individuals sampled (N), the
number of alleles per locus {Nthe expeted (H) and observed ()l heterozygosity, inbreeding (f),
estimated effective population size fNand the 95% confidence interval, and the number of loci dged

the analysis.

Broodstock Sample Year Sample Size N, He Ho Inbreeding (f) Ne 95%ClI # loci
Dennys 2010 142.0 11.7 0.683 0.709 -0.038 60.4 56.564.8 18
East Machias 2010 148.0 12.0 0.669 0.676 -0.011 89.4 82.297.6 18
Machias 2010 242.0 121 0.672 0.679 -0.010 94.3 87.5101.8 18
Narraguagus 2010 246.0 12.9 0.680 0.691 -0.016 139.4 129151 18
Penobscot 2012 478.0 13.3 0.690 0.711 -0.032 290.9 265.5319.9 18
Pleasant 2010 271.0 10.6 0.674 0.699 -0.038 55.4 52.958.0 18
Sheepscot 2010 160.0 115 0.681 0.702 -0.032 56.4 52.960.3 18

Table 3.2. Identification of hatchery spawn years to compare the 2010 capture year parr brodustedk
on potential age at recapture.

Life Stage  Year

Spawn year 2007 2008 2009

Fry stocked 2008 2009 2010
Parr (0+) 2008 2009 2010
Parr (1+) 2009 2010 2011
Parr (2+) 2010 2011 2012
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Table 3.3. Age and estimated spawn year for adults to the Penobscot River given different capture years.
Parentage assignment to the 2003 and 2004 return years is limited due to a large number of missing
genotypes from many samples, which limited the &piib assign parentage to these two spawn ydars
returns from 2007 to 2010.

Estimated age based on spawn year

2.3/ 2.2/ 2.1 2+ 1+
Capture Year 14 1.3 1.2 parr parr
2006 2000 2001 2002 2003 2004
2007 2001 2002 2003 2004 2005
2008 2002 2003 2004 2005 2006
2009 2003 2004 2005 2006 2007
2010 2004 2005 2006 2007 2008
2011 2005 2006 2007 2008 2009
2012 2006 2007 2008 2009 2010

Table 3.4. Parentage results for the 2010 capture year parr, identifying the proportion and number of parr
assigned to hatchery parents, by spawn year, and the subsequent proportion of the adsigadstock by

ageclass.
Proportion age of
Number recaptured  assigned
age age age
age O+ 1+ 2+ age 0+ 1+ age 2+
Number
Number assigned Prop.

Broodstock sampled parents assigned 2009 2008 2007 2009 2008 2007
Dennys 142 122 0.859 0 103 19 0.000 0.844 0.156
East
Machias 150 100 0.667 0 59 41 0.000 0.590 0.410
Machias 243 55 0.226 0 31 24 0.000 0.564 0.436
Narraguagus 248 140 0.565 0 119 21 0.000 0.850 0.150
Pleasant 376 325 0.864 0 325 0 0.000 1.000 0.000
Sheepscot 166 143 0.861 0 143 O 0.000 1.000 0.000
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Table 3.5. Parentage results for the 2012 capture year adults from the Penobscot River, identifying the
proportion and number of adults assigned to hatchery parents, by spawn year, and the subsequent
proportion of the assigned broodstock by age class.

Proportion age of
Number recaptured assigned

2.1/1.2 2.2/1.3 2.3/1.4 21/1.2 2.2/]1.3 2.3/1.4

#
# assigned Prop.
Broodstock sampled parents assigned 2008 2007 2006 2008 2007 2006
Penobscot 481 398 0.827 360 28 10 0.905 0.070 0.025
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Table 3.6. The proportion of families recaptured in the 2010 parr broodstock and 2012 adult collection from
the spawn years (and earlier spawn years) which those collections would have originated from.

Number spawned Proportion recaptured
Spawn  Total # # female # male % % female % male
Drainage year Families parents parents families parents parents
Dennys 2005 85 81 85 0.753 0.790 0.753
Dennys 2006 96 96 90 0.969 0.875 0.889
Dennys 2007 84 84 76 0.643 0.500 0.526
Dennys 2008 105 105 93 0.343 0.343 0.376
East Machias 2005 88 87 65 0.455 0.414 0.446
East Machias 2006 82 74 71 0.549 0.500 0.479
East Machias 2007 78 77 68 0.859 0.558 0.618
East Machias 2008 85 85 72 0.400 0.400 0.472
Machias 2005 160 156 132 0.469 0.449 0.439
Machias 2006 160 153 145 0.325 0.268 0.283
Machias 2007 150 150 138 0.580 0.487 0.507
Machias 2008 141 139 130 0.142 0.144 0.146
Narraguagus 2005 146 136 134 0.342 0.346 0.351
Narraguagus 2006 166 160 136 0.361 0.313 0.368
Narraguagus 2007 186 182 153 0.586 0.516 0.588
Narraguagus 2008 169 169 159 0.355 0.355 0.365
Penobscot 2001 283 282 162 0.304 0.255 0.401
Penobscot 2002 219 218 142 0.393 0.372 0.493
Penobscot 2003 362 361 222 0.572 0.410 0.523
Penobscot 2004 353 334 202 0.714 0.611 0.748
Penobscot 2005 296 284 165 0.882 0.711 0.818
Penobscot 2006 331 313 176 0.858 0.677 0.756
Penobscot 2007 315 313 222 0.822 0.684 0.757
Penobscot 2008 299 299 226 0.625 0.548 0.628
Pleasant 2005 99 98 90 0.273 0.276 0.278
Pleasant 2006 54 54 52 0.907 0.907 0.923
Pleasant 2007 77 75 71 0.416 0.427 0.437
Pleasant 2008 47 47 47 0.872 0.872 0.872
Sheepscot 2005 70 70 57 0.500 0.500 0.561
Sheepscot 2006 83 74 78 0.542 0.514 0.449
Sheepscot 2007 81 81 77 0.654 0.654 0.675
Sheepscot 2008 75 75 74 0.573 0.573 0.568
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Table 3.7. Results from the screening for aquaculture origin individuals conducted on the 2010 capture year

parr broodstock and 2012 sean adult Penobscot broodstock.

Capture Year Broodstock CG LabID PIT Tag Cullreason

2010 East Machias CBEML0-014  48780F1767 River/Region
2010 East Machias CBEML0-028 486B101C47 River/Region
2010 Machias CBMA10-047 4708174139 River/Region
2010 Narraguagus CBNA10-128 4708023470 River/Region
2010 Narraguagus CBNALO-210  470C323D32 River/Region
2010 Sheepscot  CBSH.0-063 48780C0902 River/Region
2010 Sheepscot  CBSH.0-077 470D693D7F River/Region
2010 Sheepscot CBSHL0-114 486B1F0928 River/Region
2010 Sheepscot  CBSHL0-122 48751F342D River/Region
2010 Sheepscot  CBSHO0-157 487670636A River/Region
2010 Sheepscot  CBSHL0-158 486B131646 River/Region
2012 Penobscot CBPN1256 384.36F2B3C18! River/Region
2012 Penobscot  CBPN1547 384.36F2B345EIl River/Region
2012 Penobscot  CBPN1560 384.36F2B345D:. River/Region
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Marine and Estuarine Action Team (MEAT)

Richard Dill, Maine Department of Marine Resources

Graham Goulettehp h ! ' Q& bl GA2y I f alNAYS CAAKSNASa { SNIBAOS
John Kocik, CHAIRh ! | Q& bl A2y € aI AyS CAaAaKSNARSa {SNBAOS
JamesManning h! ! Q& bl GA2Yy L § aINJ\yS CAaKSNARSa {SNBAOS
aAOKIFStf hQ alffSeéex LyGSaINIGSR {GFraAraidAroda

Mark Renkawitzp h! 1 Qa bl GA2ylFf al NAyS CAaKSNARSa { SNBAOS
Tim Sheeharh h ! 1 Q& bluf\zy’dasfServzice NAYyS CA&KS

Daniel Tierneyp h ! | Q& bl A2yt alNAYS CAaAKSNASa { SNBAOS
Linda Welch, US Fish and Wildlife Service
Joseph Zydlewski, US Geological Survey

Strategy

Increase marine and estuary survival by increased understanding of these ecosystems landtibe
and timing of constraints to the marine productivity of salmon

Strategy Objective
To documenfactors limiting marine and estuarine survival of Atlantic salmon to facilitdtgmed

ecosystem managemeif these stocks

Strategy Metrics

A Monitor marine survival of hatchery smolts in Penobscot Bay SHRU and decrease uncertainty in
estimates(MEATMO1)
A Monitor marine survival of naturalgeared smolts in Downeast and Merrymeeting Bay SHRU

and decrease uncertainty in estimat@d EATMO02)

A Monitor estuarine and coastal marine survival and identify location and time of mortality events
at a population scale using telemetry and pelagic monitoring techniques in Penobscot Bay SHRU
(MEATMO3)

A Increase understanding of Atlantic salmon transition ecologytimaeies, and coast migrations

in US waters andistant waters through active research and cooperatives through partners
including universities, marine research institutes, ICES and NASCO resultingrevigeezd
products(MEATMO04)

Background:Sgnificant increase(8x) in estuarine and marine survival are needed to increase the
number of adult returns (particularly those from wild origin), to achieve-settaining populations,
maintain genetic diversity, and to maintain and increase the geograjpstithdition of salmon within

the GOM DPS.

The Marine and Estuarine Action TeaMEAT works inan interdisciplinarymultiagency and
multinationalcapacity by bringing specialists in marine salmon ecology and expesdsooiated marine
ecosystems togettr. The MEAT action plan is an integration of priorities identified by regional experts,
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various workshop committees, and information gaps/needs identified through Team research initiatives.
This includes 1) the frameworky®ar plan 2) the workshop procdimgs ofMarine Ecology of Gulf of

Maine Atlantic Salmoand 3) ideas and issues identified in team meetings and in independent research.
The team meets by teleconference atimlough email to exchange ideas and information. With
presentations and exchanges that occurred at 2012 public meetings, the team has expanded
membership and hopes to increase team communication and networking. The primary team project this
year was asseniing reports, publications, and other information for this Annual Rep®his yeaR a
activitieswere primarily research and assessment projects tioatght to understand the estuarine and
marine ecology and migration of Atlantic salmon. This weak focused on understanding the structure

and function of these communities and working towards identifying the factors that may be contributing
to current lowmarinesurvival. With increased knowledge, plan to informmanagement actions with

the goal ofincreasing survival of emigrating smolts, post smolts and ultimately increasing adult returns.
Domestic marine and estuary management work currently focuses on permit issuance for Federal, State
and private sector activities (e.g., coastal and marine greent, power generation, dredging, etc.) to
minimize or eliminate deleterious impadb Atlantic salmon.

Accomplishments

General accomplishments and activities are highlightefigpendix 2.While the marine ecology of
Atlantic salmon has often bearguated to a black box, new research tools and integrating models from
oceanography and bioenergetics are providing new insights in many aspects of salmonBelseais a
narrative description of accomplishments organized by strategy metric with eddltdetails provided

on select activities and emerging topics from 2012.

Marine Survival Metrics (M01 and M02)

Adult returns and smolt outputs for 2012 are presented in SAAT Report. In this section we report the
marine survival rates of the 2012 2SWhoa. This is an excerpt of the US Atlantic Salmon Assessment
Committee Annual Report (USASAC) (USASAC 2013) with specific details related to each of the three
GOM SHRUs. Because only point estimates are available for Penobscot smolt stocking aethadylt r
composite indices may mask some of the overall variability in marine survival. For smaller river systems,
improvements in markecapture designs for smolt estimates and updated redd to spawner models
(including total habitat survey ratio) are beistydied by DMR and NOAA. Given the relative low
proportion of sampling error to interannual variability in overall marine survival, impacts of these
improvements may be limited but information gained might help identify important spatial limitations

to snolt or adult metrics used to calculate marine survival.

Return rates provide a consistent indicator of marine survival. Previous studies have shown that most of
the US stock complexes track each other over longer-8erees for return rates (strongestdex of

marine survival). Median smolt to adult return (SARmber of adult returns per 10,000 hatchery

smolts stocked) over the last 5 years was highest in the Gulf of Maine (23.3) and decreased southward
for the Central New England (11.1) and LongtsBound (1.8) stock indic&Surrent USASA@aine

return-rate assessments provide both an index for naturally produced fish (fry stocked or wild spawned)
in the Narraguagus River and for Penobscot River hatchery antbkdongest and least variable in

release methods antbcation Figure MEOLL Penobscot averageturn rates per 10,000 smolts (SAR)

for the last five years was 7.1 for 1SW salmon and 23.2 for 2SW fish. The total cohort SAR averaged
31.2. Starting in 1997, naturaltgared smolts in the Naaguagus Rivdrave been enumeratedlhe

average cohort SAR for naturally reared Narraguagus River smolt for the past five years was 144.5. That
rate was 4.6 times higher than the Penobscot 2SW hatchery cohort average for the sanpetiote
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In 2012 the SAR for 2SW hatchery smolts released in the Penobscot Riv&.dyasnking 35th in the
42-year record, while the 2012 return rate for 1SW hatchery grilse &zdsranking 42nd in the 4@ear
record. The 2SW return rate in the Narraguagus River12 2as 23.1, more than 2.5 times the SAR
observed in the Penobscot Rivérhis was the second lowest return rate in the 14 year Narraguagus
time series. It is important to note that total smolt production estimates in the Narraguagus are only
about 1,200smolts annuallyThis analysis points out a challenge to modern salmon recovery: naturally
reared smolts typically have better marine survival than hatchery fish, but the capacity of rivers to
produce adequate numbers of smaleven with the addition ofignificant hatchery inputss generally
well below replacement rates, under current marine survival rates.

220 -

200 ~ Penobscot 1SW
180 - Penobscot 2SW
—®— Narraguagus 2SW

160 4
140 4
120 4
100 4
80 4
60 -
40 -
20 -

Return Rate / 10,000 Smolts

0 -1

1970 1975 1980 1985 1990 1995 2000 2005 2010

Smolt Year

Figure MEO1Return rates of Atlantic salmon per 10,000 smolts from the Narraguagus and Penobscot
populations estimated from numbers of stockswholts for the Penobscot and from estimated smolt
emigration from the Narraguagus River population

After the 2013 USASAC, NOAA NMFS staff developed a preliminary SAR index for the Sheepscot River in
the Merrymeeting SHRU. This estimate is based on datiné estimates of smolt emigration

(available since 2009) and retbdsed estimates of adult returns (available since 1992). While both
estimates have important error bounds around them, the index should be compared to metrics for the
Penobscot (smoltbased) and Downeast/Narraguagus (naturally readveded) indices. Because

estimates are only available for 2011 and 2012 returns, they should be interpreted with caution and

vetted with 2013 estimates at the USASAC in 2014. Preliminarily, because Shegjgscm 2012 (low)

and 2011 (high), tracked the other two indices suggesting that this index may be useful for comparison
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but a longer timeseries and more analysis is needed to fully understand marine survival of this most
southerly population.

Monitoring ShortTerm Survival and Migration Routes (M03)

Ultrasonic telemetry studies were conducted to monitor freshwater and nearshore emigration Atlantic
salmon juveniles into the ocean. Information collected help describe Atlantic salmon spatial and
temporal use of these environments while trying to determine the location and timing of mortality
events. Estuary monitoring was again focused in the Penobscot Estuary ilA2014.of 121 VEMCO
receivergVR)were deployed throughout th€®enobscot River &gary and Penobscot Bay as part of a
collaborative effortof the University of MaineldMaine), USGeological Survey (USGS) &lIAA NMES
UMaineand USGS deployed 25 VR receivers in the upper Penobscot estuary from Gtatiam(river
km 45.67) to ChipmdQa / 23S O NRADBSNI 1Y resudrpNOAA NMFBeployetFoe dzi | NR S 3
VR receivers from Harriman Cove (river km 10td2he outermost marine array (Owls Head, river km
45; Figure MEOR Marine arrays were positionesb all deployed receiversase within 256600 meters,
which, according toange tests provides overlapping coverage for maxintgtectionefficiency of
taggedemigrating smoltsSmolts from two different rearing environmentsere trucked to the NEFSC
Maine Field Station in Ororfor surgeries. Naturally reared smolisges 2 and 3yere collected using a
fish bypass operated by Brookfield power at Weldon dam orPeeobscot River. Hatchery smolts were
agel Penobscot strain reared at Green Lalaional Fish Hatchery (GLNFH) inAiltgh, Maine.Smolts
greater than 145 mm fork length (Rlgre taggedollowing standard operatingrocedures. Once
surgeries were completedagged smolts were held in aerated live wells for 0.5 toh®1@rs before
beingreleased at the Brewer Boat rampthe Penobscot estuary 3.7 kilownstream of Veazie Dam.
Groups of naturally reared smolts were paired witiichery smolts when released. At completion of
this study phasén 2013 a morecomprehensive evaluation of group and individual performance and
ecology will besynthesized in a manuscript.

In 2012, we tagged and released naturafigred (n = 81) and age 1 hatchery smolts (n = 121) into the
Penaobscot River estuary dour dates in April and May. Movements were passively monitored via
moored acosticreceiverghrough the estuarine and neahore marine environment. Naturally reared
smolts were significantly smaller than hatchery stocked smolts (166 vs. 200 nkruBkadWallis: P <
0.05). Preliminary estimates of smolt survival to the olRendscot Marine Array was estimated to be
0.52 (95% CL 0.ZB69) for naturallyeared and 0.5795% CL 0.3@.74) for hatchery smolts. In most
years, both grouppatrtition the bay similarly, in 2012, mizhy behavior was again similar with little
morethan half (54%) of naturally reared smolts traveling on the eastern side of Islefbar® Head) as
compared to hatchery smolts, of which 63% used this route. Throughuter array, the majority of
smolts exited via the western (Owls Head) passage (natueslhed 89% and hatchery 88%) following
the pattern of previous years. Naturally rearsaholts took less time to exit the array compared to
hatchery reared smolts (release doiter array; 5.03 versus 7.43 day&)comparative analysis of
multiple years of dta is ongoing but 2012 could be characterized generally as having relatively high
success rate and migration timing and routes within observed behavior patterns.
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Figure MEO2Map of 2012 Penobscot Estuary and Bay acoustic receiver arrays.
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Advances inunderstanding of Atlantic salmon transition ecology in estuaries, coastal migrations in US
waters and distant waters through researgliM04)

Thebalance of work coordinated or consolidated by M&ATfocuses on activities in support of
international managment, high seas research, and applied estuary and marine research to better
understand marine survival, productivity and distribution of GOM Atlantic salmon. Annual summaries
are available in several reports and hyperlinked in the international assesgamgraph. A general
overview of active projects is provided in the sections below. In these sections, we highlight some recent
projects that advanced our knowledge in the marine realm in 2012; these projects enhanced our
understanding of habitat use aea both in depth utilization (Renkawitz et al. 2012) and distribution at

sea (LaCroix et al. 2012; Mills et al. 2012).

International Assessment Activities

The work of theMEATand theSAATprovided essential inputs to international management of Atlantic
salmon through International Council for the Exploration of the Sea (ICES) Working Group on North
Atlantic Salmon (WGNAS) and North Atlantic Salmon Conservation Organization (NASG®). Activ
engagement in international science and management both helps to pratediSstocks from fisheries
at sea andetter manageAtlantic salmorat sea The output of much of th&6OMDPS marine
assessment work was vetted through tbSASACThe results a2012 studies and assessments were
published ilrAnnual Report 2 2012 Activities These data are then brought forward to international
managers through e NASCO Coundiorth American Commission and West Greenland Commission
through the leadership dIEATmember Tim Sheehan. Additionally, the US has a key role in West
Greenland monitoring and sampling as Tim Sheehan coordinates this internationalrgpprptjram.

The results of 2@ studies and assessments were folded into North AmeraiahNorth Atlantic level
summaries and published in tlnualReport of North Atlantic Salmon Working Group.

In addition to core international workjfi{ KSSKI y LI NGAOALI GS& Ay b! {/ hQa
Salmon Research Board (IASRB). The IASRB was initiated in 2008 with the goal of implameajtr
integrated program of marine surveys in the Northeast and Northwest Atlantic, together with enhanced
sampling of the fishery at West Greenland under the SALSEA Program and there have been other major
research initiativesLast year we reportechuch of the breaking US news from the October 2011
Salmon Summito-convened by NASCO and ICES entflalinon at Sea: Scientific Advances and their
Implications for ManagementsS scientists and magers including members of MEAT were authors of
several papers that were a result of these efforts and publishedNowember 2012 special issue of the
ICES Journal of Marine Scierciations with ceauthors from our team are listed in the literature cited
section of this report and some are highlighted in the narrative as well. We also think it is important to
note the key messages from the meeting and symposium according to for&€N Secretary Malcolm
Windsor:
1 Because we now know where salmon are at sea, management measures can be implemented to
limit impacts on them, such as fisheries for other species.
1 A clear message to managers in this challenging global environment is 1@ ¢nsumaximum
number of healthy wild salmon go to sea from their rivers.
1 Keeping salmon populations abundant involves addressing impact factors in freshwater,
estuarine and coastal waters. These include degraded freshwater habitat, barriers to migration,
over-exploitation, and salmon farming.
1 Drz AYRA2NI O2y Ay dSR Wdzyt $4a 68 I R2LIG O2yaSNDI G
{dzYYAG GKSNB A& F NBFf Nanal GKFG az2dziKSNYy &aaz20
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Select Management and Permitting Highlights

To minimize impacts to listed species, section 7 of the Endangered Species Act (ESA) requires a federal
agency to consult with NOAA NM&sd/or the USFWE ensurefederalactionswill not jeopardize the
existence of ESA listed threatened or endangeredigse During this procesSOAANMFS gathers

relevant information on the proposed activities to determine how the action may affect any listed
species present in the action arellembers of the MEAT and their parent agenassist in the
consultation pr@ess by providing relevant information on the presence of ESA listed species obtained
through research conducted hilie team and independentlyThe NEFSC in collaboration with MDMR,
UMaine,and USGS also deploys and maintains an array of acoustic redeitiee GOM to obtain
information on migration patterns for Atlantic salmon, and Atlantic and shortnose sturgeon. This
information is used to describe the behavior and presence of listed species througdrirdaction

areas. Data collected from telemeyrstudies being conducted on sturgeon and salmon have provided
valuable information on the temporal and spatial aspects of migration; as well as the number of tagged
individuals usinginarea. Furthermore, thsedata inform the effects analysis to determsimny potential
effects or take of threatened and endangered species under the jurisdiction of NMFS. If the action has
the potential to take a listed speciddMFS will issue a Biological OpiniBi@)that contairsan

Incidental Take Statement (ITS)exempt take so that the activity can proceed in compliance with the
ESAIf the action has the potential tihreatenthe existence of any listed speciesadversely modify

critical habitat therNMFS will recommend reasonable and prudeltérnatives(RPs) o reduce the

impact and avoid jeopardy.

This summary focuses on actions in the marine and estuary waters of the Gulf of Maine in areas
identified as marine habitaFigure MEO3)

In 2012, the NEFSC provided marine distribution capture and detectiatidpns of Atlantic salmon to
the Northeast Regional OfficBlERQ]to assist withthe creation of an online marine spatial planning
map (FigureMEO03)Using NEFSC locations of Atlantic salmon smolt and adult capture/detection
locations from near shore trawls, coastal telemetry arrays, and bycatch reporting, NERO created a
screening tool for use by action agencies to determine endangered species mkdmance. This tool
will increase efficiency for NERO Section 7 biologists, as routine requests for species presence
information can be automatedhe extent of marine habitat encompassed in this tool far exceeds the
surface area of upland watershed andiwincreasing use of offshore environments this tool is as
essential for marine and estuary habitats as it is for freshwater habitats.

Select Management Consultations

NERO Section 7 biologists regularly use data from acowettiorksand other sourcefo determine the

timing of salmon and sturgeon migrations in project specific action areas. This information is used for

the recommendation of time of year work restrictions and to assess the potential for effects due to

temporary construction activitieBelow we list several examples of consultations and actions in marine

and estuary ecosystems that minimized risk not only to Atlasaimon but other diadromous fish.

() UMaineproposed the installation of a floating wind turbine in Penobscot Bay nestinéa
Maine. Data obtained from an acoustic array deployed off Dice Head provided information on
acoustically tagged fish that were migrating through the action area

w The Federal Highway Administration (FHWA) and Army Corps of Engineers (ACOE) received
applications for thgplacement of two bridges over the Picataqua River in southern Maine.
Acoustic arrays placed at the entrance to Great Bay provided information on the timing of
Atlantic and shortnose sturgeon migrating up the Piscataqua River to Bagat

w In June 2012, the Federal Energy Regulatory Commission (FERC) requested our concurrence that
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the construction and operations of a liquefied natural gas (LNG) import terminal would not likely
adversely affect listed species under our jurisdicti@ased on a variety of sources, including
0KS b9cC{/ tNRBGSOUGSR wShhdtdandefemetry tNitkiigKt® we | SNA | f
concluded that blue, humpback, North Atlantic right, fin, sei and sperm whales, Gray and Harbor
seals are known to occur the action area. Leatherback sea turtles have also been detected in
the Gulf of Maine. Atlantic and shortnose sturgeon are known to occur in Passamaquoddy Bay,
and the St. Croix River. Tracking data provided by NEFSC and their partners, such as the New
England Aquarium, and the Canadian Department of Fisheries and Oceans allowed us to conduct
an informed effects analysis on a very complex project.

W In November of 2011, the State of Maine contacted our office regarding an emergency ocean
beach nourishrant and stabilization project approximately 1 mile from the mouth of the
Kennebec River to be conducted over the winter. Based on information provided by the NEFSC,
UMaine and MDMR, we concluded that sturgeon species were only likely to forage in the act
area during the spring and summer, and that the prey items would liketplanize the action
areaby the time sturgeon returnedSturgeontracking data provided by NEFSC and their
partners, allowed us to makeret likely to adversely affect concemcefor this project.

Conclusions

Although majoradvances in our understanding of marine phase Atlantic salmon have been made in
recent yearsit is impossible to saynfiarine and estuarine survivhhsincreasedas a result of the

Marine and Estuarine Action Team efforts detailed above. It is still unclear what the primary drivers of
estuarine and marine Atlantic salmon mortality are and we are therefore unable to counteract these
drivers given with our curreninderstand of the dynamics. Continued research and monitoring efforts
are required to build a more complete understandifghe ecosystems that Atlantic salmon depend on
and the location and timing of constraints on their survival. As our understaimirepses, adaptive
management projects aimed at testing hypotheses on the causal mechanisms driving the reduced
estuarine and marine survival should be developed and pursued.
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This figure depicts a best estimate of the distribution of these species in northeast US waters. However,
the distribution of these species is not exclusively limited to the areas depicted here. Please contact the
NOAA Fisheries Northeast Regional Office for more information.

Figure MEO3Dsstribution map of Atlantic salmon within th@ulf ofMaine and Scotian Shelf Region.

Select Research Highlights

Renkawitz, M. D., Sheehan, T. F., and Goulette, G. S. ZDAPnming depth, behavior, and survival of
Atlantic salmon postsmolts in Penobscot Bay, Maine. Transactions of the American Fiskgigs S

141: 12192012.To gain information on postsmolt dynamics of emigrating Atlantic salmon through
Penobscot Estuary and Penobscot Bay, Maine, we conducted a telemetry experiment in 2005. We
implanted 26 salmon smolts with ultrasonic depth tags, ammhitored movement activity and fish

passage with linear detection arrays through 44.2 km of the estuary and 45.5 km of the bay. During
daylight in the bay, greater than 95% of the detections occurred in water depths of %8s, but

depths to 37 m wereacorded(Figure MEO¥ At night, 99% of the detections were in the top 5 m of the
water column and maximum depth was 9 m. Overall survival was 39% and was highest for smaller fish
and those released earlier in the smolt run, when river discharge wasegrépid emigration (i.e.,
approximately 1 km/h) and preferential surface orientation improved survival. These results verify that
postsmolts are primarily surface oriented in the waters of Penobscot Bay and that they may experience
high rates of nearshermortality despite their short residence time. Detailed emigration and behavioral
data such as these allow scientists and managers to delineate areas of high mortality to develop
strategies that improve survival, and provide marine spatial planners igtiomto minimize impacts of
coastal zone development.
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Figure MEO4Detection depths of emigrating Atlantic salmon psstolts in Penobscot Estuary and Bay
in 2005. Proportions are based on 19,217 detections in the estuary and 1,306 detections iy.the ba
Note the xaxis ardifferent scales. The + symbol denotes the depth detection proportions less than
0.5%.
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Lacroix, G. L., Knox, D., Sheehan, T. F., Renkawitz, M. D., and Bartron, M. LD&XfiBution of U. S.
Atlantic Salmon Postsmolts in the Gafl Maine. Transactions of the American Fisheries Society. 141:
934-942 --- Atlantic salmon ofJShatchery origin were captured as postsmolts by surface trawling

during spatial surveys in late May to mldne in the northeastern Gulf of Maine in 2002 and 2003. Most
marked and unmarked postsmolts were from the Penobscot River, but some were alsdh&dennys

and other rivers of the Gulf dflaine (FIGURE MERSThe capture rate of stocked smolts was very low
OXnednmM>0X YR Al 6Fa KAIKSald F2NI YN]SR avyzfida
Marked postsmolts were caught §83 d aftertheir release as smolts and @40 km from their river of
origin. The rate of migration from different rivers differed and varied annually, and it accounted for
some of the observed differences in capture rate. The weight of postsmolts from known riagrs w
greater than at smolt stocking and river exit, indicating early marine growth. The distributid® of
postsmoilts from different rivers was similar, and they were often caught together, as were those from
the same river. As a result of this close asdaiaduring migration, postsmolt catches were aggregated

at a few adjacent locations in several areas of the Gulf of Maine. Postsmolts crossing the Gulf of Maine
were found east of Jordan Basin and most were along a corridor near shore at the easteai dage

area surveyed along the southwest coast of Nova Scotia, Canada. PostsrStwigin were found in

areas used by other salmon populations also leaving the Bay of Fundy during May and June. This
seasonal occurrence in a specific coastal area geagvan opportunity to manage activities within that
corridor to mitigate potential losses of Atlantic salmon from endangered and threatened populations in
North America.

FIGURE MEOBistribution and abundance of Atlantic salmon postsmoltd 8lfiatcheryorigin captured
in the northeastern Gulf of Maine in (A) 2002, and (B) 2003. Groups represented in pie charts are:
Penobscot River (dark fill), Dennys River (gray fill), and unknown rivers (clear). Trawl sitesti@th no
postsmolts (x), the 10éh and 200m isobaths (differential shading), and the International Boundary
(dashed line) are shown
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Hawkes, J.P., SaundeRR,,Saunders A.D.,and CoopermanM.S 2013.Assessing Efficacy of Nbathal
Harassment of DoubkErested Cormorants to Improve Atlantadron Smolt Survival. Northeastern
Naturalist (20)118 --- Atlantic Salmon smolts are exposed to predation pressutbesmigrate from
freshwater into the estuary and neahore marine environment. Iparticular,double-crested
Cormorants are a predataf Atlanticsalmon smolts during their estuary and nesfrore migration.
NOAA NMFg&lemetry data collected prior to this study (192003) suggest that smolts are being
removed from the Narraguagus River on their downstreamraigration. This removahaybe the
result of Cormorant predation. We investigated whether smolt survival coelinproved by disrupting
normal Cormorant foraging activity by integrating passi®It tracking and active harassment
techniques. Smolt movement and usage of varipogions of the estuary according to light condition
and tidal stage were explored alomgth concurrent avian harassment. Although harassment only
occurred in approximatel$3% of available daylight hours during this study, the impacts were easily
recognizedFigure MEQP Nortlethal harassment effectively displaced Cormorants from feeding
locations andeduced loss of emigrating smolts. In 2004, 83.3% (15 of 18) of all smolt mortalities
occurred on days of neharassment, compared to only 16.7% (3 of 18Ylaps wherharassment
occurred. Similarly in 2005, 87.5% (7 of 8) of all smolt mortalities occarregys of nofharassment,
compared to only 12.5% (1 of 8) on days when harasswenirred. NoAethal harassment appeared
to be an effective means to rededoss oemigrating smolts in the Narraguagus River estuary.
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Figure MEOBHarassment period and last detection of unsuccessful smolts (circle) by day in A) 2004 and
B) 2005. Open boxes represent periods of harassment (start and stop times) and shealéo@and

bottom of figure) represents lovight level or dark conditions. In 2004, 83.3% (15 of 18) of all smolt
mortalities occurred on days of ndrarassment, compared to only 16.7% (3 of 18) on days when
harassment occurred. Similarly in 2005, 87(3%f 8) of all smolt mortalities occurred on days of hon
harassment, compared to only 12.5% (1 of 8) on days when harassment occurred.
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O'Malley, M.O., StevensJ.,Dill, R.,SaundersR., and Ligsky, C. 2012 Overview of Penobscot

Estuarine Fish Community and Ecosystem Survey and Examination of River Herring Nursery Habitat. Field
Update- We tested the feasibility of using multifrequency sgpiéam hydroacoustic techniques to
evaluate the spatisand temporal variability of fish and zooplankton distribution in the Penobscot
Estuary, Maine, prior to dam removals. We conducted mobile transects using dowioeséiag
hydroacousticso provide acoustic target strength and biomass distributions thgfoaut the estuary.

We distinguisted fish and zooplankton, prodireg biomass and single target detection target strengths
estimates over large spatial and volumetric scales to investigate changes in distribution. Fish biomass
and target strength distribubns showed variation temporally during the survey period (§daye and
NowDec) and spatially through the estuary on survey défégure MEO7)oordinated acoustic and
pelagic trawl surveys conducted to perform validation experiments revealed thdefigth frequencies
and single target detections from hydroacoustics follow similanbdal distributions. Target strengths
were assigned to sizes of fish and specific species following validation work. For example, in the trawl
surveys on 06/21/2011, >90 of trawl catch were made up afewife, blueback herring and American
shadallowing us to assign fish size/species to target strength on that date.-rBawval upstream will
likely cause changes in estuarine communities, and an expansion of methoggstigate changes in

fish and zooplankton over larger spatial and temporal scales is warranted. The multifrequency split
beam method can provide fish and zooplankton biomass data over larger scales for relatively small
investment over the long termlewife and blueback herring are two diadromous species of river herring
designated by NOANMFSas Species of Concern due to their historically low abundance. The
Penobscot River currently maintains remnant populations of river herring and is undergoing-a larg
scale multidam removal restoration project aimed at restoring connectivity between freshwater and
marine habitats and improving diadromous fish abundance. River herring use of estuarine habitat is
poorly understood but it has been characterized as $iional habitat for migrants rather than a
significant nursery area. NOAMFSnitiated a comprehensive fisheries survey of the Penobscot
estuary to monitor and describe prand post dam removal conditions using mwdater trawling,

seining, fyke netand hydroacoustics. Sampling from April through October 2011 and 2012 confirmed
the presence of river herring in the estudfigure MEO8)Further analysis indicates that multiple year
classes of river herring use the Penobscot estuary including ahdtfuveniles (ages-®) and that

juvenile river herring account for a significant portion of the estuarine biomass during the year. These
findings provide a baseline for characterizing the dynamics of this habitat for river herring and their role
in the ecosystem. Further investigation is required to determine the ecological significance of this
habitat for the Penobscot River herring population and how conditions may change as restoration
progresses.
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Figure MEOPenobscot Estuary acoustic fislomass (NASGn?/nmi?) distributions in 2012. Area
highlighted in red is where smolt losses generally begin to incré&e&4QA NMFS8npublished data).
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