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Acadian Redfish — Sebastes fasciatus
Overall Vulnerability Rank = Moderate []
Biological Sensitivity = Moderate []

Climate Exposure = High ]
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Plots
Sebastes fasciatus Scores | Quality| (Portion by Category)| o,
Stock Status 20 | 28 1 - m‘;ﬂeme
Other Siressors 19 22 e m Very High
Population Growth Rate ih 24 — |
Spawning Cycle 26 28 —
Complexity in Reproduction 19 12 e -
Early Life History Requirements 22 20 [ —
Sensitivity to Ocean Acidification 11 0.8 T
Prey Specialization 20 30 P e TR
Habitat Specialization 15 3.0 e
Sensitivity to Temperature 22 30 I —
Adult Mobility 28 20 I
Dispersal & Early Life History 18 28 |
Sensitivity Score Moderate
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 11 30 |
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Moderate
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Acadian Redfish (Sebastes fasciatys

Overall Climate Vulnerability RarModerate (94% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Acadian Redfish use marine habitats.

Biological Sensitity: Moderate. Three sensitivity attributes scored above 2.5: Population Growth Rate
(3.5), Spawning Cycle (2.6), Adult Mobility (2.8). Acadian Redfish arviethgnd slow growing and
adults are relatively sedentary and satached. Fertilization oets internaly during the late spring
(KleinMacPhee and Collette, 2002).

Distributional Vulnerability RanMigh (97% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Acadian Redfishhen t
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Warmer
temperatures are associated with a decrease in productivity. In addition, Acadian Redfish is a cold water
species and continued warming will likely limit habita

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidforking across the Northwest Atlantic, Devine and
Haedrich (2011) reported that a mix of exploitatiand environmental variability accounted for

observed trends in abundance. They also found that the relative importance of exploitation and
environment differed among stocks. Population productivity in the Northeast U.S. Shelf is related to
cimatecondto ns; recruitment anomalies increg2@5).mwnith
positive NAO is associated with colder temperatures in the Gulf of Maine (Hare and?2R@gg

Murawski (1993) and Nye et al. (2009) reported that Acadian Redfisitbdigins have not changed in
response to temperature but have changed in response to population abundance.

Life History Synopsifcadian Redfish is a lofliged, slowgrowing, benthic, marine species occurring

from Iceland to Virginia (KleilacPhee andCollette, 2002). Acadian Redfish is difficult toasape
morphologically from the DeepwatereRfish . mentelly and so are often treated together (Klein
MacPhee and Collette, 2002). Species of3bbastegenus, includig Acadian &dfish, are matue

between 5 and 9 years and are fairly unique in being ovoviviparous with allgatjon pelagic phase
(Pikanowski et al., 1999; KldihacPhee and Collette, 2002). Copulation likely occurs from October to
January, fertilization is internal and delayediuRebruary to April, and larvae are released near the end

of the yolksac stage from Apfihugust (Pikanowski et al., 1999). Larvae and early juveniles of the genus
are pelagic (above the thermocline till &fim, below the thermacline from 250 mm) for 45 months
(Pikanowski et al., 1999). While pelagic, Acadian Redfish feed during the day on copepods, euphausiids,
and fish and invertebrate eggs (Pikanowski et al., 1999). Larger Acadian RedAslaaind Halibut are

the main predators of young Acadi&edfish (Pikanowski et al., 1999). Larvae metamorphose by 19

mm standard length and settle to the bottom (B0 m) at approximately 50 mm standard length
(Pikanowski et al., 1999; KldihacPhee and Collette, 2002). As adults, Acadian Redfish posfer
deepwater habitats (< 13C, 128592m), but are also found in Gulf of Maine shoal waters (Pikanowski

et al., 1999; KleiMacPhee and Collette, 2002). While Acadian Redfish probably have no preference for
bottom type, they are rarely collected fromrsdy bottom, may rely on boulders and anemones for

cover, and are nearly sessile (Pikanowski et al., 1999). Juveniles and adults of the genus feed on
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euphausiids, mysids, and bathypelagic fish at night, rising off the bottom to follow prey (Pikanowski et

al., 1999). Predators of redfish include any larger piscivorous fish inciMdinkfish (Goosefish)

Atlantic Cod, Pollock, and Atlantic Wolfish (Pikanowski et al., 1999). Acadian Redfish are managed under

t he New Engl and Fi s her iheast MMispeaeg Mamagentent Blananmdeare | ° s No
considered rebuilt, neither overfished nor experiencing overfishing (NEFMC, 2014).
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Alewife — Alosa pseudoharengus

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High i
Data Quality = 79% of scores = 2

Expert | Data | Expert Scores Flots
Alosa pseudoharengus Scores | Quality | (Portion by Category)| o, .
Stock Status 25 14 — S ﬂi‘;mte
Other Stressors 33 22 ——mmmm |®Very High
Population Growth Rate 22 14 Iy —
Spawning Cycle 32 29 L —
Complexity in Reproduction 3z 30 e |
Early Life History Requirements 33 24 g
Sensitivity to Ocean Acidification 15 18 o —
Prey Specialization 15 30 o —
Habitat Specialization 26 3.0 =
Sensitivity to Temperature 20 30 e
Adult Mobility 16 28 o !
Dispersal & Early Life History 28 26 —
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 1.7 30 !
Variability Salinity 12 30 I
Air Temperature 40 1] . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 30 Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 20 10 N
Sea Level Rise 28 15 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Alewife (Alosa pseudoharengys

Overall Climate Vulnerability Rankery High (100% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Alewife are anadromous,
spawning in fresivater, developing in freshwater and estuarine habitats, feeding as adults in marine
habitats.

Biological SensitivitHigh. Four sensitivity attributes scored above 3.0: Other Stressors (3.3), Early Life
History Requirements (3.3), Spawning Cycle (3dthplexity in Reproduction (3.2). Alewife are
anadromous and exposed to a number of other stressors including habitat destruction, blockage to
spawning habitats, and contaminants (Limburg and Waldman, 2009). Spawning time varies latitudinally
and is linkedo spring warming (Monrog002). Eggs and larvae inhabit freshwaters and then juveniles
move to estuarine and ocean waters.

Distributional Vulnerability Rankow (62% certainty from bootstrap analysis). Alewife have a relatively
high degree of spawningts fidelity, limiting the ability of the species to shift distribution.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Alewife is likely to be
negative (9€95% certainty in expert scores). Climate change will probablyecanarine distributions to
continue to shift, thereby causing longer migrations to natal rivers. Changes in rivers from increased
precipitation and warming may cause decreases in productivity particularly in the southern portion of
the Northeast U.S. shelfhe effect of ocean acidification over the next 30 years is likely to be minimal.

Data Quality 79% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributiatewife productivityand distribution are susceptible to
climate change. Tommasi et al. (2015) indicated that recruitment was affected by stream temperatures
and river flow, both of which will be impacted by climate change. A number of other components of
Alewife physiology athecology are affected by temperature (Kellp@882;Ellis and Vokour2009) and

other climate factors such as changes in streamflow andesgs rise may also affect Alewife (NMFS
2012). Distribution in the marine stage is also affected by temperallye.et al. (2009) found large

shifts in the distribution of Alewife at sea and Lynch et al. (2014) developed projections of the change in
the distribution of thermal habitat. However, natal homing is an important element in Alewife life

history, thus themarine distribution may be changing faster than the spawning distribution.

Life History Synopsiélewife is an anadromous species, meaning adults migrate from estuarine and
marine feeding habitat to freshwater spawning and nursery habitat. Alewife am@pidgious; adults can
return to rivers in multiple years to spawn. Alewife occurs from Newfoundland to Florida, but
individuals are predominantly found from Nova Scotia to Virginia (Munroe, 2002). The stock is
contiguous range wide, but three regional g¢ic groupings have been documented: Northern New
England, Southern New England, and Mid Atlantic (Palkovacs et al., 2013; NMFS, 2013). Alewife reach
sexual maturity after & years for males and@ years for females, and some portion of the population
are repeat spawners (Loesch, 1987; Munroe, 2002). The spawning migration begins in early spring
through August, varying by latitude and affected by water temperature (Monroe, 2002). Spawning
occurs in slow moving freshwater and lasts a few days beforet sieiits move downstream (Munroe,
2002). Migration distances vary by river, but movement upstream is influenced by light intensity, water
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flow, and temperature (Munroe, 2002). Eggs are demersal for the first several hours, but become less
adhesive during &rdening and are eventually pelagic (Munroe, 2002). Eggs and larvae can survive a
range of salinities, but prefer freshwater (Loesch, 1987; Klauda et al., 1991; Wang and Kernehan, 1979).
The egg stage lasts less than a week; during which time, the egglwshcstage larvae drift

downstream to slowemmoving water with cool to mild temperatures (Wang and Kernehan, 1979;

Munroe, 2002). Feeding begins within a week of hatching (Munroe, 2002). Larvae are selective feeders
on cladocerans and copepods addiagger specimens as they grow (Nigro and Ney, 1982; Stone and
Jessop, 1992; Munroe, 2002). Transformation to the juvenile stage occurs a little over a month after
hatching, but juveniles remain in slewoving, freshwater and estuarine nursery habitat utité

summer or autumn migration to sea (Bigelow and Shroeder, 1953; Jones et al., 1978; Wang and
Kernehan, 1979; Munroe, 2002). Juveniles are opportunistic feeders on seasonally available
zooplanktonic and benthic organisms such as insects, amphipodacods, and oligochaete worms

(Watt and Duerden, 1974; Gregory et al., 1983; Grabe, 1996). Alewife adults can occur in landlocked
freshwater systems, but are most often found from nearshore estuarine to offshore marine habitats
(Munroe, 2002; Nye et al.023). This pelagic schooling species uses diel vertical migrations to follow
zooplankton such as copepods, amphipods, and chaetognaths, and small fishes (Bowman et al., 2000,
Monroe, 2002). Adults are most common in areas with cool bottom temperaturasvide range of

salinities (Munroe, 2002; Nye et al., 2013). Alewife at all stages is important prey for fish, birds,
amphibians, reptiles and mammals (Klauda et al., 1991, Monroe, 2002). Alewife abundance has been in
decl ine t hr oug hefardecddésdikelg qaesadibyeheavy fishenghagd habitat destruction
(HaasCastro, 2006). As a result, NMFS has declared Alewife a Species of Concern, several states have
declared fishing moratoriums, and efforts are being made to restore access to sgeamd nursery

habitat throughout the range (ASMFC, 2012).

Literature Cited

Atlantic States Marine Fisheries Commission (ASMFC). 2012. River Herring Benchmark Stock Assessment
Volume Il. Stock Assessment Report Ne022f the Atlantic States Marine Rexies Commission.

Available:
http:/www.asmfc.org/uploads/file/riverHerringBenchmarkStockAssessmentVolumellR_May2012.pdf

Bigelow HB, Schroeder WC. 1953. Fishes of the Gulf of Maine. U.S. Fish and Wildlife Service. Available:
http://www.gma.org/fogm/

Bowman RE, Stilwell CE, Michaels WL, Grosslein MD. 2000. Food of northwest Atlantic fishes and two
common species of squid. NOAA Technical Memorandum. NNEAS5. Available:
http:/www.nefsc.noaa.gov/publications/tm/tm155/tm155.pdf

Ellis D, Vokoun JC. Earbpring warming of coastal streams and implications for alewife migration
timing. N Am J Fish Manage. 2009; 29(6): 15839. doi: 10.1577/M08.81.1

Grabe SA. Feeding chronology and habits of Alosa spp. (Clupeidae) juveniles from the lower Hudson
River estary, New York. Environ Biol Fishes. 1996; 47:3281 doi: 10.1007/BF00000504

Gregory RS,Brown GS, Danborn GR. Food habits of young anadromous alewife, Alosa pseudoharengus,
in Lake Ainslie, Nova Scotia. Canadian Field Naturalist. 1983; 942823
http://www.biodiversitylibrary.org/item/89042#page/7/mode/1lup

Return to Table of Contents S7 Supporting Information. Species Narratives




Return to Table of Contents

Jones PW, Martin FD, Hardy Jr. JD. Development of fishes of thétlsintic Bight: an atlas of the egg,

larval and juvenile stages, Volume I. U.S. Fish and Wildlife Service Program. FA&81QBB78; 366

pp -
http://docs.lib.noaa.gov/rescue/NOAA_E_DOCS/Coastal_Services_Center_docs/Development%200f%20
Fishes%200f%20the%20MAdlantic%20Bight%28620ANn%20Atlat%200f%20Eg/

Kellogg RL. Temperature requirements for the survival and early developmermt ahétromous
alewife. The Progressive Fi€hilturist. 1982; 44(2): 633. doi: 10.1577/1548
8659(1982)44[63: TRFTSA]2.0.CO;2

Klauda RJ, Fischer SA, Hall Jr. LW, Sullivan JA. Alewife and blueback herring Alosa pseudoharengus and
Alosa aestivalis. In: Fundurk SL, Mihursky JA, Jordan SJ, Riley D, editors. Habitat requirements for
Chesapeake Bay living resources, 2nd ed. Annapolis: Living Resources Subcommittee, Chesapeake Bay
Program; 1991. pp. 10:10.29.

Limburg KE, Waldman JR. Dramatic declines in Mdldhtic diadromous fishes. BioScience. 2009;
59(11): 95%965. doi: 10.1525/bi0.2009.59.11.7

Loesch JG. Overview of life history aspects of anadromous alewife and blueback herring in freshwater
habitats. In: Dadswell MJ, Klauda RJ, Moffitt CM, SaundeesiiRirs. Common strategies of

anadromous and catadromous fishes. Bethesda: American Fisheries Society, Symposium 1; 1987. p. 89
103.

Lynch PD, Nye JA, Hare JA, Stock CA, Alexander MA, Scott JD, et al. Projected ocean warming creates a
conservation chadinge for river herring populations. ICES J Mar Sci. 2015; 72(238374oi:
10.1093/icesjms/fsul34

Munroe T. Herring and herridge fishes: Order Clupeiformes. In: B.B. Collette BB,-KlaaPhee G,
editors, Fishes of the Gulf of Maine, 3rd ed. Wagtin: Smithsonian Institution Press; 2002. p. 104
158.

National Marine Fisheries Service (NMFS). 2012. River Herring Climate Change Workshop Report.
Greater Atlantic Fishery Regional Office, Gloucester, Massachusetts, 60p. Available:
http://www.greateratlantic.fisheries.noaa.gov/prot_res/CandidateSpeciesProgram/sswpdocs/RIVER%20
HERRING%20®IATE%20CHANGE%20WORKSHOP%20REPORT 122712.pdf

National Marine Fisheries Service (NMFS). 2013.Endangered and Threatened Wildlife and Plants;
Endangered Species Act Listing Determination for Alewife and Blueback Herring. Federal Register Notice.
78: 48944. 3pp. Available:
http://www.nero.noaa.gov/regs/2013/August/13riverherringlistingesanoticefr.pdf

Nigro AA, Ney JJ. Reproduction and early life accommodations of landlocked alewife to a southern range
extension. Trans Am Fish Soc. 1982; 96:38% doi: 10.577/1548
8659(1982)111<559:RAEAOL>2.0.CO;2

Nye JA, Lynch P, Alexander M, Stock C, Hare J. 2012. Results of Preliminary Analysis of the Effect of
Climate Change on River Herring. Fisheries and the Environment (FATE) Annual Report. 17pp. Available:
http://ww w.nefsc.noaa.gov/epd/ocean/MainPage/Climate_and_river_herring_summary.pdf

Return to Table of Contents S7 Supporting Information. Species Narrativés



http://www.greateratlantic.fisheries.noaa.gov/prot_res/CandidateSpeciesProgram/sswpdocs/RIVER%20HERRING%20CLIMATE%20CHANGE%20WORKSHOP%20REPORT_122712.pdf
http://www.greateratlantic.fisheries.noaa.gov/prot_res/CandidateSpeciesProgram/sswpdocs/RIVER%20HERRING%20CLIMATE%20CHANGE%20WORKSHOP%20REPORT_122712.pdf

Return to Table of Contents

Palkovacs EP, Hasselman DJ, Argo EE, Gephard SR, Limburg KE, Post DM, et al. Combining genetic and
demographic information to prioritize conservation efforts for anadromous alewitkldueback
herring. Evol Appl. 2013; 7(2): 2226. doi: 10.1111/eva.12111

Stone HH, Jessop BM. Seasonal distribution of river herring Alosa pseudoharengus and A. aestivalis off
the Atlantic coast of Nova Scotia. Fish Bull. 1992; 90:38%6 Available:
http://fishbull.noaa.gov/902/stone. pdf

Tommasi D, Nye J, Stock C, Hare JA, Alexander M, Drew K. Effect of Environmental Conditions on
Juvenile Recruitment of Alewife (Alosa pseudoharengus) and Blueback Herring (A. aestivalis) in fresh
water: a coastwide Pgpective. Can J Fish Aquat Sci. 2015; 72(7):-1087. doi: 10.1139/cjfag014

0259

Wang JCS, Kernehan RJ. Fishes of Delaware estuaries: A guide to early life histories. Towson, MD:
Ecological Analysts, Inc.; 1979. 307 p.

Watt WD, Duerden FC. Aquatic exgy of the Saint John River. Fredericton, New Brunswick: The Saint
John River Basin Board Volume 2, Report No. 15g. 1974.

Return to Table of Contents S7 Supporting Information. Species Narrativ@s




Return to Table of Contents

American Eel - Anguilla rostrata

Overall Vulnerability Rank = High [T

Biological Sensitivity = Moderate [
Climate Exposure = Very High i
Data Quality = 71% of scores = 2

. Expert | Data | Expert Scores Flots
Anguilla rostrata Scores | Quality | (Portion by Category)|_,
Stock Status 27 10 N S ﬂi‘;mte
Other Stressors 28 1.7 — e |EVery High
Population Growth Rate 28 18 e——
Spawning Cycle 25 22 —
Complexity in Reproduction 27 19 —
Early Life History Requirements 26 12 —
Sensitivity to Ocean Acidification 11 20 T
Prey Specialization 11 30 [
Habitat Specialization 26 3.0 | —
Sensitivity to Temperature 13 30 —
Adult Mobility 12 30 I
Dispersal & Early Life History 11 26 T
Sensitivity Score Moderate
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 16 30 e
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 30 Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 24 1.0 —
Sea Level Rise 26 15 —
Exposure Score Very High
Overall Vulnerability Rank High
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American Eel (Anguilla rostrata)

Overall Climate Vulnerability Rarigh (95%certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). American Eel are semelparous
and catadromous: spawning in the@an, developing in marine, estuarine, and freshwater water

habitats, then feeding growing, and maturing in freshwater.

Biological SensitivityModerate. Seven sensitivity attributes scored above 2.5, but none above a 3.0:
Other Stressors (2.8), Populati@rowth Rate (2.8), Complexity in Reproduction (2.7), Stock Status (2.7),
Early Life History Requirements (2.6), Habitat Specialization (2.6), and Spawning Cycle (2.5). American
Eel are catadromous and exposed to a number of other stressors includingtradgstruction, blockage

to spawning habitats, and contaminants (Limburg and Waldman, 2009). In Northeast U.S. Shelf
Ecosystem, the species is at or near historically low levels due to a combination of historical overfishing,
habitat loss, food web alterans, predation, turbine mortality, environmental changes, toxins and
contaminants, and disease (ASMEQL12). American Eel are relatively late maturing, migrate to specific
areas in the Sargasso Sea to spawn, specialized larval stiegtscephalia-disperse and enter river
systems coastwide while undergoing metamorphosis.

Distributional Vulnerability Rankigh (100% certainty from bootstrap analysis). Two attributes

indicated vulnerability to distribution shift. American Eel larvae are widely disperger much of the

North Atlantic and adults are highly mobile returning to the Sargasso Sea from river systems along most
of the North American coast. However, the ability for individual American Eel to shift distribution once

in freshwater habitats isrited.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on American Eel is estimated
to be neutral, but this estimate has uncertainty {86% certainty in expert scores). American Eel is

found in a range of habitats and it isalear the effect of climate change on population productivity and
distribution. However, American Eel spawn in the Sargasso Sea, so shifts in the Gulf Stream have the
potential to effect larval dispersal, survival, and potentially recruitment, but thectoe and

magnitude of these effects are unclear. The effect of ocean acidification over the next 30 years is likely
to be minimal.

Data Quality 71% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects ont®undance and DistributiorCorrelations have been found between American Eel
recruitment and climate factors including the North Atlantic Oscillation, ocean temperatures, frontal
locations, and ocean currents (see Friedland et28l07; Miller and Cassefin,2014). Castonguay et al.
(1994) identified synchronous declines in American and European Eel recruitment and indicated basin
scale processes were the likely cause, specifically identifying clunigen changes in ocean circulation.
Bonhommeau et al2008) proposed that decreases in oceanic primary production through climate
driven processes has caused a reduction in recruitment of Anguillid species worldwide, including the
American Eel. Sullivan et al. (2006) found glass eel (a young stage befoeataigon forms)

abundance entering estuaries was related to winter precipitation and hypothesized that increased
freshwater flow into the coastal ocean enhanced detection by returning glass eels. Thus, climate factors
operating on multiple scales will éily effect the productivity of American Eel. The American Eel occurs
throughout the eastern United States stretching south through Central America and the Caribbean and
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north through Atlantic Canada and Greenland (Miller Cassel2@i4), thus changes ingdribution, if
they occur, will have little impact in the Northeast U.S. Shelf Ecosystem, which is in the north central
part of their range.

Life History Synopsi$he life history of the American Eel differs from almost all other fish found in the

United States. Eels are among the few catadromous species, meaning they live in freshwater but

reproduce in salt water (McCleave, 2001; Cairns et al., 2005). They range from Venezuela to Greenland

and all come from the same genetic stock (panmictic; Avisg3R0They aggregate in the Sargasso Sea

to spawn, and the spawning site varies depending on environmental conditions (McCleave, 2001; Cairns

et al., 2005). After spawning, eggs hatch into leptocephlalng, flat, leaflike larvae-that float like

plarkton. They drift with the currents for about a year feeding off detritus and marine snow before
metamorphosing into glass eels and moving into coastal areas (McCleave, 2001; Cairns et al., 2005).

Glass eels are transparent, aroun@ Ihches long, and gayellow/green pigmentation as they migrate

up river and grow (McCleave, 2001; Cairns et al .,
brackish waters where it feeds on an assortment of foods including crustaceans, fish, insect larvae, and
plarkton (McCleave, 2001; Cairns et al., 2005). When eels reach and appropriate size and have enough
stores of fat (24 years old) they metamorphose into silver eels and begin the long migration back to

the Sargasso Sea to complete their life cycle (McCle20@l; Cairns et al., 2005). Eels have a very

plastic life history strategy that allows individuals to adapt to a broad diversity of habitats. Due to the
panmictic nature of the species, there is currently no estimate of total abundance or populaios.st

In 2010, the U.S. Fish and Wildlife Service received a petition to list the American Eel as threatened

under the Endangered Species Act (CESAR, 2010). The The U.S. Fish and Wildlife Service found
information indicates atnhetd tbtye ap etaiutsiad n | “i m&ky bkked we
and decreasing glass eel recruitment (USFWS, 2011
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American Lobster — Homarus amerncanus
Overall Vulnerability Rank = Moderate []
Biological Sensitivity = Moderate []

Climate Exposure = High ]
Data Quality = 88% of scores = 2

. Expert | Data | Expert Scores Plots
Homarus americanus Scores | Quality | (Portion by Category)| o, ...
Stock Status 23 | 17 | | m‘;ﬂeme
Other Stressors 26 24 — W Very High
Population Growth Rate i3 27 —— i |
Spawning Cycle 27 30 !
Complexity in Reproduction 14 24 Iy
Early Life History Requirements 24 286 — T
Sensitivity to Ocean Acidification 21 26 [—
Prey Specialization 11 30 [
Habitat Specialization 16 3.0 e
Sensitivity to Temperature 23 26 —
Adult Mobility 21 24 I s N
Dispersal & Early Life History 19 28 N
Sensitivity Score Moderate
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 14 3.0 !
Variability Salinity 12 30 I
Air Temperature 24 3.0 P
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 12 30 I —
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 13 1.5 I —
Exposure Score High
Overall Vulnerability Rank Moderate
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American Lobster

Overall Climate Vulnerability RarModerate (93% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this scdeean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of American Lobster use marine habitats.

Biological SensitivityfModerate. Three sensitivity attributes scored above 2.5: Population Growth Rate
(3.3), Spawning Cycle (2.7), adther Stressors (2.6). American Lobster are relatively-glmwing and

can reach ages >50 years. Fertilization occurs after molting in the summer. Eggs are carried for almost a
year before release as planktonic larvae. Other stressors are effectingiabsiuding a shell disease

and decreased water quality in once highly productive bays and sounds in the region (e.g., Long Island
Sound).

Distributional Vulnerability RanMigh (97% certainty from bootstrap analysis).

Directional Effect in the Northea U.S. Shelffhe effect of climate change on American Lobster on the
Northeast U.S. Shelf is estimated to be neutral, but with a moderate degree of uncertairfdQ¥66

certainty in expert scores). Research suggests that crustaceans are not negatialieniipy ocean
acidification. American Lobster has changed distribution and abundances in the southern part of the
region have decreased, but abundances in the northern part have increased dramatically. Thus, across
the whole region the effects of climathange are estimated to be neutral.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiBecent warming has been linked to population

decreases in the southemportion of the Northeast U.S. Shelf (Wahle et al., 2015) and population
increases in the northern portion (Mills et al., 2012). Similar regional patterns were observed during a
systemwide warming event in the 1950(Taylor et al., 1957). Experimentalivindicates negative
physiological effects at summer temperatures now common in the southern part of the range (Dove et
al., 2005). Juvenile shell growth increased under lower aragonite saturation state suggesting positive
effects of ocean acidificatiofR(es et al., 2009). However, larval growth decreased and development
times increased under lower pH conditions (Keppel et al., 2012).

Life History Synopsiémerican Lobster is a benthic marine species ranging from Maine to New Jersey in
inshore waters, ad from Maine to North Carolina in offshore waters (ASMFC, 2014). Females may take
10 years to mature (Acheson and Steneck, 1997). Spawning occurs after the female molts from Late May
through September (Factor, 1995). Sperm can be held internally terttede for up to two years

before being extruded to fertilize eggs (ASMFC, 2014). Eggs are attached to the underside of the female
and carried for 911 months, hatching in mitMay to midJune (ASMFC, 2014). Associated with the

surface layer, larvae aregfiersed by a combination of surface drift, vertical migrations, and directed
swimming, allowing lobster spawned offshore to settle in inshore habitats (Harding et al., 1982; Katz et
al., 1994; Factor, 1995). Larvae are pelagic for up to two months (F&88%). The timing and location

of settlement are determined by temperature and the presence or absence of the thermocline
(Templeman, 1936; Boudreau et al., 1992; Factor, 1995). Larvae and postlarvae eat phytoplankton and
zooplankton (copepods and othewertebrate larvae) and are preyed upon by Cunner and other fish
(Factor, 1995). As juveniles, American Lobster are restricted to sheltered benthic habitat such as rocks,
cobble, and vegetation, sometimes burrowing in mud, and are more active at nigiitlé\&ind Steneck,
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1991). Adult American Lobsters also use shelter such as boulders and kelp, but are not as restricted
(Wahle and Steneck, 1991; Acheson and Steneck, 1997). Juveniles and adults undergo an ontogenetic
shift in diet from softer, more easicquired prey, such as scavenged flesh, Blue Mussels, and
macroalgae to increased reliamon hardshelled taxa such as Rock Cralddition to molluscs,
echinoderms, and polychaetes as they grow (Elner and Campbell, 1987 :8aiigeand Chabot, 2002).
American Lobster is managed as three stock units based on life history differences: Gulf of Maine,
Georges Bank, and southern New England. All three stocks are managed by the Atlantic States Marine
Fisheries Commission to increase female egg productiaicpkarly for the depleted southern New

England stock (ASMFC, 2014).
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American Plaice — Hippoglossoides platessoides

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High ]
Data Quality = 88% of scores = 2

] . , Expert | Data | Expert Scores Plots
Hippoglossoides platessoides | scores | Quality| (Portion by Category) BLow
Stock Status 30 | 30 L o m‘;ﬂeme
Other Stressors 12 1.6 W Very High
Population Growth Rate 25 26 o —
Spawning Cycle 21 29 I
Complexity in Reproduction 16 27 s
Early Life History Requirements 22 25 —
Sensitivity to Ocean Acidification 21 25 1
Prey Specialization 15 28 I
Habitat Specialization 1.1 24 [
Sensitivity to Temperature 18 28 _1
Adult Mobility 24 26 —T—
Dispersal & Early Life History 14 27 | pmm—
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 11 30 |
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Low
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American Plaice (Hippoglossoides platessoides

Overall Climate Vulnerability Rankw (36% certainty from bootstrap analysis).

Climate Exposuredigh. Two expsure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of American Plaice use marine habitats.

Biological Sensitivitfow. One sensitivity attributes scored above 2.5: Stock Status (3.©0)Sthiek is
overfished, but not currently undergoing overfish

Distributional Vulnerability RanMigh (100% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Americaniédaon the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Warming may
decrease productivity and may cause reductions in available habitat.

Data Quality 88% of the data quality scores were 2 or greater indicate dlaga quality is moderate.

Climate Effects on Abundance and Distributidhere is relatively little information regarding the effect

of climate factors on American Pl aice. Brodziak a
and NAO but the relatinship was curvilinear. In terms of distribution, American Plaice have not shifted
latitudinally, but have increased in depth (Nye et 2009).

Life History Synopsidmerican Plaie is a coldvater (1.5-13°C), benthic, marine species occurring on

both sides of the North Atlantic Ocean, ranging from Labrador to New York in the western Atlantic
(Johnson et al., 1999; Johnson, 2004). Temperature can have a significant effect on the growth and
maturity of the species, but plaice are generally mature lygdrs (Johnson et al., 1999; Johnson, 2004;
O'"Brien, 2006). Mat ur e6°Gwatertat deptha<®@dm, and makéshorts ea f | o
migrations from offshore if necessary (Johnson et al., 1999;-KlaatPhee, 2002; Johnson, 2004).

Plaice are b@h spawners over eoughly 26day period between January and August, peaking in spring
(Johnson et al., 1999; KlelvtlacPhee, 2002; Johnson, 2004). The resultant eggs are pelagicreerdlye
retained within the 10én isobath (KleirMacPhee, 2002; Johnsa2004). Incubation lasts approximately

2 weeks (Johnson et al., 1999; KibacPhee, 2002; Johnson, 2004). Larvae drift near the surface for 3

4 months (varying by temperature) eating diatoms and copepods (Johnson et al., 199M1&d&hee,

2002; Johnsn, 2004). Metamorphosis is complete by-3 mm, and is temperature dependent

(Johnson et al., 1999; Johnson, 2004). Juveniles settle to the bottom and eat small shrimps, crustaceans,
polychaetes, and by 445 cm concentrate more on echinoderms (Johmsoal., 1999; Kle#MacPhee,

2002; Johnson, 2004). Juvenile and adult American Plaice are mostly sedentary on soft bottom
substrate, but make short migrations for food and spawning (Johnson et al., 1999M&ieithee, 2002;
Johnson, 2004). Adult Ameain Plaice are opportunistic predators on small bottdwelling organisms

such as echinoderms (brittle stars), bivalves, polychaetes, and small crustaceans (Johnson et al., 1999;
KleinMacPhee, 2002; Johnson, 2004). Atlantic Cod are the dominant preafadonerican Rice 35

cm (Johnson et al., 1999; Johnson, 2004). The primary predators of adult American Plaice include larger
predatory fish and mammals such as Greenland SMokkfish (GoosefishSpiny Dogfish, and grey

seals (Johnson et al., 199%ikMacPhee, 2002; Johnson, 2004). American Plaice are managed under
the Greater Atlantic Regional Fisheries Office, Northeast Multispecies Fishery Management Plan to
rebuild stocks to target biomass | ekvisoVedishédJboth ns on
not currently undergoing overfishing (NEFSC 2012).
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American Shad - Alosa sapidissima

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High i
Data Quality = 88% of scores = 2

L. Expert | Data | Expert Scores Flots
Alosa sapidissima Scores | Quality | (Portion by Category) [,
Stock Status 20 | 14 ——lohn "
Other Siressors 3T 20 — I |®ery High
Population Growth Rate 23 20 —
Spawning Cycle T 28 I
Complexity in Reproduction 33 28 e |
Early Life History Requirements 33 28 el
Sensitivity to Ocean Acidification 14 20 —
Prey Specialization 16 25 I
Habitat Specialization 29 26 —
Sensitivity to Temperature 16 30 s m—
Adult Mobility 14 28 Iy
Dispersal & Early Life History 32 30 e |
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 16 30 —
Variability Salinity 12 30 I
Air Temperature 40 1] . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 30 Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 20 10 N
Sea Level Rise 28 15 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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American Shad (Alosa sapidissimp

Overall Climate Vulnerability Rankery High (100% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), @an Acidification (4.0) and Air Temperature (4.0). American Shad are anadromous,
spawning in freshwater, developing in freshwater and estuarine habitats, feeding as adults in marine
habitats.

Biological SensitivitHigh. Five sensitivity attributes scateabove 3.0: Other Stressors (3.7), Spawning
Cycle (3.7), Early Life History Requirements (3.3), Complexity in Reproduction (3.3), and Dispersal and
Early Life History (3.2). American Shad are diadromous and exposed to a number of other stressors
includinghabitat destruction, blockage to spawning habitats, and contaminants (Limburg and Waldman,
2009). Spawning time varies latitudinally and is linked to spring warming (Mu206&). Eggs and

larvae inhabit freshwaters and then juveniles move to estuarimd @cean waters. Dispersal of eggs and
larvae is limited.

Distributional Vulnerability Rankow (97% certainty from bootstrap analysis). American Shad have a
relatively high degree of spawning fidelity, limiting the ability of the species to shift disoib Fidelity
to the river system is high; fidelity to specific tributaries is lower (Walther g2@08).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on American Shad is

estimated to be negative, but this estimate rebfigh degree of uncertainty (<66% certainty in expert
scores). American Shad is distributed to Florida, so northward range shifts will likely move American
Shad into the Northeast U.S. Shelf. However, changes in rivers from increased precipitationraiywar
will likely cause decreases in productivity particularly in the southern portion of the Northeast U.S. shelf.
The effect of ocean acidification over the next 30 years is likely to be minimal.

Data Quality 88% of the data quality scores were 2 or geeandicate that data quality is moderate.

Climate Effects on Abundance and Distributidmumber of studies indicate climate effects on

American Shad productivity. Crecco et al. (1986) found that spring river flows affected subsequent
recruitment. Cagb-Santos and Letcher (2010) developed a simulation model-str@gam migration

and spawning and concluded that behavior, physiology, and energetics strongly affected both the
distribution of spawning effort and survival to the marine environment. LeachHoude (1998) found

that larval growth and survival is related to temperature. Leggett and Carscadden (1978) concluded that
the thermal regime of the home river was the principal factor influencing reproductive strategy in
American Shad. These studiedigate that climate effects (e.g., streamflow, temperature) will impact

the ecology and productivity of American Shad along the East Coast. Distribution in the marine stage has
also changed substantially over the past several decades and a link to diiasabeen suggested (Nye

et al, 2009). The impact of the interaction between distribution changes in the marine phase and strong
natal homing is not clear.

Life History Synopsidmerican Shad is an anadromous, migratory, pelagic, schooling species ranging
from southern Labrador to northern Florida with some introductions along the United States Pacific
coast (Munroe, 2002; Able and Fahay, 2010). The center of abundance is in the highly urbanized and
disturbed section of North America from Connecticut trfl Carolina (Able and Fahay, 2010).

American Shad take-@years to reach sexual maturity, most of which is spent in the ocean (Able and
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Fahay, 2010; ASMFC, 2007). American Shad are semelparous south of Cape Hatteras, but increasing
rates of iteropariy occur at increasing latitude (Munroe, 2002). American Shad return to natal rivers in
dense schools to batch spawn, a process determined by river temperature and usually occurring in
spring (Munroe, 2002; Able and Fahay, 2010). The beginning and cassiadjgawning is cued by
temperature (1220°C; Able and Fahay, 2010) and usually occurs well upstream when not impeded by
dams (Munroe, 2002). Eggs sink within several meters of the spawning site and often get lodged in
bottom substrate (Munroe, 2002).atvae are planktonic for approximately one month before
metamorphosing and feed opportunistically on zooplankton such as copepods, euphausiids, and insect
larvae (Munroe, 2002; Able and Fahay, 2010). Juveniles mature in the estuary, feeding on zooplankton
(copepods, cladocerans, and insect larvae; Munroe, 2002; Able and Fahay, 2010). Migration to the
marine environment is size (785 mm) and temperature dependent, with young American Shad
emerging from the estuary from late fall to spring (Munroe, 20a8gAand Fahay, 2010). Overwintering
usually occurs near the mouth of the parent river (Munroe, 2002). Adult American Shad occur across
the continental shelf with seasonal patterns in alesteelf, crosshelf, and depth distributions (north

and deep in fi, south and deep in winter, widely distributed in spring and summer; Munroe, 2002; Able
and Fahay, 2010). Adults are opportunistic feeders on zooplankton (copepods, mysids), but consume
much less during the spawning run (Munroe, 2002; Able and Fah&§).2@any predators consume
American Shad, such as Bluefish and Sea Lamprey in rivers and Spiny Dogfish and seals at sea (Munroe,
2002; Able and Fahay, 2010). American Shad are considered fully exploited due to low population sizes
caused by fishing andabitat destruction (ASMFC, 2007). Major efforts to improve access to and to
restore spawning grounds are helping (Munroe, 2002), but the stocks in general remain depleted
(ASMFC, 2014). American Shad are managed by the Atlantic States Marine FishemesiOnrto

reduce overfishing and habitat destruction (ASMFC, 2014).
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Anchovies — Anchoa spp.

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Flots
Anchoa spp. Scores | Quality | (Portion by Category) |,
Stock Status 17 | 14 | o - ﬂi‘;mte
Other Stressors 21 22 —_r mVery High
Population Growth Rate 12 28 /
Spawning Cycle 16 30 e —
Complexity in Reproduction 13 22
Early Life History Requirements 25 22 P
Sensitivity to Ocean Acidification 14 24 o —
Prey Specialization 12 24 |
Habitat Specialization 15 3.0 o —
Sensitivity to Temperature 14 26 o —
Adult Mobility 22 24 —_
Dispersal & Early Life History 19 26 N
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 26 30 ——
Variability Salinity 12 30 I
Air Temperature 34 io . |
Variability Air Temperature 1.0 30 | [
Precipitation 11 30 |
Variability in Precipitation 11 30 I
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 22 10 —
Sea Level Rise 23 15 —
Exposure Score High
Overall Vulnerability Rank Low
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Anchovies (Anchoa hepsetus / Anchomitchilli)

Overall Climate Vulnerability Rankw (80% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to ocean surfageetamure and ocean acidification
occurs during all life stages.

Biological Sensitivityow. Only one sensitivity attribute was scored at a 2.5 or higher: Early Life History
Requirements (2.5). Anchovies spawn in estuarine and nearshore habitats.

Distributional Vulnerability Ranligh (89% certainty from bootstrap analysis). Two attributes

contributed to the high vulnerability for a distribution shift. Anchovies are habitat generalists and occur

in estuarine and coastal waters throughout the southern gmrtdof the Northeast U.S. Shelf. Anchovies

also have early life stages that disperse in the coastal zone; whether there is exchange among estuarine
systems is unknown.

Directional Effect in the Northeast U.S. Sh#tke effect of climate change omehovies on the

Northeast U.S. Shelf is very likely to be positive (>95% certainty in expert scores). As warming continues
more habitat in the Northeast U.S. is expected to become available. Based on research in other regions,
population productivity is also likgto increase with continued warming. The effect of ocean

acidification over the next 30 years is likely to be minimal.

Data Quality 88% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributidhere have been surpngjly few studies of the effect of
climate change onchoaspp., especially in the Northeast U.S. Shelf ecosystem. Lou and Brandt (1993)
developed a bioenergetics model fAnchoa mitchillin the Chesapeake Bay; their work indicated that

Bay Anchovy consaption of zooplankton will increase with warming waters. In the Black Sea using an
ecosystem bioenergetics model, Giraslan et al. (2014) indicated that population productivity of
anchovies would increase as temperature rises.

Life History Synopsiénchoves are small, coastal, pelagic, schooling species found along most of the
western North Atlantic coast including the Gulf of Mexico (Able and Fahay, 2010). These highly fecund
species mature early (after their first winter or approximately 10 months)e lzalong spawning season
(spring to early fall in temperate waters, possibly yeaind in subtropical zones), and batch spawn

often (every 14 days for a total of approximately 55 batches in a season; Munroe, 2002). The energy
for this large spawning afft comes from daily consumption, not stored energy, and peak spawning
corresponds to peak microzooplankton abundance (Munroe, 2002). Eggs are pelagic and hatch in
approximately 24 hours (Hildebrand, 1963). Larvae absorb yolk within 2 days (Hildel@@B8d, 1

Munroe, 2002). Eggs and larvae are planktonich lmestuaries and on the innghelf, and are usually
found in surface waters, but igagodeeper at night (Munroe, 2002; Able and Fahay, 2010). Anchovy
larvae are very common and are often the mabundant ichthyoplankton in collections (Munroe,

2002). Juvenile anchovies occur in estuaries during summer, but some species or regional populations
may make winter migrations to deeper water within the estuary or to the irstelf (Munroe, 2002).

Ableto tolerate a wide range of salinities, adult anchovy occur from as far offshore as the Gulf Stream all
the way into freshwater, but are most common on the coastal irsteglf and in estuaries (Munroe,

2002; Able and Fahay, 2010). Crsisslf and alonghelf seasonal migrations to avoid sharp drops in
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temperature may occur (Munroe, 2002; Able and Fahay, 2010). Juvenile and adult anchovies are
planktivorous, consuming zooplankton such as copepods, mysids, and occasionally (whem® 30
larvae and ther small fish (Munroe, 2002; Able and Fahay, 2010). Weakfish, Bluefish, Atlantic
Mackerel, and many other predatory fish, sharks, and birds prey on anchovies (Hildebrand, 1963;
Munroe, 2002; Able and Fahay, 2010). Anchovy are not managed in the wistghnAtlantic and are
generally one of the most abundant species in bays, estuaries, and coastal systems (Munroe, 2002).
However, natural mortality is very highp@oximately 95%) for this welltilized prey species that links
secondary production dily to fisheries (Munroe, 2002).
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Atlantic Cod — Gadus morhua
Overall Vulnerability Rank = Moderate []
Biological Sensitivity = Moderate []

Climate Exposure = High ]
Data Quality = 92% of scores = 2

Expert | Data | Expert Scores Plots
Gadus morhua Scores | Quality| (Portion by Category)| o,
Stock Status 39 | 30 B (oo
Other Stressors 2.0 2.5 —_T1 1 m‘ery High
Population Growth Rate 28 238 N
Spawning Cycle 20 30 I
Complexity in Reproduction 24 259 ——
Early Life History Requirements 28 238 —
Sensitivity to Ocean Acidification 13 20 —
Prey Specialization 12 30 I —
Habitat Specialization 18 3.0 e
Sensitivity to Temperature 20 30 —_r1
Adult Mobility 22 28 —
Dispersal & Early Life History 14 28 | mmr—
Sensitivity Score Moderate
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 1.4 0 | pm
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 16 1.5 !
Exposure Score High
Overall Vulnerability Rank Moderate
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Atlantic Cod (Gadus morhuj

Overall Climate Vulnerability RarModerate. (90% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Atlantic Cod use marine habitats.

Biological SensitivityModerate. Three sensitivity attributes scored above 2.5: Stock Status (3.9),
Population Growth Rate (2.8), and Early Life History Requirements (2.8). Atlantic Cod is overfished and
overfishing is occurring (NEFSC, 2014). Atlantic Cod are relatively slowgandilongived (17 years,
Lough, 2004; NEFSC, 2013). Finally, the early life stages may be dependent on circulation patterns on
Georges Bank for larval retention and specific habitats on the Bank or in coastal regions for juvenile
nursery habitats (Falya 1999; Lough, 2004).

Distributional Vulnerability RanMigh (98% certainty from bootstrap analysis). Atlantic Cod are habitat
generalists that are mobile, and have dispersive early life stages (Lough, 2004).

Directional Effect in the Northeast U.S. $h€he effect of climate change on Atlantic Cod on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Decreases in
recruitment have been linked to increases in temperature and climelited changes in prey in the

GUf of Maine. Further the species is at the southern end of its range and continued warming will likely
result in further reductions in available habitat.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidtiantic Cod productivity and distribution are both likely
negatively affected by climate factors in the Northeast U.S. Shelf. Drinkwater (2005) noted that Atlantic
Cod in the Northeast U.S. Shelf is at soathern end of the range and that warming waters will have
negative impacts. Fogarty et al. (2007) developed a steckuitment relationship that included
temperature; as temperatures increased, recruitment decreaBedshing et al. (2015) conducted

simiar moldeing with updated data and the results were similar, providing further evidence of a
negative effect of temperature on recruitmerfogarty et al. (2008Isomodeled Atlantic Cod

distributions a function of temperature; as temperatures increagethntic Cod distributions shifted
northwards.

Life History Synopsiétlantic Cod are a typical marine groundfish that occurs on both coasts of the
North Atlantic, but from Greenland to Cape Hatteras, North Carolina, in the western north Atlantic
(Fahay eal., 1999; Lough, 2004). Over the last half century, age at maturity has fluctuated (1.7
years) reaching a low in the 1990s due to declines in stock abundance and increased temperature (Klein
MacPhee, 2002). Age at maturity has increased slightByy@ars) in the last decade (Lough, 2004).
Spawning occurs at or near the bottom at night with a peak during winter and early spiint>(vater)
(Fahay et al., 1999; Lough, 2004). Peak spawning shifts with latitude and is correlated to temperature
(Fahay et al., 1999; Lough, 2004). Fecundity is particularly high for Atlantic Cod, especially for larger
females who produce millions of eggs over the course of a spawning seasorME&Ethee, 2002).
Fertilized eggs are pelagic and hatch aft@08daysvarying with temperature, but average®weeks in
typical spring conditions (Fahay et al., 1999; Lough, 2004). Larvae are pelagic, occurring from near
surface down to 75 m, inhabiting deeper water with age (Fahay et al., 1999; Lough, 2004). Larvae
consumephytoplankton and abundant zooplankton, such as copepods and nauplii (Fahay et al., 1999;

Return to Table of Contents S7 Supporting Information. Species Narrative8




Return to Table of Contents

KleinMacPhee, 2002; Lough, 2004). Planktivorous fish such as Atlantic Herring and Atlantic Mackerel
are the main predators of larval Atlantic Cod (Lough, 2004E pelagic stage lasts approximately 3

months after hatching (Fahay et al., 1999; Lough, 2004). Metamorphosis occurs at around 20 mm, but
juvenilesremain in the water column untihey reach sizes of 460 mm, usually in early summer, then

settle to thebenthos (Fahay et al., 1999; Lough, 2004). Juvenile Atlantic Cod consume molluscs and
crustaceans, selecting mostly pelagic prey when young, but increasingly benthic prey items as they grow
and settle (Fahay et al., 1999; Lough, 2004). Gravel substratedpsobetter refuge from predators,

which include many fishes, primarily: Spiny Dogfish, Sea Raven, Fourspot Flounder, and adult Atlantic
Cod (Fahay et al., 1999; KlditacPhee, 2002; Lough, 2004). Adults occur from nearshore to offshore in
cool water, wih seasonal shifts (coastal northern waters in summer and fall; deeper southern waters in
winter and spring) and age (near spawning grounds when young, more widely distributed and deeper,
colder, and more saline with age (Fahay et al., 1999; #faicPhee2002; Lough, 2004). These

migrations are longer in the northern and southern extent of Atlantic Cod range and shorter in the

middle part of the range (Fahay et al., 1999; Lough, 2004). Adults prefer rocky substrate usually
occurring within 2 m of the kttom, but have been known to follow prey fish into the water column
(KleinMacPhee, 2002). Atlantic Cod travel as a mass with largest fish in the lead and smallest fish at the
end (Fahay et al., 1999; Lough, 2004). Adult Atlantic Cod consume a vapesy ofcluding pelagic

and benthic invertebrates and smaller fish (Fahay et al., 1999; Lough, 2004). Large sharks and seals are
among the only predators of large Atlantic Cod (Fahay et al., 1999:MégiRhee, 2002; Lough, 2004).

Cod i n Unwaters Hdavedeea explated since at least the 1500s (HMigiocPhee, 2002) and are
currently managed as two stocks: Gulf of Maine and Georges Bank and southward (Fahay et al., 1999)
under the New England Fishery Ma nishgyeMasgemenCounci |’
Plan (KleirMacPhee, 2002). Atlantic Cod are overfished and overfishing is occurring in both stocks
(NEFSC 2013).
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Atlantic Croaker — Micropogonias undulatus
Overall Vulnerability Rank = Moderate [
Biological Sensitivity = Low [

Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

] ] Expert | Data | Expert Scores Plots
Micropogonias undulatus Scores | Quality| (Portion by Category) | 5, ..
Stock Status 19 | 16 | - m‘;ﬂeme
Other Stressors 22 24 e mvery High
Population Growth Rate 1.7 24 =T
Spawning Cycle 18 30 N
Complexity in Reproduction 21 26 -
Early Life History Requirements 30 27 N |
Sensitivity to Ocean Acidification 16 20 s m—
Prey Specialization 13 30 e
Habitat Specialization 20 3.0 [
Sensitivity to Temperature 14 30 e
Adult Mobility 15 26 o |
Dispersal & Early Life History 18 26 N
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 28 30 EE——
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 25 1.5 —
Exposure Score Very High
Overall Vulnerability Rank Moderate
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Atlantic Croaker (Micropogonias undulatuy

Overall Climate Vulnerability RarModerate (98% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocgarface

Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors
occur during all life stages. Atlantic Croaker spawn on the shelf, juveniles use estuarine nurseries, and
adults make seasonal migrations to féadestuarine and coastal areas.

Biological Sensitivitgow. Only one sensitivity attribute scored above 2.5: Early Life History
Requirements (3.0). Atlantic Croaker exhibit an obligate estuat@pendent life cycle, using estuaries
during the late larvadnd juvenile stages (Able 2005).

Distributional Vulnerability RanMigh (98% certainty from bootstrap analysis). Two attributes indicated
vulnerability to distribution shift. Atlantic Croaker larvae are widely dispersed after spawning and adults
make noth-south seasonal migrations along the Northeast U.S. Shelf.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Croaker on the
Northeast U.S. Shelf is very likely to be positive (>95% certainty in expert scoresiinietnwill likely
increase as winters become warmer and the adult distribution will likely extend northwards. The effect
of ocean acidification over the next 30 years is likely to be minimal.

Data Quality 88% of the data quality scores were 2 or greater.

Climate Effects on Abundance and DistributiGfimate effects have been identified on both

productivity and distribution of Atlantic Croaker. Hare and Able (2007) proposed thatontar

mortality of youngof-the-year in estuarine nursery habitats wasnajor contributor to recruitment

variability. Hare et al. (2010) projected that as climate warmed, recruitment increased leading to higher
population abundances. Hare et al. (2010) also projected northward expansion of the population, largely
owing to hcrease in population abundance, but also directly related to warming temperatures. Diamond
et al. (2013) indicated that warming temperatures would have a large positive effect on Atlantic Croaker
in the region, but that increased variability in salinitgreased offshore transport, and sésvel rise

would have negative effects. Munyandorero (2014) used a biomass dynamic model and found equivocal
support for climate effects on Atlantic Croaker population dynamics and recommended continue
monitoring and nedeling of the population and the environment.

Life History Synopsiétlantic Croaker is an estuaritgependent, coastal species occurring from Cape
Cod, Massachusetts, through the Gulf of Mexico (Able and Fahay, 2010). There is no genetic
differentiation among populations along the Atlantic coast, but the Atlantic and Gulf of Mexico
populations are discrete (Able and Fahay, 2010). Maturity may be reached at the end of the first year
and most fish are mature by the third year of life (Barbieri et aP4}9 Adult Atlantic Croaker migrate
from coastal areas to the continental shelf to spawn in early fall through winter (Able and Fahay, 1998,
2010). Eggs and larvae are pelagic and rely on fall winds for transportation across the shelf (Able and
Fahay, 200). Larvae are selective feeders consuming zooplankton such as tintinnids, pteropods, and
pelecypods (Govoni et al., 1986; Able and Fahay, 2010). A few weeks after spawning, late stage larvae
ingress into estuarine and freshwater nursery habitat aldrgrhid Atlantic coast during early fall

winter (Able and Fahay, 2010). Juvenile Atlantic Croaker overwinter in deep areas estuaries and
tributaries typically near grassbeds and mud flats (Able and Fahay, 2010). The northern extent of
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suitable nursery abitat is limited by winter temperature <€ (Able and Fahay, 2010). While in
estuaries, juveniles consume demersal prey such as polychaetes, copepods, mysids and detritus (Able
and Fahay, 2010). Striped Bass can be a major predator of juvenile ACQandiker (Able and Fahay,

2010). Juveniles egress from the estuaries the next fall, and follow adults offshore (Able and Fahay,
2010). Adults are common inshore demersal fish over mud and sandy mud in spring and summer, but
move offshore and south alortge continental shelf to spawn and overwinter in late fall through winter
(Able and Fahay, 2010). Benthic macroinvertebrates such as crustaceans, polychaktsss, and

fish are common prey for adult Atlantic Croaker (Able and Fahay, 2010). A@Qaodiker is managed

under the Atlantic States Marine Fisheries Commission Interstate Fishery Management Plan for Atlantic
Croaker (2005) and Addendum | (2011; ASMFC, 2011). Atlantic roaker is not experiencing overfishing
and biomass estimates are increagifor the Atlantic stock (ASMFC, 2010).
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Atlantic Hagfish — Myxine glutinosa
Overall Vulnerability Rank = Moderate []
Biological Sensitivity = Moderate []

Climate Exposure = High ]
Data Quality = 67% of scores = 2

] ] Expert | Data | Expert Scores Plots
Myxine glutinosa Scores | Quality | (Portion by Category) [, .
Stock Status 24 | 02 | Sm‘;ﬂeme
Other Stressors 16 1.1 |—! mVery High
Population Growth Rate 26 0.6 -
Spawning Cycle 11 26 |_|
Complexity in Reproduction 15 1.0 1
Early Life History Requirements 11 21 [/
Sensitivity to Ocean Acidification 15 19 s m—
Prey Specialization 10 26 T
Habitat Specialization 12 3.0 I —
Sensitivity to Temperature 16 27 o —
Adult Mobility 30 22 o
Dispersal & Early Life History 27 14 e |
Sensitivity Score Moderate
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 14 310 | mm
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Moderate
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Atlantic Hagfish (Myxine glutinosg

Overall Climate Vulnerability RarModerate (92% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages ainfid Hagfish use marine habitats.

Biological SensitivityModerate. Two sensitivity attributes scored above 2.5: Adult Mobility (3.0) and
Dispersal and Early Life History (2.7). The life cycle is uncertain, but it is likely that there is no larval stage
and adults hatch from eggs (Martini and Flescher, 2002). Hagfish burrow in soft sediment and likely have
limited mobility (Martini and Flescher, 2002).

Distributional Vulnerability Rankow (82% certainty from bootstrap analysis). Adults are relatively
immobile and there is likely no dispersive larval stage limiting the potential of a change in distribution.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Hagfish on the
Northeast U.S. Shelf is estimated to be neljtbait with a moderate degree of uncertainty (86%
certainty in expert scores). There is very little information available for hagfish making the estimate of
the directional effect of climate change difficult.

Data Quality 67% of the data quality scoresere 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidhere is very little information regarding the dynamics
of Atlantic Hagfish as well as little information regarding environmental effects on abuadaicc
distribution.

Life History Synopsiétlantic Hagfish are an ancient, benthic, marine species found throughout the
Atlantic Ocean from Kola Peninsula, Russia, to the Shetland Islands off the Antarctic Peninsula (Martini
and Flescher, 2002). Venylétis known about the spawning and early development of Atlantic Hagfish.
Individuals >400 mm are sexually mature and can have both male and female reproductive organs, but
only one is developed at a time (Martini and Flescher, 2002). Most individeatsraale, with

developed ovary and rudimentary testis, and about a quarter of the population are sterile (Martini and
Flescher, 2002). Spawning can occur year round and is believed to occur in deep water (Martini and
Flescher, 2002). Eggs are rare in sle®mpnd few are fertilized, leading to the assumption of low

fecundity among Atlantic Hagfish (Martini and Flescher, 2002). There is likely no larval stage; small
immature adults hatch out of eggs (Martini and Flescher, 2002). Hagfish live within hatiaarows in

soft muddy sediment on the sea floor (Martini and Flescher, 2002). Hagfish need high salinity water;
sharp changes in salinity or temperature can have severe effects on survival (Martini and Flescher,
2002). Hagfts are opportunistic feederon Northern Brimp, dead or dying fish, and benthic and

burrowing invertebrates, often interfering with commercial trap, gillnet, and longline catches (Martini

and Flescher, 2002). Atlantic Cod, Spiny Dogfish, harbor seal, and harbor porpoise eiatiAdigiih,

and groundfish may prey on their eggs (Martini and Flescher, 2002). There is a small fishery for Atlantic
Hagfish in the United States to sell to the Asian leather industry, but the species is not actively managed
(Martini and Flescher, 2002).
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Atlantic Halibut — Hippoglossus hippoglossus

Overall Vulnerability Rank = High [

Biological Sensitivity = High [
Climate Exposure = High ]
Data Quality = 83% of scores = 2

. \ Expert | Data | Expert Scores Plots
Hippoglossus hippoglossus Scores | Quality| (Portion by Category)| | .
Stock Status 20 | 30 B (oo
Other Stressors 1.9 1.5 ——s m Very High
Population Growth Rate 39 25 . B
Spawning Cycle 20 25 [
Complexity in Reproduction 14 24 Iy
Early Life History Requirements 21 1.6 I —
Sensitivity to Ocean Acidification 15 20 e
Prey Specialization 10 30 T
Habitat Specialization 12 28 [
Sensitivity to Temperature 21 30 I
Adult Mobility 1.9 23 I
Dispersal & Early Life History 13 22 |
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 30 | [
Salinity 11 30 |
Variability Salinity 12 30 | pm
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank High
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Atlantic Halibut (Hippoglossus hippoglossys

Overall Climate Vulnerability Rartigh (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: OceafaSarTemperature
(3.9) and Ocean Acidification (4.0). All life stages of Atlantic Halibut use marine habitats.

Biological SensitivityHigh. Two sensitivity attributes scored above 3.0: Stock Status (4.0) and Population
Growth Rate (3.9). Atlantic Halibate overfished but overfishing is not occurring (Blaylock and Legault,
2012). Atlantic Halibut are slegrowing, late maturing 8 years) and lontjved (50 years, Cargnelli et

al., 1999).

Distributional Vulnerability RanKigh (100% certainty from bootgap analysis). Atlantic Halibut are
habitat generalists, highly mobile and have dispersive early life stages.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Halibut on the
Northeast U.S. Shelf is very likely ®iegative (>95% certainty in expert scores). Atlantic Halibut is a
cold water species and warming could cause distribution shifts out of the region. Productivity may also
be negatively affected by warming and ocean acidification.

Data Quality 83% of thedata quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributiatiantic Halibut growth is sensitive to temperature and
optimal temperature for growth decreased with increasing fish size (B§omand Tryggvadéttir, 1996).
Longterm exposure to CQacidified seawater also reduced growth. Thus, with changing climatic
conditions, Atlantic Halibut growth and population productivity would be expected to decrease in the
Northeast U.S. Shelf Ecosystedye et al. (2009) found Atlantic Halibut distributions shifting northward
in recent years.

Life History Synopsiétlantic Halibut is a lortived, slowgrowing, benthic, marine, flatfish species

found on both sides of the Atlantic Ocean, and ranges fraforador to Long Island, New York, in the
western Atlantic (Cargnelli et al., 1999; KitdacPhee, 2002). Sexual dimorphism in the species results

in larger, older females (Cargnelli et al., 1999). Males mature at approximately 6 years old and females
at approximately 78 years old (Sigourney et al., 2006). Spawning occurs on offshore banks and the shelf
slope in late winter spring (although some individuals spawn into summer; Cargnelli et al., 1999; Klein
MacPhee, 2002). Atlantic Halibut are annuabugp-synchronous, batch spawners over hard sand, clay,

or gravel bottom in 47 °C water (Cargnelli et al., 1999; KldliacPhee, 2002). Eggs are large and, most
likely, bathypelagic (5€200m), but sink with development to near the sea floor (KikiacPhe, 2002).

Eggs incubate for 2 to 3 weeks, but the timing is temperature dependent (Cargnelli et al., 1999). Larvae
are pelagic and prefer salinities of-3@ (Cargnelli et 811999). Larvae are ranesulting in limited
information about larval duratin, but development is slow. Atlantic Halibut larvae may stay in the

water column for up to a year before fully metamorphosing and settling to the bottom (Cargnelli et al.,
1999; KleirMacPhee, 2002). Juvenile Atlantic Halibut mature in two phasesy jiaghiles settle to

nursery grounds with sandy substrate at@0 m depth (Cargnelli et al., 1999; KidlacPhee, 2002). At

3-4 years old, Atlantic Halibut emigrates out of the nursery and begins a dispersive phase, migrating
longer distances than adultsnd occasionally moving among regions (Cargnelli et al., 1999; Klein
MacPhee, 2002). Adult Atlantic Halibut are widely dispersed on the shelO@%) in sand, gravel or

clay substrates (Cargnelli et al., 1999; kidecPhee, 2002). Atlantic Halibubwre inshore from deep
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winter habitat in the spring, probably in response to food availability and regulated by the presence of
suitably cool temperatures (KleMacPhee, 2002). Diehanges ontogenetically; fistB& cm eat mainly
invertebrates such as aphids and crustaceans (Cargnelli et al., 1999; Wi&ioPhee, 2002). The ratio of
invertebrates to bony fish declines until halibut >80 cm eat fish almost exclusively (Cargnelli et al., 1999;
KleinMacPhee, 2002). Greenland Shark, s@dtmkfish (Goosegh), and Spiny Dogfish are common
predators of halibut (Cargnelli et al., 199%iK-MacPhee, 2002). Atlanticabbut was heavily fished

resulting in a depleted stock prior to 1900 and have yet to recover (Cargnelli et al., 1999). There is
evidence of tw genetic stocks: Gulf of St. Lawrence and Scotian Shelf, and there is no longer a breeding
population in the Gulf of Maine (KleMacPhee, 2002). Atlantic Halibut are managed under the New
England Fisheries Management Council Northeast Multispeciesyiglamagement Plan, and based on

the most recent stock assessments, are overfished, but not undergoing overfishing (Blaylock and
Legault, 2012).
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Atlantic Herring — Clupea harengus

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High [
Data Quality = 88% of scores = 2

Expert Data | Expert Scores Plots
Clupea harengus Scores | Quality| (Portion by Category)| ,
Stock Status 14 | 28 | = ﬂi‘;ﬂeme
Other Stressors 1.7 1.9 [ — W Very High
Population Growth Rate 19 29 1
Spawning Cycle 24 30 —
Complexity in Reproduction 22 24 —r—
Early Life History Requirements 28 24 — [
Sensitivity to Ocean Acidification 15 24 o —
Prey Specialization 1.3 3.0 I
Habitat Specialization 1.7 3.0 oy D
Sensitivity to Temperature 20 io _T
Adult Mobility 11 30 T
Dispersal & Early Life History 14 30 I —
Sensitivity Score Low
Sea Surface Temperature 40 30 . N
Variability in Sea Surface Temperature 10 30 |_|
Salinity 12 30 | mm
Variability Salinity 12 30 R
Air Temperature 1.9 3.0 !
Variability Air Temperature 1.0 30 | [
Precipitation 1.0 30 [
Wariability in Precipitation 1.1 30 T
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 13 15 I —
Exposure Score High
Overall Vulnerability Rank Low
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Atlantic Herring (Clupea harengus

Overall Climate Vulnerability Rankw (72% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposuredean surface temperature and ocean acidification
occurs during all life stages.

Biological Sensitivityow. The highest sensitivity attribute w&srly Life HistoriRequirements (2.8).
Atlantic Herring spawn benthic eggs in distinct locations.

Distribuional Vulnerability Rankiigh (91% certainty from bootstrap analysis). Three of the attributes
indicated vulnerability to distribution shift. Atlantic Herring have low Habitat Specialization. Adults are
mobile and larval duration is long resulting in @otially broad larval dispersal.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Herring on the
Northeast U.S. Shelf is estimated to be negative, but this estimate is uncerteéd@¥6@ertainty in

expert scores). igher temperatures may decrease productivity and limit habitat availability for Atlantic
Herring. But Atlantic Herring spawn in specific locations creating uncertainty as to the effect of climate
change on adult distributions. Ocean acidification also hwye a negative effect, but more research is
needed.

Data Quality 88% of the data quality scores were 2 or greater

Climate Effects on Abundance and DistributiSaveral studies have indicated an effect of climate
change on Atlantic Herring productivitgroger et al. (2009) linked recruitment dynamics to climate
indices (NAO, AMO), but the mechanisms were not specified. Nash et al. (2005) found a negative
relationship between agé and agel Atlantic Herring abundance and water temperature; they
hypotheszed a link through prey abundance. Other studies have suggested Atlantic Herring dynamics
are linked more closely to species interactions (Mélimann eR8D5;Richardson et g12008). Atlantic
Herring larvae may be affected by ocean acidificationnkeaand Clemmisen (2011) found evidence

that the metabolism of embryos was negatively affected at elevated: pg@ls. Atlantic Herring
distributions may be impacted by increasing temperatures (Muraw8ig3), but homing to spawning
locations may limit kility to shift distributions (Wheeler and Winters, 1984cQuinn, 1997 ).

Life History Synopsiétlantic Herring is a highiyobile, marine, obligateschooling species found on

both sides of the North Atlantic, but from Labrador to Cape Hatteras, NantbliGa, in the western

North Atlantic (Stevenson and Scott, 2005). Atlantic Herring mature between 3 and 4 years (NEFSC,
2012). In United States waters, spawning occurs during surfetidrom inshore to mieshelf in high

energy, saline environments wisstrong tidal currents (Stevenson and Scott, 2005). Major spawning
grounds exist on Georges Bank, Nantucket Shoals, and the Gulf of Maine (Stevenson and Scott, 2005).
Eggs are deposited on boulder, rocky, gravel, shell fragment, sand, or macrophytatsubstthe sea

floor, and then are fertilized (Stevenson and Scott, 2005). Eggs are demersal and adhere to the substrate
till hatching after about 2 weeks (Stevenson and Scott, 2005) -s#éolktage larvae stay near the

bottom for several days, but becanincreasingly pelagic with strong diel vertical migrations (Munroe,
2002; Stevenson and Scott, 2005). Metamorphosis only occurs from-&aribber, so the larval period

can last 48 months depending on when spawning occurred (Munroe, 2002; Stevensb&amtt, 2005).
Metamorphosed juveniles form large schools and egress from estuaries andhn@arwaters in
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summer and fall to enter deep bays or offshore bottom overwintering habitat, then return to inshore
areas the following spring (Stevenson andt§@905; Able and Fahay, 2010). Juveniles migrate only in
the inshoreoffshore direction, and so experience colder temperatures than adults. To survive these
cold winter temperatures, juvenile Atlantic Herring produce antifreeze blood proteins (MuBf@2;
Stevenson and Scott, 2005). Juvenile Atlantic Herring are pelagic but perform diel vertical migrations
putting them deeper in the water column during the day (Stevenson and Scott, 2005). Adult Atlantic
Herring occupy the water column from inshoret(egies and embayments) to offshore and surface to
200m (Munroe, 2002). Seasonal migrations span summer and fall spawning grounds in the northern
part of the species’ range to overwintering groun
Atlantic; Stevenson and Scott, 2005). Changes in temperature drive distribution patterns, but salinity
also plays a roll (Munroe, 2002; Stevenson and Scott, 2005). Diel vertical migrations of adults put the
fish at the surface at night (Munroe, 2002; Stevenson &oatt, 2005). During all life history stages,
Atlantic Herring are opportunistic planktivores, limited by the size of the prey and mouth size
(Stevenson and Scott, 2005). Adults can alternate between filter feeding and biting behavior, and
sometimes consme fish eggs and larvae (including Atlantic Herring larvae; Munroe, 2002; Stevenson
and Scott, 2005). Atlantic Herring are also important prey fish throughout their life history, feeding a
variety of piscivorous fish, elasmobranchs, marine mammals, sgodiseabirds (Stevenson and Scott,
2005). In fact, Spiny Dogfish, alone, may consume as many Atlantic Herring as are taken in the fishery
(Stevenson and Scott, 2005). The Georges -Biamitucket Shoals stock collapsed in the early 1970s due
to exploitation by foreign fishing fleets, but has since recovered (Stevenson and Scott, 2005). In the
United States, the Atlantic States Marine Fishery Commission and the New England Fishery
Management Council under Amendment 2 to the Interstate Fishery Managementd?lAtlantic

Herring manage Atlantic Herring as a single coastal stock complex jointly (ASMFC, 2013). Based on the
most recent benchmark assessment, Atlantic Herring is not overfished and overfishing is not occurring
(NEFSC, 2012).
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Atlantic Mackerel — Scomber scombrus
Overall Vulnerability Rank = Moderate []
Biological Sensitivity = Moderate []

Climate Exposure = High []
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Flots
Scomber scombrus Scores | Quality| (Portion by Category)| ,
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Atlantic Mackerel (Scomber scombrys

Overall Climate Vulnerability RarModerate (80% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to ocean surface temperature and ocean acidification
occurs during all life stages.

Biological SensitivityModerate. The highest sensitivity attributes were Stock Status (2.6), Early Life
History Requirement§.6), and Spawning Cycle (2.5). The stock status of Atlantic Mackerel is currently
unknown, but fewer older fish are present in the population congglto historical periods (TRAC,

2010). Atlantic Mackerel spawn in a distinct season and larvae develdgygurhe spawning cycle and
early life stages may also be influenced by warming waters.

Distributional Vulnerability RanKigh (81% certainty from bootstrap analysis). Three of the attributes
indicated vulnerability to distribution shifAtlanticMackerel have low Habitat Specialization, are highly
mobile and make large seasonal migrations, and larvae are planktonic with potentially broad dispersal.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Mackerel on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Dramatic changes
have already been observed in Atlantic Mackerel distribution in both the Northeast and Northwest
Atlantic and these changes have been linked to warmamgperatures. The effect of ocean acidification
over the next 30 years is likely to be minimal.

Data Quality 83% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributibaw studies have examined the effect of climaietioe
productivity of Atlantic Mackerel. However, numerous studies have indicated that Atlantic Mackerel
populations shift as a result of changing environmental conditions. In the Northeast Atlantic, Atlantic
Mackerel have expanded into Icelandic waterthie past decade (Astthorsson et,&012). Shifts in

Atlantic Mackerel distribution also have been observed in the Northwest Atlantic (Overholtz et al.
2011). The timing of spawning and migrations has been linked to temperature in the Northeast Atlantic
(Jansen and Gislaso2011;Radlinski et al., 2013).

Life History Synopsiétlantic Mackerel is a highly mobile, pelagic, schooling, marine species found from
the Labrador to Cape Lookout, North Carolina. Mackerel reach sexual maturity-8fiere2s

(Studholme et al., 1999). There are two spawning contingent, but both migrate to inshore spawning
grounds (Studholme et al., 1999). The southern contingent aggregates off the coast of tAdantat

states and western Gulf of Maine from Apfilune (Stdholme et al., 1999). The northern contingent
spawns from May to August in the southern Gulf of St. Lawrence (Studholme et al., 1999). Mackerel are
batch spawners, and the onset of spawning may be triggered by warm water temperature, ensuring
eggs hatch dring periods of high zooplankton abundance (Studholme et al., 1999). Eggs are pelagic,
near the surface, and hatch within a week of spawning (Studholme et al., 1999). Larvae occur in
offshore waters from Chesapeake Bay to the southern Gulf of St. Lesyretith light intensity, age, and

the location of the thermocline effecting depth distribution (Studholme et al., 1999; MAFMC, 2011).
Mackerel larvae are generalist planktivores, limited by mouth size, and may cannibalistically consume
smaller mackerel (8dholmeet al., 1999). Larvae transition to the juvenile stage gradually, but after
approximately two months switch from planktonic to swimming and schooling behavior (Studholme et
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al., 1999). While generally common offshofglanticMackerel juvenilesra found farther inshore than
adults and in some estuaries in the mAdantic during spring (Studholme et al., 1999). The depth
distribution of juvenileAtlantic Mackerel changes seasonally: ruidpths in fall, deeper in winter, more
vertically disperseth spring, and shallower in summer (Studholme et al., 1999). Juveniles are
opportunistic feeders, using both filter feeding and biting behavior to capture small crustaceans, pelagic
molluse, chaetognaths and other small pelagic fish and invertebratesliime et al., 1999). Squid,
seabirds and larger piscivores, including Atlantic Caaliaajor predators of juvenile Atlantic &dkerel
(Studholme et al., 1999). AduitlanticMackerel from the two spawning contingents appear to follow
different seasonbmigration paths: the southern contingent stays farther inshore, the northern
contingent stays more offshore, but the two paths cross during spring and fall (Studholme et al., 1999).
The primary fishery occurs in winter and is composed of unknown pramsrf the two spawning
contingents. Ault Atlantic Mackerel distribution throughout the water column also changes seasonally:
mid-depths during summer and fall, shallower in winter, and dispersed throughout water column in
spring, with diel vertical migteons following food (Studholme et al., 1999). The diet of adtlintic
Mackerel includes a variety of planktonic organisms, including: eupgbausimall crustaceans, squid,

and small fish (Studholme et al., 1999). Predation is a very important sofinggural mortality, with a

large number of predators including several large and small fish, whales, seals, seabirds, sharks, and
skates (Studholme et al., 1999). Atlantic Mackerel is assessed as one unit and managed under the Mid
Atlantic Fishery Managnent Plan for Atlantic Mackerel, Squid, and Butterfish (MAFMC, 2011). As of the
2010 assessment, the status of the stock is unknown (TFAO).
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Atlantic Menhaden — Brevoortia tyrannus

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Low [
Climate Exposure = Very High [l
Data Quality = 86% of scores = 2

. Expert | Data | Expert Scores Plots
Brevoortia tyrannus Scores | Quality | (Portion by Category) [, .
Stock Status 24 14 A S m‘;ﬂeme
Other Stressors 21 24 mvery High
Population Growth Rate 12 28 I
Spawning Cycle 18 28 =T
Complexity in Reproduction 1.9 3.0 e
Early Life History Requirements 29 29 N |
Sensitivity to Ocean Acidification 18 24 o DN
Prey Specialization 15 30 T
Habitat Specialization 20 3.0 e
Sensitivity o Temperature 15 30 o —
Adult Mobility 16 30 oy I
Dispersal & Early Life History 18 30 N
Sensitivity Score Low
Sea Surface Temperature 40 30 . R
Variability in Sea Surface Temperature 10 30 |_|
Salinity 24 30 P
Variability Salinity 12 30 |
Air Temperature 40 30 . R
Variability Air Temperature 1.0 30 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 15 1.5 e
Exposure Score Very High
Overall Vulnerability Rank Moderate
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Atlantic Menhaden (Brevoortia tyrannu$

Owrall Climate Vulnerability RanModerate (64% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Egposlrthree factors

occur during all life stages. Atlantic Menhaden spawn on the shelf, juveniles use estuarine nurseries, and
adults make seasonal migrations feeding in estuarine and coastal areas.

Biological Sensitivitgow. Only one sensitivity afitoute scored above 2.5: Early Life History
Requirements (2.9). Atlantic Menhaden exhibit an obligate estuade@endent life cycle, using
estuaries during the late larval and juvenile stages (A1f185).

Distributional Vulnerability RanMigh (99% certaty from bootstrap analysis). Two attributes indicated
vulnerability to distribution shift. Atlantic Menhaden larvae are widely dispersed after spawning and
adults make large seasonal migrations along the East Coast of the United States.

Directional Effetin the Northeast U.S. Shelhe effect of climate change on Atlantic Menhaden on the
Northeast U.S. Shelf is very likely to be positived®% certainty in expert scores). Recruitment will
likely increase as temperature warm and more spawning occuteiregion. Adult distribution will

likely extend northwards and the species mayoreupy the Gulf of Maine during summertime. The
effect of ocean acidification over the next 30 years is likely to be minimal.

Data Quality 88% of the data quality scoresere 2 or greater.

Climate Effects on Abundance and Distributidfood and Austin (2009) described synchrony in
recruitment of three coastal spawning species in Chesapeake Bay: Atlantic Menhaden, Spot, and
Summer Flounder. The generalized recruitment paitteas asynchronous with recruitment of
diadromous species in the Bay and the authors suggest-targle climate forcing is responsible for the
patterns in recruitment. This study suggests that Atlantic Menhaden productivity may change with
changes in preipitation and temperature. Atlantic Menhaden distribution may also change. Dow (1977)
reported that Atlantic Menhaden catches in the Gulf of Maine increased in the 1950s coincident with a
warm period suggesting that distribution expands northward durirgraer periods. Walsh et al. (2015
documented that the time of spawning of Atlantic Menhaden in the Northeast U.S. Shelf has also
changed with more spawning in the spring in recent years.

Life History Synopsiétlantic Menhaden is a schooling, migratopglagic, estuarinelependent, marine

species that ranges seasonally from Nova Scotia to northern Florida (Rogers and van den Avyle, 1989).
Menhaden mature after B years (ASMFC, 2011). Spawning occurs year round with a latitudinal

gradient in occurrenceyut peaks in spring and fall in the north and réitlantic regions (Rogers and van

den Avyle, 1989; Able and Fahay, 2010). All ages and size classes accumulate off the Carolinas in winter
near the shelf break and spawn. They then migrate inshore andetadhth, continuing to spawn on the

inner continental shelf and into estuaries. Spawning continues through the fall during the southward

and offshore migration (Rogers and van den Avyle, 1989; Able and Fahay, 2010). Spawning north of Long
Island, New Yorkay not result in many surviving larvae (Munroe, 2002). Eggs are pelagic and hatch

after 2-3 days depending on temperature (Rogers and van den Avyle, 1989; Able and Fahay, 2010).
Larval menhaden spend3dmonths in the upper water column on the continahshelf and make diel

vertical migrations to the surface (Rogers and can den Avyle, 1989; Munroe, 2002; Able and Fahay,
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2010). Late stage larvae ingress into estuaries from spring to fall in the North Atlantic and winter

through spring off the coast of thsoutheastern United States (Rogers and van den Avyle, 1989). These
pre-juveniles inhabit shallow, lowalinity areas of vegetated tidal marshes for 4 months or up to a year
(Rogers and van den Avyle, 1989; Able and Fahay, 2010). Early juvenile isumked to low salinity,
temperatures above 5C, and slow rates of cooling (Able and Fahay, 2010). As the young menhaden
mature, they move from the upper estuary to more saline parts of the estuary (Able and Fahay, 2010).
Young menhaden are very seleetifeeders on specific zooplankton, particularly copepods, but as they
mature, become increasingly reliant on filter feeding of phytoplankton and detritus (Rogers and van den
Avyle, 1989; Able and Fahay, 2010). While aA#antic Menhaden have been obse=d to overwinter

in the estuary, most leave the shallow habitat for the open ocean in fall, when temperatures begin to fall
more quickly, and migrate south and offshore with the adults (Able and Fahay, 2010). At this same time,
the schooling behavior b&ws (Able and Fahay, 2010). Large schools of similarly sized and aged adult
menhaden make long migrations both alemgnd crossshelf, with larger fish migrating larger distances
(Rogers and van den Avyle, 1989; Able and Fahay, 2010). Atlantic Menhaderegye@mportant prey

species, particularly for Bluefish, Striped Bass, Bluefin Tuna, and sharks (Rogers and van den Avyle, 1989;
Able and Fahay, 2010). The Atlantic States Marine Fishery Commission under Amendment 2 to the
Interstate Fishery Managemeian for Atlantic Menhaden managasiantic Menhaden. As of the

most recent assessment, menhaden are not overfished, and overfishing is not occurring (SEDAR, 2015).
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Atlantic Salmon — Salmo salar
Overall Vulnerability Rank = Very High [l
Biological Sensitivity = Very High [l

Climate Exposure = Very High i
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Flots
Salmo salar Scores | Quality| (Portion by Category)| ,
Stock Status 38 24 — Sﬁiﬁeme
Other Siressors 34 29 o |®Very High
Population Growth Rate 18 24 T
Spawning Cycle 35 io I |
Complexity in Reproduction 35 30 —— |
Early Life History Requirements 36 30 —— I |
Sensitivity to Ocean Acidification 15 18 e
Prey Specialization 20 28 .
Habitat Specialization 28 3.0 ——
Sensitivity to Temperature 28 30 —
Adult Mobility 15 30 -
Dispersal & Early Life History 36 30 —— |
Sensitivity Score Very High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 10 30 T
Variability Salinity 12 30 I
Air Temperature 40 1] . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 30 Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 22 10 —
Sea Level Rise 28 15 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Atlantic Salmon (Salmo salay

Overall Climtee Vulnerability Rank/ery High (100% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Atlantic Saknon

anadromous, spawning in freshwater, developing in freshwater and estuarine habitats, feeding as adults
in marine habitats.

Biological SensitivitWery High. Five sensitivity attributes scored above 3.5: Stock Status (3.8), Early Life
History Requiremets (3.6), Dispersal and Early Life History (3.6), Spawning Cycle (3.5), and Complexity
in Reproduction (3.5). Atlantic Salmon are diadromous and iteroparous, but few fish survive to repeat
spawn. The Gulf of Maine Distinct Population Segment was listeddsngered under the endangered
species act in 2000 (FR, 2000). Adults return to natal rivers and spawn in gravel habitats in the fall.
Benthic eggs incubate through the winter and larvae are relatively large and dispersal is limited.

Distributional Vulerability RankModerate (87% certainty from bootstrap analysis). Atlantic Salmon
have a relatively high degree of spawning fidelity, which limits the ability of the species to shift
distribution (Stabell 1984). However, a lalegree of straying has beetentified (Martin et al., 2012).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Salmon in the
Northeast U.S. Shelf Ecosystem is very likely to be negative (>95% certainty in expert scores). Warming
will change freswater and marine habitats and potentially effect the phenology of Atlantic Salmon
migration. Ocean acidification could also affect olfaction, which fid&almon use for natal homing

Data Quality 88% of the data quality scores were 2 or greater indithat data quality is moderate.

Climate Effects on Abundance and Distributiltna review, Jonsson and Josson (2009) concluded that
the thermal niche of Atlantic Salmon will likely shift northward causing decreased production and
possibly extinction athe southern end of the range. The Northeast U.S. Shelf Ecosystem represents the
southern extent of the range of Atlantic Salmon in the Northwest Atlantic Ocean. In a more recent
review, Friedland et al. (2014) found that declines in grablt survival wre associated with ocean
warming. Friedland et al. (2014) hypothesized that in the Northwest Atlantic, the decline in survival was
a result of early ocean migration by pesholts. Similarly, Mills et al. (2013) suggested that poor trophic
conditions, lilely due to climatedriven environmental factors, and warmer ocean temperatures are
constraining the productivity and recovery of Atlantic Salmon in the Northwest Atlantic. Thus, there is
ample evidence that climate change and legagm climate variabilitywill reduce the productivity of

Atlantic Salmon in the Northeast U.S. Shelf Ecosystem.

Life History Synopsiétlantic Salmon is an anadromous species found in rivers and along the coast of

both sides of the north Atlantic. Once common from Long Islandd&to northeastern Labrador in the
western Atlantic, the distribution of Atlantic Salmon on both sides of the Atlantic has been greatly

reduced due to human activity and habitat degradation (Kocik and Friedland, 2002; Fay et al., 2006).
Atlantic Salmorare sexually mature after-3 years at sea, but the spawning population is

predominantly made up of fish that have experienced 2 winters at sea (Kocik and Friedland, 2002;
USASAC, 2004). Starting in spring, Atlantic Salmon return to their natal rivegntigg instinct is very

strong with >90% site fidelity (NRC, 2003; USASAC, 2004). Spawning occurs from-Qideberber

(Fay et al., 2006). Females lay eggs in shallow gravel nests, called redds; bury the eggs under gravel after
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fertilization; then reurn to the ocean or overwinter in the river (Fay et al., 2006). Atlantic Salmon are
iteroperous, but very few survive to repeat spawn (Kocik and Friedland, 2002; USASAC, 2004). Eggs
incubate in the nest for approximately 6 months before hatching in grang (Fay et al., 2006). The

newly hatched alevin, remain buried in the nest till their yolk is absorbed(@eeks), then emerge as
independently feeding fry (Fay et al., 2006). Fry prefer shallow, low velocity, gravel substrate and feed
opportunistically on zooplankton (Nislow et al., 1999). Once fry develop vertical bars of pigment, they
are referred to as parr, which remain in the river fe8 years (Kocik and Friedland, 2002; USASAC,

2004). Parr consume invertebrates, such as larval insectmaltidscs, and small fisis€ott and

Crossman, 1978aum, 1997Nislow et al., 1999). American Eel and Brook Trout are the main

predators of young Atlantic Salmon (Fay et al., 2006). Parr mature, changing physiologically, into smolts,
which enter salt vater in spring and continue to mature, now called postsmolts, f8rykars in the

ocean before becoming sexually mature (Fay et al., 2006). Oceanic postsmolts are opportunistic, surface
feeders consuming invertebrates, insects, amphipods, euphausiidsngeds, and fishes (Kocik and
Friedland, 2002). Opportunistic predators, such as gadids, Silver Hake, and several sea birds, include
postsmolt Atlantic Salmon in their diet (Kocik and Friedland, 2002). Atlantic Salmon mature to

adulthood in ocean watensorth of Newfoundland (Kocik and Friedland, 2002). Fish are the primary

prey of adults, including Atlantic Herring, Capelin, small Atlantic Mackerel, Haddock, and some flatfishes
(Kocik and Friedland, 2002; Mills et al., 2013). As adults, the only shreatefrom large fish such as

tuna, Svordfish, large sharks, and seals (Kocik and Friedland, 2002). The U.S. Fish and Wildlife Service
and National Marine Fisheries Service list several Atlantic Salmon populations as endangered distinct
population segmets under the federal Endangered Species Act since 2000 (FR, 2000; 2009; NRC, 2004).
Farming of Atlantic Salmon has alleviated the fishing pressure on wild Atlantic Salmon populations, but
may also have negative effects on the wild population by introdudisease and through genetic

interactions (Kocik and Friedland, 2002).
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Atlantic Saury — Scomberesox saurus

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 67% of scores = 2

Expert | Data | Expert Scores Flots
Scomberesox saurus Scores | Quality| (Portion by Category)| ,
Stock Status 18 | 12 | — - ﬂi‘;mte
Other Stressors 14 16 |_! E Very High
Population Growth Rate 13 21 e
Spawning Cycle 21 18 N S
Complexity in Reproduction 15 14 e —
Early Life History Requirements 23 16 [ —
Sensitivity to Ocean Acidification 14 20 o —
Prey Specialization 12 24 |
Habitat Specialization 1.1 232 [
Sensitivity to Temperature 20 22 —_r1
Adult Mobility 15 22 -
Dispersal & Early Life History 14 16
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 14 30 I
Salinity 24 30 .
Variability Salinity 12 30 I
Air Temperature 1.1 3.0 [
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 (!
Wariability in Precipitation 1.1 30 T
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 25 1.0 — T
Sea Level Rise 1.0 15 | [
Exposure Score High
Overall Vulnerability Rank Low
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Atlantic Saury (Scomberesox saurjis

Overall Climate Vulnerability Rankw (100% certainty from bootstrap analysis).

Climate Exposer High. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to ocean surface temperature and ocean acidification
occurs during all life stages.

Biological Sensitivityow. All sensitiviy scores were below 2.5.

Distributional Vulnerability Ranktery High (40% certainty from bootstrap analysis). Three of the
attributes indicated vulnerability to distribution shift. Atlantic Saury are habitat generalists and occur in
pelagic habitats botlon and off the continental shelf. They are highly mobile and make large seasonal
migrations. Spawning occurs in slope waters and larvae have the potential to be broadly dispersed.

Directional Effect in the Northeast U.S. ShElfe effect of climate changm Atlantic Saury on the
Northeast U.S. Shelf is estimated to be positive, but this estimate is highly uncertain (<66% certainty in
expert scores). Warming may increase available habitat on the Northeast U.S. Shelf and a northward
shift in the Gulf Streammay result in more Atlantic Saury on the shelf. However, the data quality for
Atlantic Saury is low reducing confidence in understanding of distribution and abundance.

Data Quality 67% of the data quality scores were 2 or greater.

Climate Effects on Abalance and Distributiorifhere is relatively little information available regarding
climate effects on Atlantic Saury. The abundance of Pacific S2oigigbis sairgin the northwestern

Pacific is correlated to temperature (Tian et 2D03). A change idistribution in the East/Japan Sea in

the 1970s has been linked to an increase in temperature (Zhang and Zf)fg. Tseng et al. (2011)
projected a poleward shift in Pacific Saury under different future warming scenarios based on a habitat
model, and It et al. (2013) projected a decrease in growth under different climate scenarios using an
ecosysterdbased bioenergetic model. If parallels exist for Atlantic Saury, a decrease in productivity and
a northward shift in distribution may occur with climate clog.

Life History Synopsiétlantic Saury is an epipelagic, opecean, forage fish species found from

offshore of Cape Hatteras, North Carolina, to Newfoundland out to 40° W (Collette, 2002). Atlantic
Saury nature at age 2, and mospawning results &m fish aged 2B years (Collette, 2002). Spawning
occurs south of the Gulf Stream frontal zone in winter and spring (Collette, 2002). Saury are likely batch
spawners (Dudnik et al., 1981). Eggs and larvae are epipelagic in the upper 1 m of the open ocea
(Dudnik et al., 1981). Incubation of the eggs takes more than 2 weeks (Collette, 2002). Little is known
about the larval stage. Adufttlantic Saury also occur in the warm surface waters of the open sea, west
of the Gulf Stream core, but may go as pgee 50 m during the day (Dudnik et al., 1981). Seasonal
along and crossshelf migrations takétlantic Saury from the waters well offshore of Cape Hatteras,
North Carolina, in winter to continental shelf waters, such as the Gulf of Maine, GeorgeaBank,
Scotian Shelf, in summer and fall (Dudnik et al., 1981). Atlantic Saury is a planktivorous species, and
feeds mainly on siphonophores, copepods, euphausiids, and amphipods (Collette, 2002). A variety of
predators, including squids, Swordfish, marlisisarks, tunas, hakes, Atlantic Cod, Pollock, dolphins,
whales, and birds, feed on the abundant, opmrean prey species (Collette, 2002). There is no directed
fishery for the species in the western Atlantic, but Atlantic Saury is an important foad fisher parts

of the world (Collette, 2002).
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Atlantic Sea Scallop — Placopecten magellanicus

Overall Vulnerability Rank = High [

Biological Sensitivity = High [
Climate Exposure = High ]
Data Quality = 88% of scores = 2

. Expert | Data | Expert Scores Plots
Placopecten magellanicus Scores | Quality| (Portion by Category)| o,
Stock Status 18 | 30 | _ [ ] - m‘;ﬂeme
Other Stressors 1.8 1.7 = W Very High
Population Growth Rate 20 238 N
Spawning Cycle 20 30 1
Complexity in Reproduction 17 30 —
Early Life History Requirements 22 3.0 ———
Sensitivity to Ocean Acidification 40 26 B
Prey Specialization 14 28 |—!
Habitat Specialization 12 3.0 I
Sensitivity to Temperature 24 28 —
Adult Mability £ 3o —
Dispersal & Early Life History 22 28 | _ —
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 1.8 30 | o
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank High
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Atlantic Sea Scallop (Placopecten magellanicys

Overall Climate Vulnerability Rartigh (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification.(4. All life stages of Atlantic Sea Scallop use marine habitats.

Biological SensitivityHigh. Two sensitivity attributes scored above 3.0: Sensitivity to Ocean Acidification
(4.0) and Adult Mobility (3.7). Atlantic Sea Scallops form calcium carbondtestiedults are sessile,
but capable of smakicale movements (meters).

Distributional Vulnerability RanModerate (83% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Sed|Span the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Ocean acidification
will likely negatively impact molluscs, including Atlantic Sea Scallop. Warming may also reduce habitat
and increase vulnerability to pration which will reduce productivity and cause distributions to shift
northwards and into deeper waters.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributiosing a coupled biogeochemical, population,

bioeconomic model, Cooley et al. (2015) indicated that yields may decrease in the Atlantic Sea Scallop
fishery as adult growth slows under ocean acidification. There are no studies on the effects of ocean
acidification on Atlantic Sea Scallops specifically, but work with other molluscs suggest negative effects
(Ries et al., 2009; Talmage and Gobler, 2010). Predation of juvenile Atlantic Sea Scallops was higher at
higher temperatures (Barbeau and Scheibling, 19Ré&gruitment of Atlantic Sea Scallops in shallow

water is likely decreased owing to higher temperatures and recruitment in offshore waters is likely
decreased because of temperature related overlap with an important predator sp&staspecten
americanusincreased temperatures may lead to lower recruitment and thus negatively affect

population productivity.

Life History Synopsiétlantic Sea &llop is a marine bivalve species that occurs from the Gulf of St.
Lawrence to Cape Hatteras, North Carolinar{ldad Chute, 2004). Atlantic Sea Scallops are among the
most fecund of all bivalves, but while most mature at 2 years, significant egg production does not occur
until after 4 years of life (Hart and Chute, 2004). Atlantic Sea Scallops have separstevithxe

occasional instances of hermaphroditism. Spawning occurs between August and November, but there
also is some spawning in the spring (Hart and Chute, 2004). Scallop eggs are dense and benthic (Hart
and Chute, 2004). There are several stages valalevelopment. Eggs hatch into a trochophore stage,
which is pelagic and only lasts a few days. Trochophore larvae then transform into the veliger stage,
which is also pelagand can last 2 months (Posgay,953). The pelagic larvae are generallthat

mercy of currents, but can make small corrections to their distribution (Hart and Chute, 2004). These
early pelagic stages are eaten by filter feeders and planktivores (Hart and Chute, 2004). At a shell height
of about 0.25 mm, usually in late fall early winter, larvae transform to pediveligers, then settle to the
benthos, changing their diet, morphology, and locomotory ability (Hart and Chute, 2004). At this stage,
young Atlantic Sea Scallops attach to bottom substrate such as shell fragmewnéd, Quays, or

filamentous plants and animals (e.g., algae, hydroids) using byssal threads and are referred to as spat
(Hart and Chute, 2004). Juvenile Atlantic Sea Scallops are free swimming, but only for short distances
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when disturbed (Hart and ChuteQ@4). Adult Atlantic Sea Scallops prefer firm sand, gravel, shell, or

rock habitat, in cool water, with high salinity, and require a current for feeding and waste removal (Hart

and Chute, 2004). Throughout most of their lives, Atlantic Sea Scallopsspension filter feeders on
phytoplankton, microzooplankton, and detritus (Hart and Chute, 2004). There are many fish and
invertebrate predators of Atlantic Sea Scallops, namely: Atlantic Cod, Atlantic Wolfish, Ocean Pout,
sculpins, American Plaice, Wintelounder, Yellowtail Flounder, cancer crabs, American Lobsters, and
several sea star species (Hart and Chute, 2004).
Scallop Management Plan manages Atlantic Sea Scallops, one of the most valuable fisltiegie

United States (Hart and Chute, 2004). Based on the most recent stock assessment, Atlantic Sea Scallops
are neither overfished nor is overfishing occurring (NEFSC, 2007).

Literature Cited

Barbeau MA, Scheibling RE. Temperature effects on predafijuvenile sea scallopBlpcopecten
magellanicugGmelin)] by sea stargséterias vulgari¥errill) and crabsGancer irroratu$ay). J Exper
Mar Bio Ecol. 1994; 182(1):-27. DOI: 10.1016/002Q981(94)9020%

Hart DR. Effects of sea stars and crabhs@a scalloplacopecten magellanicuscruitment in the Mid
Atlantic Bight (USA). Mar Ecol Prog Ser. 2006; 3062209DOI: 10.3354/meps306209

Hart DR, Chute AS. Essential Fish Habitat Source Document: SeaRlzalfqgecten magellanicukfe
history and habitat characteristics, Second Edition. NOAA Tech. Memo. 2004:NNBARBS: 21 p.
Accessed online (August 201Kdtp://www.nefsc.noaa.gov/nefsc/publications/tm/tm189/tm&9.pdf

Northeast Fisheries Science Center (NEFSC). 45th Northeast Regional Stock Assessment Workshop (45th
SAW): 45th SAW assessment report. US Dep Commer, Northeast Fish Sci Cent Ref Dod@0870 07
p. Accessed online (August 2018)p://www.nefsc.noaa.gov/publications/crd/crd0716/

Ries JB, Cohen AL, McCorkle DC. Marine calcifiers exhibit mixed responsesduCé&Rocean
acidification. Geol. 2009; 37(12), 123134. doi: 10.120/G30210A.1

Talmage SC, Gobler CJ. Effects of past, present, and future ocean carbon dioxide concentrations on the
growth and survival of larval shellfish. Proc Nat Acad Sci. 2010; 107(40):1172%6 DOI:
10.1073/pnas.0913804107

Return to Table of Contents S7 Supporting Information. Species Narrative$



http://www.nefsc.noaa.gov/nefsc/publications/tm/tm189/tm189.pdf
http://www.nefsc.noaa.gov/publications/crd/crd0716/

Return to Table of Contents

Atlantic Sturgeon — Acipenser oxyrinchus
Overall Vulnerability Rank = Very High [l
Biological Sensitivity = High [T

Climate Exposure = Very High i
Data Quality = 88% of scores = 2

. ] Expert | Data | Expert Scores Plois
Acipenser oxyrinchus Scores | Quality | (Portion by Category)| o, .
Stock Status 35 | 18 T
Other Siressors 29 26 N | mVery High
Population Growth Rate 39 24 B |
Spawning Cycle 26 28 —
Complexity in Reproduction 28 24 N
Early Life History Requirements 22 22
Sensitivity to Ocean Acidification 16 20 o —
Prey Specialization 14 30 o —
Habitat Specialization 31 io o
Sensitivity to Temperature 1.7 28 =1
Adult Mobility 12 29 I
Dispersal & Eary Life History 30 30 — e |
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 21 30 o
Variability Salinity 12 3o I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 30 | [
Precipitation 1.3 3o Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 20 10 N
Sea Level Rise 27 15 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Atlantic Sturgeon (Acipenser oxyrhynchys

Overall Climate Vulnerability Rankery High (99% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Tempeature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Atlantic Sturgeon are
anadromous, spawning in freshwater, developing in freshwater and estuarine habitats, and feeding as
adults in freshwater, estuarine, and marine habitats.

Biological Sasitivity: High. Four sensitivity attributes scored above 3.0: Population Growth Rate (3.9),
Stock Status (3.5), Habitat Specialization (3.1), and Dispersal and Early Life History (3.0). Shortnose
Sturgeon was listed as Endangered under the EndangeredeS@et in 2009 (ASSRT, 2010) and are
longlived and slow growing (MusicR002). Spawning occurs in specific habitats in the spring and
individuals spawn every-3 years. Eggs are benthic and relatively large, hatched larvae are relatively
well-developedand larval dispersal is minimal.

Distributional Vulnerability Rankow (100% certainty from bootstrap analysis). Atlantic Sturgeon are
relatively invulnerable to distribution shifts. Spawning occurs in freshwater (Able and, 2&ii@y and
genetic studks indicate a high level of separation between river system (Grunwald 2088). Adults
do move into marine habitats (380 m) for feeding creating the possibility for movement among river
systems (Stein et al., 2004). Climate projections based omitahanodel of a corspecificEuropean
Atlantic SturgeorfAcipensesturio).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Sturgeon is
estimated to be negative, but this estimate has a high degree of uncertaif6#4 certainty in expert
scores). Most climate factors have the potential to decrease productivity (sea level rise; reduced
dissolved oxygen, increased temperatures). However, understanding the magnitude and interaction of
different effects is difficult. fie effect of ocean acidification over the next 30 years is likely to be
minimal.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributilomerous studies indicatthat Atlantic Sturgeon will be
impacted by climate change. Secor and Gunderson (1998) found that juvenile metabolism and survival
were impacted by increasing hypoxia in combination with increasing temperature. Niklitschek and Secor
(2005) used a multivaable bioenergetics and survival model to generate spatially explicit maps of
potential production in the Chesapeake Bay?@ lemperature increase reduced productivity by 65%
(Niklitschek and Seca2005). Habitat models coupled with global climate msdel the cogener,

European Atlantic SturgeoA¢ipenser sturipindicate strong climate effects throughout the range,
especially in the southern portions (Lassalle et24l10).

Life History Synopsiétlantic Sturgeon is a loAiyed, anadromous speciésund from Labrador to
northern Florida associated with most large river estuarine systems and surrounding coastal waters
(Able and Fahay, 2010). Males reach maturity-ad4Years, and females mature at-30 years,

maturing at younger ages in the wasouth than the cool north (Musick, 2002; Able and Fahay, 2010).
Older, larger females produce substantially more eggs than younger females (Able and Fahay, 2010).
Individuals do not spawn every year, wittb years between spawning events (Able and Fakai0).
Spawning occurs during wintgpring in the south and sprirgummer in northern areas after returning
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to natal rivers (Able and Fahay, 2010). Spawning occurs in freshwater with a strong current, at least 3 m
deep, and over rubble bottom (Able aRéhay, 2010). Eggs are darkly pigmented, demersal, and

adhere to structure and vegetation (Able and Fahay, 2010). Eggs hatch within a week of spawning, and
early larvae are large, photonegative, and hide in crevices of nearby structure (Musick, 2@02nd\b

Fahay, 2010). Larvae rely on yolk fak2Bdays, and remain in freshwater near the spawning site for at
least a few months; larvae do not tolerate even low salinities (Able and Fahay, 2010; ASMFC, 2012). At
sizes between 31.5 mm and 186n, late Arvae and earljuveniles become photopositive and migrate
downstream to nursery areas, slowly becoming more tolerant of saline water (Musick, 2002; Able and
Fahay, 2010; ASMFC, 2012). Juveniles remain in freshwater and estuaries for several years before
heading to sea (Able and Fahay, 2010; ASMFC, 2012). Once juveniles have left the estuary, they mature
to adulthood in coastal waters and may make seasonal adtvedf migrations south in fall and winter,

then north in spring and summer (Musick, 2002)vehile Atlantic Sturgeon consume aquatic insects,
amphipods, isopods, molluscs, polychaete and oligochaete worms in fresh and brackish waters and may
cease feeding during summer (Able and Fahay, 2010). Adult Atlantic Sturgeon are found in coastal and
estuarine waters during fall and winter (Able and Fahay, 2010). Spawning adults migrate to freshwater
in spring when water temperatures rise; however, a small portion of the population may migrate to
spawning areas during the previous fall (Able and Faha)2(Males arrive at spawning sites and stay

in the river or lower estuary till fall before migrating, but females migrate out of spawning areas after 4

6 weeks (Able and Fahay, 2010). Atlantic Sturgeon are opportunistic benthivores, consuming insect
larvae, polychaetes, isopods, decapod crustaceans, amphipods, gastropods, bivalves, and small fishes
(Musick, 2002; Able and Fahay, 2010). Little is know about predators of the Atlantic Sturgeon. The
Atlantic States Marine Fisheries Commission manageg#eiess and has placed a moratariwon

fishing until2038 (ASMFC, 2006). In 2012 the Gulf of Maine population was listed as a threatened
species and the remaining four Atlantic populations were listed as endangered under the Endangered
Species Act (NMF)I2a, b).
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Atlantic Surfclam - Spisula solidissima

Overall Vulnerability Rank = High [

Biological Sensitivity = High [
Climate Exposure = High ]
Data Quality = 92% of scores = 2

Expert | Data | Expert Scores Plots
Spisula solidissima Scores | Quality | (Portion by Category) [, .
Stock Status 20 | 30 ] - m‘;ﬂeme
Other Stressors 2.0 24 e T W Very High
Population Growth Rate 23 22 g .
Spawning Cycle 23 28 —
Complexity in Reproduction 15 248 |—!
Early Life History Requirements 18 232 T
Sensitivity to Ocean Acidification AT 24 B
Prey Specialization 18 30 e
Habitat Specialization 12 3.0 I —
Sensitivity to Temperature 18 30 —_1
Adult Mobility 38 30 — I
Dispersal & Early Life History 20 28 —_—r
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 21 3.0 1
Variability Salinity 12 30 I
Air Temperature 19 3.0 i B
Variability Air Temperature 1.0 0 | [
Precipitation 11 30 [
Wariability in Precipitation 11 30 I
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank High
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Atlantic Surfclam (Spisula solidissima

Overall Climate Vulmability RankHigh (100% certainty from bootstrap analysis).

Climate ExposureTwo exposure factors contributed to this score: Ocean Surface Temperature (3.9) and
Ocean Acidification (4.0). All life stages of Atlantic Surfclam use marine habitats.

Biologtal SensitivityHigh. Two sensitivity attributes scored above 3.0: Sensitivity to Ocean Acidification
(3.7) and Adult Mobility (3.8). Atlantic Surfclams form calcium carbonate shell and adults are sessile.

Distributional Vulnerability RanKigh (67% cerinty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Surfclam on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Ocean acidification
will likelynegatively impact molluscs, including Atlantic Surfclam. Warming may also further reduce
habitat, which will reduce productivity and cause distributions to shift northwards and into deeper
waters.

Data Quality 92% of the data quality scores were 2 or dgeeandicate that data quality is moderate.

Climate Effects on Abundance and DistributiDistribution of Atlantic Surfclams are affected by
increasing temperature; mortality is higher at higher temperatures (Naraez et al., 2015) resulting in a
shift inthe distribution of the population (Weinberg, 2005). A southern congener (Raveneli's Surfclam)
has been identified genetically from the Northeast U.S. Shelf suggesting a range expansion in recent
decades. Fertilization success was not affected by a-veidge of temperature nor pH conditions
(Clotteau and Dubé, 1993). While fertilization may not be affected, embryonic and larval development
of molluscs in general are negatively impacted by ocean acidification (Gazeau et al., 2013).

Life History Synopsiétlantic Surfclam is a marine bivalve species that occurs from the Gulf of St.
Lawrence to Cape Hatteras, North Carolina (Cargnelli et al., 1999). Size and age at maturity varies by
region and ranges from 3 months after settlement and 5 mm off the coaseuwf Jersey to 4 years and
80-95 mm off Prince Edward Island, Canada (Cargnelli et al., 1999). Spawning occurs in summer and
early fall in warm water, starting earlier inshore than offshore (Cargnelli et al., 1999). Gametes are
broadcast into the water damn. Surfclam eggs hatch into trochophore larvae withihdays of

fertilization (Cargnelli et al., 1999). The shell first appears on veliger larve@days, and after
approximately 18 days, larvae develop into the pediveliger stage, which hae¢ @i can swim and
burrow (Cargnelli et al., 1999). Larvae cannot survive high temperature and prefer higher salinities
(Cargnelli et al., 1999). Settlement occurs approximatelyngeks after fertilization. Juveniles and

adults occur in coastal wateup to 66m and do not tolerate low DO (Cargnelli et al., 1999). Offshore
surfclams grow larger than individuals inshore (Cargnelli et al., 1999). Atlantic Surfclam is susceptible to
a variety of parasites and predators. Parasites inclpleenophyra asinae Myocheres majar
Echeneribothriunspp.,Paranisakiopsis pectinigrosporidium spisuliA number of species prey on

recently settled Atlantic Surfclam includ naticid snails, sea stars, Lady Cdmmah Crab, Horseshoe

Crab, Haddock, Atlantic Cpdnd Sevenspine Bafirgnp (Cargnelli et al., 1999). Surfclams are
planktivorous siphon feeders (Cargnelli et al., 1999). TheAdantic Fishery Management Council
manages Atlantic Surfclams through the Atlantic Surfclam and Ocean Quahog Fishergrivtamtaglan

and the stock is neither overfished nor is overfishing occurring (NEFSC, 2013).
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Atlantic Wolffish — Anarhichas lupus

Overall Vulnerability Rank = High [

Biological Sensitivity = High [
Climate Exposure = High ]
Data Quality = 83% of scores = 2

Expert Data | Expert Scores Plots

Anarhichas lupus Scores | Quality | (Portion by Category)| o,
Stock Status 36 | 14 o
Other Stressors 14 1.8 Iy mVery High
Population Growth Rate 36 26 — I |
Spawning Cycle 30 22 e |
Complexity in Reproduction 148 248 N
Early Life History Requirements 19 21 —T 1
Sensitivity to Ocean Acidification 25 21 —
Prey Specialization 11 30 [
Habitat Specialization 1.1 28 [
Sensitivity to Temperature 20 28 1
Adult Mobility 26 27 N
Dispersal & Early Life History 22 25 e
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 30 | [
Salinity 11 30 |
Variability Salinity 12 30 | pm
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank High
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Atlantic Wolffish (Anarhichas lupup

Overall Climate Vulnerability Rarigh (100%certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Atlantic Wolffish use marine habitats.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Stock Status (3.6), Population
Growth Rate (3.6), and Spawning Cycle (3.0). Atlantic Wolffish is on the NMFS Species of Concern List,
but a petition to list Atlantic Wolffish under the Endangered Spesisvas denied (Atlantic Wolffish
Biological Review Team, 2009; NMFS, 2009). Atlantic Wolffish are late matu6iyg#8s) and slow

growing (Atlantic Wolffish Biological Review Team, 2009). Male Atlantic Wolffish provide parental care
for eggs during thepring reproduction season (Keats et al. 1985) and thus, reproductive output is
relatively low and the spawning occurs in a particular season.

Distributional Vulnerability RanModerate (74% certainty from bootstrap analysis). Atlantic Wolffish
are relatvely sedentary and prefer complex habitats. In addition, dispersal of early life stages is limited.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Atlantic Wolffish on the
Northeast U.S. Shelf is very likely to be negath85% certainty in expert scores). Atlantic Wolffish is a
coldtemperate species and warming could limit habitat; shifts into deeper water have been observed.
Ocean acidification may also negatively affect molluscan prey and thereby indirectly affeticAtla
Wolffish.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributiatiantic Wolffish is adapted for coldater

environments, producing antifreeze proteinsepardins et aJ.2012). The optimal temperate for

juvenile growth is 41°C (McCarthy et g11999). The effect of warming on population productivity has

not been explicitly addressed, but given the temperature preferences for the species, it ishiely
productivity will decrease in the Northeast U.S. Shelf Ecosystem. In addition, distributions are deepening
both in the Northeast U.S. Shelf and the North Sea (Dulvy,&0f18; Nye et al2009).

Life History Synopsiétlantic Wolffish is a benthimarine species found along both coasts of the

northern North Atlantic, but particularly from Davis Strait to southern New England in the western

North Atlantic (Rountree, 2002). Atlantic Wolffish reach maturity-éhy&ars (Atlantic Wolffish
BiologicaReview Team, 2009). Adults make spawning migrations to colder waters and rocky substrate
(Rountree, 2002; Atlantic Wolffish Biological Review Team, 2009). Males and females form bonded pairs
during spring or summer, and mate, through internal fertiliaatiduring summer and autumn

(Rountree, 2002; Atlantic Wolffish Biological Review Team, 2009). Eggs are hidden in nests under rocks
and boulders and guarded by males for several months (Rountree, 2002; Atlantic Wolffish Biological
Review Team, 2009). Eggmain benthic and hatch after8months partially influenced by water
temperature (Rountree, 2002; Atlantic Wolffish Biological Review Team, 2009). Early larvae remain on
the bottom near the hatch site from several hours to up to a week; then entemthter column and

remain pelagic from 2 weeks to up to 2 months, in colder climates, before settling to the benthos
(Rountree, 2002; Atlantic Wolffish Biological Review Team, 2009). While pelagic, larvae consume other
fish larvae and small crustaceansbas amphipods and decapod larvae (Rountree, 2002). Juveniles

can be found throughout a range of substrates and depths on the continental shelf and slope, but show
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a slight preference for the shelter of rocks, large stones and sandy feeding habitatérg@p@002;

Atlantic Wolffish Biological Review Team, 2009). Juvenile diet includes echinodermslarsis

(Rountree, 2002; Atlantic Wolffish Biological Review Team, 2009). Spiny Dogfish, Sea Raven, and Atlantic
Cod are the primary predators of juvessl (Rountree, 2002; Atlantic Wolffish Biological Review Team,
2009). Adult Atlantic Wolfish make seasonal migrations from shallow to deep waters in the autumn and
deep to shallow in spring (Rountree, 2002; Atlantic Wolffish Biological Review Team, R083. use

their formidable teeth to consume hasshelled invertebrates such as molluscs, crustaceans,
echinoderms, and occasionally fish (Rountree, 2002; Atlantic Wolffish Biological Review Team, 2009).
Adult wolffish act as apex predators in some haisitbut have been collected from the stomachs of
Greenland Shark, Atlantic Cod, Haddock, gray seal, and Sea Raven (Rountree, 2002; Atlantic Wolffish
Biological Review Team, 2009). Atlantic Wolffish are rarely collected and the population is believed to
bein decline; however a review committee determined listing the species as Endangered or Threatened
was unwarranted. The western Atlantic population of Atlantic Wolffish remains on the Species of
Concern List (Atlantic Wolffish Biological Review Team,;200S, 2009).
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Barndoor Skate — Dipturus laevis

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Moderate [
Climate Exposure = High []
Data Quality = 83% of scores = 2

. ] Expert | Data | Expert Scores Plots
Dipturus laevis Scores | Quality | (Portion by Category)|_,
Stock Status 78 | 24 e = ﬂi‘;mte
Other Stressors 14 14 I — mVery High
Population Growth Rate 30 28 e
Spawning Cycle 22 04 —_—
Complexity in Reproduction 1.3 22 e
Early Life History Requirements 10 30 |_|
Sensitivity to Ocean Acidification 14 28 o —
Prey Specialization 12 30 [
Habitat Specialization 12 3.0 [
Sensitivity to Temperature 22 30 I —
Adult Mability 19 24 —_r
Dispersal & Early Life History 17 28 | pom
Sensitivity Score Moderate
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 io ]
Salinity 16 30 | mr—
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank Moderate
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Barndoor Skate (Dipturus laevi$

Overall Climate Vulnerability RarModerate (94% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). Barndoont&kae demersal and complete their life cycle in marine
habitats.

Biological SensitivityModerate. Two attributes scored above 2.5: Population Growth Rate (3.0) and
Stock Status (2.8). In general, skates have a low population growth rate (higheivdgnsitlimate

change) (Frisk010). Barndoor Skate is below the biomass target, but above the biomass threshold and
abundances have increased since 2000 (NEXBG).

Distributional Vulnerability Rankigh (100% certainty from bootstrap analysiBarrdoor Skates are
habitat generalists and mobile as adults, making seasonal movements. In addition, skate egg cases are
subject to movement by currents and juveniles may move on scaled @fkin.

Directional Effect in the Northeast U.S. ShElfe effect otlimate change on Barndoor Skate is

estimated to be negative, but this estimate has a high degree of uncertainty (<66% certainty in expert
scores). Barndoor Skate are a cold water species and reductions in productivity may occur because of
warming and ocen acidification. However, distributions have not shifted in recent years, contrary to the
expectation of a northward shift with warming.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effect on Abundance and Distributiohittle specific information exists on the effect of climate

on Barndoor Skate. Di Santo (2015) found that increased warming and acidifieatiare body

condition of newlyhatched Little Skate. These reductions in sizddoesult in reduced juvenile survival
and thus recruitment if similar affects occur in Barndoor Skate. In regional studies of distribution,
Barndoor Skate was not included (Murawski, 1993; Nye et al., 2009) but examination of NEFSC trawl
survey suggestsanchange in the center of the distribution over the last 30 years
(http://oceanadapt.rutgers.edu/ website last checked 13 June 2015). Working in the Northeast Atlantic,
Jones et al. (2013) found that the hatidistribution of Dipturus batismay change substantially and an
important question identified was the ability &f. batisto disperse to the new habitat areas.

Life History SynopsiBarndoor Skate is a large marine skate species found from Newfountlaatth
Carolina (Packer et al., 2003). Individuals of the species reach maturity -Afteyears and are

estimated to produce approximately 47 eggs per year (McEachran, 2002; Packer et al., 2003). Spawning
is believed to occur in winter, but the aclugpawning season may be longer (McEachran, 2002; Packer
et al ., 2003) . Eggs are encapsulated in a horned
spring or early summer (Packer et al., 2003). Young Barndoor Skate are rarely collectedihmuigire

to be 180190 mm total length at hatching (Packer et al., 2003). Adults and juveniles migrate in along
and crossshelf directions, and are generally farther offshore during winter and are occasionally in high
abundances around Georges Bank dmel Gulf of Maine (Packer et al., 200Barndoor Eate are often
associated with Little Skate and Winter Skate in soft muddy, sandy, and gravelly substrate in a range of
temperatures and depths (McEachran, 2002; Packer et al., 2003). Barndoor Skatecoray wery

deep offshore waters and in estuaries, but are most often collected at depths <150 m in high salinity
water (McEachran, 2002). Smaller individuals consume benthic invertebrates such as polychaetes,
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copepods, amphipods, isopods, Crangon shriamgl, euphausiids (McEachran, 2002). As the Barndoor
Skates increase in size, they include more active prey in the diet, including polychaetes, gastropods,
bivalvemolluse, squids, crustaceans, hydroids, and fishes (Spiny Dodfish, Alewife, Atlantig,Herrin
Atlantic Menhaden, hakes, sculpins, Cunner, Tautog, Sand Lance, Butterfish, and various flounders;
McEachran, 2002; Packer et al., 2003). Little is known about predators of the species, but Barndoor
Skate are likely consumed by large sharks and maytades (McEachran, 2003). Barndoor Skate is
managed within a complex with six other species of skate, by the New England Fishery Management
Council and are neither overfished nor is overfishing occurring (NEFSC, 2007).
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Bay Scallop — Argopecten irradians
Overall Vulnerability Rank = Very High [l
Biological Sensitivity = Very High [l

Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

. ] Expert | Data | Expert Scores Plots
Argopecten irradians Scores | Quality| (Portion by Category) | 5, ..
Stock Status 26 | 16 —  |o m‘;ﬂeme
Other Stressors 3.6 3.0 — i _|mvery High
Population Growth Rate 15 20 =]
Spawning Cycle 28 30 —
Complexity in Reproduction 24 28 —
Early Life History Requirements 3T 30 — 1 |
Sensitivity to Ocean Acidification 39 22 -_
Prey Specialization 13 26 I
Habitat Specialization 34 30 —— |
Sensitivity to Temperature 24 30 —_
Adult Mobility 349 28 B
Dispersal & Early Life History 26 28 —
Sensitivity Score Very High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 |_|
Salinity 20 30 =
Variability Salinity 12 30 I
Ajr Temperature 39 3o . B
Variability Air Temperature 1.0 0 | [
Precipitation 13 30 Iy —
Wariability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 39 15 B
Exposure Score Very High
Overall Vulnerability Rank Very High
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Bay Scallop (Argopecten irradiany

Oveall Climate Vulnerability Rankery High (100% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (3.9), Air Temperature (3.9), $eael Rise, and Ocean Acidifioat(4.0). Bay Scallops
used both marine and estuarine habitats through their life cycle.

Biological SensitivitWery High. Four sensitivity attributes scored above 3.5: Other Stressors (3.6), Early
Life History Requirements (3.7), Sensitivity to Oceadiffgation (3.9), and Adult Mobility (3.9). Bay are
found in estuarine waters and are exposed other stressors including habitat loss and contaminants.
Spawning occurs in the winter and larvae settle to eel grass and other biological structure. Adulis have
calcium carbonate shell and very limited mobility.

Distributional Vulnerability Rankow (97% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Bay Scallop on the
Northeast U.S. Shd¥ very likely to be negative (>95% certainty in expert scores). Ocean acidification
will likely negatively impact molluscs, including Bay Scallop. Warming may reduce habitat and increase
vulnerability to predation which will reduce productivity. Sesaelrise also has the potential to

negatively impact coastal habitats where Bay Scallop live.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributi8hell growthin larval and juvenile Bay Scallops is

reduced under ocean datification (Ries et al., 2009; White et al., 20Talmage and Gobler, 2010).

Increases in temperature and er@sulted in decreased survival, development, growth, and lipid

synthesis (Talmagend Gobler, 2011). These studies indicate that population productivity will likely
decrease under climate change. Bay Scallop fisheries are already at very low levels as a result of fishing
and harmful algal blooms (MacKenzie, 2008); climate change witbatidse negative pressures.

Life History SynopsiBay Scallop is a shdited, estuarine bivalve species that occurs from the north
shore of Cape Cod, Massachusetts to Laguna Madre, Texas, as three subApgepescten irradians
irradians(Lamark 18%) ranging from Cape Cod, Massachusetts, to New Jeks@ryadians concentricus
(Say 1882) ranging from New Jersey to Chandeleur Islands in the Gulf of Mexigojraadians
amplicostatugDall 1898) ranging from Galveston, Texas, to Laguna Madras Td&DMF, 2015). Bay
Scallop mature during their first year, but because they only li2eygars and most die during their
second winter, generally only spawn once (NCDMF, 2015). Spawning season varies with latitude, but
ranges from spring to fall (Fay al., 1983). Spawning occurs later in the south, where spawning is cued
to falling temperatures, and earlier in the north, where spawning is cued to rising temperatures (Fay et
al., 1983). These broadcast spawning hermaphrodites release only th@nfaleale gametes into the
water column at a time to prevent seirtilization (NCDMF, 2015). Bay Scallop develop through several
larval stages before transforming into juveniles. The sheed trocophore larvae stage quickly

develops into the veligestage within ~2 days post fertilization (NCDMF, 2015). Over the next 10 days,
the organs, gills, foot, and first shell develop, and this pediveliger larvae then alternates between
swimming and resting on the bottom (NCDMF, 2015). Larval Bay Scallepafettl23 weeks,

attaching to submerged aquatic vegetation and other suspended substrate (e.g., rope, oyster shell,
filamentous algae) with byssal threads secreted from the foot (Fay et al., 1983; NCDMF, 2015). Survival
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is adversely affected by settlemedirectly to soft sediments, but once the early juveniles reaci3@0

mm they drop to the sediment, preferably in an area of slow currents (NCDMF, 2015). Once settled,
juveniles and adults do not travel far, but while still able to make byssal threm@dy attach to

substrate, and often swim away from unfavorable conditions by pulsing water through the mantle cavity
(Fay et al., 1983; NCDMF, 2015). Adults are almost exclusively estuarine in shallow flats of mud, hard
sand, and submerged aquatic vegata with slow currents (Fay et al., 1983; NCDMF, 2015). Bay
Scallops can tolerate low salinity water for short time periods and cool water during winter, but prefer
higher salinities and require warm water for growth (Fay et al., 1983; NCDMF, 2015 cdlaps are

filter feeders, consuming benthic diatoms as well as planktonic algae and bacteria (Fay et al., 1983;
NCDMF, 2015). Pea crabs areommon parasite, and gulls, Blue and Green Crabs, Knobbeltta
starfish, and Cownose Rays are common predafFay et al., 1983; NCDMF, 2015). Bay Scallop are
managed stateéby-state. Red tides, high fishing pressure, and increased rates of predation have led to
massive population declines and slow recovery (NCDMF, 2015).
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Black Sea Bass — Centropristis striata

Overall Vulnerability Rank = High [

Biological Sensitivity = Moderate [
Climate Exposure = Very High [l
Data Quality = 92% of scores = 2

Expert | Data | Expert Scores Plots
Centropristis striata Scores | Quality | (Portion by Category)| o,
Stock Status 20 3.0 ] S m‘;ﬂeme
Other Stressors 16 22 gy mVery High
Population Growth Rate 16 26 e
Spawning Cycle 20 30 [
Complexity in Reproduction 27 28 —
Early Life History Requirements 26 22 —
Sensitivity to Ocean Acidification 18 29 —T ]
Prey Specialization 12 30 I
Habitat Specialization 23 3.0 1
Sensitivity to Temperature 14 30 I
Adult Mobility 18 27 N |
Dispersal & Early Life History 18 25 N
Sensitivity Score Moderate
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 2.7 3.0 —
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 16 1.5 e —
Exposure Score Very High
Overall Vulnerability Rank High
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Black Sea Bass (Centropristis striatd

Overall Climate Vulnerability Rarigh (77% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) andT&mperature (4.0). Exposure to all three factors

occur during all life stages. Black Sea Bass occur in coastal areas during warm months and migrate
offshore in cold months and thus are exposed to changes occurring both in offshore and inshore waters.

Biolbgical SensitivityModerate. Two sensitivity attributes scored above 2.5: Complexity in
Reproduction (2.7) and Early Life History Requirements (2.6). Black Sea Bass are protogynous
hermaphrodites and males are territorial (Laventia49). Eggs and larvaee pelagic and juveniles
settle to nearshore ad estuaries areas (Able et &0Q06).

Distributional Vulnerability RanMigh (98% certainty from bootstrap analysis). Two of the attributes
indicated vulnerability to distribution shift. Black Sea Bassyakile and make inshoreffshore
migrations. Eggs and larvae are pelagic and are likely broadly dispersed.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Black Sea Bass on the
Northeast U.S. Shelf is very likely to be posi(>95% certainty in expert scores). Recruitment will likely
increase as temperatusavarm and more spawning occurs in the region. Adult distribution will likely
extend northwards and the species may move into the Gulf of Maine permanently. The dfteean
acidification over the next 30 years is likely to be minimal.

Data Quality 92% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributibaw studies examined the effect of climate factors on

the population produtivity of Black Sea Bass. Changes in distribution, however, have been linked to
warming in the Northeast U.S. Shelf. Howell and Auster (2012) included Black Sea Bass in a warm
adapted assemblages and found increases in abundance in Long Island Souhe pest several

decades. Bell et al. (2014) documented northward shift in spring distributions of adults on the Northeast
U.S. Shelf and linked this shift to warming temperature.

Life History SynopsiBlack Sea Bass is a warm temperate marine spec®deurs from the Gulf of

Maine to southern Florida and into the Gulf of Mexico (Drohan et al., 2007; Able and Fahay, 2010). The
population is managed as three stocks: a Mithntic stock (north of Cape Hatteras), a South Atlantic

Bight stock (south ofape Hatteras to Florida), and a Gulf of Mexico stock (Drohan et al., 2007; Able and
Fahay, 2010). Individuals reach s&maturity by 23 years, but Black Sea$s are protogynous
hermaphrodites, so most individuals <4 years are female and most indigigtb years are males

(Drohan et al., 2007). Black Sea Bass spawn in nearshore areas of the continental shelf beginning in
December in the Gulf of Mexico and April through October in theMidntic region (Drohan et al.,

2007). Eggs are pelagic witmiperature-dependent incubation durations ranging from a couple days to

a week (Drohan et al., 2007). Larvae are also pelagic, consuming microalgae and zooplankton while
being consumed by gelatinous zooplankton (Drohan et al., 2007). The pelagic stagetlasieks

before settlement to shell beds or substrate with shell microstructure (Drohan et al., 2007). There is
some evidence that settlement can be delayed, but juveniles usually settle in spring and summer to both
nearshore shelf and estuarine hahbts (Drohan et al., 2007; Able and Fahay, 2010). Juveniles migrate
offshore in autumn to overwinter in deeper waters, and then move back inshore in spring (Able and
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Fahay, 2010). The primary prey of juveniles is decapods, benthic and epibenthic cnustacebsmall

fish (Drohan et al., 2007). Adult Black Sea Bass associate with structurally complex habitat (Drohan et
al., 2007). The northern stock migrates offshore and south in the autumn to overwinter as far south as
the outer shelf off the coast dfirginia (Drohan et al., 2007). The southern stocks show more site

fidelity, but occasionally travel great distances (Drohan et al., 2007). Adult Black Sea Bass are generalist
carnivores that feed on infaunal and epibenthic invertebrates such as crusisicgguid, and small fish
(Drohan et al., 2007). The Atlantic States Marine Fisheries Commission and tAdavitit Fishery
Management Council jointly manage the Midantic stock through Amendment 13 to the Summer
Flounder, Scup, and Black Sea BadsFy Management Plan (ASMFC, 2014). The stock is not

overfished or experiencing overfishing (NEFSC, 2012).

Literature Cited

Able KW, Fahay MP. 2010. Ecology of estuarine fishes: temperate waters of the western North Atlantic.
Baltimore: The Johns Hopkituniversity Press; 2010. 566p.

Able KW, Fahay MP, Witting DA, McBride RS, Hagan SM. Fish settlement in the ocean vs. estuary:
Comparison of pelagic larval and settled juvenile composition and abundance from southern New
Jersey, USA. Estuar Coast Shelf286i6; 66(1): 28@90. doi:10.1016/j.ecss.2005.09.003

Atlantic States Marine Fisheries Commission (ASMFC). 2014. Addendum XXV to the summer flounder,
scup, black sea bass fishery management plan: summer flounder and black sea bass recreational
managemenin 2014. Atlantic States Marine Fisheries Commission, 18p. Accessed online (September
2014): http://www.asmfc.org/uploads/file//53079e93SF_BSB_AddendumXXV_Feb2014.pdf

Bell RJ, Richardson DE, Hare JA, Lynch PD, Fratantoni PS. Disentangling the effeatts of cl
abundance, and size on the distribution of marine fish: an example based on four stocks from the
Northeast US shelf. ICES J Mar Sci. 2014; fsu217. doi: 10.1093/icesjms/fsu217

Drohan AF, Manderson JP, Packer DB. 2007. Essential fish habitat scuneo Black sea bass,
Centropristis striata, life history and habitat characteristics, 2nd edition. NOAA Tech Memo NMFS NE
200; 68 p. Accessed online (September 2014):
http://www.nefsc.noaa.gov/nefsc/publications/tm/tm200/

Howell P, Auster PJ. Phase tsimifan estuarine finfish community associated with warming
temperatures. Mar Coast Fish. 2012; 4(1):-485. doi: 10.1080/19425120.2012.685144

Lavenda N. Sexual differences and normal protogynous hermaphroditism in the Atlantic sea bass,
Centropristes status. Copeia, 1949; 1949(3): 1894. http://www.jstor.org/stable/1438985

Northeast Fisheries Science Center. 2012. 53rd Northeast Regional Stock Assessment Workshop (53rd
SAW) Assessment Report. US Dept Commer, Northeast Fish Sci Cent ReDBas31@. Available

from: National Marine Fisheries Service, 166 Water Street, Woods Hole, MA-0Q8383Accessed

online (September 2014): http://www.nefsc.noaa.gov/publications/crd/crd1205/

Return to Table of Contents S7 Supporting Information. Species Narrativ@$




Return to Table of Contents

Bloodworm — Glycera dibranchiata

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High [l
Data Quality = 71% of scores = 2

Expert | Data | Expert Scores Plots
Glycera dibranchiata Scores | Quality | (Portion by Category)| o,
Stock Status 25 | 06 N m‘;ﬂeme
Other Stressors 24 1.8 — | Very High
Population Growth Rate 1.7 16 e
Spawning Cycle 30 28 T |
Complexity in Reproduction 23 30 —
Early Life History Requirements 24 0.8 — T
Sensitivity to Ocean Acidification 12 1.8 .
Prey Specialization 13 24 e
Habitat Specialization 16 26 s —
Sensitivity to Temperature 12 24 I
Adult Mobility 3z 30 0
Dispersal & Early Life History 34 24 —a
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 1.7 3.0 e
Variability Salinity 12 30 I
Air Temperature 36 30 — I |
Variability Air Temperature 1.0 0 | [
Precipitation 1.3 30 Iy —
Wariability in Precipitation 14 30 Iy
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 27 1.5 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Bloodworm (Glycera dibranhiata)

Overall Climate Vulnerability Rankery High (95% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (3.9), Air Temperature (3.6), and Ocean AcidificatiOh @dult Bloodworm live in
intertidal mud habitats and early life stages inhabit in coastal waters.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Spawning Complexity (3.0),
Adult Mobility (3.2), and Dispersal and Early Higtory (3.4). Bloodworm are semelparous and

spawning occurs in swarms. Adults have limited mobility and larvae are likely demersal and dispersal is
limited.

Distributional Vulnerability Rankow (100% certainty from bootstrap analysis).

Directional Effet in the Northeast U.S. Shelthe effect of climate change on Bloodworm is estimated to
be negative, but this estimate has a high degree of uncertainty (<66% certainty in expert scores). There
is very little information regarding climate effects on Blamim. However, warming temperatures may
begin restrict the distribution of Bloodworm in the region.

Data Quality 71% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidhereis very little known regarding the lorigrm
population dynamics of Bloodworm. Environmental effects on recruitment, growth, survival and largely
unstudied.

Life History SynopsiBloodworm is an estuarine and marine, semelparous, baitworm species found

from the Gulf of St Lawrence to Florida and recorded in the Gulf of Mexico and eastern Pacific Ocean
(Wilson and Ruff, 1988). Most Bloodworms mature, spawn, and die3&aftears, but some postpone

until 4 or 5 years (Wilson and Ruff, 1988). Bloodwornmdeungo distinct physical changes to take on the
sexual form or epitokes (Wilson and Ruff, 1988). Spawning occurs in swarms during afternoon high tides
and only lasts a few days from Mdyne in Maine and southeastern Nova Scotia and in fall and possibly
late spring in Maryland (Wilson and Ruff, 1988; DFO, 2009). Females rupture to release 10 million eggs,
and while less dramatic, males also die after spawning (Wilson and Ruff, 1988). Eggs and early larvae
occur on the sediment surface, but develop inte ttwimmng stage after 1420 hours podertilization

(Wilson and Ruff, 1988). The larval stage is either very short or demersal, because larvae are not found
in plankton tows, and there is little evidence of larval exchange across mud flats (Wilsonfarid®&&;

DFO, 2009). Larvae are planktotrophic (Wilson and Ruff, 1988). Adults occur mostly in the fine organic
rich mud of intertidal mud flats, but can be found in a variety of substrates and from the low water mark
to 400m (Wilson and Ruff, 1988; DF2009). The species is quite adaptive to changes in salinity and
oxygen content (Wilson and Ruff, 1988). During spring and summer, Bloodworms are generally found
buried in the sediment, but in fall and winter occur in the water column (Wilson and 88). The

most rapid growth occurs during the second and third years of thgads life (Wilson and Ruff, 1988).
Bloodworms are probably predators on small invertebrates encountered while burrowing through the
mud (such as amphipods and polychaetes},may also consume detritus when needed (Wilson and

Ruff, 1988; DFO, 2009). BldmMlied plovers are known predators of Bloodwarnand Striped Bass and

sand &rimp consume the dead, spent Bloodworm bodies (Wilson and Ruff, 1988). Bloodworms are sold
as live bait to marine sport fishermen (DFO, 2009). Commercial diggers need a license, but there is very
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little regulation in United States waters (Sypitkowski et al., 2009). Bloodworms are harvested primarily
in Maine where they seem to be sustainahbrvested (Sypitkowski et al., 2009) and southeastern Nova
Scotia where they are actively managed to maintain sustainable harvests (DFO, 2009).
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Blue Crab - Callinectes sapidus

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High [l
Data Quality = 92% of scores = 2

Expert | Data | Expert Scores Plots
Callinectes sapidus Scores | Quality | (Portion by Category)| o,
Stock Status 28 | 20 Y =
Other Stressors 3.0 24 e |EVery High
Population Growth Rate 12 3.0
Spawning Cycle 22 30 I —
Complexity in Reproduction 30 248 1
Early Life History Requirements 28 28 — [
Sensitivity to Ocean Acidification 16 26 |—|
Prey Specialization 11 28 [
Habitat Specialization 24 3.0 —
Sensitivity to Temperature 16 30 [
Adult Mobility 17 28 ]
Dispersal & Early Life History 16 30 [
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 28 3.0 —
Variability Salinity 12 30 I
Ajr Temperature 40 3o . B
Variability Air Temperature 1.0 0 | [
Precipitation 13 30 Iy —
Wariability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 27 1.5 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Blue Crab (Callinectes sapidys

Overall Climate Vulnerability Rankery High (42% certainty from bastrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (3.9), Air Temperature (4.0) and Ocaaidification (4.0). Blue Craise estuarine and
ocean habitats during different portions diée life cycle.

Biological SensitivitHigh. Two sensitivity attributes scored above 3.0: Other Stressors (3.0) and
Complexity in Reproduction (3.0). Blue Crab adults are mostly estuarine and exposed to numerous other
stressors including contaminants andiditat loss. Fertilization occurs in estuarine waters and adults
migrate to estuarine mouths to release eggs. Early life stages are marine and return to estuaries prior to
settlement.

Distributional Vulnerability RanMigh (99% certainty from bootstrapralysis).

Directional Effect in the Northeast U.S. ShEle effect of climate change on Blue Crab on the

Northeast U.S. Shelf is estimated to be neutral, but with a moderate degree of uncertairfdQ¥66

certainty in expert scores). Research suggesischustaceans are not negatively impacted by ocean
acidification. Warming may lead to increased productivity and northward shifts in the region, both of
which would represent positive effects of climate change, but more research is needed to confirm these
effects.

Data Quality 92% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiBlue Crab survival in Chesapeake Bay is higher during
mild winters (Rome et al., 2005; Bauedailler, 2010) and thus, warmer winters should lead to higher
survival and increases in population productivity. Blue Crab also are moving into the Gulf of Maine and
this has been linked to increasing temperatures (Johnson, 2014). Calcification ratecaigs gnder

lower aragonite saturation states, a pattern found in several crustacean species (Ries et al., 2009).
Therefore, ocean acidification may not be as detrimental for crustaceans as it is for many molluscs.

Life History SynopsiBlue Crab is anstuarine and coastal shellfish species found ftbm Gulf of

Maineto the eastern coast of South America, including the Gulf of Mexico (Hill et al., 1989). Sexual
maturity is reached after 230 months, with some evidence that crabisat hatch in springnature after
approximately 15 months, while those that spawn later in the summer may delay maturity until the
following spring (approximately 21onths; UMCES, 2011). Blue Cratessexually dimorphic, and

females likely have a terminal molt (only moltaenduring adulthood; Hill et al., 1989). Males may
maintain the ability to molt after maturity, although seem to do so infrequently (UMCES, 2011).
Females can only be mated with during their intermolt phase, and so, only mate once in their lives (Hill
etal., 1989). Mating occurs in lesalinity waters in the upper estuary or lower parts of rivers during
May— October, immediately after the female molts (Hill et al., 1989). Males carry females from molt to
shell hardening, and females store the spermuse over several spawning events ovet fears (Hill et

al., 1989). After mating, females migrate to hgglinity water of estuaries, sounds, and nshore
spawning areas and burrow in the mud to wai® 2nonths before spawning (Hill et al., 1989pm®

females release eggs (700,00Q million) into a mass attached to the abdomen during the same season
as mating, but most appear to wait until the following summer (Hill et al., 1989; UMCES, 2011). Females
in the Gulf of Mexico may spawn year rounduifderkooy, 2013). In Chesapeake Bay, ovigerous females
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migrate to the mouth of the bay from where eggs and larvae are carried seaward on the ebb tide
(UMCES, 2011). Eggs incubatevieeks, and hatch in salinities of-23 and temperatures of 22°C

during the nocturnal high tide (Hill et al., 1989; UMCES, 2011). Many fishes and a parasitic worm
(Carcinonemertes carcinophlilaonsume eggs, and on average, 1 per million eggs survives to adulthood
(Hill et al., 1989). Larvae go through a series of nawltstwo larval stages before transforming into
juveniles. The first larval stage, the zoeae, looks nothing like a grown crab, and individuals drift out to
the continental shelf to feed and grow (Hill et al., 1989; UMCES, 2011). Zoeae are planktonic filte
feeders on phytoplankton and moltg times over 12 months before reaching the second stage, the
megalops (Hill et al., 1989). Megalopae look more -tika) are 2.5 mm carapace width, and can swim
freely, but stay close to the bottom (Hill et al., 298 The megalop stage last8 veeks, during which

time the larvae reinvade the lower estuary through vertical migrations (Hill et al., 1989; UMCES, 2011).
Megalopae consume fish larvae, small shellfish, and aquatic plants, and cannibalism is coningpn dur

all life stages (Hill et al., 1989). Fish, shellfish, jellyfish, ctenophores, and many planktivores consume
larval Blue Crabs (Hill et al9&9). First crab, or juvenifgage individuals look like the adult Blue Crab,

and will molt and grow 9 or 1imes by winter, when molting and growth stop (Hill et al., 1989). Over

the next year, juveniles gradually migrate to shallow,-&sge water in the upper estuaries and rivers

to grow and mature (Hill et al., 1989). Seagrass serves as nursery ettt the juveniles are

omnivorous benthiecarnivores and scavengers on dead and live fish, crabs, organic debris, shrimp,
molluse, and aquatic plants (Hill et al., 1989; UMCES, 2011). Juvenile crabs are prey to many fish, such
as Striped Bass, SpottedaSTrout, Red Drum, Black Drum, and Sheepshead, as well as shorebirds,
wading birds, and mammals (Hill et al., 1989; UMCES, 2011). Adult Blue Crabs are coastal, primarily in
bays and brackish estuaries (Hill et al., 1989). Males migrate tedbmity ceeks, rivers, and upper
estuaries in warm months; females may make short migrations to sea, but generally once females reach
the spawning grounds they stay (Hill et al., 1989). Both males and females enter deeper water to bury in
mud in winter and emergin spring to return to rivers, tidal creeks, salt marshes, and sounds (Hill et al.,
1989). Temperature and salinity effect growth, so while the number of molts is consistent among crabs,
growth rates are not (Hill et al., 1989). Blue Crabmealiuss, ncluding many commercially valuable

clams and oysters, and other invertebrates that bury shallowly, but are also detritivores and scavengers
(Hill et al., 1989; UMCES, 2011). Cannibalism is also common (UMCES, 2011). Many estuarine and
marine fish consme Blue Crapincluding Striped Bass, American Eel, Sandbar Shark, birds, and
mammals (Hill et al., 1989). The Blue Crab fisheries are managed by the states, mostly through controls
on the harvest of females. Based on a recent assessment, the Chesapgdigh@ry is not overfished

or experiencing overfishing (UMCES, 2011). However, while not overfished or experiencing overfishing,
the Gulf of Mexico stock is depleted (Vanderkooy, 2013).

Literature Cited

Bauer LJ, Miller TJ. Spatial and interannuabbdity in winter mortality of the blue cralCallinectes
sapidug in the Chesapeake Bay. Estuar Coasts. 2010; 33(3837®0I: 10.1007/s1223¥09-9237-x

Hill J, Fowler DL, Van Den Avyle MJ. Species profiles: life histories and environmental regsioémen
coastal fishes and invertebrates (rdlantic—Blue crab. U S Fish Wildl. Serv. Biol. Rep. 1989;
82(11.100). U. S. Army Corps of Engineers, F2-EL18 pp. Accessed online (August 2015):
http://www.nwrc.usgs.gov/publications/specprof.htm

Return to Table of Contents S7 Supporting Information. Species Narrativ@g



http://www.nwrc.usgs.gov/publications/specprof.htm

Return to Table of Contents

Johnson DS. The savory swimmer swims north: a northern range extension of the blGaltirsdrtes
sapidu®. J Crust Biol. 2015; 35(1): 1D80. DOI: 10.1163/193724@0002293

Ries JB, Cohen AL¢®brkle DC. Marine calcifiers exhibit mixed responses teil@b2ed ocean
acidification. Geol. 2009; 37(12), 113134. doi: 10.1130/G30210A.1

Rome MS, Yourg/illiams AC, Davis GR, Hines AH. Linking temperature and salinity tolerance to winter
mortality of Chesapeake Bay blue cral=allinectes sapidiis] Exp Mar Biol Ecol. 2005; 319(1):-125.
DOI: 10.1016/j.jembe.2004.06.014

University of Maryland Center for Environmental Science (UMCES). Stock Assessment of Blue Crab in
Chesapeake Bay 2011. Finalesssnent Report. Technical Report Series 201-5189.1: 192 pp.
Accessed Online (August 201&)p://hjort.cbl.umces.edu/crabs/Assessment.html

VanderKooy SJ. GDARO1 Stock Assessment Rpbof Mexico Blue Crab. Gulf States Marine Fisheries
Commission. Ocean Springs, MS. 2013. Accessed online (August 2015):
http://www.gsmfc.org/publications/GSMFC%20Number%20215.pdf

Return to Table of Contents S7 Supporting Information. Species Narrativé8



http://hjort.cbl.umces.edu/crabs/Assessment.html
http://www.gsmfc.org/publications/GSMFC%20Number%20215.pdf

Return to Table of Contents

Blue Mussel — Mytilus edulis

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

, , Expert | Data | Expert Scores Plots
Mytilus edulis Scores | Quality | (Portion by Category)| o,
Stock Status 21 | 08 | - m‘;ﬂeme
Other Siressors 23 20 — m Very High
Population Growth Rate 16 2.1 =
Spawning Cycle 19 27 I
Complexity in Reproduction 16 248 o —
Early Life History Requirements 20 28 —_T
Sensitivity to Ocean Acidification 36 22 B |
Prey Specialization 1.7 30 e
Habitat Specialization 23 3.0 -
Sensitivity to Temperature 14 29 e
Adult Mobility s 3o — I |
Dispersal & Early Life History 24 28 T
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 14 a0 —
Variability Salinity 12 3o I
Air Temperature 36 30 — I |
Variability Air Temperature 1.0 0 | [
Precipitation 13 30 Iy —
Wariability in Precipitation 14 30 Iy
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 21 1.5 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Blue Mussel (Mytilus edulig

Overall Climate Vulnerability Rankery High (95% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Air Temperature (3.6) and Ocean Acidification (4.0). Blue Mussels use intertidal,
nearshore and marine habitats through their life cycle.

Biological SensitivitHigh. Two sensitivity attributes scored above 3.0: Sensitivity to Ocearfidaitn
(3.6) and Adult Mobility (3.8). Adults have a calcium carbonate shell and are sessile.

Distributional Vulnerability RanModerate (61% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate chraye on Blue Mussel on the

Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Ocean acidification
will likely negatively impact molluscs, including Blue Mussel. Warming may cause continued shifts
northward and may reducerpductivity in the southern part of the ecosystem.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiBlue Mussel are sensitive to heat shock, and along the

East Coast of the U.S. large mortality events are associated with high summer temperatures; as a result,
distributions have contracted ~350 km to the north since 1960 (Jones 20&D). Blue Mussel have

also been found recently in the Arctic and thigthward range extension was associated with warming
temperature and change in circulation patterns (Berge e28I05). Blue Mussel adults exhibited no

trend in calcification rate in response to changing aragonite saturation state (Ries2&08l) andn

naturally low pH systems, adult shell growth is similar to control sites. However, shell growth of Blue
Mussel larvae is lower at lower pHGazeau et aR010). These results point to the complexity of
understanding the effect of ocean acidification marine species.

Life History SynopsiBlue Mussel is a borei@mperate, semisessile, epibenthic bivalve species found

in the Arctic, North Pacific, and North Atlantic Oceans. In the western North Atlantic, Blue Mussels are
found from Labrador to CapHatteras, North Carolina (Newell, 1989). Generally dioecious, although
there have been examples of hermaphrodit@&ue Mussel mature at agebiit can delay maturity if

growing conditions have been poor (Newell, 1989). The timing of the reproductiledspends on

food availability and environmental conditions, so spawning usually occurs in spring and summer, but is
actually quite variable in areas where phytoplankton availability is less predictable (Newell, 1989).
Spawning can be postponed at aryiqt during gametogenesis if conditions are not right for survival of
the larvae or the adult is under stress (Newell, 1989). Fertilization occurs in the water column where
males release gametes first, triggering egg release (Newell, 1989). Spawnirgio@ther two large
batches or a slow dribble, and hundreds of thousands of eggs are produced (Newell, 1989). Eggs hatch in
5 hours post fertilization in P& water (Newell, 1989). A ciliated embryo emerges from the egg and
develops into the trochophar larvae within 24 hours (Newell, 1989). Trochophore larvae are ciliated
and motile, but noAfeeding (Newell, 1989). The veliger larval stage lasts up to 35 days and is
characterized by the use of a ciliated velum to feed and for locomotion (Newell).198®s stage is
characterized by the development of the shell, pigmented eyespots, and the foot (Newell, 1989). The
veliger larva can move vertically in the water column in response to salinity and may use vertical
distribution and currents to move haontally (Newell, 1989). During these pelagic stages, grazing
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predators such as jellyfish and larval and adult fishes regularly consume larval Blue Mussels (Newell,
1989). The final larval stage, the pediveliger, uses the foot to explore for filamesubaate (such as

algae or hydroids) suitable for attachment, then hangs on and transforms into the juvenile form; this
early attached life stage is known as plantigrade (Newell, 1989). Juvenile Blue Mussels remain attached
to filamentous substrate until-1.5 mm shell length is reached (Newell, 1989). After detachment, the

Blue Mussel drifts near the bottom until it finds other Blue Mussels, and then reattaches with byssal
threads to the substrate or other Blue Mussel shells (Newell, 1989). Only stredgtors able to break

hard shells consume Blue Mussels, including large starfish, crustaceans, and some birds (Newell, 1989).
Adult Blue Mussels occur from the coastal ocean to polyhaline and mesohaline estuarine environments,
but can also colonize dper and cooler waters as far south as Charleston, South Carolina (Newell,

1989). Blue Mussels anchor to the substrate or to other Blue Mussel shells with byssal thread secreted
from the foot, but can adjust their position by shortening, lengthening, ptaging byssal threads

(Newell, 1989). This species can tolerate a range of temperature, salinity, wave action, and air exposure,
the upper and lower limits of which are influenced by previous exposure (e.g., estuarine populations can
tolerate lower saliity water than oceanic populations) and have been shown capable of adapting
phenotypically to changes in predation pressure (Newell, 1989; Leonard et al., 1999). Mussels are
suspension feeders, primarily of phytoplankton, but detritus and attached bactesly also be digested
(Newell, 1989). Birds, crustaceans, starfish, and various fish including Tautog and Cunner are common
predators (Newell, 1989). Since most Blue Mussel predators are marine species, the estuaries may
provide a refuge (Newell, 1989Blue Mussels are particularly well suited for mariculture, and have

been farmed for decades in Europe, and are increasingly farmed in Canada and the United States (FAO,
2015; GARFO, 2014).
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Blueback Herring — Alosa aestivalis

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High i
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Flots
Alosa aestivalis Scores | Quality| (Portion by Category)| ,
Stock Status 27 12 — S ﬂi‘;mte
Other Stressors 27 2.0 e |H Very High
Population Growth Rate 23 20 o —
Spawning Cycle 35 28 |
Complexity in Reproduction 3z 30 e |
Early Life History Requirements 33 25 g
Sensitivity to Ocean Acidification 15 22 o —
Prey Specialization 18 30 e
Habitat Specialization 23 30 .
Sensitivity to Temperature 18 30 —_1
Adult Mobility 13 28 Iy
Dispersal & Early Life History 32 26 e |
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 18 30 E——
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 30 Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 20 10 N
Sea Level Rise 26 15 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Blueback Herring (Alosa aestivali}

Overall Climate Vulnerability Rankery High (100% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) andT&mperature (4.0). Blueback Herring are

anadromous, spawning in freshwater, developing in freshwater and estuarine habitats, feeding as adults
in marine habitats.

Biological SensitivitHigh. Four sensitivity attributes scored above 3.0: Spawning Cy&g Early Life
History Requirements (3.3), Complexity in Reproduction (3.2), and Dispersal and Early Life History.
Blueback Herring spawning time varies latitudinally and is linked to spring warming. Eggs and larvae
inhabit freshwaters and then juvenil@esove to estuarine and ocean waters. Dispersal of eggs and larvae
is limited.

Distributional Vulnerability RanMedium (73% certainty from bootstrap analysis). Blueback Herring
have a relatively high degree of spawning site fidelity, limiting the abilithie species to shift
distribution. However, migrations occur over a wide range (from Northeast U.S. Shelf to Florida)
providing more opportunity for straying from natal spawning sites.

Directional Effect in the Northeast U.S. ShElfe effect of climat change on Bluebadkerringis

estimated to be neutral, but this estimate has a high degree of uncertainty (<66% certainty in expert
scores). Blueback Herring is distributed to Florida, so northward range shifts will likely move Blueback
Herring into theNortheast U.S. Shelf. However, changes in rivers from increased precipitation and
warming may cause decreases in productivity particularly in the southern portion of the Northeast U.S.
shelf. The magnitude of these contrasting effects is unknown. Thet effecean acidification over the

next 30 years is likely to be minimal.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiBlueback Herring productivity drdistribution are

susceptible to climate change. Tommasi e(2015) indicated that recruitment was affected by stream
temperatures and river flow, both of which will be impacted by climate change. However, the effects of
the environment on recruitmenivere less for Blueback Herring compared to Alewife. A number of

other components of Alewife physiology and ecology are affected by temperature (Loesch and Lund
1977) and other climate factors such as changes in streamflow arlgwalaise may also affedlewife
(NMFS$2012). Lynch et al. (2014) developed projections of the change in the distribution of thermal
habitat. However, natal homing is an important element in Blueback Herring life history, thus the marine
distribution may be changing faster théme spawning distribution.

Life History SynopsiBlueback Herring is an anadromous, schooling, coastal pelagic species found in the
northwest Atlantic from Cape Breton, Nova Scotia, to the St. Johns River, Florida (Munroe, 2002). Adults
reach maturity letween ages & years and females live longer than males (Munroe, 2002). The timing

of the spawning season is determined by temperature (peaking when temperatures-2&QJl. but

generally occurs in spring through summer (Munroe, 2002). Blueback Heraikg extensive migrations

to return to natal streams and prefer areas with swiftly moving fresh or brackish water for spawning
(Munroe, 2002). Eggs and sperm are broadcast over the substrate (Munroe, 2002). Eggs scatter to the
bottom and adhere to twigsgravel, or aquatic vegetation till they harden (Munroe, 2002). Spent adults
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leave shortly after spawning to return to the sea, but approximately a third of the population is repeat
spawners (Munroe, 2002). This proportion of repeat spawners may beakdngein recent years for

many rivers (NMFS, 2013). Once the eggs harden, they become pelagic-peagiu (Munroe, 2002).
Incubation takes 3 days and yolk absorption takes anothe4 8ays post hatch (Munroe, 2002).

During this first week, the egagand early larvae are passively transported downstream to nursery areas
with slower moving water (Munroe, 2002). First feeding larvae consumer rotifers with increasing
consumption of cladocerans as they grow (Munroe, 2002). Transformation to the justagkeis

usually complete within a month (Munroe, 2002). Eggs, larvae, and juveniles can tolerate salinities of
28, so juvenile nursery habitat occurs in both freshwater and dwatkish waters (Munroe, 2002;

NMFS, 2013). The diet of juveniles mostigtains copepods and cladocerans from the water column,

but occasional benthic prey is also consumed (Munroe, 2002). Many predators consume juvenile
Blueback Herring, including: American Eel, Yellow Perch, White Perch, turtles, snakes, birds, and mink
(Munroe, 2002). Adult herring occuaorth of 40 degrees in water <P& during summer and fall and
between 4043 degrees during winter (Munroe, 2002). During spring, the distribution expands to
include the continental shelf from Cape Hatteras, North Carptm&lova Scotia as the Blueback Herring
return to natal streams for spawning (Munroe, 2002). Adult and juvenile Blueback Herring make diel
migrations to the upper water column at night and down in the water column during the day (Munroe,
2002). There aralso landlocked populations in freshwater lakes that are likely the result of stocking and
dams blocking the juvenile egress. These populations are genetically distinct from the anadromous
population (NMFS, 2013). Adult herring are planktivorous andasifynconsume ctenophores, calanoid
copepods, amphipods, mysids, pelagic shrimps, and small fishes at sea (Munroe, 2002). During the
spawning migration up river, herring consume planktonic organisms and terrestgatsn®lunroe,

2002). Bluebackedring are preyed upon by a variety of predators such as Spiny Dogfish, American Eel,
Atlantic Cod, Silver Hake, White Hake, Atlantic Halibut, Bluefish, Weakfish, Striped Bass, seals, gulls, and
terns (Munroe, 2002). River herring, which includes Alewife, wiae @an important fishery, but most

stocks are either depleted or of unknown status due to a lack of-tar@es data (ASMFC, 2012). A 2011
petition to have river herring listed as endangered was determined to be unwarranted at the time of
review (NMFS, 2R).
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Bluefish — Pomatomus saltatrix
Overall Vulnerability Rank = Low [
Biological Sensitivity = Low [

Climate Exposure = High []
Data Quality = 92% of scores = 2

Expert | Data | Expert Scores Flots
Pomatomus saltatrix Scores | Quality| (Portion by Category)| ,
Stock Status 20 | 30 ] - ﬂi‘;mte
Other Stressors 22 24 — b — mVery High
Population Growth Rate 19 28 [ ]
Spawning Cycle 20 io [ ]
Complexity in Reproduction 17 26 —
Early Life History Requirements 27 27 —
Sensitivity to Ocean Acidification 12 24 I
Prey Specialization 11 30 [
Habitat Specialization 19 3.0 — T 1
Sensitivity to Temperature 11 30 |_|
Adult Mobility 11 28 [
Dispersal & Early Life History 14 27 s
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 25 30 —
Variability Salinity 12 30 I
Air Temperature 21 3.0 e
Variability Air Temperature 1.0 30 | [
Precipitation 11 30 [
Wariability in Precipitation 1.1 30 T
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 15 15
Exposure Score High
Overall Vulnerability Rank Low
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Bluefish (Pomatomus saltatrix

Overall Climate Vulnerability Rankw (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to ocean surface temperature and ocean acidification
occurs during &life stages.

Biological Sensitivityow. Only one sensitivity attribute scored above 2.5: Early Life History
Requirements (2.7). Bluefish spawn in waters of defined temperatures and spawning shifts from south
to north to south through the seasonal cy¢&'uenschel et al2012).

Distributional Vulnerability RanKigh (81% certainty from bootstrap analysis). Three of the attributes
indicated vulnerability to distribution shift. Bluefish are pelagic and habitat generalists. They are highly
mobile and makdarge seasonal migrations, and larvae disperse over large areas.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Bluefish on the Northeast
U.S. Shelf is very likely to be positive (>95% certainty in expert scores). Asgvaomiinues more

habitat in the Northeast U.S. is expected to become available and seasonal movements and spawning
may extend into the Gulf of Maine. The effect of ocean acidification over the next 30 years is likely to be
minimal.

Data Quality 92% of tle data quality scores were 2 or greater.

Climate Effects on Abundance and Distributibaw studies examined the effect of climate factors on

the population productivity of Bluefish. Changes in distribution, however, have been documented. In the
Mediterranean, changes in Bluefish distribution have been linked to warming waters, and changes in
spawning locations have been identified (Sabatés eR@l2). Along the Northeast U.S. Shelf, changes

in distribution have not be documented, but an extension @& #pawning season into the early fall has
beenobserved (Walsh et al., 2015

Life History SynopsiBluefish is a migratory, coastal, watemperate species found from Nova Scotia

to Argentina, but rare from southern Florida to northern South Americagsérel and Packer, 2006).
Adults reach maturity by age 2 (Shepherd and Packer, 2006). There is most likely one spawning stock
with two or three peaks in spawning. Spawning begins in late spring south of Cape Hatteras, North
Carolina, with a peak in Mardilay near the continental shelf edge (Hare and Cowen, 1996). A second
peak on the continental shelf of the Migitlantic region occurs from Junéugust (Shepherd and

Packer, 2006). There is also evidence of a small, third peak in fall off the soutlSeesas! in

September to January (McBride et al., 1993). Pelagic eggs hatch within 2 day@28C1&hepherd and
Packer, 2006). Larvae are pelagic and associated with the upper 15 m of the water column and
concentrated just below the surface (Shephartti Packer, 2006). The sprsigawned cohort occurs

near the Gulf Stream and is probably advected north in the current (Hare and Cowen, 1996); the
summerspawned cohort occurs in the misklantic region (Shepherd and Packer, 2006). Larvae prey on
copepods (Shepherd and Packer, 2006). Aftetr ®eeks, larvae transition into pelagic juveniles, remain
associated with the surface waters, and spend spring and summer offshore (Shepherd and Packer,
2006). Pelagic juveniles begin including fish in their di80anhm and are almost exclusively piscivorous
by 40 mm (Shepherd and Packer, 2006). When the water temperature rises abt&®eQ 3pelagic

juveniles actively move into estuaries and coastal nurseries (Shepherd and Packer, 2006). The northern
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transport ofeggs and larvae and the cresiself migration of juveniles are aided by oceanographic
features such as the Gulf Stream, watidven surface flow, warrgore ring streamers, and Gulf Stream
filaments (Shepherd and Packer, 2006). Juvenile Bluefish usmibsftates and occasionally grass,

algae, or oyster beds in estuaries, bays, and coastal areas as nurseries. Thepspvimgd cohort

recruits to estuarine habitats in the miéitlantic in late May to midlune or 23 months after spawning
(Shepherd and R&er, 2006). Individuals from the sumnmgyawned cohort enter estuaries or stay in
coastal nursery areas in mid to late August, € rhonths after spawning (Shepherd and Packer, 2006).
Young Bluefish are prey to oceanic birds and rarely cannibalismph{&fteand Packer, 2006). Both

cohorts leave mieAtlantic estuaries and coastal areas in October to overwinter in warmer waters south
of Cape Hatteras, North Carolina (Shepherd and Packer, 2006). Adult Bluefish move north inte the mid
Atlantic region dung spring and summer (Shepherd and Packer, 2006). Bluefish prefer oceanic
salinities and warmer temperatures of the openean, largeembayment, and estuarine systems, and
travel in schools of similarly sized individuals (Shepherd and Packer, 200)vkaikes and adults eat
locally abundant fish and benthic invertebrates, targeting schooling species such as squids, clupeids, and
Butterfish while offshore (Shepherd and Packer, 2006). Sharks, tunas, and billfishes are the only
predators large and fagnough to prey on adult Bluefish (Shepherd and Packer, 2006). Bluefish is jointly
managed by the Atlantic States Marine Fisheries Commission and thatMidic Fishery Management
Council as a single stock (ASMFC, 2012). The stock has rebuilt ovet #0eyi@ars and is neither
overfished nor experiencing overfishing (ASMFC, 2012; NEFSC, 2012).
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Butterfish — Peprilus triacanthus

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 88% of scores = 2

. ] Expert | Data | Expert Scores Plois
Peprilus triacanthus Scores | Quality | (Portion by Category)| o, .
Stock Status 12 | 22 | oo - ﬂ;ﬂme
Other Stressors 14 148 |_! E Very High
Population Growth Rate 11 25 [
Spawning Cycle 22 28 I —
Complexity in Reproduction 15 24 o —
Early Life History Requirements 21 232 e w—
Sensitivity to Ocean Acidification 14 26 e
Prey Specialization 16 26 e
Habitat Specialization 15 29 e
Sensitivity to Temperature 18 28 .
Adult Mobility 11 26 [
Dispersal & Eary Life History 14 25 Iy
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 21 30 —_—
Variability Salinity 12 3o I
Air Temperature 21 3.0 e
Variability Air Temperature 1.0 30 | [
Precipitation 11 3o [
Wariability in Precipitation 1.1 30 T
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 15 15
Exposure Score High
Overall Vulnerability Rank Low
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Butterfish (Peprilus traicanthup

Overall Climate Vulnerability Rankw (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposuréactors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to ocean surface temperature and ocean acidification
occurs during all life stages.

Biological Sensitivityow. All sensitivity scores were belowb2.

Distributional Vulnerability Ranktery High (52% certainty from bootstrap analysis). Three of the
attributes indicated vulnerability to distribution shift: Butterfish are habitat generalists. They are highly
mobile and make large seasonal migratioBpawning occurs across the shelf and larvae are broadly
dispersed.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Butterfish on the

Northeast U.S. Shelf is very likely to be positive (>95% certainty in expert scoreajnAsgrcontinues
more habitat in the Northeast U.S. is expected to become available. Recent excursions into the Gulf of
Maine have occurred in recent years and this is likely to continue as the ecosystem. Waeneffect of
ocean acidification over the me30 years is likely to be minimal.

Data Quality 88% of the data quality scores were 2 or greater.

Climate Effects on Abundance and DistributiSeveral studies indicate that Butterfish distribution is
vulnerable to changes in climate. Colton (1972)ve&d that Butterfish distribution shifted southwards
during an extended period of cooling on the Northeast U.S. Shelf {19638) and Collie et al. (2008)
found that Butterfish abundance increased in Narragansett Bay during the more recent warming trend
(1970-2005). Manderson et al. (2011) developed a habitat model for Butterfish on the Northeast U.S.
Shelf, which suggests that, as the Northeast U.S. Shelf warms, more pelagic habitat will become
available for Butterfish.

Life History SynopsiButterfish isa shortlived, pelagic species that occurs from the Gulf of St Lawrence

to southern Florida, but is primarily found from Maine to Cape Hatteras, North Carolina (Able and Fahay,
2010). Butterfish mature in-2 years (Cross et al., 1999). Spawning begitaté winter (or year round)

south of Cape Hatteras, and continues to the north and inshore as water temperatures increase, peaking
in spring and summer (Able and Fahay, 2010). Spawning is primarily on the continental shelf, but some
spawning in coastareas and in large estuaries has also been documented (Able and Fahay, 2010).
Butterfish are broadcast spawners, and the resultant pelagic eggs incubatefdays at approximate
18-20°C before hatching (Cross et al., 1999). Larvae are pelagic, b@ooesingly nektonic with

growth and development, and often associate with jellyfish, Sargassum, and floating debris during the
late-larval stage (Cross et al., 1999). Larvae develop gradually into pelagic juveniles and then adults
(Cross et al., 1999bfe and Fahay, 2010). Juvenile Butterfish are pelagic or nektonic and while often
associated with large jellyfish, are also frequently seen swimming freely in loose schools (Cross et al.,
1999; Able and Fahay, 2010). The juvenile Butterfish diet con$iataindant plankton including

copepods and ctenophores (Able and Fahay, 2010). Juveniles can reach half their adult size in the first
year and follow similar migration patterns to adult Butterfish (Cross et al., 1999; Able and Fahay, 2010).
Adult and pyvenile Butterfish form loose schools and migrate in response to changing temperatures.
Butterfish move to offshore areas along the continental shelf edge south of Georges Bank in winter,
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then migrate inshore and to the north as temperatures rise aboveClL(Cross et al., 1999; Able and
Fahay, 2010). During spring and summer, Butterfish can be found across the shelf and into large
estuaries (Cross et al., 1999). These catedf migrations are less pronounced south of Cape Hatteras
where the temperaturestay mild (Cross et al., 1999; Able and Fahay, 2010). While generally associated
with the upper water column, Butterfish can also be found near the bottom, particularly during winter,
and are frequently collected over sand, mud, or rock substrates (Et@ds 1999). Adult Butterfish are
planktivoresconsuming urochordates, mulluscacrustaceans, jellyfish, polychaetes, small fishes, and
ctenophores (Cross et al., 1999; NEFSC, 2014). The predators of Butterfish include Silvohidiké,
(Goosefish)Weakfish, Bluefish, Swordfish, and Hammerhead Sharks (NEFSC, 2014). Butterfish are
managed by the Midtlantic Fishery Management Council and are neither overfished nor is overfishing
occurring (NEFSC, 2014).
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Return to Table of Contents S7 Supporting Information. Species Narrativé83



http://www.nefsc.noaa.gov/nefsc/habitat/efh/

Return to Table of Contents

Cancer Crabs — Cancer borealis/C. irmoratus
Overall Vulnerability Rank = Moderate []
Biological Sensitivity = Moderate []

Climate Exposure = High ]
Data Quality = 75% of scores = 2

Expert | Data | Expert Scores Plots
Cancer borealis/C. irroratus Scores | Quality| (Portion by Category)| o,
Stock Status 20 | 08 | - m‘;ﬂeme
Other Stressors 2.0 1.6 —_—r m‘ery High
Population Growth Rate 13 16 Iy —
Spawning Cycle 26 20 N
Complexity in Reproduction 12 20
Early Life History Requirements 20 232 —T 1
Sensitivity to Ocean Acidification 22 26 = — |
Prey Specialization 11 24 [
Habitat Specialization 12 232 I —
Sensitivity to Temperature 18 30 !
Adult Mobility 27 19 |
Dispersal & Early Life History 17 30 =T
Sensitivity Score Moderate
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 19 30 —_—
Variability Salinity 12 30 I
Air Temperature 28 3.0 . —
Variability Air Temperature 1.0 30 | [
Precipitation 11 30 |
Wariability in Precipitation 11 30 I
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 18 15 e
Exposure Score High
Overall Vulnerability Rank Moderate
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Cancer Crabs (Cancer borealis / Cancer irroratys

Overall Climate Vulnerability RarModerate (75% certainty from bootstrap analgsi

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Cancer Crabs use marine habitats.

Biological SensitivityModerate. Two sensitivity attributes sced above 2.5: Spawning Cycle (2.6) and
Adult Mobility (2.7). Spawning occurs in warmer months after molting and adults have low mobility.

Distributional Vulnerability RanMigh (100% certainty from bootstrap analysis).

Directional Effect in the Northea U.S. Shelfthe effect of climate change on Cancer Crabs on the
Northeast U.S. Shelf is estimated to be neutral, but with a moderate degree of uncertairf@Q¥66
certainty in expert scores). Research suggests that crustaceans are not negatively ihgyaotean
acidification. Cancer Crabs are temperate and -@odtier species, so warming may reduce the availabile
habitat in the region, but specific studies have not yet been completed.

Data Quality 75% of the data quality scores were 2 or greater mtdi¢hat data quality is moderate.

Climate Effects on Abundance and DistributiBeiatively little is known regarding the dynamics of

Cancer Crabs in the Northeast U.S. Shelf. Abundance of Cancer Crabs have been increasing in
Narragansett Bay, but multip causes have been proposed (Collie et al., 2008). Larval growth and
metamorphosis oL. irroratuds temperature dependent with maximum rates observed atl85C

(Johns, 1981)C. irroratuds more common in temperate waters, whereasborealiss morecommon

in boreal waters suggesting the response to climate change may differ between species (Jeffries, 1966).

Life History Synopsi€ancer Crabs are benthic marine species found in intertidal to shelf slope habitats
from Nova Scotia, Canada, to Flor{@obichaud and Frail, 2006). In the region, two species are
harvesterd as Cancer Crab: Rock C@dnc¢er irroratusand Jonah Cral€éancer boreal)s Rock Crabs

reach maturity between 1 and 2 years (DFA, 1999). Females spawn while their shell i$ afiltisof

molting between April and October, producing one brood per year (Bigford, 1979; DFA, 1999; ISFMP,
2013). Eggs and the first 6 stages of gwsich development occur in the neuston and are transported
via wind and tide toward shore (DFA, 1999)ed¢éhearly life history stages are omnivorous planktivores
and preyed upon by larger zooplankton and iclathiankton (DFA, 1999). Cancealgs settle to the
benthos when megalopae molt to the first cratstar (Bigford, 1979). CanceraBs occur in shallow

waters in the northern part of their range, and are more likely to be offshore in the southern part
(Bigford, 1979; DFA, 1999; ISFMP, 2013). Jonah Crabs are generally more abundant in deeper, more
thermally stable, habitat with rocky, silt, or clay sulas#ts than Rock Crab which can tolerate a larger
temperature range and prefer sandy substrates (Bigford, 1979; ISFMP, 2013). Rock Crab appear to
migrate between inshore and offshore habitat seasonally (Bigford, 1979). Adult Cancer Crabs are
generalist préators on benthic organisms such as mussels, polychaetes and sea urchins, as well as
scavenging on crab and fish remains (DFA, 1999). Small, inshore crabs are common prey for Cunner,
sculpins, and American Lobster, while Atlantic Cod and other largar@stommon predators of

offshore populations (ISFMP, 2013). Cancer Crabs will be managed by the Atlantic States Marine
Fisheries Commission starting in 2016 (ASMFC 2015), owing to a growing targeted fishery and high
bycatch levels in the American Lobstishery (ISFMP, 2013).
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Channeled Whelk — Busycotypus canaliculatus

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High [l
Data Quality = 75% of scores = 2

] Expert | Data | Expert Scores Plots
Busycotypus canaliculatus Scores | Quality| (Portion by Category)| | .
Stock Status 23 | 04 | _ - m‘;ﬂeme
Other Siressors 18 1.1 — m Very High
Population Growth Rate 29 23 —
Spawning Cycle 30 24 i |
Complexity in Reproduction 16 21 e
Early Life History Requirements 21 1.8 T —
Sensitivity to Ocean Acidification 39 26 -_
Prey Specialization 14 21 e
Habitat Specialization 14 21 I —
Sensitivity to Temperature 18 26 —T ]
Adult Mobility 28 18 |
Dispersal & Early Life History 35 25 I |
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 |_|
Salinity 16 3.0 —
Variability Salinity 12 30 I
Ajr Temperature 35 30 i |
Variability Air Temperature 1.0 0 | [
Precipitation 1.3 30 Iy —
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 16 1.5 i
Exposure Score Very High
Overall Vulnerability Rank Very High
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Channeled Whelk (Busycotypus canaliculatys

Overall Climate Vulnerability Rankery High (58% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (3.9), Air Temperature (3.5) and Ocean Acidification (4.0). Channeled Whelk are found in
inner shelf and nearshore waters.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Sensitivity to Ocean

Acidification (3.9), Spaving Cycle (3.0), and Dispersal and Early Life History (3.5). Adults have a calcium
carbonate shell. Eggs are attached to the bottom in a gelatinous egg sack in the fall. Eggs hatch the
following spring and dispersal of larvae is believed to be limited.

Distributional Vulnerability Rankow (100% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Channeled Whelk on the
Northeast U.S. Shelf is very likely to be negative (>95% certaintyentexpres). Ocean acidification
will likely negatively impact molluscs, including Channeled Whelk. Although there is relatively little
information, warming has the potential to cause northward distribution shifts and may reduce
productivity in the southar part of the ecosystem.

Data Quality 75% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributibhere is relatively little information regarding the
population dynamics and oliate effects on productivity and distribution of Channeled Whelk. Ries et al.
(2009) found that calcification rate of other gastropods decreased with decreasing aragonite saturation
state. Thus ocean acidification may reduce population productivity, ketiip experiments on

Channeled Whelk are needed.

Life History Synopsi€hanneled Whelk is a coastal shellfish species found from Cape Cod,
Massachusetts to Cape Canaveral, Florida (Peemoeller and Stevens, 2013). Female Whelks grow larger
and tend to beolder than males (Peemdet and Stevens, 2013). Sexuoaturity is reached around 6.9

years for males and 8.6 years for females (Peemoeller and Stevens, 2013). Eggs are fertilized internally,
and then the females produce a string of egg capsules attathtee sand on intertidal and shallow

subtidal mudflats during fall (Harding, 2011). Eggs hatch the following spring (Harding, 2011).
Hatchlings look like small, immature adults and likely remain in nearshore, infaunal nursery habitats
before moving tadeeper, nearshore and coastal waters, but this stage of development is rarely

observed in the wild (Harding, 2011). Juvenile Channeled Whelks move by crawling with the foot or
inflating the foot and floating at the surface (Harding, 2011). Channeledké/aet known to eat

bivalves, but the true extent of their diet is unknown. Channeled Whelks likely enter the fishery before
(females) or just after (males) adults have a chance to reproduce and the fishery selects for the larger
females (Peemoeller andevens, 2013), so overfishing is a concern. Whelks are fished and managed on
a stateby-state basis throughout their range.
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Clearnose Skate — Raja eglanteria

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 83% of scores = 2

. ] Expert | Data | Expert Scores Plots
Raja eglanteria Scores | Quality | (Portion by Category)|_,
Stock Status 21 | 24 | _ — - ﬂi‘;mte
Other Stressors 12 12 | mVery High
Population Growth Rate 28 16 — [
Spawning Cycle 19 24 _T
Complexity in Reproduction 12 22 I —
Early Life History Requirements 10 30 |_|
Sensitivity to Ocean Acidification 14 22 e
Prey Specialization 12 30 [
Habitat Specialization 12 3.0 I
Sensitivity to Temperature 23 27 7
Adult Mobility 18 22 e
Dispersal & Early Life History 21 30 | —
Sensitivity Score Low
Sea Surface Temperature 39 3o . N
Variability in Sea Surface Temperature 10 io ]
Salinity 26 3.0 —
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank Low
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Clearnose Skate (Raja eglanterig

Overall Climate Vulnerability Rankw (87% cetainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). Clearnose Skate are demersal and complete their life cycle in marine
habitats.

Biologi@l SensitivityLow. One attribute scored above 2.5: Population Growth Rate (2.8). In general,
skates have a low population growth rate (higher sensitivity to climate change) (Frisk 2010).

Distributional Vulnerability RanMigh (94% certainty from bootsap analysis). Clearnose Skate are
habitat generalists and moderately mobile as adults, making seasonal movements. In addition, skate egg
cases are subject to movement by currents and juveniles may move on scalé &fri

Directional Effect in the Nortlast U.S. ShelThe effect of climate change on Clearnose Skate is likely to
be neutral (9895% certainty in expert scores). Clearnose Skate inhabits temperate waters and may
benefit from warming orthe Northeast U.S. Shelf.c€an acidification may reduggoductivity and no
changes in distribution have been observed over the past 30 years despite significant warming.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance andtblstion: Little specific information exists on the effect of climate

on Clearnose Skate. Di Santo (2015) found that increased warming and acidification reduce body
condition of newlyhatched Little Skate. These reductions in size could result in regueexile survival

and thus recruitment if similar effects occur in Clearnose Skate. In regional studies of distribution,
Clearnose Skate was not included (Murawski, 1993; Nye et al., 2009) but examination of NEFSC trawl
survey suggests no change in the tegrof the distribution over the last 30 years
(http://oceanadapt.rutgers.edu/, website last checked 13 June 2015).

Life History Synopsi€learnose Skate is a benthic marine skate species found from the Nova Scotian

shelf to northeastern Florida and therthern Gulf of Mexico from northwestern Florida to Texas, but
primarily occurs south of Cape Cod, Massachusetts (Packer et al., 2003). Clearnose Skate reach maturity
in 5-6 years (Packer et al., 2003). Spawning occurs in spring and summer north éfatepes, and

eggs are deposited on the benthos in rectangular, horned egg cases (Packer et al., 2003). Eggs incubate
for approximately 3 months, and then a small juvenile emerges (Packer et al., 2003). There is no larval
stage and juveniles behave simijato adults (Packer et al., 2003). Clearnose Skate occur year round

south of Cape Hatteras, North Carolina (Packer et al., 2003). North of Cape Hatteras, Clearnose Skate
are found across the shelf in the southern portion of the Mithntic region dung winter and spring,

and then occupy inshore areas south of Cape Cod in summer and fall (NEFSC, 2007). Clearnose Skates
are found over soft, rocky, or gravelly bottom (Packer et al., 2003). The diet of Clearnose Skate includes:
polychaetes, amphipodseseral shrimp and crab species, bivalves, squid, and small fish such as soles,
Weakfish, Butterfish, and Scup (Packer et al., 2003). Boring snails may be predators of eggs (Packer et
al., 2003). Adults have been found in the stomachs of Sand Tiger eattGhmberjack (Packer et al.,

2003). Clearnose Skate is managed as part of the skate complex by the New England Fishery
Management Council and is neither overfished nor is overfishing occurring (NEFSC, 2007).

Return to Table of Contents S7 Supporting Information. Species Narrative$l




Return to Table of Contents

Literature Cited

Di Santo V. Ocean aciddtion exacerbates the impacts of global warming on embryonic little skate,
Leucoraja erinace@Mitchill). J Exp Mar Bio Ecol. 2015; 463782d0i:10.1016/j.jembe.2014.11.006

Frisk MG. Life history strategies of batoids. In: Carrier, JC, Musick, thaubleR, editors, Sharks and
Their Relatives IlI: Biodiversity, Adaptive Physiology, and Conservation. Boca Raton: CRC Press; 2010.
283-318.

Murawski SA. Climate change and marine fish distributions: forecasting from historical analogy. Trans
Am Fish Sod 993; 122(5): 64858. doi: 10.1577/1548659(1993)122<0647:CCAMFD>2.3.CO;2

Northeast Fisheries Science Center (NEFSC). 2007. 44th Northeast Regional Stock Assessment Workshop
(44th SAW): 44th SAW assessment report. US Dep Commer, Northeast Fish Bef Oect0710; 661
p. Accessed online (August 201&}p://www.nefsc.noaa.gov/publications/crd/crd0710/

Nye JA, Link JS, Hare JA, Overholtz WJ. Changing spatial distribution ofifésim stdation to climate
and population size on the Northeast United States continental shelf. Mar Ecol Prog Ser. 2009; 393: 111
129. doi: 10.3354/meps08220

Packer DB, Zetlin CA, Vitaliano JJ. 2003. Essential fish habitat source document: Clearnéxgakate,
eglanteria, life history and habitat characteristics. NOAA Tech Memo NMFS NE 174; 50 p. Accessed
online (August 2015): http://www.nefsc.noaa.gov/nefsc/publications/tm/tm174/

Return to Table of Contents S7 Supporting Information. Species Narrative$2



http://www.nefsc.noaa.gov/publications/crd/crd0710/

Return to Table of Contents

Conger Eel — Conger oceanicus

Overall Vulnerability Rank = High [T

Biological Sensitivity = Moderate [
Climate Exposure = Very High i
Data Quality = 62% of scores = 2

. Expert | Data | Expert Scores Flots
Conger oceanicus Scores | Quality | (Portion by Category) [,
Stock Status 24 05 e S:;EFETE
Other Stressors 25 12 1 e |EVery High
Population Growth Rate 21 0.8 —_
Spawning Cycle 29 24 1
Complexity in Reproduction 24 19 —
Early Life History Requirements 25 18 P
Sensitivity to Ocean Acidification 12 13 .
Prey Specialization 16 21 e
Habitat Specialization 24 3.0 —
Sensitivity to Temperature 16 28 [
Adult Mobility 15 18 -
Dispersal & Early Life History 13 28 L
Sensitivity Score Moderate
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 24 30 —
Variability Salinity 12 30 I
Air Temperature 40 1] . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 30 Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 22 10 —
Sea Level Rise 24 15 —
Exposure Score Very High
Overall Vulnerability Rank High
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Conger Eel (Anguilla oceanicq

Overall Climate Vulnerability Raigh (93%certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Cohgee Eemelparous:
spawning in the ocean, developing in marine and estuarine habitats, then feeding growing, and
maturing in marine and estuarine habitats.

Biological SensitivityModerate. Three sensitivity attributes scored above 2.5: Spawning Cycle (2.9

Other Stressors (2.5), and Early Life History Requirements (2.5). Conger Eel found in coastal waters and
are exposed to a number of other stressors including habitat destruction, blockage to spawning habitats,
and contaminants (Limburg and Waldman, 2p@onger Eel migrate to specific areas in the Sargasso

Sea to spawn, speciaid larval stages leptocephali-disperse and enter shelf and coastal areas
throughout North American while undergoing metamorphosis.

Distributional Vulnerability RanMigh (100% certainty from bootstrap analysis). Two attributes
indicated vulnerability to distribution shift. Conger Eel larvae are widely dispersed over much of the
North Atlantic and adults are highly mobile returning to the Sargasso Sea from shelf and geistaks
along most of the North American coast.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Conger Eel is estimated to
be neutral, but this estimate has uncertainty (86% certainty in expert scores). Conger Eel isdanra
range of habitats and it is unclear the effect of climate change on population productivity and
distribution. However, Conger Eel spawn in the Sargasso Sea, so shifts in the Gulf Stream have the
potential to effect larval dispersal, survival, andgmtially recruitment, but the direction and

magnitude of these effects are unclear. The effect of ocean acidification over the next 30 years is likely
to be minimal.

Data Quality 62% of the data quality scores were 2 or greater indicate that data qimlityderate.

Climate Effects on Abundance and Distributibhe ecology of Conger Eel is not well understood and
little work has been done examining links between climate factors and Conger Eel abundances and
distribution. Conger Eel occur across a wialege of habitats from estuaries to the shelf break (Hood et
al., 1988) so climate effects are likely to be complicated.

Life History Synopsi$he Conger Eel is a marine species which spawns in the Sargasso Sea and uses the
continental shelf, from estuaes to the shelf break, for nursery and adult habitat (McCleave and Miller,
1994). Adult eels range from Massachusettes to Florida and the eastern Gulf of Mexico (Smith and
Tighe, 2002). In late October to rilbcember, congers migrate from the shelf keetSargasso Sea
between the subtropical convergence zone in the north and the Bahamas and Antilles in the south
seeking the sharp change in temperature of the oceanic front to trigger spawning (McCleave and Miller,
1994) Like many other eel species, ConBels are mostly likely semelparous and die after spawning
(Able and Fahay, 2010). Eggs hatch into rididan pelagic leptocephalus larvae (Able and Fahay,

2010). During the -2 months between hatching and the onset of metaiploosis (Correia et al., 2@),

Conger El leptocephali are capable swimmers, able to swim from the Gulf Stream to estuarine and
nearshore habitat (Smith and Tighe, 2002; $¥igchel and Able, 2008). Most CongelsEeach

estuarine and coastal areas a® Bnonth old metamorphosinteptocephali and become benthpelagic
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(Correia et al., 2004; Wuenschel and Able, 2008; Able and Fahay, 2010).sGeng&n in nursery

habitat untilwinter, then migrate to the continental shelf adult feeding habifaAble and Fahay, 2010).

Adult Congetels are associated with structure such as holes and crevices in piecksyand rocky

reefs or share ilefish burrows (Able and Fahay, 2010). Congers have been observed in shallow coastal
waters out to the shelf edge and may also make seasonal ing¥ftsieore migrations (Able and Fahay,

2010). Adults are piscivorous on gadids, Atlantic herring, American Eel, and Butterfish, but occasionally
consume crustaceans (shrimps) and small molluscs (Bowman et al., 2000; Smith and Tighe, 2002). Spiny
Dogfish ae the main predator of Conger Eel, though other large piscivores like Cobia, Atlantic Cod, and
Dusky Shark are also known to prey on Conger Eel (Smith and Tighe, 2002). There are minor commercial
and recreational fisheries for Conger Eel, but they arecnotently managed in the United States.
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Cusk — Brosme brosme
Overall Vulnerability Rank = High [
Biological Sensitivity = High [T

Climate Exposure = High ]
Data Quality = 67% of scores = 2

Expert | Data | Expert Scores Plots
Brosme brosme Scores | Quality| (Portion by Category)| o,
Stock Status 30 | 04 e |t
Other Siressors 15 0.8 Iy W Very High
Population Growth Rate 31 16 e |
Spawning Cycle 30 24 1
Complexity in Reproduction 13 15 |—|_|
Early Life History Requirements 26 02 P
Sensitivity to Ocean Acidification 12 16 I
Prey Specialization 11 24 [
Habitat Specialization 27 24 —T
Sensitivity to Temperature 20 24 o
Adult Mability 27 24 [
Dispersal & Early Life History 18 22 | —y
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 30 | [
Salinity 11 30 |
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank High
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Cusk (Brosme brosmp

Overall Climate Vulnerability Rartigh (69% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). Ad Btages of Cusk use marine habitats.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Stock Status (3.0), Population
Growth Rate (3.1), and Spawning Cycle (3.0). Cusk is a NMFS Species of Concern owing to apparent low
population sizes (Hare et aR012). Peak spawning occurs during summer and adults are late maturing

and slow growing (KleiMacPhee, 2002).

Distributional Vulnerability Rankow (96% certainty from bootstrap analysis).

Directional Effect in the Northeast UShelf:The effect of climate change on Cusk on the Northeast U.S.
Shelf is very likely to be negative (>95% certainty in expert scores). Cusk ideaquedate species and
warming will likely reduce habitat and increase population fragmentation.

Data Quality: 67% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiBeiatively little is known regarding the dynamics of Cusk.
Hare et al. (2012) projected that the amount of habifor Cusk in the Gulf of Maine will decrease with
climate change and that the available habitat will become more fragmented. Both could potentially
result in lower population productivity. Nye et al. (2009) reported that Cusk have shifted deeper in
recert years consistent. Thus both productivity and distribution will likely be impacted.

Life History Synopsi€usk is a marine, sedentary, solitary, benthic species found on both sides of the
Atlantic, ranging from the Straits of Belle Isle and the Grand&k®8ahNewfoundland to New Jersey in

the western Atlantic Ocean (KleiiacPhee, 2002). Males begin to mature at age 5, females at age 6,
and complete maturity for both genders occurs by age 10 (WeioPhee, 2002). Spawning occurs
between March and Noveber with peak spawning in spring and summer (KMacPhee, 2002). Cusk

are highly fecund and produce pelagic eggs (KidePhee, 2002). Larval Cusk are pelagic, float near
the surface, and are often associated with jellyfish (KidatPhee, 2002). Ll is known about the

juvenile stage, but settlement to benthic habitats occurs around 50 mm, at which time they are believed
to adopt the solitary and sedentary habits of the adults (kKiacPhee, 2002). Cusk <51 cm consume a
diet of polychaetes, Crangashrimp, and hermit crabs (KleMacPhee, 2002). Adult Cusk prefer hard
bottom in moderately deep areas of the shelf and slope and also associate with deepwater coral (Klein
MacPhee, 2002). Cusk is a emalter species that is entirely benthic and rarehoves (KleiMacPhee,
2002). The diet of adult Cusk includes: crustaceans, fish, and echinoderma&t€thee, 2002). The
primary predator of Cusk is Spiny Dogfish, but Cusk have also been found in the stomachs of Winter
Skate, Atlantic Cod, Atlantitalibut, White Hakdylonkfish (GoosefishfFawn Cuskel, Sea Raven,

Summer Flounder and Windowpane, hooded seal, and gray sealffderhee, 2002; Harris and

Hanke, 2010). Cusk are not managed in United States waters, but are being considereddga@disti
endangered or threatened after drastic reductions in abundance due to fishing pressure and-climate
change induced habitat loss (Hare et al., 2012).
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Deep-sea Red Crab — Chaceon quinguedens

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High ]
Data Quality = 79% of scores = 2

Expert | Data | Expert Scores Plots
Chaceon quinquedens Scores | Quality | (Portion by Category) [, .
Stock Status 23 | 08 - m‘;ﬂeme
Other Stressors 1.5 20 e m Very High
Population Growth Rate 21 14 —
Spawning Cycle 21 24 R
Complexity in Reproduction 14 25 e
Early Life History Requirements 18 12 .
Sensitivity to Ocean Acidification 21 26 = — |
Prey Specialization 12 28 I —
Habitat Specialization 13 3.0 e
Sensitivity to Temperature 22 24 !
Adult Mability 21 26 o
Dispersal & Early Life History 15 24 |
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 1.8 30 |
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Low
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Deep-Sea Red Crab (Chaceon quiquedeng

Overall Climate Vulnerability Rankw (98% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of EB=pRerab use marine habitats.

Biological Sensitivityow. No sensitivity attributes scored above 2.5.

Distributional Vulnerability RanMigh (100% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate agnge on Deejsea Red Crab on the
Northeast U.S. Shelf is estimated to be neutral, but with a moderate degree of uncertairf@Q¥66
certainty in expert scores). Research suggests that crustaceans are not negatively impacted by ocean
acidification. Warmingnay negatively impact Deegea Red Crab and reduce habitat availability, but
there is a lot of uncertainty.

Data Quality 79% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distribntidhere is very little information on the effect of climate
forcing on Deef5ea Red Crabs. Most studies indicate that acidification has neutral or positive effects on
crustacean in general (Kroeker et al., 2013), but no specific studies have been doperdtere effects

on DeepSea Red Crab are also little known, but their continental slope habitat is warming (Forsyth et
al., 2015).

Life History SynopsiBeepsea Red @b is a londived crustacean that occurs along the outer

continental shelf and slopteom the Gulf of Saint Lawrence to possibly the western South Atlantic
including the Gulf of Maine and Gulf of Mexico (Steimle et al., 2001). Males mature at about 75 mm
carapace width; females likely mature at smaller sizes (NMFS, 2006). Females sbalioiver waters

of the upper slope than males, so males may migrate from deeperstoj waters for spawning

(Steimle et al., 2001). Males form a protective cage around females, carrying them for up to three
weeks, before the female molts and copudat occurs (Steimle et al., 2001). Males may need to be
larger than females for mating to occur (NMFS, 2006). Females are believed-tbygats between

molts, meaning spawning may not occur annually for each individual, but females may be able to stor
sperm to fertilize eggs between molts (Steimle et al., 2001; NMFS, 2006). Eggs are attached to the
underside of females for up to 9 months before hatching (Steimle et al., 2001). Hatching occurs between
January and June (NMFS, 2006). Larvae are reléatsethe water column and may actively swim to

the surface where they exist for 225 days (based on lakared larvae) and transition through four

zoeal and one megalops stages before settling to the bottom (Steimle et al., 2001). Larvae are rarely
calected, but are likely zooplanktivorous (Steimle et al., 2001). Settlement to the middle or base of the
slope occurs at 4 mm carapace width, which is fairly large for brachyuran crabs (Steimle et al., 2001).
Juveniles prefer smooth or dimpled silely seliments and occur deeper than the adult population
(Steimle et al., 2001). Young red crabs move upslope to shallower waters as they grow and become
available to the fishery at about 100 mm carapace width and aggdars (Steimle et al., 2001).

Juvenile ed crabs are opportunistic foragers on infaunal and epifaunal benthic inverts and small fish
including: sponges, hydroids, gastropods, scaphopods, small polychaetes, crustaceans, tunicates, and
bivalves (Steimle et al., 2001). Adult Desa Red Crabs oavon the slope and outer continental shelf

and travel short distances except for a possible spawning migration up and down the slope (Steimle et
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al., 2001). The diet of adults includes similar benthic fauna to juvenile red crab and larger prey such as
demersal and midwater fish, squid, Quill \&tm and scavenging deadfalls of fish and squid (Steimle et
al., 2001). Red crab is not a major prey species for any predator, but has been found in Longfin Hake,
Atlantic Cod, and Red Hake stomachs (Steimle etGf1)2 Deegsea Red Crab is managed under the
New Engl and Fishery MaRed€Erabd-ishery Bamageneint Planandixe e p
probably not being overfished, but poor estimates of biomass and productivity prevent a designation
(NMFS, 2006).
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Dusky Shark — Carcharhinus obscurus

Overall Vulnerability Rank = High [T

Biological Sensitivity = High [
Climate Exposure = High []
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Plots
Carcharhinus obscurus Scores | Quality| (Portion by Category)| ,
Stock Status 30 | 24 B [orion
Other Siressors 18 22 e | Very High
Population Growth Rate 40 30 B
Spawning Cycle 22 22 T e |
Complexity in Reproduction 15 12 o —
Early Life History Requirements 10 26 |_|
Sensitivity to Ocean Acidification 1.0 26 [
Prey Specialization 11 28 [
Habitat Specialization 1.1 3.0 [
Sensitivity to Temperature 11 30 |_|
Adult Mability 1.0 30 T
Dispersal & Early Life History 12 30 [/
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 o | [
Salinity 28 3.0 —
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank High
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Dusky Shark (Carcharhinus obscurjis

Overall Climate Vulnerability Rartigh (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0udRy Shark are pelagic and complete their life cycle in marine
habitats.

Biological SensitivityHigh. Two attributes scored above 3.0: Population Growth Rate (4.0) and Stock
Status (3.9). Dusky Shark have low population growth rates (Cortés 1998) 9baskys listed as
vulnerable by the IUCN owing to low population abundance
(http://www.iucnredlist.org/details/3852/Q. Dusky Shark is identified as a Species of Concern in the
Western Atlantic byhe U.S. (http://www.nmfs.noaa.gov/pr/pdfs/species/duskyshark_detailed.pdf).

Distributional Vulnerability Ranktery High (99% certainty from bootstrap analysis). Dusky Shark are
habitat generalists and highly mobile. In addition, Dusky Shark are a pd§odwniparous species armih
not have a larvadtage.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Dusky Shark is very likely
to be neutral (>95% certainty in expert scores). Dusky Shark is a highly mobile temperkté bbeg is
very little information available that suggests negative or positive effects of climate change.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distribntidhere is very little information on the effect of climate

change on Dusky Shar&hin et al. (2010) conducted a vulnerability assessment of sharks and rays on
Australia’s Great Barrier Reef (GBR)tyasssmentj fyi ng
and ranked the level of exposure and sensitivity to these factors using current knowledge and expert
opinion based on a 3 point scale (low, moderate, and high). Dusky shark exposure rankings were highly
influenced by water temperature but ssitivity to this factor was ranked low for GBR sharks. Although

the population growth rate was taken into account in the GBR study, little is known about the

population status of sharks in this area (Chin et al®@McAuley et al., 2012). GBR Dudaris were

assessed a low vulnerability ranking with respect to climate change.

Life History SynopsiBusky Shark is a largeoastal, migratory, wardemperate shark species found

from southern New England to the Caribbean and the Gulf of Mexico theouBrazil (SEDAR, 2011).
Males of the species reach 50% maturity at 231fark length EL (17.4 years); females are slightly

larger (234 cm FL) and 17.6 years at B0&turity (Natanson et al1995, Natanson et al2013. Dusky

Sharks are viviparouwith an 18month gestation period and around 7 pups per litter (Castro 2009;
Romine et al. 2009). Young Dusky Sharks are large at birff§®0m total length, and occur in warm
temperate, nearshore areas with sand or rocky bottoms (Branstetter, 200€akitless et al., 2007).

Rarely, juveniles may enter estuarine habitats, but generally avoid areas of low salinity (McCandless et
al., 2007). Adult Dusky Sharks seasonally migrate great distances between New England and the Gulf of
Mexico (Branstetter, 2@ Kohler et al. 1998). The diet of Dusky Sharks includes several species of
teleosts, elasmobranchs, crustaceans, and squid (Branstetter, 2002). The Atlantic States Marine
Fisheries Commission manages Dusky Sharks through an interstate fishery mariggamand NMFS
manages them as part of the Consolidated Atlantic Highly Migratory Species Fishery Management Plan
(ASMFC 2008; NMFS 2006). Based on the last northwest Atlantic stock assessment, Dusky Sharks are
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considered to be overfished and experiergimverfishing (SEDAR, 2011) and landing of the species is
prohibited (ASMFC, 2008; NMRB06).
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Eastern Oyster — Crassostrea virginica

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

L. Expert | Data | Expert Scores Plots
Crassostrea virginica Scores | Quality | (Portion by Category) [, .
Stock Status 26 14 e S m‘;ﬂeme
Other Stressors 34 3.0 I |=Very High
Population Growth Rate 25 20 — |
Spawning Cycle 18 30 _r
Complexity in Reproduction 23 26 N
Early Life History Requirements 26 30 —
Sensitivity to Ocean Acidification 39 22 -_
Prey Specialization 21 26 T
Habitat Specialization 18 286 e
Sensitivity to Temperature 14 30 |—!
Adult Mobility 40 30 -_
Dispersal & Early Life History 23 3.0 —
Sensitivity Score High
Sea Surface Temperature 40 ao B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 20 30 | oo
Variability Salinity 12 30 I
Ajr Temperature 40 3o . B
Variability Air Temperature 1.0 0 | [
Precipitation 13 30 Iy —
Wariability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 26 1.5 _ —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Eastern Oyster (Crassostrea virginida

Overall Climate Vulnerability Rankery High (100% certainty from bootstrap analysis).

Climate Exposure/ey High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Air Temperature (4.0) and QcAaidification (4.0). Eastern Oyster utilize near
coastal habitats and have a calcium carbonate shell.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Sensitivity to Ocean
Acidification (3.9), Adult Mobility (4.0) and OthereSsors (3.4). Eastern Oyster are sessile and have a
calcium carbonate shell. Adults are reef building and found in estuarine habitats. They are subject to a
number of other stressors including contaminants, invasive species, and habitat loss.

Distributioral Vulnerability Rankvoderate (93% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Eastern Oyster on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expes)s€dcean acidification

will likely negatively impact molluscs, including Eastern Oyster. Increased precipitation may also reduce
available habitat in estuarine areas as upper estuaries become fresher.

Data Quality 88% of the data quality scores wer@i2greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiShell growth of juvenile Eastern Oysters is lower under
lower aragonite saturation states (Ries et al., 2009) and lower pH (Waldbusser et al., 2011). Larvae
experienced lowered growth and delayed metamorphosis at higherc@aentrations (Talmage and
Goblet, 2009). Kimmel and Newell (2007) indicated that reduced recruitment in Chesapeake Bay was
due to decreased spawning stock biomass and clirdaten changs in environmental conditions,

mostly changes in precipitation and freshwater input into the Bay (Kimmel et al., 2012).

Life History SynopsiEastern Oyster is an estuarine keystone species found from the Gulf of St.
Lawrence, Canada, to Key Biscaynaidd, the Gulf of Mexico to the Yucatan Peninsula, and the West
Indies to Venezuela (Sellers and Stanley, 1984). Eastern Oyster has also been introduced to Japan,
Australia, Great Britain, Hawaii, and the west coast of North America (Sellers and S8y, The

species is dioecious, but most young individuals are males while older individuals are females, and there
is evidence that individuals can change gender back and forth annually if needed (Sellers and Stanley,
1984; EOBRT, 2007). Spawningisudated by temperature, but the spawning temperature is stock
specific (Sellers and Stanley, 1984). In northern climates, spawning octhesimmmer, and can occur
yearround in southern climates if temperatures remain abové@nd salinities abovi) (EOBRT,

2007). Males release gametes into the water column first, inducing females to release eggs (Sellers and
Stanley, 1984). Female oysters are highly fecund, producing tens of millions of eggs, and can spawn
multiple times per season (Sellers adthnley, 1984). Eggs incubate fe8 Aours, and larvae progress
through a series of planktonic stages over a period-8fieeks posfertilization, but can delay the

settlement process up to 2 months to search for suitable attachment sites (Selle&tamdy, 1984,

EOBRT, 2007). The initial larval stage, the trochophore stage,{astays and is nefeeding (EOBRT,

2007). The veliger stages are marked by the secretion of a shell, development of a ciliated velum for
swimming and feeding on planki@ organisms (Sellers and Stanley, 1984; EOBRT, 2007). Larvae do not
tolerate high temperatures and have a narrower salinity tolerance range than adults (Sellers and
Stanley, 1984; EOBRT, 2007). Larvae can be quite abundant in the plankton and &oedoadiety of
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filter feeders (Sellers and Stanley, 1984). By the end of the veliger stage, the larvae have a foot with a
byssal gland and react to changes in salinity by changing depth distribution, aiding retention within the
estuary (Sellers and Stay, 1984). At the end of the larval stage, and likely triggered by rising
temperatures, young oysters drop to the bottom and begin crawling in a circular search area, seeking
substrate (Sellers and Stanley, 1984). Shells seem to be the preferred stsiteother hard surfaces

or mud that can support the weight of the reef are also used (Sellers and Stanley, 1984). A current
strong enough to supply food but not-suspend sediment is necessary for survival (Sellers and Stanley,
1984; EOBRT, 2007).@na suitable attachment site is found, the oysters reabsorb the foot and velum
and become sedentary spat (Sellers and Stanley, 1984). Settlement can be repeated until suitable
habitat is found, but once metamorphosis is complete, the oyster is permbinsessile (EOBRT, 2007).
Therefore, adult distribution is determined by the factors effecting larval dispersal, settlement, and
survival. Oyster Drills, Channeledh®lk, starfish, crabs, and the Flabwkh, Stylochus ellipticusare
predators of small oyers (Sellers and Stanley, 1984). Adult oysters are sessile and usually occur in
groups called beds or reefs in a variety of habitats including: oceanic bays, estuaries, drowned river
mouths, and behind barrier beaches with wide ranges in temperaturimityaland water clarity (Sellers

and Stanley, 1984). The extentidstern @ster distribution to the north and inland in the northern
extent of their range are temperature limited, and predation and food availability also play a role in
distribution andsurvival (EOBRT, 2007). Eastern Oysters are filter feeders of phytoplankton and
suspended detritus (Sellers and Stanley, 1984). Oyster Drills and Channeled Whelks are common
predators of adults (Sellers and Stanley, 1984). Easter Oyster is a keystores $n most estuaries
throughout their range, providing habitat for many managed and unmanaged species and promoting
species diversity, effecting water circulation patterns, and improving water quality (EOBRT, 2007).
Harvesting of most natural bedstime northeastern United States is no longer eeffective (Sellers and
Stanley, 1984; EOBRT, 2007). Aquaculture is a major source of commercial oysters (EOBRT, 2007).
Eastern Oysters are managed by each state in the United States and by CanadiantdehiCar

governing bodies. A petition to list Eastern Oyster as endangered or threatened was denied because the
long-term persistence of oyster throughout its range is not believed to be at risk in the foreseeable
future (EOBRT, 2007).
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Green Sea Urchin — Strongylocentrotus droebachiensis
Overall Vulnerability Rank = High [
Biological Sensitivity = High [T

Climate Exposure = High ]
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Plots
Strongylocentrotus droebachiensis scores | Quality | (Portion by Category) [, .
Stock Status 25 | 12 | _ Sm‘;ﬂeme
Other Siressors 18 21 — m Very High
Population Growth Rate 25 16 —
Spawning Cycle 34 30 s A
Complexity in Reproduction 14 25 e
Early Life History Requirements 27 26 —
Sensitivity to Ocean Acidification 33 26 ——h
Prey Specialization 15 26 _—
Habitat Specialization 24 27 — 1
Sensitivity to Temperature 1.7 28 =1
Adult Mobility 32 30 !
Dispersal & Early Life History 19 24 N
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 |_|
Salinity 11 30 /
Variability Salinity 12 30 I
Air Temperature 3.0 3.0 —
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 12 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 22 1.0 o
Sea Level Rise 11 15
Exposure Score High
Overall Vulnerability Rank High
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Green Sea Urchin (Strongylocentrotus droebachiengis

Overall Climate Vulnerability Rartigh (94% certainty from bootstrap analysis).

Climate Exposurddigh. Three exposure factors contributed to this score: Ocean Surface Temperature
(3.9), Air Terperature (3.0), and Ocean Acidification (4.0). All life stages of Green Sea Urchin use marine
habitats and adults can be found in shallow waters.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Spawning Cycle (3.4),
Sensitivityto Ocean Acidification (3.3), and Adult Mobility (3.2). Spawning occurs in a discrete season:
early spring. Tests are made of calcium carbonate and adult mobility is limited.

Distributional Vulnerability RanModerate (86% certainty from bootstrap anadis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Green Sea Urchin on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Ocean acidification
will likely negatively impact test foring echinoderms, including Green Sea Urchins. Warming will also
likely reduce population productivity and may cause shifts out of the region.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Hects on Abundance and Distributioduvenile growth and survivorship is related to
temperature with maximum rates observed atl8°C (Pearce et al., 2005). Warming above these
temperatures would result in decreased growth and survivorship thereby redyemductivity. In
addition, decreasing pH (i.e., ocean acidification) negatively affects many aspects of the life cycle
including larval survival and settlement success (Dupont et al., 2013). However, there is evidence of
plasticity and some ability to aimate to lower levels of pH (Dupont and Thorndyke, 2013).

Life History Synopsi&reen $a Urchin is a cold watechinoderm species found in the northern Pacific,
western Baltic Sea, Korean coast, and from the Canadian Arctic to New Jersey in the nedter

Atlantic (CCIAP, 2007). Spawning is broadcast and external and predominantly occurs in spring with a
smaller season in fall in Newfoundland (Meidel and Scheibling, 1998; CCIAP, 2007). Adults in barren
grounds likely contribute fewer recruits thaaults from kelp beds (Meidel and Scheibling, 1998; Meidel

et al., 1999). Larvae are planktonic fe28 weeks (CCIAP, 2007). Settlement occurs in late spring and
summer when larvae attach to suitable substrate and metamorphose into benthic juveritabelt

and Harris, 2000; CCIAP, 2007). Metamorphosis can be delayed until suitable substrate is found, usually
calcareous algae although nealcareous algae and microbial and algal films are also used (CCIAP,
2007). Juveniles are solitary, dispersed] ant associated with adults (Nishizaki and Ackerman, 2007).
Adults are the dominant herbivore in shallow rocky subtidal zones of the northwest Atlantic, and also
occur in sheltered and exposed kelp beds out to 1200 m (Meidel et al., 1999; CCIAP Gteen)Sea

Urchins are cryptic and usually sparsely distributed in crevices and under boulders (Meidel and
Scheibling, 1998). Green Sea Urchin consume detritus and drift algae when sparse, but when numbers
increase, adults aggregate into fronts along thige of kelp beds (Meidel et al., 1999). Population
outbreaks lead to destruction of kelp beds and formation of sea urdbminated barren grounds

(Meidel and Scheibling, 1998). Green Sea Urchin predominately consume perennial phaeophytes, but
corallinealgae and animals such as barnacles, gastropods, small shrimps, and occasionally dead fish are
consumed in smaller amounts (Himmelman and Steele, 1971). American Lobsters, Rock Crabs, Purple
Sea Stars, other urchins, and a variety of fishes ami$ lairecommon predators of the @en Sea tthin

Return to Table of Contents S7 Supporting Information. Species Narrativé81




Return to Table of Contents

(Himmelman and Steele, 1971). Green Sea Urchins are prized for their roe, particularly in Japanese
markets. The U.S. fishery, which predominantly occurs in Maine and Massachusetts, is managed on a
state-by-state kasis.
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Haddock — Melanogrammus aeglefinus

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High ]
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Plots
Melanogrammus aeglefinus | scores | Quality| (Portion by Category) |, ..
Stock Status 73 | 28 S = m‘;ﬂeme
Other Stressors 1.3 1.6 I — m‘ery High
Population Growth Rate 18 26 ]
Spawning Cycle 24 30 —
Complexity in Reproduction 15 248 e
Early Life History Requirements 25 28 P
Sensitivity to Ocean Acidification 11 14 T
Prey Specialization 14 30
Habitat Specialization 20 3.0 —_r
Sensitivity to Temperature 24 30 —
Adult Mobility 21 28 1
Dispersal & Early Life History 16 30 | —r—
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 1.4 30 | pm
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Low

Return to Table of Contents S7 Supporting Information. Species Narrativ&83




Return to Table of Contents

Haddock (Melanogrammus aeglefinup

Overall Climate Vulnerability Rankw (73% certaintfrom bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Haddock use marine habitats.

Biological Sensitivitfow. No sensitivity atibutes scored above 2.5.

Distributional Vulnerability RanMigh (73% certainty from bootstrap analysis). Haddock are habitat
generalists, with moderate mobility, and dispersive early life history stages.

Directional Effect in the Northeast U.S. ShEkke effect of climate change on Haddock on the Northeast
U.S. Shelf is estimated to be negative, but this estimate is uncertai@0@bcertainty in expert scores).
Haddock is a coltbmperate species and warming will likely cause reductions in availabl&ahab
However, in recent years Haddock recruitment has been very high despite warming. Further, Haddock
distribution has remained relatively constant even with temperature increases.

Data Quality 83% of the data quality scores were 2 or greater inditizd¢ data quality is moderate.

Climate Effects on Abundance and Distributidaddock productivity has been linked to a number of
environmental factors including larval retention, larval feeding conditions, and adult conditions (Lough
et al., 2006; Platet al., 2003; Friedland et al., 2008). However, these environmental factors have not be
directly linked with climate factors. Haddock distribution has remained relatively stable over the past
several decades (Nye et al., 2007) and Murawski (1993) didmbaflink between Haddock distribution

and temperature. Thus, climate effects of Haddock productivity and distribution are not as clear as they
are for other groundfish species in the Northeast U.S. Shelf Ecosystem.

Life History Synopsikladdock are a gical marine species living their entire life cycle in the ocean

between the Strait of Belle Isle to Cape May, New Jersey, along the east coast of North America, along
both coasts of southern Greenland, and from the Barents Sea and Iceland to the Bsgagfdbong the

west coast of Europe (Brodziak, 2005; Fahay, 2007). Haddock mature at around 3 years (NEFSC, 2012).
The location of spawning is limited by bottom type and primarily occurs on Georges Bank and the Gulf of
Maine in United States waters (Caaiinet al., 1999; Brodziak, 2005). Spawning occurs from January to
July varying latitudinally and controlled by temperature (later in colder autumn/winter; Page and Frank,
1989; Cargnelli et al., 1999; KlditacPhee, 2002; Brodziak, 2005). Eggs hatittinsa month (about

15 days at typical Georges Bank temperatures; Page and Frank, 198%#&d€ihee, 2002). Larvae are
pelagic (usually found within the thermocline) and forage on less motile prey such as invertebrate eggs,
copepods, and phytoplankton lgin-MacPhee, 2002; Brodziak, 2005). Metamorphosis occurs
approximately a month after hatching, but juveniles remain in the epipelagic zoneSon@nths before
settling to the bottom (Cargnelli et al., 1999; Brodziak, 2005; Fahay, 2007). Juveniles pi@yndant
organisms within a specific size range: copepods and pteropods while pelagic, but switching to
ophiuroids and polychaetes during the transition to demersal habitat (Cargnelli et al., 1999; Brodziak,
2005). Once demersal, juveniles and adultsupy similar habitat: primarily cool, shelf water with

gravel, pebble, clay, and smooth hard sand substrate, particularly smooth areas between rocky patches
(KleinMacPhee, 2002). Benthic juveniles primarily feed on benthic prey such as crustaceans,
polyctaetes, and small fish (KleMacPhee, 2002; Brodziak, 2005). Adults are indiscriminate consumers
of benthic organisms such as echinoderms, polychaetes, Atlantic Herring eggs, small fish, and
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crustaceans (KleiMacPhee, 2002; Brodziak, 2005). Haddockoarasional prey for several species of
fish, including larger Haddock, and gray seals (WlgioPhee, 2002). Haddock populations had declined
and growth and maturation had shifted since the 1960s through the early 2000s-{fdeirhee, 2002;
NEFSC, 201X owever, Haddock appear to be responding to reduced fishing mortality and recent
management strategies, both United States stocks are no longer experiencing overfishing nor are they
overfished. Haddock are managed under the Northeast Multispecies Fistagrggement Plan (NEFSC,
2012).
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Hickory Shad — Alosa mediocris

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High [l
Data Quality = 62% of scores = 2

Expert | Data | Expert Scores Plots
Alosa mediocris Scores | Quality | (Portion by Category) |,
Stock Status 29 | 04 N =t
Other Siressors 36 16 —m_|mvery High
Population Growth Rate 23 1.0 ———
Spawning Cycle T 24 —1 |
Complexity in Reproduction 34 18 e |
Early Life History Requirements 34 20 —— |
Sensitivity to Ocean Acidification 13 18 I
Prey Specialization 1.7 18 e
Habitat Specialization 2.8 22 —r—
Sensitivity to Temperature 25 20 — T
Adult Mobility 13 28 e
Dispersal & Early Life History 30 14 —
Sensitivity Score High
Sea Surface Temperature 40 30 . N
Variability in Sea Surface Temperature 10 30 |_|
Salinity 19 30 E—
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 30 e
Variability in Precipitation 14 30 e
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 20 10 N
Sea Level Rise 24 15 —_
Exposure Score Very High
Overall Vulnerability Rank Very High
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Hickory Shad (Alosa mediocrip

Overall Climate Vulnerability RarModerate (100% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature 4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Hickory Shad are anadromous,
spawning in freshwater, developing in freshwater and estuarine habitats, feeding as adults in marine
habitats.

Biological SensitivitHigh. Five sensitivity attributescored above 3.0: Spawning Cycle (3.7), Other
Stressors (3.6), Complexity in Reproduction (3.4), Early Life Stage Requirements (3.4), and Dispersal and
Early Life History (3.0). Hickory Shad are diadromous and exposed to a number of other stressors
includng habitat destruction, blockage to spawning habitats, and contaminants (Limburg and Waldman,
2009). Spawning time varies latitudinally and is linked to spring warming (Ma206&). Eggs and

larvae inhabit freshwaters and then juveniles move to estuieadnd ocean waters. Dispersal of eggs and
larvae is limited.

Distributional Vulnerability RanModerate (56% certainty from bootstrap analysis). Hickory Shad have
a relatively high degree of spawning site fidelity, limiting the ability of the specidsftalstribution.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Bluebatdrringis

estimated to be neutral, but this estimate has a high degree of uncertainty (<66% certainty in expert
scores). Of the alosiids speciesra) the U.S. East Coast, Hickory Shad is the least well known. Warming
temperatures may impact various aspects of the life cycle, but the direction and magnitude of these
impacts is difficult to determine. The effect of ocean acidification over the neyeafs is likely to be
minimal.

Data Quality 62% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiBeiative to other alosiids, little is known regarding the
effects of clinate change and variability on Hickory Shad. Spawning migration timing has been linked to
water temperature as well as size, age, and energy reserves (Murauskas and Rulifson, 2011). Egress to
saltwater in the fall is also linked temperature (Able et al140Studies on other alosiids in the region
(Alewife, Blueback Herring) indicate that climate will impact Hickory Shad productivity. Distribution will
be affected less, owing to spawning site fidelity (NMFS, 2012; Lynch et al., 2014; Tommasi et al., 2015)

Life History Synopsiblickory Shad is an anadromous, iteroperous, coastal species found from the Gulf

of Mai ne to St. John’s River, Fl orida -Hyarsnr oe, 20
(Munroe, 2002). Mature adults migrate to freshwagbround Chesapeake Bay and to the south in

spring to spawn (Munroe, 2002). Little is know about the specific location of spawning, but Hickory

Shad seem to prefer freshwater streams with some current (Munroe, 2002; Able and Fahay, 2010).

Spent adultseturn to sea (Able and Fahay, 2010). Eggs are slightly adhesive ardesesnsal

(Munroe, 2002). Larvae and small juveniles leave the freshwater spawning areas forestalater

and estuarine nursery areas (Able and Fahay, 2010). Young shad nmgnathé¢ nursery areas to the

ocean in early summer (Able and Fahay, 2010). Little is known about the oceanic part of the Hickory
Shad life cycle. Adult shad occur in estuarine and coastal areas, occasionally ranging as far north as the
Gulf of Maine indill, but probably overwinter in North and South Carolina (Munroe, 2002; Able and

Fahay, 2010). Hickory Shad are more piscivorous than their congeners and in addition to squid, fish eggs,
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and small crabs, have ba know to consume Sand Lancachovies, Cumer, Atlantic Herring, Scup, and
Atlantic Silversides (Munroe, 2002). The Atlantic States Marine Fisheries Commission manages Hickory
Shad through the Interstate Fishery Management Plan for Shad and River Herring (ASMFC, 1999).
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Horseshoe Crab — Limulus polyphemus

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High [l
Data Quality = 92% of scores = 2

] Expert | Data | Expert Scores Plots
Limulus polyphemus Scores | Quality | (Portion by Category)| o,
Stock Status 20 28 — S m‘;ﬂeme
Other Siressors 24 22 — T mVery High
Population Growth Rate 34 26 e |
Spawning Cycle 28 30 —
Complexity in Reproduction 31 248 T
Early Life History Requirements 20 3.0 —_1
Sensitivity to Ocean Acidification 21 26 e
Prey Specialization 22 24 .
Habitat Specialization 23 28 T —
Sensitivity to Temperature 21 30 7
Adult Mobility 26 28 —T
Dispersal & Early Life History 29 3o e
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 |_|
Salinity 24 a0 [ —
Variability Salinity 12 30 I
Air Temperature 31 3.0 _ |
Variability Air Temperature 1.0 30 | [
Precipitation 1.3 30 Iy —
Wariability in Precipitation 14 30 Iy
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 36 1.5 —— |
Exposure Score Very High
Overall Vulnerability Rank Very High
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Horseshoe Crab (Limulus mlyphemug

Overall Climate Vulnerability Rankery High (83% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (3.9), Ocean Acidification (4.0) and Sea LeveBR¥eHorseshoe Crabs use marine
habitats, but spawn in intertidal areas that could be impacted bylseal rise.

Biological SensitivitHigh. Two sensitivity attributes scored above 3.0: Population Growth Rate (3.4)
and Complexity in Reproduction (3.Horseshoe Crabs are slow growing and #wed. Their life cycle
includes spawning on specific beaches on a lunar cycle.

Distributional Vulnerability Rankow (83% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfeeffect of climate change on Horseshoe Crab is likely to
be negative (9@5% certainty in expert scores). Segel rise will reduce spawning habitat. Warming
will negatively impact egg and larval survival and thereby reduce productivity. There isfidtieation
available regarding the effect of ocean acidification.

Data Quality 92% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributi@Gnowth and larval develapent of larvalHorseshoe

Crab is temperature dependent, with maximum growth and development occurring’@t @@ughlin

1983). Vasquez et al. (2015) showed that the interaction of multiple stressors was important in
determining the embryo development rate. Changeseimperature and salinity in the nearshore

habitats could affect larval survival and ultimately recruitment and population productivityleS8eh

rise also poses a threat, and Galbraith et al. (2002) projected losses of intertidal habitat in Delaware Bay,
which represents an important spawning area for Horseshoe Crabs. The effects of beach erosion and
loss of spawning habitat may be more important to Horseshoe Crab dynamics than ai@iadte

changes in temperature and salinity (Botton and ltow, 2009).

Life History Synopsisiorseshoe Crab is a marine arthropod more closely related to spiders than to true
crabs. Horseshoe Crabs can be found from northern Maine to the Yucatan Peninsula (ASMFC, 1998).
Maturity is reached in41 years (ASMFC, 1998). Adutigrate to protected, lowenergy, intertidal

sandy beaches between March and August to spawn (ASMFC, 1998). Multiple batch spawns occur
during the season with peaks surrounding the full and new moons (ASMFC, 1998). Horseshoe Crabs are
highly fecund withhigh egg and larval mortality (ASMFC, 1998). Eggs are deposited about 10 cm deep in
moist sand nests at or near the water line (Laughlin, 1983; ASMFC, 1998), but waves or burrowing
activity can wash eggs to the surface leaving them vulnerable to pred@&®kIFC, 1998). Eggs hatch 2

-4 weeks posfertilization depending on temperature, moisture, and oxygen content of the nest
environment, but larvae can delay emergence to overwinter in the beach sediments until spring
(ASMFC, 1998). Eggs are an importaotl source for shorebirds (ASMFC, 1998). The first larval stage

is called the trilobite and is nefeeding and yolldependent until first molt into the first tailed stage
(Laughlin, 1983). Trilobites remain close to shore and settle in shallow watarlitASMFC, 1998).

Larvae eat polychaetes and nematodes and are prey to shorebirds and a variety of invertebrates and
finfish including sharks (ASMFC, 1998). Juveniles spend the first two years on sand flats and in shallow
waters of bays near the spawrg beaches (ASMFC, 1998). Older juveniles either stay in coastal bays
yearround or migrate to subtidal areas a few kilometers offshore with the adults of the population
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(ASMFC, 1998). Horseshoe Crabs must molt to grow, and mbf tides over the d1years spent as

a juvenile, molting more frequently during the early years (ASMFC, 1998). Adult Horseshoe Crabs are
able to survive a wide range of conditions, but require salinities >7 and are generally found in 20 m or
less water depths (although theyate been found well offshore; ASMFC, 1998). Juveniles arttd adu
consume a variety of molluscmainly bivalves, and benthic invertebrates such as arthropods, annelids,
nemertean worms, and some vascular plants (ASMFC, 1998). Predation on adultgetias s likely

low, but sea turtles and marine mammals may prey on Horseshoe Crabs, and the crabs are the preferred
bait for American Eel, Channeled Whelk, and Knobbed Whelk fisheries (ASMFC, 1998). Adults are found
in bay areas near spawning beachesiniy most of the year and can either remain there all winter or
migrate in the fall to the continental shelf (ASMFC, 1998). Horseshoe Crabs are the primary bait for
several commercial fisheries, and an important component of the biomedical industryovieusshing

is a concern (ASMFC, 2013). Management of the Atlantic stock, from Maine to eastern Florida (with
many subpopulations) is controlled by the Atlantic States Marine Fisheries Commission, but
administered on statdy-state, multistate, and embayemt levels (ASMFC, 2013). The Delaware Bay

and southeast populations are stabilized and possibly rebuilding, but the New York and New England
populations have declined (ASMFC, 2013). A ban on the import of Asian Horseshoe Crabs has been
recommended to rduce importation of parasites and diseases (ASMFC, 2013).
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Knobbed Whelk — Busycon carica
Overall Vulnerability Rank = Very High [l
Biological Sensitivity = High [T

Climate Exposure = Very High [l
Data Quality = 79% of scores = 2

. Expert | Data | Expert Scores Plots
Busycon carica Scores | Quality| (Portion by Category)| | .
Stock Status 24 | 02 | Sm‘;ﬂeme
Other Stressors 23 15 W Very High
Population Growth Rate 22 16 —_—
Spawning Cycle 22 29 L
Complexity in Reproduction 15 23 —_
Early Life History Requirements 15 28 I —
Sensitivity to Ocean Acidification 39 26 -_
Prey Specialization 24 27 —
Habitat Specialization 19 25 —r
Sensitivity to Temperature 1.7 28 e
Adult Mobility 30 28 I
Dispersal & Early Life History 36 30 B
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 |_|
Salinity 16 30 —
Variability Salinity 12 30 I
Ajr Temperature 35 30 i |
Variability Air Temperature 1.0 0 | [
Precipitation 13 30 Iy —
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 16 1.5 i
Exposure Score Very High
Overall Vulnerability Rank Very High
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Knobbed Whelk (Busycon caricp

Overall Climate Vulnerability Rankery High (58% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (3.9), Air Temperature (3&)d Ocean Acidification (4.0). Knobbed Whelk are found in
inner shelf and nearshore waters.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Sensitivity to Ocean

Acidification (3.9), Adult Mobility (3.0), and Dispersal andyBafé History (3.6). Adults have a calcium
carbonate shell and low mobility. Eggs are attached to the bottom in a gelatinous egg sack and dispersal
of larvae is believed to be limited.

Distributional Vulnerability Rankigh (100% certainty from bootstpaanalysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Knobbed Whelk on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Ocean acidification
will likely negatively impact moles, including Knobbed Whelk. Although there is relatively little
information, warming has the potential to cause northward distribution shifts and may reduce
productivity in the southern part of the ecosystem.

Data Quality 79% of the data quality scoresere 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributibhere is relatively little information regarding the
population dynamics and climate effects on productivity and distribution of Knobbed Whelk tRies e
(2009) found that calcification rate of other gastropods decreased with decreasing aragonite saturation
state. Thus ocean acidification may reduce population productivity, but specific experiments on
knobbed whelk are needed.

Life History Synopsikhobbed Whelk is a slogrowing, estuarine and marine shellfish that occurs from

Cape Cod, Massachusetts, to Cape Canaveral, Florida (Eversole et al., 2008). The species was once
believed to be hermaphroditic, but recent work and genetics have confirmaokhobbed Whelks are
dioecious with larger and later maturing females (6 years) and smaller, earlier maturing males (4 years)
(Avise et al., 2004; Power et al., 2009). Maturity may occur later in northern parts of their range
(Castagna and Kraeuter, 19%bower et al., 2009). Spawning occurs in spring and fall, but it is uncertain
whether an individual female can spawn twice a year, and fall is the dominant spawning season
(Magalhaes, 1948). Knobbed Whelk form small spawning aggregations and femil@aturs internally
(Magalhaes, 1948). A female produces thousands of eggs that are encased in capsules and laid in a long
string with one end buried in the mud or sand as an anchor (Magalhaes, 1948). Eggs usually incubate
over the winter and hatch irhe spring, but incubation can be as short as 6 weeks (Power et al., 2009) or
as long as 13 months (Anderson, 2005). Young Knobbed Whelks emerge from the eggs as small juveniles
(Magalhaes, 1948). Knobbed Whelk are an abundant species of whelk througbsiubf their range,
particularly in inshore and shelf mud and sand bottom habitat (Magalhaes, 1948). During late fall and
winter, Knobbed Whelks partially submerge themselves in the sand in deeper waters (Magalhaes, 1948;
Power et al., 2009). Adults prgyimarily on bivalves, but annelids are also consumed and Knobbed

Whelk may scavenge on recently dead fish (Magalhaes, 1948). Crabs and gulls are common predators
(Magalhaes, 1948). Knobbed Whelks are {ivegd, late maturing, and slow growing (Eveeset al.,
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2008). Commercial fisheries exist throughout their range and are managed on dgisiEte basis.
Knobbed Whelks can be hapitked, dredged, or occasionally caught in traps (Magalhaes, 1948).
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Little Skate - L eucoraja erinacea

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 88% of scores = 2

. . Expert | Data | Expert Scores Plots
Leucoraja erinacea Scores | Quality | (Portion by Category)| o, .
Stock Status 20 | 28 1 - ﬂi‘;mte
Other Stressors 15 14 I — E Very High
Population Growth Rate 29 24 —
Spawning Cycle 12 30 I
Complexity in Reproduction 13 22 I —
Early Life History Requirements 11 30 [/
Sensitivity to Ocean Acidification 15 28 o —
Prey Specialization 12 30 |
Habitat Specialization 12 3.0 I
Sensitivity to Temperature 21 30 [E—
Adult Mobility 23 22 —
Dispersal & Early Life History 19 28 | __—
Sensitivity Score Low
Sea Surface Temperature 39 3o . N
Variability in Sea Surface Temperature 10 io ]
Salinity 20 30|
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank Low
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Little Skate (Leucoraja erinacepn

Overall Climate Vulnerability Rankw (88% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) andOcean Acidification (4.0). Little Skate are demersal and complete their life cycle in marine
habitats.

Biological Sensitivityow. Only one attribute scored above 2.5: Population Growth Rate (3.4). In
general, skates have a low population growth ratgl(leir sensitivity to climate change) (Frisk 2010).

Distributional Vulnerability RanMigh (76% certainty from bootstrap analysis). Little Skate are habitat
generalists and moderately mobile as adults, making seasonal movements. In addition, skate £gg case
are subject to movement by currents and juveniles may move on scales®ki.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Little Skate is estimated to

be negative, but this estimate has a high degree of uncertdirig% certainty in expert scores). Little

Skate are a cold water species and reductions in productivity may occur because of warming and ocean
acidification. However, distributions have shifted southwards in recent years, contrary to the
expectation of a arthward shift with warming.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributibhSanto (2015) found that increased warming and
acidification reduce bodyondition of newly hatched Little Skate. These reductions in size could result in
reduced juvenile survival and thus recruitment. Nye et al. (2009) found that Little Skate moved
southwards while a majority of species moved northwards. In addition, Colike @008) found Little

Skate increasing in Narragansett Bay. The causes for this distribution shift and change in abundance
remain unclear, but Frisk et al. (2008) suggested a connection between skate populations on the
Northeast U.S. Shelf and the SaotiShelf. Such a connection could play a role in the southward
movement of Little Skate (e.g., increasing population size).

Life History Synopsikittle &ate is a coastal, benthic elasmobranch that occurs from southeastern
Newfoundland to Cape Hatteradprth CarolingMcEachran, 2002). Littl&k&e reach sexual maturity

at about 4 years and mating occurs through internal fertilization (Packer et al., 2003). Spawning occurs
year round with peaks in spring and fall (Packer et al., 2003). An individyapaan twice annually

and produce approximately 30 eggs per year (Packer et al., 2003). Eggs are encapsulated in a greenish
brown case and laid in pairs on the sea floor (Packer et al., 2003). The egg case adheres to the bottom
substrates with sticky iments, but frequently wash up on beaches (Packer et al., 2003). Eggs incubate
for 6-12 months; duration is partially determined by temperature (Packer et al., 2003). Sea urchins and
whelks prey on skate eggs (Packer et al., 2003). Juveniles hatciglpgitilike adults (Packer et al.,

2003). Juveniles and adults occur on sand, gravel, and mud substrates and range from estuaries to 300
m, but usually occur at depths <111 m (McEachran, 2002; Packer et al., 2003). The inshore portion of
the populationmigrates seasonally inshore and offshore regulated by temperature, as well as small
migrations to the north and south (Packer et al., 2003). Juveniles and adults are generally found farther
inshore and in estuaries during spring and summer, and overwimtgeeper water (McEachran, 2002;
Packer et al., 2003). Juveniles consume crustaceans, particularly amphipods and decapods (Packer et
al., 2003). The reliance on amphipods decreases with size, and the consumption of fish and polychaetes
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increases (Packet al., 2003). Adult skates consume primarily decapod crustaceans, amphipods,
polychaetes and to a lesser degree isopods, bivalves, and small fish (Packer et al., 2003). The dominant
predators of juvenile and adult Little Skates are sharks, other skislesst fishe, gray seals, and Rock

Qabs (Packer et al., 2003). Little Skate is managed as part of the skate complex by the New England
Fishery Management Council and are neither overfished nor is overfishing occurring (NEFSC, 2007).
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Longfin Inshore Squid - Doryteuthis pealeii

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 88% of scores = 2

. . Expert | Data | Expert Scores Plots
Doryteuthis pealei Scores | Quality | (Portion by Category) |,
Stock Status 18 | 26 | _ [ ] - ﬂ;ﬂme
Other Stressors 14 2.0 Iy mVery High
Population Growth Rate 12 26 /
Spawning Cycle 14 25 Iy
Complexity in Reproduction 15 24 e
Early Life History Requirements 26 18 —r
Sensitivity to Ocean Acidification 14 24 e
Prey Specialization 14 28 I
Habitat Specialization 1.1 28 [
Sensitivity to Temperature 15 30 o —
Adult Mobility 12 30 [
Dispersal & Early Life History 18 21 —T
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 24 30 [ —
Variability Salinity 12 30 I
Air Temperature 17 3.0 e
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 (!
Wariability in Precipitation 1.1 30 T
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 1.3 15
Exposure Score High
Overall Vulnerability Rank Low
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Longfin Inshore Squid (Doryteuthis pealei

Overall Climate Vulnerability Rankw (100% certainty from bootstrap analysis).

Climate ExposureHigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to ocean surface temperature and ocean acidification
occurs during all life stages.

Biological Sensitivityow. Orly one sensitivity score was above 2.5: Early Life History Requirements
(2.6). Longfin Inshore Squid have benthic egg masses, which are predominantly found in coastal waters.

Distributional Vulnerability Rankigh (100% certainty from bootstrap analysi$hree of the attributes
indicated vulnerability to distribution shift. Longfin Inshore Squid are habitat generalists occurring
pelagic habitats from the coast to at least the shelf edge. They are mobile and make ecaffbboze
seasonal migrations. Spawmg occurs in coastal waters and paralarvae have the potential to be broadly
dispersed.

Directional Effect in the Northeast U.S. Shelfe effect of climate change on Longfin Inshore Squid on
the Northeast U.S. Shelf is estimated to be positive, butdkiBnate is uncertain (660% certainty in
expert scores). More habitat is likely to become available, particularly in the Gulf of Maine. However,
productivity may decrease as ocean acidification continues.

Data Quality 88% of the data quality scores vee2 or greater.

Climate Effects on Abundance and Distributiduittle is known about how climate will impact Longfin
Inshore Squid; however, research on similar species suggests there may be some impact. For example,
in the Northeast Atlantic, survivaf embryos of the EuropaaSquid I oligo vulgarisdecreased with
increasing temperature and decreasing pH (Rosa £@14).Timing of the inshore migration of Veined
Squid Loligo forbegiis linked to temperature and in warmer ysathis migration oaars earlier (Sims et

al., 2001). Warming and ocean acidification will also likely impact Longfin Inshore Squid. Individuals
raised under elevated pG@emonstrated increased time to hatching and shorter mantle lengths;
aragonite statoliths were also smail@bnormally shaped and had an altered crystal structure (Kaplan et
al, 2013). Manderson et al. (2011) found that temperature was an important component of Longfin
Inshore Squid habitat and as temperature increases, the amount of available habitad #hcebse.

Life History Synopsikongfin Inshore Squid is a shdisted, coastal, schooling, pelagic cephalopod
species that occurs from Newfoundland to the Gulf of Venezuela (NEFSC, 2011). This semelparous
species most likely has a lifespan of lesmtbne year (Cargnelli et al., 1999; NEFSC, 2011). Males grow
faster and get larger than females, but most individuals mature around 16 cm mantle length (Cargnelli
et al., 1999; NEFSC, 2011). Spawning occurs in bays and shallow coastal areas anegsB&dqrg
probably year round, but with a peak in springummer (Cargnelli et al., 1999). Egg masses are laid in
clusters on sand or mud bottom and attach to fixed objects like rocks, small boulders, and aquatic
vegetation (Cargnelli et al., 1999; NEEX®Q1). Eggs hatch after-BJ days depending on temperature.
Larvae are called paralarvae and are pelagitear surface waters, but gieeper as they mature

(Cargnelli et al., 1999). Paralarvae consume copepods primarily (Cargnelli et al., 18898)vdea

mature into juveniles, a stage that lasts approximately one month during which the squid remain in the
near surface waters, but undergo a shift in diet from copepods to euphausiids and arrow worms
(Cargnelli et al., 1999). At approximately 45 ntine, juvenile squid transition from a surface to a
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demersal lifestyle and begin to look and migrate like the adults (Cargnelli et al., 1999). Subadults occur
yearround, migrating offshore in fall, overwintering along the continental shelf edge, retumnsgpre

in spring, and mingling with adults in the summer (Cargnelli et al., 1999). The diet of subadults
transitions from planktonic organisms to benthic crustaceans, polychaetes, shrimp, and small squid
(Cargnelli et al., 1999). Adult Longfin Inshayai& form large schools based on size and migrate

offshore to the shelf edge and slope for the winter and inshore for the summer (Cargnelli et al., 1999).
Longfin Inshore Squid also make diel vertical migrations into the water column at night (Catgeglli e
1999; NEFSC, 2011). Temperature effects migrations, distribution, growth, and spawning of the species
(NEFSC, 2011). Adult squid consume crustaceans, polychaetes, small fish, and other squid, with an
increasing reliance on fish and squid with sine while onshore, and more crustaceans consumed while
offshore (Cargnelli et al., 1999). Longfin Inshore Squid are prey to marine mammals (longfin pilot whale
and common dolphin), finfish (Bluefish, Black Sea Bass, Atlantic Mackerel, Atlantic CodkHaddoc
Pollock, Silver Hake, Red Hake, Sea Raven, Angell8bakfish (Goosefish)Spiny Dogfish, and

Summer Flounder), and diving birds (Cargnelli et al., 1999). The species is most abundant between
Georges Bank and Cape Hatteras, North Carolina, antetfian is managed as a single stock (Cargnelli

et al., 1999). The Midtlantic Fishery Management Council manages Longfin Inshore Squid under the
Atlantic Mackerel, Squid, and Butterfish Fishery Management Plan. In 2010, Longfin Inshore Squid was
not ovefished, but it was unknown whether overfishing was occurring (NEFSC, 2011).
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Monkfish — Lophius americanus

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High ]
Data Quality = 79% of scores = 2

. . Expert | Data | Expert Scores Plots
Lophius americanus Scores | Quality | (Portion by Category)| o,
Stock Status 20 | 26 | _ - m‘;ﬂeme
Other Stressors 1.5 20 e m Very High
Population Growth Rate 30 20 1
Spawning Cycle 24 28 —
Complexity in Reproduction 17 16 —
Early Life History Requirements 19 12 [ —
Sensitivity to Ocean Acidification 11 14 T
Prey Specialization 13 30 I —
Habitat Specialization 15 28 e
Sensitivity to Temperature 20 28 1L
Adult Mability 23 26 I —
Dispersal & Early Life History 20 24 1
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 15 30 | pm
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Low
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Monkfish (Goosefish) (Lophius americanys

Overall Climate Vulnerability Rankw (76% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life sgfMonkfish (Goosefish)se marine habitats.

Biological Sensitivityow. Only one sensitivity attributes scored above 2.5: Population Growth Rate
(3.0).Monkfish (Goosefishgre relatively slow growing and late maturing (Steimle et al., 1999).

Distribuional Vulnerability Raniigh (72% certainty from bootstrap analysid)onkfish (Goosefistgre
habitat generalists that make seasonal movements and have dispersive early life history stages.

Directional Effect in the Northeast U.S. ShElfe effect otlimate change oMonkfish (Goosefishgn

the Northeast U.S. Shelf is estimated to be neutral, but with a moderate degree of uncerta#9%66
certainty in expert scorespMonkfish (Goosefishiy a temperate water fish and the effect of warming on
habitat availability in the Northeast U.S. is unclear. There is hot much information regarding
productivity, thereby creating uncertainty as to the directional effect of climate.

Data Quality 79% of the data quality scores were 2 or greater indicate that gaadity is moderate.

Climate Effects on Abundance and DistributiBeiatively little is known regarding climate effects on
Monkfish (Goosefish)rhe abundance of a congenknphius piscatoriudas increased in Iceland in
recent years, likely as a resof warming temperatures (Solmundsson et al., 2010). They may suggest
that productivity ofMonkfish (GoosefishWwhich are at the southern extent of their range in the
Northeast U.S. Shelf, will decrease as warming contirideskfish (Goosefisi)ave shited northwards
(Nye et al., 2009) and their distribution is related to temperature (Murawski, 1993).

Life History SynopsiMonkfish (Goosefishpr Monkfish is a benthic, marine, anglerfish species that
occurs from southern and eastern Grand Banks amthern Gulf of St. Lawrence to eastern Florida, but

is only common north of Cape Hatteras, North Carolina (Steimle et al., 1999). Males mature after about
4 years, but females mature after about 5 years and live longer than males (Steimle et al., EBS;,N
2010). Spawning occurs in spring through autumn starting in the south, and eggs are released in long,
floating, mucus veils (Steimle et al., 1999). Egg veils, and individual eggs, are buoyant on the surface and
incubation lasts 1 week to 4.5 montdspending on temperature (Steimle et al., 1999). Newly hatched
larvae remain in the veil for-2 days after hatching, and are pelagic after emerging (Steimle et al., 1999).
Larvae are zooplanktivores, consuming copepods, crustacean larvae, and chdesq@taimle et al.,

1999). After several weeks to a few months in the plankton, young juveniles slowly transition into
benthic juveniles that resemble the adult (Steimle et al., 19%hall juveniles consume fish (Sand

Lance), crustaceans, and squid hee consumption of inverts decreases with growth (Bieiet al.,

1999). Swordfish, Spiny Dogfish, Thorny Skate, Smamfish,Atlantic Cod, Sandbar Shark, angsky

Shark consumaMonkfish (Goosefistjuveniles, and cannibalism by larger individualsyrbe a

substantial source of mortality (Steimle et al., 1999). Juveniles and adults tolerate a wide range of
temperatures and salinities, but avoid low salinity and temperature extremes (C2@88). In the Gulf

of Maine,Monkfish (Goosefishinigrateoffshore in winter—spring to avoid cold temperatures and find

food, then return to coastal waters in summenutumn (Steimle et al., 1999)n the midAtlantic
region,Monkfish (Goosefishhove offshore in summer autumn to avoid warm temperatures arithd

food (Steimle et al., 1999). AdWtonkfish (Goosefistgre found over hard sand, pebbiyavel, mixed
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sand and shell, mud, and clay substrate and rest for long periods in depressions on the bottom or
partially covered in sediment (Steimle et aB9®). The first dorsal spine is adapted to act as a lure to
coax small fish to within range (Caruso, 2002). The large wide mouth opens quickly creating suction, and
prey fishes are swallowed whole (Caruso, 2002). Adults are oppstittambush predata of
invertebratesand fish (primarily squid, clupeids, hakes, American Plaice, Little Si@mt&fish
(Goosefish)and Sand Lances), but also eat sea birds and diving ducks (Steimle et al., 1999; Caruso,
2002). Monkfish (Goosefistgan consume large quéties of prey including animals almost as large as
they are, but then refuse food for sera days (Caruso, 2002). Lalgenkfish (Goosefisave few
predators (Steimle et al., 1999). The New England andA¥ightic Fishery Management Councils
jointly manageMonkfish (Goosefisithrough theMonkfish (Goosefishishery Management Plan
(NEFSC, 2010). TMenkfish (Goosefish)shery is divided into two regions: north of Georges Bank and
south of Georges Bank (NEFSC, 2010). Neither stock is overistegariencing overfishing, but the
northern stock was identified as most vulnerable (NEFSC, 2010).
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MNorthern Kingfish — Mentficirrhus saxatilis

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Low [
Climate Exposure = Very High [l
Data Quality = 75% of scores = 2

Expert | Data | Expert Scores Plots
Menticirrhus saxatilis Scores | Quality| (Portion by Category)| o,
Stock Status 22 | 02 | Sm‘;ﬂeme
Other Stressors 21 16 . W Very High
Population Growth Rate 12 22
Spawning Cycle 21 30 L
Complexity in Reproduction 21 24 —_—
Early Life History Requirements 25 048 T
Sensitivity to Ocean Acidification 16 24 e
Prey Specialization 16 26 e
Habitat Specialization 14 3.0 I —
Sensitivity to Temperature 12 26
Adult Mobility 14 28 e
Dispersal & Early Life History 24 10 —
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 30 30 —
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 13 1.5 I —
Exposure Score Very High
Overall Vulnerability Rank Moderate
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Northern Kingfish (Menticirrhus saxatilg)

Overall Climate Vulnerability RarModerate (83% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4pdsiEe to all three factors
occur during all life stages. Northern Kingfish have an onsbifsbore seasonal migration and are
exposed to ocean waters and nearshore waters.

Biological Sensitivitgow. Only one sensitivity attribute scored above 2.5: ¥hife History
Requirements (2.5). Northern Kingfish spawn in coastal waters and juveniles settle in shallow water.

Distributional Vulnerability RanMigh (100% certainty from bootstrap analysis). Three of the attributes
indicated vulnerability to distribtion shift. Northern Kingfish are habitat generalists and found along
sandy beaches. They are mobile as adults and larvae disperse over moderately large areas.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Northern Kishfon the
Northeast U.S. Shelf is estimated to be positive, but this estimate has uncertairf@@¥6ertainty in

expert scores) owing to the relative lack of information regarding this species. This species is more
common in the south and thus there iset expectation that as warming occurs more areas on the
Northeast U.S. shelf will be thermally suitable. The effect of ocean acidification over the next 30 years is
likely to be minimal.

Data Quality 75% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributiételatively few studies have examined the effect of

climate factors on Northern Kingfish. Studies in other regions on congeners indicate that river discharge
may be an important factor in the distribution and pradivity of these species (Carassou et al., 2011).
Increases in precipitation in the Northeast may negatively impact Northern Kingfish, but increases in
temperature may allow range extension (Howell and Auster, 2012).

Life History Synopsiblorthern Kingfik is an estuarine and coastal finfish species that occurs from the
Gulf of Maine to the Gulf of Mexico, but is most abundant between Cape Hatteras, North Carolina, and
Cape Cod Massachusetts (KiblacPhee, 2002; Able and Fahay, 2010). Kingfish matuveebat12

years of age and spawn in estuarine and coastal areas in spring through late summevié<ehee,

2002; Able and Fahay, 2010). Eggs are pelagic and incubateForhtturs (KleiMacPhee, 2002).

Larvae occur mostly in coastal areas and th# zone, and some move into estuaries during summer
months (Able and Fahay, 2010). Juveniles resemble adults and live on or near bottom in estuaries and
coastal waters with sandy bottom where they consume crustaceans, polychaetes, and clupeid fishes
(Kleh-MacPhee, 2002; Able and Fahay, 2010). Juveniles leave estuaries in fall (Able and Fahay, 2010).
Adult kingfish prefer hard or sandy bottom, form schools, and have no swim bladder to make the
drumming sounds common to other members of the SciaenidadygiKleinMacPhee, 2002). Juvenile

and adult kingfish make large seasonal migrations, moving south and maybe offshore in winter, occur
off North Carolina in spring, and are abundant along the coast between North Carolina and
Massachusetts in summer analf(Able and Fahay, 2010). Northern Kingfish are bottom feeders that
consume crustaceans, polychaetes, and fishes ieicPhee, 2002). Northern Kingfish are not

managed in the northeastern US region, and there is no directed commercial fishery fpetiiess
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Northern Quahog — Mercenaria mercenaria

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = Very High [l
Climate Exposure = High ]
Data Quality = 88% of scores = 2

] ] Expert | Data | Expert Scores Plots
Mercenaria mercenaria Scores | Quality | (Portion by Category) BlLow
Stock Status 23 | 06 | |- m‘;ﬂeme
Other Siressors 36 28 —— i |mVery High
Population Growth Rate 24 22 —
Spawning Cycle 22 30 o
Complexity in Reproduction 22 28 R
Early Life History Requirements 23 27 -
Sensitivity to Ocean Acidification 38 26 — I |
Prey Specialization 13 30 I —
Habitat Specialization 25 3.0 —
Sensitivity to Temperature 1.7 30 e
Adult Mobility 349 30 B
Dispersal & Early Life History 22 28 —
Sensitivity Score Very High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 18 30 _—
Variability Salinity 12 30 I
Air Temperature 31 3.0 _ I |
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I —
Wariability in Precipitation 12 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 1.0 —r
Sea Level Rise 24 15
Exposure Score High
Overall Vulnerability Rank Very High
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Northern Quahog (Mercenaria mercenarif

Overall Climate Vulnerability Rankery High (74% certainty from bootstrap analysis).

Climate ExposureHigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to Air Temperature was also high (3.1). Northern Quahog
utilize near coastal and intertidal habitats and have a calcium carbostall.

Biological SensitivitWery High. Three sensitivity attributes scored above 3.5: Sensitivity to Ocean
Acidification (3.8), Adult Mobility (3.9) and Other Stressors (3.6). Northern Quahog are sessile and have
a calcium carbonate shell. Adults an¢ertidal / shallow water and subject to a number of other

stressors including contaminants and habitat loss.

Distributional Vulnerability RanMigh (54% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of imate change on Northern Quahog on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Ocean acidification
will likely negatively impact molluscs, including Northern Quahog. Larval survival and recruitment could
be negatively impacted by warming, thereby decreasing productivity. Warming may also decrease
available habitat resulting in shifts in distribution.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

ClimateEffects on Abundance and Distributidbrowth in Northern Quahog is related to temperature

(Jones et al., 1989). Larval survival and growth exhibit a domed shaped response to temperature with an
optimum between 25830°C (Davis and Calabrese, 1964). Latgaelopment is during summer and
temperatures in excess of 3C could be detrimental. Larval growth and survival are also related to

salinity with an optimum at a salinity of 27. Under.€0ncentrations estimated to occur later this

century, Northern Qulaog larvae exhibited declines in survivorship (>50%), as well as significantly
delayed metamorphosis and significantly smaller sizes (Talmage and Gobler, 2009). Net calcification rate
also decreased with decreasing aragonite saturation state (Reis 2088). However, carbonate

chemistry and ocean acidification are affected by many factors including atmospherim&ling

future aragonite saturation state in these systems difficult to project (Waldbusser and Salisbury, 2014).

Life History Synopsiblorthern Quahog, or the hard clam, is a highly fecund, estuarine and marine
shellfish species found from the Gulf of St. Lawrence to the Atlantic coast of Florida and in Texas.
Quahog need up to three years to reach maturity (Stanley and Dewitt, 1983). $gavatiurs from May

- August beginning in the southern part of the range and continuing to the north (Stanley and Dewitt,
1983). Gamete release is triggered by rising temperatures within the range3ff 21, and females

release eggs several times ove?-a.5 month period with the first release being the largest (Stanley and
Dewitt, 1983). The pelagic eggs hatch afterldzhours and can be carried many kilometers from the
spawning site (Stanley and Dewitt, 1983). The larval or veliger stage canHmgtas612 days

depending on temperature (Stanley and Dewitt, 1983). Settlement is determined by size and can be
delayed by low salinities (Stanley and Dewitt, 1983). Seed clams prefer sandy substrate with bits of shell
or detritus (Stanley and Dewitt983). Juveniles consume phytoplankton and small zooplankton (Stanley
and Dewitt, 1983). Adult Northern Quahogs inhabit intertidal and subtidal bays and estuaries and move
very little (a few cm) once settled (Stanley and Dewitt, 1983). As filter feedertexh Quahog strain
plankton and microorganisms from the bottom water (Stanley and Dewitt, 1983). Gastropods, crabs,
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shrimp, sea stars, fish, and birds consume Northern Quahog (Stanley and Dewitt, 1983; Tarnowski,
2007). There is no federal stock assaent for this species. Commercial and recreational harvests are
managed on a statby-state basis mostly through bag limits and gear limitations (e.g., NCDMF, 2001;
MDDNR, 2012).
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Northern Shortfin Squid — llex llecebrosus

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Flots
lllex illecebrosus Scores | Quality| (Portion by Category)| ,
Stock Status 24 | 22 | |- ﬂ;ﬂme
Other Stressors 12 12 [/ mVery High
Population Growth Rate 11 26 [
Spawning Cycle 13 21 I
Complexity in Reproduction 15 19 iy
Early Life History Requirements 24 24 P —
Sensitivity to Ocean Acidification 18 20 o I
Prey Specialization 13 28 I —
Habitat Specialization 12 28 [
Sensitivity to Temperature 13 28 —
Adult Mobility 10 26 [
Dispersal & Early Life History 12 27 L
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 1.7 30 e
Variability Salinity 12 30 I
Air Temperature 17 3.0 e
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 (!
Wariability in Precipitation 1.1 30 T
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 22 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank Low

Northern Shortfin Squid (lllex illecebrosup
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Overall Climate Vulnerability Ranlow (100% certainty frm bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to ocean surface temperature and ocean acidification
occurs during all life stages.

Biolagical Sensitivitlow. All sensitivity scores were below 2.5.

Distributional Vulnerability Ranktery High (100% certainty from bootstrap analysis). Four of the
attributes indicated vulnerability to distribution shift. Northern Shortfin Squid are halgiateralists

and occur in pelagic habitats both on and off the continental shelf. They are highly mobile and make
large seasonal migrations on and off the shelf. Spawning occurs in slope waters and larvae (called
paralarvae) have the potential to be broadligpersed.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Northern Shortfin Squid on
the Northeast U.S. Shelf is estimated to be positive, but this estimate is highly uncertain (<66% certainty
in expert scores). Warming mancrease available habitat on the Northeast U.S. Shelf and a northward
shift in the Gulf Stream may result in more squid on the shelf. However, population productivity may
decrease as ocean acidification continues creating some uncertainty in the alir@atiffect of climate
change.

Data Quality 83% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributidhere is some evidence that Northern Shortfin Squid are
affected by climate factors. Egg development is inhiblietbw a threshold of 12.5 °C (Coelho et al.

1994) and thus warming may open more spawning habitat off the Northeast U.S. Shelf. Abundance
fluctuates in concert with the North Atlantic Oscillation (NAO; Dawe et al., 2000). Dawe et al. (2007)
suggested enwnmentally driven alternation between Northern Shortfin Squid and Inshore Longfin
Squid. This suggests that conditions that increase productivity of Northern Shortfin Squid may decrease
productivity of Inshore Longfin Squid.

Life History Synopsiblorthem Shortfin Squid is a highly migratory, shiived, marine species that

occurs from the Sea of Labrador to the Straits of Florida (Hendrickson and Holmes, 2004). The spawning
patterns of Northern Shortfin Squid are largely unknown. In captivity, fernadégred in 4660 days
(Hendrickson and Holmes, 2004). The lifespan of the semelparous Northern Shortfin Squid is <1 year
with mortality within days of spawning (Hendrickson and Holmes, 2004). The majority of spawning
occurs between October and June, Ik species may spawn year round (Hendrickson and Holmes,
2004). The winter spawning habitat is unknown, but spawning has been confirmed on ti#alfitc

shelf and offshore areas along the Gulf Strealmpe water frontal zone; south of Cape Hatteras/m

also be important based on observations of paralarvae and hatchlings in these areas (Hendrickson and
Holmes, 2004). Females can produce multiple, neutrally buoyant, egg masses housed in a gelatinous
balloon and containing thousands of eggs (10,6Q00,000; Hendrickson and Holmes, 2004). Eggs

hatch after 12 weeks depending on temperature (Hendrickson and Holmes, 2004). Paralarvae hatch at
1.1 mm mantle length, develop into a transitional stage by 5 mm mantle length, and reach the juvenile
stage at 710 mm mantle length (Hendrickson and Holmes, 2004). Paralarvae occur year round in the
Gulf Stream, but are most common in winigpring (Hendrickson and Holmes, 2004). Eggs and
paralarvae require waters > 12@, and the Gulf Stream is likely the miainte of transport

Return to Table of Contents S7 Supporting Information. Species Narrativeg2




Return to Table of Contents

(Hendrickson and Holmes, 2004; Dawe et al., 2007). Hatchlings have been collected only south of Cape
Hatteras, but identification to species is difficult in this area (Hendrickson and Holmes, 2004). Juveniles
and adults migrate onto # Newfoundland to Cape Hatteras shelf in spring and by late autumn migrate
offshore, possibly to a winter spawning site (Hendrickson and Holmes, 2004). The proportion of the
population that remains offshore year round is unknown (Hendrickson and Hol®@4).2Males are

smaller than females and begin to disappear from the shelf in early autumn (Hendrickson and Holmes,
2004). The cause of this shift in sex ratio is unknown, but the males could be migrating to offshore
mating grounds earlier than females experiencing increased mortality, possibly due to cannibalism by
the larger females (Hendrickson and Holmes, 2004). Fish, squid, and crustaceans make up the majority
of the diet, with an ontogenetic shift from primarily crustaceans to fish (early kfgestof several

species and adultapelin) and squid (including cannibalism) with increased size (Hendrickson and
Holmes, 2004). Predators of Northern Shortfin Squid include several benthic and pelagic predators such
as Bluefin Tuna, Silver and Red HaBasefish Monkfish (GoosefishFourspot Flounder, Atlantic Cod,

Sea Raven, Spiny Dogfish, Swordfish, pilot whales, common dolphin, shearwaters, gannets, and fulmars
(Hendrickson and Holmes, 2004). Northern Shortfin Squid has an interesting arrayrsiedefe

mechanisms including: camouflage coloration, schooling behavior, jetting, and ink release (Hendrickson
and Holmes, 2004). Although considered one stock commercially exploited from Newfoundland to Cape
Hatteras, North Carolina, the species is managetlbrthwest Atlantic Fisheries Organization in

Canadian waters and by the MAtlantic Fishery Management Council in United States waters. The Mid
Atlantic Council manages Northern Shortfin Squid as part of the Atlantic Mackerel, Squid, and Butterfish
Fiskery Management Plan. In 2005, the stock was overfished and overfishing status could not be
determined due to a lack of reliable stock biomass and fishing mortality estimates (NEFSC, 2006).
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Northern Shrimp — Pandalus borealis

Overall Vulnerability Rank = High [

Biological Sensitivity = High [
Climate Exposure = High ]
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Plots
Pandalus borealis Scores | Quality| (Portion by Category)| o,
Stock Status 36 | 14 — Sm‘;ﬂeme
Other Stressors 2.3 20 m Very High
Population Growth Rate 12 28 /
Spawning Cycle 31 30 |
Complexity in Reproduction 28 22 —
Early Life History Requirements 29 1.8 — [
Sensitivity to Ocean Acidification 22 26 = — |
Prey Specialization 1.7 24 —T
Habitat Specialization 26 3.0 —
Sensitivity to Temperature 32 30 e —
Adult Mobility 17 26 —
Dispersal & Early Life History 21 22 1
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 10 30 T
Variability Salinity 12 30 I
Air Temperature 14 3.0 I —
Variability Air Temperature 1.0 0 | [
Precipitation 11 30 [
Variability in Precipitation 1.1 30 T
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 16 15
Exposure Score High
Overall Vulnerability Rank High
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Northern Shrimp (Pandalus borealis

Overall Climate Vulnerability Rartigh (99% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this sco®cean Surface Temperature
(4.0) and Ocean Acidification (4.0). All life stages of Northern Shrimp use marine habitats.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Stock Size (3.6), Spawning Cycle
(3.1), and Sensitivity tbemperature (3.2). Northern Shrimp in the Gulf of Maine is at very low

population sizes. They migrate offshore to spawn in the summer, and spawning is sensitive to
temperature (Koeller et al., 2009).

Distributional Vulnerability RanMigh (96% certaintyfrom bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Northern Shrimp on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Effects of ocean
acidification on crusiceans are equivocal, but warming decreases population productivity and
reductions in recruitment have already been observed.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundee and DistributionThe productivity of Northern Shrimp in the Gulf of

Maine is affected by ocean temperatures. Reduced recruitment in recent years has been linked with
increasing temperatures (Richards et al., 2012) and has led to closure of the {&B&NFC, 2015). In
Greenland, warming temperatures has led to an increase in the area occupied by the species (Wieland,
2005). In experiments, larval survival was not affected byl€@ls expected by 2100, but development
rates were lower than in a conttrgroup (Bechmann et al., 2011; Arnberg et al., 2013). However, effects
of warming temperature are likely greater on survival than decreasing pH (Arnberg et al., 2013).
Decreasing pH may also decrease the quality of Northern Shrimp to consumers raigiogstidity of

a socieeconomic interaction (decreased value at lower pH) (Dupont et al., 2014).

Life History Synopsiblorthern Shrimp is a boreal crustacean that occurs in cold waters of the North
Pacific and Arctic Oceans and from the Atlantic Ocedaraouth as the Gulf of Maine (NEFSC, 2014).
Northern Shrimp are hermaphroditic, maturing first as males at 2.5 years, then as females at 3.5 years,
and only a small portion of the population lives to spawn more than once as a female (ASMFC, 2014).
Spavning occurs in offshore waters during summer and early fall (NEFSC, 2014). Eggs are extruded
onto the abdomen of the females during fall and are carried until hatching (NEFSC, 2014). During late
fall, eggbearing females migrate inshore where the ebgsch in spring (NEFSC, 2014). On the
NewfoundlandLabrador Shelf, incubation times averaged approximately 7 months (Fu¥ataset al.,
2007). Larvae develop through 6 larval stages over an approximately 3 month pelagic period (NEFSC,
2014). Cooler teeratures support higher recruitment (NEFSC, 2014), and the timing of hatching in
relation to the onset and duration of the spring plankton bloom may be important to the growth of early
life history stages (Fuenteéaco et al., 2007). Larvae consume pplgokton, copepod eggs, and

nauplii while pelagic, but become increasingly associated with the benthos and increasingly consume
larger copepodites and detritus at later stages (Fuentaso et al., 2007). After metamorphosis,

juveniles settle to the bottm and remain in inshore waters for a year or more before migrating to
deeper offshore waters to complete maturation (NEFSC, 2014). Juveniles and young males are found
farther inshore than older males and nawigerous females (NEFSC, 2014). Growth regjuiolting of

Return to Table of Contents S7 Supporting Information. Species Narrativég5




Return to Table of Contents

the exoskeleton and males undergo a series of transitional stages before maturing into females (ASMFC,
2014). Distribution is limited by temperature, salinity, depth, and substrate type (NEFSC, 2014).
Organierich mud bottom is the preferretdabitat, but rocky substrate and structure such as boulders

and anemones are also used by the species (NEFSC, 2014). As the southern limit of their distribution,
Northern Shrimp in the Gulf of Maine are further restricted to cooler parts of the Gulflaed basins

where temperatures remain in the®°C range (NEFSC, 2014). Adults prey on plankton and benthic
invertebrates, occurring near the bottom during the day, but moving up in the water column at night to
feed (NEFSC, 2014). Many commercially imapd species feed on Northern Shrimp, including: Atlantic
Cod, Redfish, Silver Hake, and White Hake, and Pollock (NEFSC, 2014). Commercial fisheries target
female Northern Shrimp (ASMFC, 2014). The Atlantic States Marine Fisheries Commission manages
these fisheries through an interstate fishery management plan for Northern Shrimp including Maine,
New Hampshire, and Massachusetts. The most recent assessment did not provide acceptable models
for the stock, but a moratorium on fishing was enacted due torédow abundance, biomass, and
recruitment indices and a record low estimate of an index of current fishable biomass (ASMFC, 2014).
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Ocean Pout — Zoarces americanus
Overall Vulnerability Rank = High [
Biological Sensitivity = High [T

Climate Exposure = High ]
Data Quality = 88% of scores = 2

] Expert | Data | Expert Scores Plots
Zoarces americanus Scores | Quality | (Portion by Category)| o, ...
Stock Status 36 | 26 o
Other Stressors 1.7 20 — mVery High
Population Growth Rate 30 22 1
Spawning Cycle 21 24 [
Complexity in Reproduction 15 26 [
Early Life History Requirements 24 12 e
Sensitivity to Ocean Acidification 16 22 o —
Prey Specialization 1.7 30 e
Habitat Specialization 1.7 3.0 i D
Sensitivity to Temperature 28 28 ___[
Adult Mability 29 248 I
Dispersal & Early Life History 37 24 —
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 30 | [
Salinity 1.4 310 | =3
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank High
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Ocean Pout (Zoarces americanys

Overall Climat Vulnerability Ranldigh. (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Ocean Pout use marine habitats.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0: Dispersal and Early Life History
(3.7), Stock Status (3.6) and Population Growth Rate (3.0). Ocean Pout do not have dispersive early life
stages; eggs are benthic and larvae agdsat hatch, quickly associating with benthic habitats (Steimle et
al., 1999). Based on a recent assessment ocean pout is overfished but overfishing is not occurring
(NEFSC, 2012). Ocean Pout are a relatively long lived species with a slow growtbenaitg (983).

Distributional Vulnerability RanModerate (93% certainty from bootstrap analysis). Ocean Pout are
relatively sensitive to temperature and are habitat generalists, but prefer more complex habitats.
However, early life stages are ndispersve and adults are relatively sedentary.

Directional Effect in the Northeast U.S. Shélfe effect of climate change on Ocean Pout on the
Northeast U.S. Shelf is estimated to be negative, but this estimate is uncerts®@¥6@ertainty in

expert scores)Ocean Pout is a cotlemperate species and warming will likely cause reductions in
available habitat. However, there is little direct evidence of the effect of climate change on Ocean Pout
productivity and distribution, which contributes to the uncertainty

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributibittle work has been conducted examining the effect of
climate on Ocean Pout productivity. In termsdigtribution, Nye et al. (2009) found that the distribution
of Ocean Pout shifted poleward and Murawski (1993) linked distribution to temperature: increased
temperatures were related with more northward distributions.

Life History Synopsi®©cean Pout is aooktemperate, marine groundfish that occurs from Labrador and
the southern Grand Banks to Virginia (Steimle et al., 1999). Adults reach maturity betwe&i 26

or 2-9 years (Steimle et al., 1999; KldéitacPhee and Collette, 2002). Spawning ocfrors late

summer to early winter on hartottom areas with sheltered crevices in water <10 °C (Steimle et al.,
1999). Eggs are fertilized internally then laid in nests in masses encased in a gelatinous substance (Klein
MacPhee and Collette, 2002). The fenguards the nest until hatching, approximatei@ thonths,

during which time she does not feed (Steimle et al., 1999; #iligicPhee and Collette, 2002). The larval
stage is short or posdibnonexistent. At hatching, Oceami® are large, well devefwed, demersal,

and probably stay near the hatch site (Steimle et al., 1999). At this smallest size, Ocean Pout consume
small benthic crustaceans, particularly harpacticoid copepods (Steimle et al., 1999). Juveniles inhabit
shallow coastal waters aroundcks, algae, and shell beds on the shelf and in saline estuarine waters
(Steimle et al., 1999). Juvenile Ocean Pout filter sediment for prey and primarily consume gammarid
amphipods and polychaetes (Steimle et al., 1999). Squid, Spiny Dogfish, SeadARavinCod, skates,
harbor seals, and cormorants are the primary predators of juveniles (Steimle et al., 1999). Adults are
demersal and inhabit most sediment types across the shelf and into the saline parts of estuaries. They
are more common at depths100 m (Steimle et al., 1999). Ocean Pout make localized seasonal
migrations from diverse areas of the shelf and estuaries irwmnder through spring to cooler, rockier

areas in summer where they remain through the spawning season to early winter-fkdePhee and
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Collette, 2002). Like juveniles, adults filter sediment for prey including polychaetes, molluscs,
crustaceans, and echinoderms (Steimle et al., 1999). A variety of fish consume Ocean Pout including:
Sandbar Shark, Spiny Dogfish, skatelsnfit Cod, hakes, Sea Raven, and Bluefish (Steimle et al., 1999;
KleirMacPhee and Collette, 2002). Egg cannibalism may occur during periods of high stress (Steimle et
al., 1999). The New England Fishery Management Council manages the Ocean Potihfalggnthe
Northeast Multispecies Fishery Management Plan. The population ranging from Cape Cod Bay and
Georges Bank to Delaware is overfished, but overfishing is not occurring (NEFSC, 2012).
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Ocean Quahog - Arcfica isfandica

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = Very High [l
Climate Exposure = High ]
Data Quality = 92% of scores = 2

Expert | Data | Expert Scores Plots
Arctica islandica Scores | Quality| (Portion by Category)| o,
Stock Status 12 | 24 | ol - m‘;ﬂeme
Other Stressors 16 2.6 e mVery High
Population Growth Rate 39 28 . B
Spawning Cycle 18 28 T
Complexity in Reproduction 15 24 e
Early Life History Requirements 20 232 R
Sensitivity to Ocean Acidification 39 26 -_
Prey Specialization 14 30 o —
Habitat Specialization 18 3.0 T
Sensitivity to Temperature 24 28 —
Adult Mability 3o 26 . B
Dispersal & Early Life History 19 28 | ___—
Sensitivity Score Very High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 19 0 |
Variability Salinity 12 30 I
Air Temperature 20 3.0 B
Variability Air Temperature 1.0 0 | [
Precipitation 11 30 [
Variability in Precipitation 1.1 30 T
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 18 1.5 !
Exposure Score High
Overall Vulnerability Rank Very High
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Ocean Quahog (Arctica islandic

Overall Climate Vulnerability Rankery High (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Ocean Quahog use marine habitats.

Biological SensitivitWery High. Three sensitivity attributes scored above 3.5: Popaofatrowth Rate
(3.9), Sensitivity to Ocean Acidification (3.9), and Adult Mobility (3.9). Ocean Quahog are slow,growing
sessile, and have a calcium carbonate shell.

Distributional Vulnerability RanMigh (71% certainty from bootstrap analysis).

Directianal Effect in the Northeast U.S. Shé&lie effect of climate change on Ocean Quahog on the
Northeast U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Ocean acidification
will likely negatively impact molluscs, including Oceaalt@g. Warming will likely reduce growth, which
will affect productivity. Warming may also decrease the available habitat resulting in shifts in
distribution.

Data Quality 92% of the data quality scores were 2 or greater indicate that data quality isratede

Climate Effects on Abundance and Distributi@Gnowth of Ocean Quahog slows at higher temperatures
(Hiebenthal et al., 2013) and since the species is-lwrd, shell growth increments are used as a proxy
for ocean temperatures (e.g., Wanamaleragt 2009). Experiments suggest minimal effect of

decreasing aragonite saturation (Hiebenthal et al., 2013) and increasingv@ (Stemmer et al.

2013) on growth. Thus increased warming, not ocean acidification, is likely to have the greatest impact
on Ocean Quahog resulting from climate change.

Life History Synopsi®cean Quahog is a celdater, longlived, bivalve found on the continental shelf

from Newfoundland to Cape Hatteras, North Carolina (Cargnelli et al., 1999). Theagesaf maturity

for this slowgrowing species is-89 years, and they can live for over 200 years (Cargnelli et al., 1999;
NEFSC, 2009). Ocean Quahog broadcast spawn over a protracted season from spring to fall (Cargnelli et
al., 1999). Planktonic eggs mature into fi@@mming trochophore larvae, which mature into shelled

and swimming veliger larvae (Cargnelli et al., 1999). The final larval stage, the pediveliger stage, swims,
but also has a foot for burrowing (Cargnelli et al., 1999). Temperature influences growthwittean

optimal range from 135°C (Cargnelli et al., 1999). Larvae consume phytoplankton (Cargnelli et al.,
1999). Metamorphosis to the benthic juvenile stage occurs betwee21350 pm, and juveni l
grow relatively quickly (Cargnelli et al99B). Juveniles occur in offshore sandy substrates, typically
between 4575 m depths in saline waters (Cargnelli et al., 1999). Adult quahogs occur in dense beds

over level bottom just below the surface sediments in medium to fine grain sand (Cargaéllil®99).
Temperature regulates the cros$elf distribution of the clam, with-&86° C optimal, and temperatures

above 18 C limit distribution (Cargnelli et al., 1999). The clams usually occur at depths betwéé&n 25

m, and can survive anoxic coridits (Cargnelli et al., 1999). Adults and juveniles pump water from just
above the substrate surface through their siphon and filter suspended phytoplankton, alternating

between feeding and digestion periods (Cargnelli et al., 1999). Rock Crabs, seerssiaceans,

Longhorn Sculpin, Ocean Pout, Haddock, and Atlantic Cod are common predators (Cargnelli et al., 1999).
The MidAtlantic Fishery Management Council manages Ocean Quahog through the Ocean Quahog and
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Atlantic Surfclam Fishery Management Pldine species is not overfished and overfishing is not
occurring, but the population is in decline (NEFSC, 2009).
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Offshore Hake — Meruccius albidus
Overall Vulnerability Rank = Low [
Biological Sensitivity = Low [T

Climate Exposure = High ]
Data Quality = 58% of scores = 2

Expert | Data | Expert Scores Plots
Merluccius albidus Scores | Quality| (Portion by Category)| o,
Stock Status 24 | 02 | _ - m‘;ﬂeme
Other Stressors 17 06 | mVery High
Population Growth Rate 23 14 -
Spawning Cycle 14 27 I
Complexity in Reproduction 20 0.9 R
Early Life History Requirements 24 12 e
Sensitivity to Ocean Acidification 14 20 e
Prey Specialization 14 30 I
Habitat Specialization 15 19 s
Sensitivity to Temperature 1.7 22 e
Adult Mobility 16 12 ——
Dispersal & Early Life History 19 13 I |
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 16 30 | =
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Low
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Offshore Hake (Merluccius albidu}p

Overall Climate Vulnerability Rankw (92% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Offshore Hake use marine habitats.

Biological Sensitivityow. No sensitivity attributes scored above 2.5.

Distributional Vulnerability Raniigh (100% certainty from bootstrap analysis). Offshore Hake are
habitat generalists, with moderate mobility, and dispersive early life history stages (Chand 299).

Directional Effect in the Northeast U.S. Shélie effecbf climate change on Offshore Hake on the
Northeast U.S. Shelf is estimated to be negative, but this estimate is highly uncertain (<66% certainty in
expert scores). Offshore Hake is a etddhperate species and warming will likely cause reductions in
avalable habitat. However, there is little direct evidence of the effeatlmhate change on Offshore
Hakeproductivity and distribution, which contributes to the uncertainty.

Data Quality 58% of the data quality scores were 2 or greater indicate that gasdity is moderate.

Climate Effects on Abundance and Distributidhere is relatively little information as to the effect of
climate factors on Offshore Hake. Factors effecting variability in population are relatively unknown
(Chang et al., 1999) andf€liore Hake were not included in regional studies of population distribution
(Murawski, 1993; Nye et al., 2009).

Life History Synopsi®©ffshore Hake is a marine species found along the outer continental shelf and
upper slope from the southern edge of tiérand Banks to the Caribbean and Gulf of Mexico (Klein
MacPhee, 2002). The mean length at maturity for this sexually dimorphic species is 23 cm for males and
28 cm for females, who tend to grow faster and live longer than males (NEFSC, 2011). Thegspawnin
season is long, peaking between April and July, but may continue year round (Chang et al., 1999; NEFSC,
2011). Spawning occurs on the outer continental shelf and presumably also on the slope at or near the
sea floor, but produces pelagic eggs (Charey.efl999). After 8 days, pelagic larvae hatch out of the

eggs (Chang et al., 1999). Larvae transform at approximately 20 mm total length, but juveniles may not
settleto benthic habitats untiB0 mm TL (Chang et al., 1999). Juveniles and adultearerdal,

occurring between 861170 m, but primarily occur around 200 m (Chang et al., 1999). Juveniles
consume small fish, shrimp, and crustaceans (Chang et al., 1999xfish (Goosefish)arger hakes,

and likely other fishes prey on juvenile Offshdlake (Chang et al., 1999). Adult Offshore Hake may

make vertical migrations at night and mature females may congregate on deeper parts of the slope than
the males and juveniles (Chang et al., 1999; Ki&cPhee, 2002). Adult hakeonsume mostly fish

such as anternfish, sardines, anchovies, and juvenile conspecifics, but occasionally also include
crustaceans and squids in their diet (Chang et al., 1999). The only documented predator of adult
Offshore Hake iMonkfish (Goosefishhowever other predtors likely consume the species but are not
identified due to difficulty separating Offshore Hake from Silver Hake (KlaoPhee, 2002). Offshore

Hake is treated as one stock in the northwest Atlantic and is managed through the New England Fishery
Manag e ment Counci | -sgecies fishdrylmamagesdnt plaru(NEFSC, 2011). The species is
not overfished, but no determination could be made on the overfishing status for thispaetastock

(NEFSC, 2011).
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Pollock — Pollachius virens
Overall Vulnerability Rank = Moderate []
Biological Sensitivity = Moderate []

Climate Exposure = High ]
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Plots
Pollachius virens Scores | Quality| (Portion by Category)| o,
Stock Status 11 | 28 | Do - m‘;ﬂeme
Other Stressors 14 22 e mvery High
Population Growth Rate 30 22 e
Spawning Cycle 22 30 I
Complexity in Reproduction 16 25 [
Early Life History Requirements 26 12 —
Sensitivity to Ocean Acidification 16 20 o —
Prey Specialization 15 30 e
Habitat Specialization 13 3.0 e
Sensitivity to Temperature 18 24 N e
Adult Mability 1.7 25 —T
Dispersal & Early Life History 11 30 [/
Sensitivity Score Moderate
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 12 30 | @
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Moderate
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Pollock (Pollachius virens

Overall Climate Vulnerability RarModerate (72% certainty from bootstrap analysis).

Climate Exposurddigh. Two exposure faots contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Pollock use marine habitats.

Biological SensitivityModerate. Two sensitivity attributes scored above 2.5: Population Growth Rate
(3.0) and Edy Life History Requirements (2.6). Pollock are relatively late maturifg/éars) and long
lived (25 years) (NEFRX012). Pollock are winter spawners and have a long egg and larval period.
Juvenilesuse inshore habitats before moving offshore andijognadult populations (Cargnelli et al.,
1999).

Distributional Vulnerability RanMigh (98% certainty from bootstrap analysis). Pollock are pelagic and
highly mobile. Early life stages are dispersive.

Directional Effect in the Northeast U.S. ShElfe efect of climate change on Pollock on the Northeast
U.S. Shelf is very likely to be negative (>95% certainty in expert scores). Pollock-tempeldte
species and warming could limit habitat; shifts into deeper water have been observed. There is also
evidence for a congener that productivity will decrease as temperatures warm.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiSpawning activity and suceeis negatively impacted by
higher temperatures in the congener. pollachiugSuguet et aJ.2005) suggesting that warming could
decrease productivity of Pollock in the Northeast U.S. Shelf ecosystem. Although latitudinal movements
in the distribution ofPollock have not beedocumented (Perry et al., 2008ye et al, 2009), Pollock

have moved into deeper waters in recent years on both sides of the Atlantic (Dulvy28G8;Nye et

al,, 2009).

Life History SynopsiPollock is a boreal, marine specfesind in the eastern and western Atlantic. In

the western Atlantic, Pollock occur from western Greenland, Hudson Strait, and Labrador to Cape
Hatteras, North Carolina, but are uncommon south of New Jersey (Able and Fahay, 2010). Pollock reach
maturity between ages 3 and 6 (NEFSC, 2010). Spawning peaks from November to February as water
temperature drops (peaking in 4&C water; Cargnelli et al., 1999). Most spawning occurs in the

northern part of the range (Georges Bank, western Gulf of Maine, MassatthiBay, and Scotian Shelf)

over hard, stony, or rocky bottom, but eggs and small larvae collected in the southern portion indicates
limited spawning in areas near Delaware Bay and the Virginia Capes (Cargnelli et al., 1999; Able and
Fahay, 2010). Somarfe adults form huge spawning aggregations in winter and spring {MbxRhee,

2002; Able and Fahay, 2010). Eggs are pelagic and incubat2 feedks (KleiMacPhee, 2002).

Larvae are also pelagic on the continental shelf ¥250 m cool water dung February-May (Cargnelli

et al., 1999; Able and Fahay, 2010). Aftdri®onths, late larvae migrate inshore and by3bmm

have most of the adult characters (Cargnelli et al., 1999; flleicPhee, 2002). Larvae consume
phytoplankton and copepod natlipwhen small then switch to copepods, amphipods, cumaceans,

isopods, and larval fishes at later stages (Able and Fahay, 2010). Larvae transform to a pelagic juvenile
stage at sizes >25 mm and move into estuaries during late winter or after approxirGateigths

(Cargnelli et al., 1999; Able and Fahay, 2010). Juveniles remain in rocky coastal and estuarine areas for 1
2 years before moving offshore (Cargnelli et al., 1999; Able and Fahay, 2010). Juveniles feed near
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vegetated areas and consume mostly eaphiids, but some amphipods, decapod larvae, isopods,
copepods, polychaetes, and small fishes have also been observed in stomachs (Able and Fahay, 2010).
Juvenile and adult Pollock distribution is highly influenced by temperature; avoiding habitat with
temperature >18C with seasonal migrations (KleéMacPhee, 2002; Able and Fahay, 2010). Juveniles
make several inshoreffshore migrations to avoid extreme temperature for up to two years before

joining the adult populations and occur over sand, mud, raokl vegetated bottom in a wide range of
temperatures (Cargnelli et al., 1999). Juveniles join the adult population at approximately 20 cm during
autumn and are found across the shelf in spring and autumn, but offshore and to the south (as far as the
mid-Atlantic region) in the winter (Able and Fahay, 2010). Adults are found throughout the water

column and make short inshowdfshore migrations to avoid temperature extremes and nesthuth

migrations for spawning (Cargnelli et al., 1999; KMatPhee, 20P). Pollock are deeper in the water
column during spring and summer than during winter and adults move father offshore than juveniles
(Cargnelli et al., 1999). Spawning adults move into shallower waters during the spawning season and
the northern populaions may migrate south to the Gulf of Maine and Georges Bank to spawn (Klein
MacPhee, 2002). Adult Pollock consume pelagic crustaceans (particularly euphausiids), small fishes, and
squid (Able and Fahay, 2010). Spiny Dodfikimkfish (GoosefishAmerianlobster, minke whale, gray

seal, harbor seal, and larger Pollock are the primary predators of the speciesMlidteinee, 2002).

The New England Fishery Management Council manages Pollock as part of the Northeast Multispecies
Fishery Management PlafRollock are not overfished, and overfishing is not occurring (NEFSC, 2010).
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Porbeagle - Lamna nasus

Overall Vulnerability Rank = High [T

Biological Sensitivity = High [
Climate Exposure = High []
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Plots
Lamna nasus Scores | Quality| (Portion by Category)| ,
Stock Status 38 26 — Sﬁiﬁeme
Other Stressors 14 1.8 Iy mVery High
Population Growth Rate 40 28 [ B
Spawning Cycle 22 28 N
Complexity in Reproduction 14 148 o I
Early Life History Requirements 10 30 |_|
Sensitivity to Ocean Acidification 11 30 T
Prey Specialization 12 26 I —
Habitat Specialization 13 24 I —
Sensitivity to Temperature 20 28 1
Adult Mobility 10 30 T
Dispersal & Early Life History 1.0 30 | [
Sensitivity Score High
Sea Surface Temperature 39 3o . N
Variability in Sea Surface Temperature 1.0 o | [
Salinity 20 30 | —
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank High
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Porbeagle (Lamna nasup

Overall Climate Vulnerability Rartigh (100% certainty from bootstrap analysis).

Climate Exposurddigh. Two exposure factors contributed to this score: Ocean Suiffaogerature
(3.9) and Ocean Acidification (4.0). Porbeagle are pelagic and complete their life cycle in marine
habitats.

Biological SensitivityHigh. Two attributes scored above 3.0: Population Growth Rate (3.8) and Stock
Status (3.1). Porbeagle havevipopulation growth rates (Cortés et al., 2010). Porbeagle is listed as
vulnerable by the IUCN owing to low population abundance
(http://www.iucnredlist.org/details/11200/Q. Porbeagle is identifitas a Species of Concern in the
Western Atlantic by the U.Sit{p://www.nmfs.noaa.qgov/pr/pdfs/species/porbeagleshark detailed.pdf

Distributional Vulnerability Ranktery High (100% certainty from bootstrap analysis). Porbeagle are
habitat generalists and highly mobile. In addition, Porbeagle do not have larval early life stages.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Porbeagledsy likely to
be neutral (>95% certainty in expert scores). Porbeagle is a highly mobiteoygldrate shark. There is
very little information available that suggests negative or positive effects of climate change.

Data Quality 83% of the data qualitycores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidhere is very little information on the effect of climate
change on Porbeagle. Drinkwater et al. (2003) noted decreases in the catch of Pedmedre Scotian
Shelf when colder Labrador Slope Water moved into the region.

Life History Synopsi$he Porbeagle is a migratepglagic, coldemperate elasmobranch species found
throughout the north Atlantic, south Atlantic, and south Pacific Oceamisfrom Newfoundland to New
Jersey and the Sargasso Sea in the western Atlantic (Campana et al.,Catpana et al2010b).

Maturity is reached at a later age and larger size for females than males: 50% maturity at 174 cm fork
length(FL)and 8 yeard$or males, 217 cm FL and 13 years for females (Jensen et al., 2002; Natanson et
al, 2002). Research indicates that mating likely occurs off southern Newfoundland and the entrance to
the Gulf of St Lawrence and on Georges Bank in fall (Jensen et glC2bfgana et al., 2010b).

Porbeagles reproduce annually and are ovoviviparous (Jensen et al., 2002). Embryos are oophagous, but
are not known to consume siblings (Jensen et al., 2002). AftefSam@nth gestation period, litters of

1-4 large individual$60-70 cm) are born in late spring (Branstetter, 2002; Jensen et al. 2002). The
locations of pupping grounds are unknown, but satellite tagging suggests females travel over 2000 km to
the Sargasso Sea during the pupping season (Campana et al., 20diteagies migrate seasonally

from winter habitats in the southern portion of their range (namely Gulf of Maine, Georges Bank, and
the southern Scotian Shelf), along the Scotian Shelf in spring, to their summer and fall habitat along the
southern coast of Bwfoundland and in the Gulf of St. Lawrence with little mixing with the eastern

Atlantic population (Campana et al., 2010b). Porbeagles probably adjust their distribution in the water
column to maintain their preferred temperature range18°C; but are lale to maintain muscle and

stomach temperatures greater than the ambient water temperature (Branstetter, 2002; Campana et al.,
2010b). Adults consumatlanticmackerel, herring other sharks, other small fishes, and squids
(Branstetter, 2002). Porbeagklisted as a NMFS Species of Concern. Population size in the western
Atlantic dropped in the 1960s due to fishing pressure, but is on a long road to recovery now that fishing
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pressure has been reduced (Campana et al., 2010b). The species is fed@naldyed through the
Consolidated Atlantic Highly Migratory Species fishery management plan (NMFS 2006) and is also
managed in statevaters through the Interstate Fishery ManagememelarPfor Atlantic coastal sharks
(ASMFC 2008) . Assessments are conduayehe International Commission for the Conservation of

Atlantic Tunas (ICCAT) and Porbeagle are considered overfished, but overfishing is not occurring (ICCAT,
2009).
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Rainbow Smelt — Osmerus mordax
Overall Vulnerability Rank = Very High [l
Biological Sensitivity = High [T

Climate Exposure = Very High i
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Flots
Osmerus mordax Scores | Quality| (Portion by Category)| ,
Stock Status 29 12 | S:;EFETE
Other Stressors 33 21 e |®Very High
Population Growth Rate 14 18 I —
Spawning Cycle 33 26 e |
Complexity in Reproduction 248 28 !
Early Life History Requirements 32 22 e |
Sensitivity to Ocean Acidification 16 22 =1
Prey Specialization 15 30 o —
Habitat Specialization 28 30 ——
Sensitivity to Temperature 27 30 e
Adult Mobility 19 29 1
Dispersal & Early Life History 29 26 e
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 11 30 [/
Variability Salinity 12 30 I
Air Temperature 40 1] . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 30 Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 20 10 N
Sea Level Rise 31 15 |
Exposure Score Very High
Overall Vulnerability Rank Very High
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Rainbow Smelt (Osmerus mordak

Overall Climate Vulnerability Rartigh (100% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Tentpexg4.0). Rainbow Smelt are anadromous,
spawning in freshwater, developing in freshwater and estuarine habitats, feeding as adults in estuarine,
coastal, and marine habitats.

Biological SensitivitHigh. Three sensitivity attributes scored above 3.0h@&tStressors (3.3), Spawning
Cycle (3.3), and Early Life History Requirements (3.2). Rainbow Smelt are diadromous and exposed to a
number of other stressors including habitat destruction, blockage to spawning habitats, and
contaminants (Limburg and Waldma2009). Spawning is in the spring as temperatures warm

(Murawski et al., 1980) and eggs and larvae develop in fresh and brackish water (Laprise and Dodson
1989).

Distributional Vulnerability RanModerate (89% certainty from bootstrap analysis). Sevait#ributes
indicate limited vulnerability to distribution shifts. Adults are small and not highly mobile. Eggs and
larvae remain near spawning sites and use selective-silahm transport to enhance retention (Laprise
and Dodson, 1989). Spawning sitee relatively specific and the proportion of natal homing is high
(Bradbury et al., 2008).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Rainbow Smelt is very

likely to be negative (>95% certainty in expert scores). Rairfimelt are found in the colder coastal
habitats in the region. As these habitats warm, productivity may decrease and distributions may shift
northwards. Increased precipitation and skeael rise may also negatively impact Rainbow Smelt

through changesitheir coastal habitats. The effect of ocean acidification over the next 30 years is likely
to be minimal.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distribntidhere is relatively little information on the effect of
climate on anadromous Rainbow Smelt. In one study, Mingelbier et al. (2001) found that catch of
Rainbow Smelt in the St. Lawrence estuary was linked to air temperature and water level. Population
scale differences in the effect of climate variables were explained by the interaction between climate
factors and adult habitat shallow shoals and deep channels.

Life History SynopsiRainbow Smelt is a pelagic, anadromous species from the Arctic Qbhean

northern Pacific Ocean, and from southern Labrador to New Jersey in the North Atlantic Ocean (Able
and Fahay, 2010). While generally an anadromous species, Rainbow Smelt also occur as several land
locked populations. Most of the population reacheataring at age 2, but maturity is related to size

and may occur earlier in the faster growing southern portion (KiédtPhee, 2002). Adults move from
nearshore and estuarine waters to freshwater streams to spawn in late winter through spring-(Klein
Mackhee, 2002). Males arrive at spawning sites first and remain there longer than females (Klein
MacPhee, 2002). Spawning occurs at night over rock, rubble, sand, or gravel in fast flowing freshwater
streams and individuals may spawn in several streams gltine season (KleiMacPhee, 2002). The
semtadhesive eggs are deposited on the bottom and form clusters, sticking to anything they touch
(KleinMacPhee, 2002; Able and Fahay, 2010). Adults return to saltwater by mid to late spring (Klein
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MacPhee, 2002)Eggs require a fairly long incubation time of 2 weeks to 2 months, determined by
temperature, and exposure to even lesalinity water can be fatal (KleMacPhee, 2002). Larvae drift
passively downstream to brackish water or larger lakes and maintaingbsition in more turbid parts

of the estuary using tidal currents and vertical migrations (Able and Fahay, 2010). Larvae are
planktivorous, consuming rotifers, copepods, and other planktonic invertebrates -(MbRhee, 2002).
The dominant predatoref eggs and early larvae are sticklebacks and trout (Able and Fahay, 2010).
Juveniles are found on sea grass beds in shallowsteae areas (Able and Fahay, 2010). By their first
winter, juveniles mix with the estuarine adult population and move tbwater during their first year

of life (KleinMacPhee, 2002). Adults occur in bays, estuaries, coastal waters, and freshwater lakes (Able
and Fahay, 2010). Juveniles and adults can produce antifreeze chemicals to withstand freezing water
temperatures vithout migrations, but seek deeper, cooler waters in summer (Able and Fahay, 2010).
Adults also aggregate in estuaries in autumn in preparation for the spawning run to freshwater (Klein
MacPhee, 2002). Rainbow Smelt consume many invertebrates (e.g.ippdgheuphausiids, mysids,
shrimps, and marine worms; KleihacPhee, 2002) and small fish (e.g., Atlantic Herring, Bay Anchovy,
Cunner, Sand Lance, Atlantic Silversides, Tepaee Sticklebacks, and river herring; Able and Fahay,
2010). Atlantic Cod, kantic Salmon, Lake Trout, Striped Bass, Bluefish, Burbot, Walleye, Yellow Perch,
mergansers, cormorants, gulls, and terns are common predators of the species\it=tnee, 2002;

Able and Fahay, 2010). Rainbow Smelt were made a federal species ohcafteeconstruction of

dams, blocking entrance to suitable spawning habitat, and habitat degradation, mostly due to
development, severely reduced anadromous population abundances {(MbGPhee, 2002). Smelt are
managed on a statby-state basis to rebld the anadromous population (Enterline et al., 2012) and as
an invasive species in several andstern United States systems (USGS, 2014).
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Red Drum — Sciaenops ocellatus

Overall Vulnerability Rank = High [

Biological Sensitivity = Moderate [
Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Plots
Sciaenops ocellatus Scores | Quality | (Portion by Category)| o,
Stock Status 21 e - m‘;ﬂeme
Other Stressors 24 248 — T mVery High
Population Growth Rate 29 3.0 [T
Spawning Cycle 26 30 ——
Complexity in Reproduction 15 248 s m—
Early Life History Requirements 28 25 — [
Sensitivity to Ocean Acidification 18 30 [ —
Prey Specialization 14 30 e
Habitat Specialization 20 3.0 R ey B
Sensitivity to Temperature 15 28 o —
Adult Mobility 16 26 e
Dispersal & Early Life History 22 26 I
Sensitivity Score Moderate
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 28 30 o |
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 33 15 — e |
Exposure Score Very High
Overall Vulnerability Rank High
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Red Drum (Sciaenops ocellatys

Overall Climate Vulnerability Rartigh (48% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Texatpre (4.0). Exposure to all three factors
occur during all life stages. Red Drum spend most of their life cycle in coastal waters.

Biological SensitivityModerate. Three sensitivity attributes scored above 2.5: Population Growth Rate
(2.9), SpawningyCle (2.6), and Early Life History Requirements (2.8). Red Drum askvkohgnd
relatively slow growing for a sciaenid. They spawn indat@mer and earkautumn in coastal areas
including inlets. Early Life Stages remain in coastal areas and aseahbselrved in shelf waters.
Juveniles use structured habitats in coastal and estuarine waters.

Distributional Vulnerability RanModerate (42% certainty from bootstrap analysis). Only one attribute
indicated vulnerability to distribution shift. R&atum ae capable of moving lomgdjstances and make
seasonal migrations in colder portions of their range.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Red Drum on the

Northeast U.S. Shelf is estimated to be positive, but thigmate is uncertain (<66% certainty in expert
scores). Overwinter mortality may be an important component of the population dynamics and warming
winters would increase recruitment. The species is more common in the south and thus there is the
expectationthat as warming occurs more areas on the Northeast U.S. shelf will be thermally suitable.
The effect of ocean acidification over the next 30 years is likely to be minimal.

Data Quality 88% of the data quality scores were 2 or greater.

Climate Effects oAbundance and Distributiohe productivity of Red Drum is likely related to climate.
In laboratory experiments, Anderson and Scharf (2012) indicated that severe winters may cause high
mortality of youngof-year Red Drum independent of body size, whergasaller youngpf-the-year are

more susceptible to mortality during moderate winters. The ewdnter mortality hypothesis for Red

Drum is very similar to that for Atlantic Croaker (Hare and Ail87). Rooker et al. (1998) found that
predation on youngpf-the-year Red Drum was lower in vegetated compared to-vegetated habitats
suggesting potential susceptibility to skavel rise and loss of vegetated habitats in estuaries and coastal
areas. Little work has been done examining potential climate effac®Bed Drum distribution.

Life History SynopsiRed Drum is a large, lotiged, oligohaline, coastal and estuarine fish species

found historically from Long Island, New York to the western Gulf of Mexico, but rare north of
Chesapeake Bay in recent ye@hble and Fahay, 2010). Males mature earlier-atykars, than

females, at 3 years (ASMFC, 2013). Spawning occurs ingheae and higksalinity estuarine areas

such as along beaches, near the mouths of estuaries, and at the mouth of large embsiuneémg

summetrfall as temperatures drop (Able and Fahay, 2010; ASMFC, 2013). Eggs and larvae are pelagic in
nearshore and baynouth areas, but rarely collected in shelf waters (Able and Fahay, 2010). After

about 3 weeks, larvae settle to lower saljnitursery areas of the upper estuary where they transform

into the juvenile stage around I@m standard length (Able and Fahay, 2010; ASMFC, 2013). Juveniles
become increasingly tolerant of freshwater as they grow and can occur in a wide range oesdlioiti

tidal freshwater to coastal marine water. They generally reside in estuarine water over mud, sand, and
oyster bars (Able and Fahay, 2010; ASMFC, 2013). Juveniles in the northern population may migrate to
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deeper water during winter and move to caakwater incrementally from age-3 years (ASMFC, 2013).
Juveniles are predators of zooplankton, particularly amphipods and mysids (Able and Fahay, 2010).
Adult Red Drum can tolerate a wide range of salinities from freshwater to the high salinitres Gt

of Mexico, but generally occur in higlalinity surf zones and on natural and artificial reefs and structure
(ASMFC, 2013). The northern population (North Carolina to New Jersey) makes seasonal migrations
from the North Carolina shelf in winter &stuaries from North Carolina to Chesapeake Bay in late spring
to early fall (historically going as far north as Massachusetts; Able and Fahay, 2010; ASMFC, 2013). The
southern (South Carolina to Florida) population makes esbsdf seasonal migratiorie deeper shelf

water in the winter and estuaries in the summer (ASMFC, 2013). The adult diet becomes increasingly
dependent on large crustaceans and small fishes with growth, and the largest Red Drum rely almost
exclusively on crustaceans (Able and FaB&g0). There are few known predators on adults, but the
bottlenose dolphin has been known to eat Red Drum (Able and Fahay, 2010). The population dynamics
and habitat use of adults has been poorly studied, making management difficult. The Atlarg& Stat
Marine Fisheries Commission manages Red Drum as two Atlantic stocks (northern: New Jersey to North
Carolina; southern: South Carolina to Florida). Based on the 2009 stock assessment, neither population
is believed to be undergoing overfishing, but $tatatus could not be reliably determined due to the

high degree of uncertainty in the assessment (SEDAR, 2009).
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Red Hake — Urophycis chuss

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High ]
Data Quality = 88% of scores = 2

. Expert | Data | Expert Scores Plots
Urophycis chuss Scores | Quality | (Portion by Category)| o,
Stock Status 11 | 30 | oo - m‘;ﬂeme
Other Stressors 1.9 26 e mVery High
Population Growth Rate 1.7 24 e
Spawning Cycle 20 30 L
Complexity in Reproduction 17 28 T
Early Life History Requirements 23 20 [ —
Sensitivity to Ocean Acidification 18 24 _r
Prey Specialization 12 30 I —
Habitat Specialization 18 3.0 e S
Sensitivity to Temperature 18 30 —T ]
Adult Mability 14 28 e
Dispersal & Early Life History 25 16 —
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 1.7 30 |
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Low
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Red Hake (Urophycis chugs

Overall Climate Vulnerability Rankw (94% certainty from boatrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Red Hake use marine habitats.

Biological Sensitivitfow. Only one sensitivity attoutes scored above 2.5. Dispersal of early life stages
may be partially limited as juveniles are commensal with Atlantic Sea Scallops (Steiner et al., 1982). This
relationship with Atlantic Sea Scallops is likely facultative.

Distributional Vulnerability &Kk:High (94% certainty from bootstrap analysis). Adults are habitat
generalists and mobile. Eggs and larvae are planktonic.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Red Hake on the Northeast
U.S. Shelf is estimated be neutral, but with a moderate degree of uncertainty &®% certainty in

expert scores). Red Hake is a temperate fish and warming in the Northeast U.S. seems to have made
more of the Gulf of Maine available to the species. Abundance in the southeinmmof the system

may be decreasing, but the regiovide affects are unclear.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidhere is little informabn regarding the effect of climate
on productivity, but the abundance of Red Hake has decreased in Narragansett Bay with increasing
temperatures (Collie et al., 2008). Distribution has also changed dramatically in recent years with the
population shiftingnorthwards (Nye et al., 2009). Further, Murawski (1993) indicated that Red Hake
distribution changed in response to temperature.

Life History SynopsiRed hake is a marine, demersal species found from the Gulf of St. Lawrence to
North Carolina, but is ost abundant from the western Gulf of Maine through southslew England
(NEFSC, 2011). Redld reach maturity around 1.4 (males) and 1.8 years (females; NEFSC, 2011), with
females generally older and larger than males (Steimle et al., 1999). Spawnimg foom April through
November (July to November in the Gulf of Maine) on the continental shelf and in coastal embayments
(Steimle et al., 1999). Spawning in the Mitdlantic Bight may produce the majority of recruits (Steimle

et al., 1999). Within a wdefrom spawning, buoyant eggs hatch into small pelagic larvae that prey on
copepods and other small planktonic crustaceans (Steimle et al., 1999). Larvae transition into pelagic
juveniles at approximately 280 mm standard length (Fahay, 2007) and renmaitagic for

approximately 2 months relying on floating debris, sargassum, and jellyfish tentacles for shelter (Steimle
et al., 1999). By 380 mm total length, Red Hake begin a gradual descent to the benthos. They settle
on finesand sediment on the sHelnd in lager estuaries in areas such as Seall8p beds, depressions

in open seabedditlantic surfclam shells, Moom&il eggcase collars, anemone and polychaete tubes,
debris, and artificial reefs (Steimle et al., 1999). Settlement occurs in SeptemDecember, but a

strong thermocline may delay descent (Steimle et al., 1999). Throughout the juvenile stage, Red Hake
prey on small crustaceans including larval and small decapod shrimp and crabs, mysids, euphausiids, and
amphipals (Steimle et al1999). Red bke are mostly demersal, but can be found in the water column.
They tolerate a large range of temperatures, but may be sensitive to low dissolved oxygen levels
(Steimle et al., 1999). Like juveniles, adult hake prefer soft sediments an@p®ssions in the

sediment, shell beds, and inshore reefs (natural and artificial) for shelter, and are rarely found in open
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sandy bottom (Steimle et al., 1999). Red Hake make seasonal migrations influenced by temperature,
preferring inshore habitat durgpwarm months, and offshore habitats during colder months (Steimle et

al., 1999). Adult hake prey upon crustaceans, demersal and pelagic fish, and squid (Steimle et al., 1999).
Predators on adult and juvenile hake include many large piscivores suatipasl 8ass, Spiny Dogfish,

Monkfish (Goosefishpther hake species, Sea Raven, harbor porpoise, and larger RedS3teiknle et

al., 1999). Redakte are managed as two stocks: northern Georg@slilf of Maine and southern

Georges BankMid-AtlanticBigh r egi on as part of the Northeast Fi
Northeast Small Mesh Multispecies Fishery Management Plan (NEFSC, 2011; NEFMC, 2012). Based on

the 2010 stock assessment, neither stock is overfished nor undergoing overfishing (NEFSC, 2011).

Literature Cited

Collie JS, Wood AD, Jeffries HP. lteng shifts in the species composition of a coastal fish community.
Canadian J Fish Aquat Sci. 2008; 65(7):-1363. DOI: 10.1139/Fe®8

Fahay MP. 2007. Early Stages of Fishes in the western Aitatitic Ocean (Davis Strait, Southern
Greenland and Flemish Cap to Cape Hatteras). Accessed Online (August 2015):
http://www.nafo.int/publications/fahay/pdfs.html

Murawski SA. Climate changad marine fish distributions: forecasting from historical analogy. Trans
Amer Fish Soc. 1993; 122(5): &b8. DOI: 0.1577/1548659(1993)122<0647:CCAMFD>2.3.CO;2

New England Fishery Management Council (NEFMC). Final amendment 19 to the Northeastdwedtisp
FMP (Smalinesh multi species) Environmental Assessment regulatory impact review and initial
regulatory flexibility analysis. Newburyport, MA. 2012; Accessed online (August 2015):
http://archive.nefmc.org/mesh/planamen/Amend%2019/Final%20Amendment%2019%20revised.pdf

Northeast Fisheries Science Center (NEFSC). 51st Northeast Regional Stock Assessment Workshop (51st
SAW) Assessment Report. US Dept Cemhortheast Fish Sci Cent Ref Doc. 20142t B56 p.
Accessed Online (August 2014j}tp://www.nefsc.noaa.gov/publications/crd/crd1102/

Nye JA, Link JS, Hare JA, Overholtz WJ. Chapgitial distribution of fish stocks in relation to climate
and population size on the Northeast United States continental shelf. Mar Ecol Prog Ser. 2009; 393: 111
129. DOI: 0.3354/meps08220

Steimle FW, Morse WW, Berrien PL, Johson DL. 1999. Essdntiabiigt source document: Red Hake,
Urophycis chusdife history and habitat characteristics. NOAA Tech Memo NMFS NE 1999; 133: 34 p.
Accessed Online (August 2015}tp://www.nefsc.noaa.gov/nefsc/publications/tm/tm133/

Steiner WW, Luczkovich JJ, Olla BL. Activity, shelter usage, growth and recruitment of juvenile Red Hake
Urophycis chusdar Ecol Prog Ser. 1982; 7(2): 135. Accessed Online (August 2015):
http://www.int -res.com/articles/meps/7/m007p125.pdf

Return to Table of Contents S7 Supporting Information. Species Narrativ&83



http://www.nafo.int/publications/fahay/pdfs.html
http://archive.nefmc.org/mesh/planamen/Amend%2019/Final%20Amendment%2019%20revised.pdf
http://www.nefsc.noaa.gov/publications/crd/crd1102/
http://www.nefsc.noaa.gov/nefsc/publications/tm/tm133/
http://www.int-res.com/articles/meps/7/m007p125.pdf

Return to Table of Contents

Rosette Skate — Leucoraja garmani
Overall Vulnerability Rank = Moderate [
Biological Sensitivity = Moderate []

Climate Exposure = High []
Data Quality = 75% of scores = 2

] ] Expert | Data | Expert Scores Plots
Leucoraja garmani Scores | Quality | (Portion by Category)| o, .
Stock Status 30 | 28 L |o ﬂi‘;mte
Other Stressors 14 10 |_! E Very High
Population Growth Rate 29 0.6 e
Spawning Cycle 13 22 I —
Complexity in Reproduction 15 16 o I
Early Life History Requirements 10 28 |_|
Sensitivity to Ocean Acidification 14 22 e
Prey Specialization 11 28 [
Habitat Specialization 12 28 [
Sensitivity to Temperature 12 28 .
Adult Mobility 24 14 T
Dispersal & Early Life History 19 30 | o —
Sensitivity Score Moderate
Sea Surface Temperature 39 3o . N
Variability in Sea Surface Temperature 10 io ]
Salinity 27 3.0
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank Moderate
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Rosette Skate (Leucoraja garmani

Overall Climate Vulnerability RarModerate (78% certainty from bootstrap analig).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification. Rosette Skate are demersal and complete their life cycle in marine
habitats.

Biological SensitivityModerate. Two sensivity attributes scored above 2.5: Stock Status (3.0) and
Population Growth Rate (2.9). In 2013, based on trawl survey indices Rosette Skate was above the
biomass threshold but below the biomass target. Further, the index has been declining sinceyhe earl
2000s (NEFSC, 2013). There is a high degree of uncertainty in Population Growth, but skates in general
have a low population growth rate (Frisk, 2010).

Distributional Vulnerability RanMigh (83% certainty from bootstrap analysis). Rosette Skate arddtab
generalists and moderately mobile as adults, making seasonal movements. In addition, skate egg cases
are subject to movement by currents and juveniles may move on scales®@k.

Directional Effect in the Northeast U.S. ShElfe effect of climatehange on Rosette Skate is estimated
to be neutral, but this estimate has high uncertainty (<66% certainty in expert scores). Rosette Skate
inhabits temperate waters and may benefit from warming on the Northeast U.S. Shelf. But ocean
acidification may redce productivity and no changes in distribution have been observed over the past
30 years despite significant warming.

Data Quality 75% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance aDdstribution:Little specific information exists on the effect of climate

on Rosette Skate. Di Santo (2015) found that increased warming and acidifieaticoe body condition

of newlyhatched Little Skate a congener. These reductions in size couldligs reduced juvenile

survival and thus recruitment. In regional studies of distribution, Rosette Skate was not included
(Murawski, 1993; Nye et al., 2009) but examination of NEFSC trawl survey data suggests no change in
the center of the distribution oer the last 30 yearsh(tp://oceanadapt.rutgers.edu/ website last

checked 13 June 2015).

Life History SynopsiRosette skate is a benthic, marine elasmobranch found from Nantucket Shoals to

the Dry Tortugadtlorida, but the population south of Cape Hatteras, North Carolina, may be a separate
species (Packer et al., 2003). North of Cape Hatteras, Rosette Skates mature betw8arnBital

length, which is estimated to be about 4 years of age and mate usieigpal fertilization (Packer et al.,

2003; Sosebee, 2005). Like most skates, single eggs are encased in a horned capsule; females produce
egg capsules yeaound, but peak production occurs during summer (Packer et al., 2003). There is no
larval stage Juvenile Rosette Skates inhabit the outer continental shelf and mostly occur in the mid
Atlantic region, but are occasionally recorded in the Gulf of Maine (Packer et al., 2003). Adults are

found on softbottom habitat on the outer shelf and upper ske@and prefer moderate water

temperatures (Packer et al., 2003). Rosekat&s prey upon Crangomi@mp, Cancer and galatheoid

crabs, amphipods, polychaetes, copepods, cumaceans, squids, octopods, and small fishes (Packer et al.,
2003). The New Englansirery Management Council mages the species as part of artheastSkate
Complex. Rosette Skates are not overfished and overfishing is not occurring (NEFSC, 2007).
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Sand Lances — Ammodytes spp.

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Moderate [
Climate Exposure = High []
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Flots
Ammodytes spp. Scores | Quality | (Portion by Category) |,
Stock Status 17 | 12 | — - ﬂi‘;mte
Other Siressors 2.0 2.0 ] mery High
Population Growth Rate 14 28 I —
Spawning Cycle 27 24 —
Complexity in Reproduction 17 22 e
Early Life History Requirements 23 20 — T
Sensitivity to Ocean Acidification 14 24 e
Prey Specialization 13 25 e
Habitat Specialization 20 26 —_—r
Sensitivity to Temperature 25 24 —T
Adult Mobility 28 24 —r
Dispersal & Early Life History 16 26 e e
Sensitivity Score Moderate
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 18 30 _
Variability Salinity 12 30 I
Air Temperature 27 io —
Variability Air Temperature 1.0 30 | [
Precipitation 11 30 [
Variability in Precipitation 11 30 I
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 22 10 —
Sea Level Rise 27 15 —
Exposure Score High
Overall Vulnerability Rank Moderate
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Sand Lances (Ammodytes americanus / Ammodytes dubjus

Overall Climate Vulnerability RarModerate (97% certaintyfrom bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(4.0) and Ocean Acidification (4.0). Exposure to ocean surface temperature and ocean acidification
occurs during all life stages.

Biological SensitivityModerate. The highest sensitivity attributes were Adult Mobility (2.8), Spawning
Cycle (2.7), and Sensitivity to Temperature (2.5). Sand Lances are associated with sandy habitats where
they seek shelter and overwinter in the sand (aegtion) (Wright et al.2000). This association with

sandy habitats limits adult mobility. Sand Lance spawn in a distinct season: late winter/early spring and
the cycle of feeding, aestivation, and spawning is related to temperature (Tomiyama and ‘dhnhagib

2004).

Distributional Vulnerability RanModerate (45% certainty from bootstrap analysis). Only one attribute
indicated vulnerability to distribution shift: Sand Lance have dispersive early life history stages. A shift in
distribution is limited byestricted adult mobility, specific requirements of adults for sand habitats of
specific grain sizes, and a moderate sensitivity in the timing of the life cycle to temperature.

Directional Effect in the Northeast U.S. ShElfe effect of climate changs Sand Lance on the
Northeast U.S. Shelf is estimated to be negative, but this estimate is uncerts®¥6@ertainty in

expert scores). Higher temperatures may decrease productivity and limit habitat availability for Sand
Lance. But Sand Lance requipecific habitat types defined by grained size creating uncertainty as to
the effect of climate change on adult distributions.

Data Quality 88% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributilonthe Northeasttlantic, Sand Lances are identified as
particularly at risk from climate change owing to the strict association with coarse sandy sediments;
which in some regions represents limited habitat (Heath e@l12). Further, Arnott and Ruxton (2002)
found a regative correlation between warmer sea temperatures and recruitment. Wanless et al. (2000)
suggested that changing environmental conditions may have contributed to thetdomgdecline in size

of ageO in the North Sea. They hypothesize that changesamwsjng time and or growth could have

resulted in the decrease in size. These studies suggest a potential effect of climate change on population
productivity. In the Northwest Atlantic, Richardson et al. (2014) documents an alternation between
Atlantic Hering and Sand Lances; the cause of this alternation is uncertain.

Life History SynopsiSand Lance are schooling and burrowing fish species found along the Atlantic
continental shelf. There are two species of Sand Lance in the northwest Atlantic fremabikto

Cape Hatteras, North Carolina, that are so morphologically similar that they are rarely identified to

species (Nizinski, 2002). Sand Lance mature at 2 years of age, and spawn in late fall through early spring
over sandy bottom across the shéWizinski, 2002). The creskelf range of spawning habitat is likely

species specific (an inshore species and an offshore species), but the exact spawning locations of either
species are poorly known (Able and Fahay, 2010). Eggs are demersal andeaaiiegirobably have a

long incubation period of-2 months (Nizinski, 2002). Intannual abundance of larvae entering New

Jersey estuaries varied little over almost 2 decades of sampling (Able and Fahay, 2010). Larvae are
widespread during winter and spg on the shelf and into estuaries consuming mostly phytoplankton
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and copepods (Nizinski, 2002; Able and Fahay, 2010). Larvae begin schooling 3 months after hatching
and are fully metamorphosed and begin burrowing aftés chonths (Able and Fahay, 2018k larvae

mature they include a more diverse group of invertebrates in their diet, including copepods, crabs,
cirripedes, bivalves, gastropods, cnidarians, mysid shrimp, decapod shrimp, cladocerans, phytoplankton,
and occasional fish (Able and Fahay, 201@Y¥enile and adult Sand Lance burrow into sandy substrates

of very shallow coastal to deep shelf waters (Able and Fahay, 20hd)odytes americanussually

occurs farther inshore and into estuaries thandubius but there is considerable overlap aad

obligatory association with sand habitat (Nizinski, 2002; Richardson et al., 2014). The primary predators
of Sand Lance are terns, cormorant, and a variety of fishes, including: Little B&atdish (Goosefish)
AtlanticCod, HaddockAtlanticHalibut Silver Hake, Red Hake, Atlantic Salmon, Atlantic Mackerel,

Striped Bass, Bluefish, Pollock, American Plaice, Yellowtail Flounder, and Gulf Stream Flounder (Nizinski,
2002). Sand Lance are not currently managed in United States waters, but oscillativesrbSand

Lance and Atlantic Herring abundance and their link to Atlantic Cod distributions may make them an
important part of an ecosysterhased management plan (Richardson et al., 2014). Sand Lance are
heavily exploited in other regions of the worldi(Ress 2002) but are not currently exploited in the
Northeast U.S. Shelf.
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Sand Tiger — Carcharias taurus

Overall Vulnerability Rank = High [T

Biological Sensitivity = High [
Climate Exposure = High []
Data Quality = 79% of scores = 2

Expert | Data | Expert Scores Plots
Carcharias taurus Scores | Quality| (Portion by Category)| ,
Stock Status 31 | 18 ot
Other Stressors 18 18 —_— | Very High
Population Growth Rate 38 26 — T |
Spawning Cycle 18 24 _r
Complexity in Reproduction 148 148 !
Early Life History Requirements 10 30 |_|
Sensitivity to Ocean Acidification 1.0 24 [
Prey Specialization 13 28 e
Habitat Specialization 13 3.0 I —
Sensitivity to Temperature 13 30 —
Adult Mability 1.0 30 [
Dispersal & Early Life History 10 30 T
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 o | [
Salinity 2.8 3.0 _—
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 12 15 |
Exposure Score High
Overall Vulnerability Rank High
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Sand Tiger (Carcharias taurup

Overall Climte Vulnerability Raniigh (76% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). Sand Tiger Shark are pelagic but associate thithHaditats.

Biological SensitivityHigh. Two attributes scored above 3.0: Population Growth Rate (3.8) and Stock
Status (3.1). Sand Tigers have a moderate population growth rate for a shark, but this is still low
compared to many other marine specigmith et al., 1998). Sand Tiger were identified as a Species of
Concern by the U.S. in 2004 owing to historic declines in abundance and low productivity. Even though
a status review indicated that declines in abundance were not as severe as origipathgde the Sand

Tiger remains on the Species of Concern list due to the uncertainty in abundance estimates and their
exceptionally low productivity (Carlson et al. 2009;
http://www.nmfs.noaa.gov/pr/pdfs/species/sandtigershark detailed.pdf

Distributional Vulnerability Rankery High (94% certainty from bootstrap analysis). Sand Tigers are
habitat generalists and highly mobile. In addition, Sand Tigers are ovovivipamde aiwt have
planktonic eggs and larval stages.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Sand Tiger is very likely to
be neutral (>95% certainty in expert scores). Sand Tiger is a highly mobile temperate sharils \idrgre
little information available that suggests negative or positive effects of climate change.

Data Quality 79% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidhereis very little information on the effect of climate
change on Sand Tigers.

Life History Synopsi$he Sand Tiger is a highly mobile, coastal shark species that occurs in United States
waters from the Gulf of Maine to Florida and in the northern Gulf okide (Carlson et al., 2009).

Males reach maturity at a length of 19®5 cm TL between-B years of age; females mature lateriO

years) at 22230 cm TL (Gilmore et al., 1983; Goldman et al., 2006; Carlson et al., 2009). Evidence
suggests a-gear repoductive cycle for Sand Tigers in the western North Atlantic, with gestation likely
taking a year followed by a year resting period (Branstetter, 2002; Carlson et al., 2009). Multiple
batches of eggs are produced and encapsulated, but typically onlyamselle is fertilized (Branstetter,

2002). The additional eggs and eventually smaller siblings provide nourishment for the largest pups,
resulting in one or two pups born each year (Branstetter, 2002; Carlson et al., 2009). Juveniles occupy
shallow estuane and coastal nursery habitats between Massachusetts and North Carolina during late
spring and summer (McCandless et al., 2007). Adults occur off Florida and in the Gulf of Mexico year
round, and venture as far north as the Gulf of Maine during summéifall months (Branstetter, 2002;
Carlson et al., 2009). Both Juveniles and adults are generalist predators that consume lobsters, crabs,
and squids, but prey primarily on fishes such as Summer Flounder, SWatddjsh (Goosefishea

robins, Scup, $y, Bluefish, Butterfish, and Tautog (Branstetter, 2002). There are not many predators of
this large, demersal shark, but there is evidence of cannibalism (Branstetter, 2002). Sand Tigers were
targeted and a frequent bycatch species until regulations iitdd landing the species from federal

and state waters ((NMFS 1999; ASMFC 2008; Carlson et al., 2009). The Atlantic States Marine Fisheries
Commission manages Sand Tigers through an interstate fishery management plan and NMFS manages
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them through the Cosolidated Atlantic Highly Migratory Species Fishery Management Plan (ASMFC
2008; NMFS 2006)
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Scup - Stenotomus chrysops

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Low [
Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Plots
Stenotomus chrysops Scores | Quality | (Portion by Category) [, .
Stock Status 10 | 30 | - m‘;ﬂeme
Other Stressors 18 24 —_—T | Very High
Population Growth Rate 25 26 —r—
Spawning Cycle 32 30 e e |
Complexity in Reproduction 13 30 I
Early Life History Requirements 25 138 S
Sensitivity to Ocean Acidification 13 30 —
Prey Specialization 13 30 e
Habitat Specialization 14 3.0 I —
Sensitivity to Temperature 16 30 s m—
Adult Mobility 15 30 o |
Dispersal & Early Life History 23 20 .
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 25 3.0 —
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 15 1.5 e
Exposure Score Very High
Overall Vulnerability Rank Moderate
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Scup (Stenotomus chrysop)s

Overall Climate Vulnerability RarModerate (30% certainty from bootstrap analysis).

Climdae ExposureVery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors
occur during all life stages. Scup spawn in coastal waters ahdliéaistages are typically found in
nearshore waters. Adults make seasonal onskaffshore migrations.

Biological Sensitivityow. Three sensitivity attributes scored at or above 2.5: Population Growth Rate

(2.5), Spawning Cycle (3.2), and Early Lig®k Requirements (2.5). Scup are a temperate sparid and

have relatively long life spans. Spawning occurs in late spring and early summer in nearshore areas. Early
life stages occur in coastal waters and are noticeable rare in plankton collectionstsuggesly

settlement or epibenthic larvae.

Distributional Vulnerability Rankigh (100% certainty from bootstrap analysis). Two attributes
indicated vulnerability to distribution shift. As adults, Scup are mobile and make seasonal enshore
offshore migations. Scup are also habitat generalists, but are commonly found around structured
habitats.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Scup on the Northeast U.S.
Shelf is estimated to be positive, but this estimateincertain (<66% certainty in expert scores). Scup
overwinter offshore and to the south and move northwards and inshore in the summer. As warming
continues, the availability of winter and summer habitat may increases. The effect of ocean acidification
over the next 30 years is likely to be minimal.

Data Quality 88% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributibongterm surveys indicate an effect of climate on Scup
in the Northeast U.S. Shelf Ecosystem. Hbamd Auster (2012) and Collie et al. (2008) classified Scup
as part of the warmtemperate fauna in Long Island Sound and Narragansett Bay; both studies found
adult Scup abundance increasing in recent years. Bell et al. (2014) found that Scup distsihiftixoh
northward in the spring on the Northeast U.S. shelf and that the shift was related to temperature, not
population abundance.

Life History SynopsiScup is a migratory, schooling, coastal fish species that occurs from Nova Scotia to
South Carolia, but is most common between Cape Cod, Massachusetts, and Cape Hatteras, North
Carolina (Able and Fahay, 2010). Scup mature at-&ggears (Able and Fahay, 2010). Spawning occurs
annually from May to August with a peak in June in deep parts of laxrge dnd coastal areas between

New Jersey and Massachusetts (kMiscPhee, 2002; Able and Fahay, 2010). Eggs are pelagic, small,
and hatch after 24 days (KleiMacPhee, 2002; Able and Fahay, 2010). Larvae are pelagic in coastal
waters and begin activeeéding on small zooplanktonr®days after hatching (Steimle et al., 1999; Klein
MacPhee, 2002; Able and Fahay, 2010). Planktivores such as medusa, crustaceans, and fish consume
larval Scup (Steimle et al., 1999). Scup settle to inshore bottom habitaigdilne late larval stage (15

30 mm) starting in early July (Steimle et al., 1999; Able and Fahay, 2010). Transition to the juvenile
stage occurs at 460 mm total length in estuaries and coastal areas, where the juveniles reside in high
salinity waters uatil egress in the early fall (Able and Fahay, 2010). Juveniles consume polychaetes,
small benthic crustaceans, molluscsmall fishes, fish eggs, and larvae (KiggiePhee, 2002; Able and
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Fahay, 2010). Growth is slow during the juvenile stage (Steinale, 999). Juveniles and adults cver

winter on the mid and outer shelf between New Jersey and Cape Hatteras during which time, little is
known about habitat preferences (Able and Fahay, 2010). During spring, juveniles and adults migrate
north and inshoe to coastal and estuarine areas where they use a variety of bottom types from open
sandy areas to structured rocky or reef areas (Steimle et al., 1999). Scup school by size, and larger fish
tend to stay outside of estuaries while younger fish move @gtuaries (KlesMacPhee, 2002; Able and
Fahay, 2010). Adults are bottom feeders that consume cnidarians, squid, polychaetes, crustaceans, and
small fishes (KleiMlacPhee, 2002; Able and Fahay, 2010). Several species of bony fish and
elasmobranchs preyroScup, but the dominant predators are Spiny Dogfish, Smooth Dogfish, and
Bluefish (KleitMacPhee, 2002; Able and Fahay, 2010). The Atlantic States Marine Fisheries Commission
and the MidAtlantic Fishery Management Council jointly manage Scup under Amentd 8, 12, and

14 of the Summer Flounder, Scup, and Black Sea Bass Fishery management Plan (Terceiro, 2012). Scup
are neither overfished nor experiencing overfishing (Terceiro, 2012).
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Shortnose Sturgeon — Acipenser brevirostrum

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High i
Data Quality = 83% of scores = 2

. \ Expert | Data | Expert Scores Plois
Acipenser brevirostrum Scores | Quality | (Portion by Category)| o, .
Stock Status 36 | 16 T
Other Stressors 25 22 S E Very High
Population Growth Rate 38 23 B
Spawning Cycle 34 29 . |
Complexity in Reproduction 25 26 —
Early Life History Requirements 3.0 23 e |
Sensitivity to Ocean Acidification 16 18 o —
Prey Specialization 13 30 I —
Habitat Specialization 25 3.0 —
Sensitivity to Temperature 20 28 ]
Adult Mobility 27 o —
Dispersal & Early Life History 30 26 —
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 13 3.0
Variability Salinity 12 3o I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 30 | [
Precipitation 13 3o Iy —
Variability in Precipitation 14 30 Iy
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 20 10 N
Sea Level Rise 26 15 —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Shortnose Sturgeon (Acipenser brevirostrum

Overall Climate Vulnerability Rankery High (98% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to tlsisore: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Shortnose Sturgeon are
anadromous, spawning in freshwater, developing in freshwater and estuarine habitats, and feeding as
adults in marine habitats.

Biological Ensitivity: High. Four sensitivity attributes scored above 3.0: Population Growth Rate (3.8),
Stock Status (3.6), Spawning Cycle (3.4), Early Life History Requirements (3.0), and Dispersal and Early
Life History. Shortnose Sturgeon was listed as Endange@er the Endangered Species Act in 1967
(SSSRT, 2010) and are Kingd and slow growing (Musick 2002). Spawning occurs in the spring and
individuals spawn every-3 years. Eggs are benthic and relatively large and hatched larvae are relatively
well-developed. Eggs and larvae inhabit fresh and brackish waters.

Distributional Vulnerability Rankow (98% certainty from bootstrap analysis). Shortnose Sturgeon are
relatively invulnerable to distribution shifts. Spawning occurs in freshwater and adulpsiararily

resident to individual river systems (Able and Fahay 2010). However, recent genetic and acoustic tagging
indicate that individuals do move between nday river systems providing a basis for the species to shift
distribution (Wirgin et al., 201@Mionne et al., 2013).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Shortnose Sturgeon is
estimated to be neutral, but this estimate has a high degree of uncertainty (<66% certainty in expert
scores). Climate factors hatlee potential to decrease (sea level rise; reduced dissolved oxygen) or
increase (temperature) productivity of Shortnose Sturgeon. Understanding the magnitude and
interaction of different effects is difficult at the point. The effect of ocean acidifioatieer the next 30
years is likely to be minimal.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributibhe effect of climate on Shortnose Sturgeon populations
is not well understood. A population viability analysis for Shortnose Sturgeon at the southern end of
their range found that saltvater intrusion and decreases in summer dissolved oxygen could reduce
population productivity (Jager et al., 2013). In thedslon River, Woodland and Secor (2007) found that
flow volume and water temperature in the fall months preceding spawning were significantly correlated
with subsequent yeaclass strength. Numerous aspects of Shortnose Sturgeon life history and ecology
arelinked to temperature, river flow, dissolved oxygen, salinity, but the effect of change in these
environmental variables on Shortnose Sturgeon is unclear (Cech and Doroshov, 2005; Ziegeweid et al.,
2008a, 2008hb). Habitat models coupled with global clinmtalels for the cogener, European Atlantic
Sturgeon Acipenser sturipindicate strong climate effects throughout the range, especially in the
southern portions (Lassalle et al. 2010).

Life History SynopsiShortnose Sturgeon is an anadromous and {exoited fish species that occurs in
rivers and estuaries from the St. John River, New Brunswick, to the St. Johns River, Florida (Able and
Fahay, 2010). In northeastern United States waters, males of the species reach matufityears,

females in 67 yeas; however the age at maturity is younger in the southeastern United States and
older in Canadian waters (Musick, 2002). Spawning occurs from February in the southern areas to mid
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May in the northern areas in deep, swiftly movingl BC freshwater, overocky substrate, in upstream
areas of the main branch of large rivers (Musick, 2002; Able and Fahay, 2010). Benthic, adhesive eggs
are deposited on the rocky bottom, then adults head back downstream as far asalowy estuarine

water shortly after sparning (Musick, 2002; Able and Fahay, 2010). The large eggs hatch after 2 weeks
and the demersal larvae remain hidden on the bottom for approximately 9 days before becoming active,
photopositive swimmers and begin heading downstream (Musick, 2002). Lteawnaéorm into

juveniles at 567 mm (Able and Fahay, 2010). Larvae and juveniles occur in deep (>9 m) channels of
the river with strong currents and sand or gravel substrates and remain in freshwater for at least 2 years
(Able and Fahay, 2010). Juvesifge benthic foragers on crustaceans and insects and are consumed by
perch (Able and Fahay, 2010). Adults spend most of their lives in rivers and low salinity areas of
estuaries, but occasionally venture into nearastal areas (Able and Fahay, 2010pr®lose Sturgeons

make seasonal migrations between spawning, feeding, and overwintering grounds. Summers are spent
in areas with little or no current and cooler waters (Able and Fahay, 2010). Part of the population
migrates upstream and overwinters neifie spawning grounds, while the rest of the population

remains in deep, highesalinity areas until an upstream migration in spring just before spawning (Able
and Fahay, 2010). Spent adults return to shallow, downstream, foraging habitat shortly afterisgaw
(Musick, 2002). Adults prey on bertltrustaceans, insects, mollsssmall flounders, and polychaete
worms (Musick, 2002; Able and Fahay, 2010). A long history of overfishing (for meat and caviar) and
habitat destruction decreased the populatioss much that Shortnose Sturgeon is listed as an
endangered species in United States waters (NMFS, 1998) and a Species of Special Concern in Canada
(COSEWIC, 2005).
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Silver Hake — Merluccius bilinearis
Overall Vulnerability Rank = Low [
Biological Sensitivity = Low [T

Climate Exposure = High ]
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Plots
Merluccius bilinearis Scores | Quality| (Portion by Category)| o,
Stock Status 22 | 27 —— m‘;ﬂeme
Other Stressors 14 1.0 o I mVery High
Population Growth Rate 1.7 22 |
Spawning Cycle 14 30 e
Complexity in Reproduction 148 248 —
Early Life History Requirements 21 23 _—r
Sensitivity to Ocean Acidification 12 20 .
Prey Specialization 15 30 e
Habitat Specialization 12 28 I —
Sensitivity to Temperature 16 30 s m—
Adult Mobility 13 28 I
Dispersal & Early Life History 18 26 |
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 19 30 |
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Low
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Silver Hake (Merluccius bilineariy

Overall Climate Vulnerability Rankw (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidifition (4.0). All life stages of Silver Hake use marine habitats.

Biological Sensitivityow. No sensitivity attributes scored above 2.5.

Distributional Vulnerability RanMigh (100% certainty from bootstrap analysis). Silver Hake are habitat
generalistghat are moderately mobile and have dispersive early life stages (Lock and Packer, 2004).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Silver Hake on the
Northeast U.S. Shelf is very likely to be negative (>95% certaiaigpert scores). Decreases in
recruitment related to warming have been observed on the Scotian Shelf and the distribution has
shifted northward with warming on the Northeast U.S. Shelf. Continued warming will likely cause
continued decreases in recruignt and northward shifts in distribution.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributiom the Scotian Shelf, Silver Hake recruitment has been
linked 1 temperature: lower recruitment in years of higher temperature (Sigaev, 1992). Bartolino et al.
(2008) found a similar negative relationship between temperature and recruitment in a congener in the
Mediterranean Sea. Silver Hake distribution also chamgégstemperature (Murawski, 1993) and has
shifted northwards in recent years (Nye et al., 2009). In subsequent work, Nye et al. (2011) reported
that Silver Hake distribution was correlated to the position of the Gulf Stream and hypothesized large
scale focing on shelf dynamics as the causal link. Distribution of Pacific Hake, a congener, is also
affected by local oceanographic conditions (Agostini et al., 2006).

Life History SynopsiSilver Hake is a fast swimming, mostly benthic, marine finfish spégiesdcurs

from the Gulf of St. Lawrence to South Carolina, but is most abundant from Nova Scotia to New Jersey
(Lock and Packer, 2004). The species reaches maturity between 2 and 3 years of age (NEFSC, 2011).
Spawning occurs in inshore areas of the GliMaine, southern Georges Bank, Nantucket Shoals, and
south of Martha’'s Vi n-MacRheel2002h Sgaaning bedirs in laauarg is thd K1 e i
southern portion of the range with a peak in spring, and continues to the north with a northepedkS

in summer and a Canadian peak in late summer (Lock and Packer, 2004). Silver Hake are serial spawners
with up to three spawning events per season (kMiacPhee, 2002). Eggs are pelagic and hatch after

about 2 days (KleiMacPhee, 2002). Larvaesgpelagic in the upper 40 m of water for approximately 1

month in the southern part of their range to up to 5 months in Canadian waters {Mi®hee, 2002;

Lock and Packer, 2004). Calanoid copepods are the main prey of larval Silver Haléda¢tiae,

2002). Larvae first mature into pelagic juveniles that associate with jellyfish, then settle to the benthos

at 12-20mm fork length (KlesMacPhee, 2002; Lock and Packer, 2004). Benthic juveniles prefer silt or

sand bottom with amphipod tubes for covdtléinMacPhee, 2002). Copepods, amphipods, mysids,
euphausiids, and small decapod shrimp are the main prey of juveniles-ikdeirhee, 2002). Adult

Silver Hake prefer cool waters-{3°C) at a variety of depths over sand or silt bottom from shallow

inshore areas out to 400 m and possibly deeper (KMatPhee, 2002). Silver Hake are more active and

hunt at night for crustaceans, a large variety of small fish, and squid {H&Rhee, 2002). An

ontogenetic shift from mostly crustaceans to mostly fisld &quid prey occurs at 226cm, and
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cannibalism is also quite common in the species (K#aoPhee, 2002). Some of the many predators of
Silver Hake include: Spiny Dogfish, Little SRdtakfish (GoosefishPollock, Atlantic Cod, Haddock,

hakes, AcadiaRedfish, Sea Raven, Bluefish, Atlantic Mackerel, Swordfish, flounders, Silver Hake, and
harbor porpoise (KleiMacPhee, 2002). Seasonal migrations from inshore summer and autumn habitat
to offshore winter and spring habitat are influenced by temperat{i¢kinMacPhee, 2002). Silver Hake

also undergo alonghore migrations and the northern and southern stocks mix on Georges Bank in
summer (Lock and Packer, 2004). Silver Hake is managed by the New England Fishery Management
Counci |l ' s s maiéslplannas tevdistockst hotthers Gaorges Bank and the Gulf of Maine to

the north and southern Georges Bank to Cape Hatteras to the south (NEFSC, 2011). Based on a variety
of metrics, the Gulf of Maine and Miéitlantic stocks are distinct, but the degreémixing and the

location of the boundary between stocks are not well understood (Lock and Packer, 2004). Based on the
most recent assessment, neither stock is overfished, nor is overfishing occurring (NEFSC, 2011).
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Smooth Dogfish — Mustelus canis

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Plots
Mustelus canis Scores | Quality| (Portion by Category)| ,
Stock Status 23 | 08 | |- ﬂi‘;mte
Other Siressors 1.8 2.3 [ mery High
Population Growth Rate 27 28 N |
Spawning Cycle 21 28 | . ,
Complexity in Reproduction 15 20 iy
Early Life History Requirements 10 30 |_|
Sensitivity to Ocean Acidification 13 26 —
Prey Specialization 12 30 I —
Habitat Specialization 14 3.0 e
Sensitivity to Temperature 18 30 I
Adult Mobility 11 28 [
Dispersal & Early Life History 1.0 30 | [
Sensitivity Score Low
Sea Surface Temperature 39 3o . N
Variability in Sea Surface Temperature 1.0 o | [
Salinity 24 30 |
Variability Salinity 12 30 | pm
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank Low
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Smooth Dogfish (Mustelus cani§

Overall Climate Vulnerability Rankw (84% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and OceaAcidification (4.0). Smooth Dodfish are demersal / spabagic and complete their life
cycle in marine habitats.

Biological Sensitivityow. One attribute scored above 2.5: Population Growth Rate (2.5). Dogfish
(Mustelus sp.have low population growtlnates compared to many teleost species, but have relatively
high productivity when compared to other shark species (Smith et al., 2008).

Distributional Vulnerability Rankery High (100% certainty from bootstrap analysis). Smooth Dogfish
are habitat geeralists and highly mobile as adults, making seasonal migrations. In addition, Smooth
Dogfish are viviparous (Conrath and Musick, 2002).

Directional Effect in the Northeast U.S. Shelfe effect of climate change on Smooth Dogfish is likely to
be neutral(90-95% certainty in expert scores). Smooth Dogfish inhabits temperate waters and may
benefit from warming on the Northeast U.S. Shelf. But ocean acidification may reduce productivity and
no changes in distribution have been observed over the past 30 geapste significant warming.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributibittle specific information exists on the effect of climate

on Smooth Dogséih. Dixson et al. (2015) suggested that Smooth Dogfish feeding could be affected by
ocean acidification by the end of this century. In regional studies of distribution, Smooth Dogfish was
not included (Nye et al., 2009) but examination of NEFSC trawlyssuggiests no change in the center

of the distribution over the last 30 years (http://oceanadapt.rutgers.edu/, website last checked 13 June
2015).

Life History SynopsiSmooth Dodfish is a viviparous, demersal, marine elasmobranch species that
occurs fronmthe Bay of Fundy, Canada, to Argentina, but is rare north of Cape Cod and absent along the
central American coast (Able and Fahay, 2010). Females reach 50% maturity at 102.3 cm fork length
(4.41 years of age)and males at 85.4 cm fork length (2.46 géage) (Conrath and Musick, 2002;

Conrath et al., 2002). Mating occurs from May to September followed byl2 H@onth gestation
(Branstetter, 2002; Conrath and Musick, 2002; Able and Fahay, 2010). Pupping occurs in estuarine
waters from Virginia to Masachusetts (McCandless et al. 2007). Litters8 Pups are born in spring

and summer (older, larger females produce larger litters), and juveniles remain in the estuarine nursery
areas until fall (Able and Fahay, 2010). Larger juveniles occur inrdeapas of bays before joining

adults on the continental shelf (Able and Fahay, 2010). During their first year, Smooth Dogfish prey on
polychaetes, decapod shrimp, crabs, bivalves, and small estuarine fish (Able and Fahay, 2010). Adult
Smooth Dogfish aur from estuaries to the continental shelf edge with seasonal migrations from the
inshore pupping and nursery grounds in spring to early fall to the winter grounds on the continental

shelf edge off North Carolina to New Jersey (Branstetter, 2002; AblEaral/, 2010). Decapod

crustaceans (crabs, lobsters, shrimp) are the dominant prey of adult Smooth Dogfish, but squid, bivalves,
gastropods, and several species of teleosts are also frequently consumed (Gelsleichter et al., 1999; Able
and Fahay, 2010).n#®oth Dogdfish are preyed on by larger sharks and teleosts (Smith 1995, Gelsleichter
et al., 1999, Able and Fahay, 2010). The Smooth Dogfish is managed in state waters under the by
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Atl antic States Marine Fishery ClanfomAtlansciCoastals | nt er
Sharks (ASMFC, 2013). Federal management for Smooth Dogfish falls under the Consolidated Atlantic
Highly Migratory Species Fishery Management Plan per Amendment 3 (NMFS 2010). The Atlantic

smooth dogfish stock was recently assgband is not considered overfished nor is overfishing occurring
(SEDAR 2015).
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Smooth Skate — Malacoraja senta

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Moderate [
Climate Exposure = High []
Data Quality = 83% of scores = 2

] Expert | Data | Expert Scores Plots
Malacoraja senta Scores | Quality | (Portion by Category)|_,
Stock Status 26 | 25 — ﬂi‘;mte
Other Siressors 12 14 [/ mVery High
Population Growth Rate 30 20 1
Spawning Cycle 12 30 |_|
Complexity in Reproduction 13 148 I
Early Life History Requirements 11 30 |_|
Sensitivity to Ocean Acidification 16 21 o —
Prey Specialization 12 30 I —
Habitat Specialization 12 3.0 I —
Sensitivity to Temperature 21 28 —_
Adult Mobility 20 21 1
Dispersal & Early Life History 25 30 |
Sensitivity Score Moderate
Sea Surface Temperature 39 3o . N
Variability in Sea Surface Temperature 10 io ]
Salinity 1.4 30 | pm
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank Moderate
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Smooth Skate (Malacoraja sentg

Overall Climate Vulnerability RarModerate (93% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acfitiation (4.0). Smooth Skate are demersal and complete their life cycle in marine
habitats.

Biological SensitivityModerate. Two sensitivity attributes scored above 2.5: Stock Status (2.6) and
Population Growth Rate (3.0). In 2013, based on trawl sundiges Smooth Skate was above the
biomass threshold but below the biomass target. Further, the index has been low in the 1980s, 1990s
and 2000s relative to higher indices in the 1960s and 1970s. In general, skates have a low population
growth rate (highesensitivity to climate change) (Frisk, 2010).

Distributional Vulnerability RanModerate (44% certainty from bootstrap analysis). Smooth Skate are
habitat generalists and moderately mobile as adults, making seasonal migrations.

Directional Effect in th&lortheast U.S. Shelfhe effect of climate change on Smooth Skate is very likely
to be negative (>95% certainty in expert scores). Smooth Skate is-avat@dspecies and warming and
acidification may reduce productivity. In addition, abundance indicedaav relative to the 1960s and
1970s.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributibittle specific information exists on the effect of climate

on Snooth Skate. Di Santo (2015) found that increased warming and acidification reduce body condition
of newly hatched Little Skate. If similar effects occur on Smooth Skate, reductions in size could result in
reduced juvenile survival and thus recruitmentrégional studies of distribution, Smooth Skate was not
included (Murawski, 1993; Nye et al., 2009) but examination of NEFSC trawl survey data suggests a
northward then southward shift in distribution over the last 30 yedutsp(//oceanadapt.rutgers.edu/

website last checked 13 June 2015).

Life History SynopsiSmooth Skate is a boreal, marine elasmobranch species found from the Gulf of St.
Lawrence and Labrador Shelf to South Carolina, with the center ofdamge in the Gulf of Maine

(Packer et al., 2003). Smooth Skate reach maturity at 5 years, mate using internal fertilization, and
females likely spawn in summer and winter, based on the occurrence of females with fully formed egg
capsules (Packer et a&2003), or year round based on hormone levels (Kneebone et al., 2007). Horned
egg cases each contain a single egg and house the embryo throughout early development (Packer et al.,
2003). Juveniles hatch out of the egg case as small immature adults (Paake2003). Juveniles and

adults range from 3B74 m depths, but are most common at depths BD m, in cold water, primarily

over mud or silt, but also use broken shell, sand, or gravel bottom (McEachran, 2002). Smooth Skate
specialize on epifaunalustaceans, but their diet includes: cephalopods, polychaetes, copepods, larval
stomatopods, isopods, amphipods, mysids, euphausiids, decapod shrimps and crabs, and fishes
(McEachran, 2002). Decapods and euphausiids are the primary prey throughate dfehe Smooth

Skate, but an ontogenetic shift from amphipods, mysids, and euphausiids to crustaceans occurs at about
30cm (McEachran, 2002). Not much is known about predators of the species, but other skates likely
prey on Smooth Skates, especiallyeasbryos (Packer et al., 2003). The New England Fishery
Management Council manages Smooth Skate as part of a seven species skate complex under the Skate
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Fishery Management Plan. Based on the most recent assessment, Smooth Skate are not overfished nor
isoverfishing occurring (NEFSC, 2007).
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Softshell Clam - Mya arenaria
Overall Vulnerability Rank = Very High [l
Biological Sensitivity = High [T

Climate Exposure = Very High [l
Data Quality = 83% of scores = 2

. Expert | Data | Expert Scores Plots
Mya arenaria Scores | Quality| (Portion by Category)| | .
Stock Status 23 | 04 | |- m‘;ﬂeme
Other Stressors 26 26 [ mVery High
Population Growth Rate 19 28 e
Spawning Cycle 24 30 —
Complexity in Reproduction 23 26 —
Early Life History Requirements 24 286 — T
Sensitivity to Ocean Acidification 35 1.8 I |
Prey Specialization 1.7 28 =T
Habitat Specialization 18 28 e —
Sensitivity to Temperature 18 30 o
Adult Mobility 40 28 . R
Dispersal & Early Life History 19 28 N
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 14 3.0
Variability Salinity 12 30 I
Ajr Temperature 35 30 i |
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I —
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 16 1.5 e —
Exposure Score Very High
Overall Vulnerability Rank Very High
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Softshell Clam (Mya arenarig)

Overall Climate Vulnerability Rankery High (58% certainty from bootstrap analysis).

Climate Exposure/ery High. Three expsure factors contributed to this score: Ocean Surface
Temperature (4.0), Air Temperature (3.5), and Ocean Acidification (4.0). Softshell Clam utilize near
coastal and intertidal habitats.

Biological SensitivitHigh. Two sensitivity attributes scored ab® 3.0: Sensitivity to Ocean Acidification
(3.5) and Adult Mobility (4.0). Softshell Clams are sessile and have a calcium carbonate shell.

Distributional Vulnerability RanMigh (82% certainty from bootstrap analysis).

Directional Effect in the Northetib).S. ShelfThe effect of climate change on Softshell Clam is likely to
be negative (9®5% certainty in expert scores). Ocean acidification is likely to negatively impact
Softshell Clams, but carbonate chemistry is complicated in coastal and intestidaims. Warming
temperatures may also lead to decreases in available habitat and may decrease productivity.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistribatiLongterm decreases in recruitment of Softshell Clam in

the Wadden Sea has been linked to an increase in predation pressure, with predators increases linked to
climate change (Beukema and Dekker, 2005, Freitas et al., 2007). Laboratory studies &und th
calcification rates of Softshell Clam decreased as aragonite saturation state decreased from 2.5 to
1(ocean acidification) (Reis 2009). However, carbonate chemistry and ocean acidification are affected by
many factors including atmospheric £@aking @iture aragonite saturation state in these systems

difficult to project (Waldbusser and Salisbury, 2014). However, these studies suggest that productivity of
Softshell Clam in the Northeast U.S. Shelf Ecosystem is likely to decrease as a result oEdiamct (o
acidification) and indirect (increases in predation) effects of climate change.

Life History SynopsiSoftshell Clam, or softshell clam, is a coastal bivalve species found from Labrador
to South Carolina, extending in low abundance south to Flottdayghout western Europe, and

introduced to the eastern Pacific from Alaska to California (Newell and Hidu, 1986). Softshell Clams are
typically dioecious (sepearte sexes) but can be hermaphroditic. They reach maturity within 5 years, at
sizes typicall20 mm (Abraham and Dillon, 1986; Newell and Hidu, 1986). Spawning season is
determined by temperature and food availability, occurs fromdgpeing through fall, and may occur as

two spawning events (spring and fall) south of Cape Cod, Massachusettsingle event north of Cape

Cod (Newell and Hidu, 1986). Males spawn first, inducing egg release in females, and fertilization is
external (Newell and Hidu, 1986). Individual females are capable of producing millions of eggs each
year, with larger femies producing more eggs than smaller individuals (Newell and Hidu, 1986). The
pelagic eggs hatch after® hours (Abraham and Dillon, 1986; Newell and Hidu, 1986). The ciliated
embryo quickly develops into the planktonic trochophore larva, which isciliated and feeds on
suspended particles (Abraham and Dillon, 1986). Afte5ldays, the first shell and swimming organ
develop and the veliger stage begins (Abraham and Dillon, 1986; Newell and Hidu, 1986). The veliger
larva uses the ciliated veluto remain suspended in the water column and drifts in estuarine and ocean
currents (Abraham and Dillon, 1986; Newell and Hidu, 1986). Larval Softshell Clams feed on
phytoplankton and are preyed on by fish larvae, jellyfish, and ctenophores (Abrahamliand T8986;

Newell and Hidu, 1986). This stage is often the most abundant plankton during late summer in inshore,
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subsurface waters, but is also characterized by very high mortality rates (Newell and Hidu, 1986). After
2-6 weeks (duration depends on watimperature) and at approximately 2Q0n, the shell thickens, a

foot replaces the velum, the byssal gland develops, and the larva settles to the substrate, and becomes a
bottom-dwelling spat (Abraham and Dillon, 1986; Newell and Hidu, 1986). Thstdafe larva can

delay metamorphosis unté suitable attachment site is found, but once found the spat anchors to the
substrate with the byssal threads and can remain attached until 7 mm long (Abraham and Dillon, 1986;
Newell and Hidu, 1986). The juvenile spat is generally attached to the ateh4$tut can crawl to a

more favorable location with the foot (Abraham and Dillon, 1986). The floating and crawling stage can
last 25 weeks, but the spat eventually burrow into the sediment, becoming sedentary (Abraham and
Dillon, 1986; Newell and Hidi986). The juvenile is shallowly buried in sandy substrate, so predation
rates are high and movement due to hydrographic condition such as storms or eddies causes irregular
settlement patterns (Abraham and Dillon, 1986; Newell and Hidu, 1986). Pred#jokenile Softshell

Clam include: oyster drills, flatworms, blue, green, and mud crabs, Mummichog, Spot, Cownose Ray,
American Eel, Winter Flounder, polychaetes, snails, and shrimp (Abraham and Dillon, 1986; Homer et al.,
2011). Like juveniles, adultshiabit sand bottom, or a mix of sand and mud or clay, of intertidal bays

and inlets out to 199m (Abraham and Dillon, 1986; Newell and Hidu, 1986). Burrowing depth increases
with time, so adults can be as deep as 30 cm in the sediment with the siphomgledt the sediment
surface (Abraham and Dillon, 1986). Softshell Clams can tolerate a wide range of temperature and
salinities, but adults experience and tolerate a narrower range than juveniles due to their deep burrows
(Abraham and Dillon, 1986; Newahd Hidu, 1986). Additionally, southern populations can tolerate

lower salinities than northern populations (Newell and Hidu, 1986). Softshell Clams are filter feeders of
microscopic particles of organic materials, especially planktonic flagellatediaoths, but also organic
detritus and bacteria (Newell and Hidu, 1986). Crabs, Spot, Atlantic Croaker, Cownose Ray, American
Eel, Winter and Summer Flounder, moon snails, gulls, diving ducks, tundra swans, and raccoons are
predators of the species, btiie depth of burrows helps Softshell Clams avoid most predators (Abraham
and Dillon, 1986; Newell and Hidu, 1986; Homer et al., 2011). Softshell Clams support important
commercial and recreational fisheries throughout most of their range and are manggeakth state.

The Chesapeake Bay fishery collapsed and is slow to recover due to a combination of overharvesting,
disease, and predation (Homer et al., 2011). Red tides do not harm the clams, but bioaccumulation of
toxins can cause paralytic shellfishigmming in humans (Abraham and Dillon, 1986).
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Spanish Mackerel - Scomberomorus maculatus

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Low [
Climate Exposure = Very High [l
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Plots
Scomberomorus maculatus Scores | Quality| (Portion by Category)| o,
Stock Status 19 | 22 | _ — - m‘;ﬂeme
Other Stressors 21 148 1 | Very High
Population Growth Rate 1.7 26 |
Spawning Cycle 24 28 ]
Complexity in Reproduction 21 26 -
Early Life History Requirements 23 12 [ —
Sensitivity to Ocean Acidification 11 22 T
Prey Specialization 13 28 e
Habitat Specialization 16 3.0 e
Sensitivity to Temperature 13 30 —
Adult Mobility 13 24 Iy
Dispersal & Early Life History 20 26 1
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 32 30 |
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 12 15 |
Exposure Score Very High
Overall Vulnerability Rank Moderate
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Spanish Mackerel (Scomberomorus maculatjis

Overall Climate Vulnerdliy Rank:Moderate (97% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Spanish Mackerel spend most of
their life cycle in inneshelf and coastal waters.

Biological Sensitivityow. No sensitivity attributes scored above 2.5.

Distributional Vulnerability RanMigh (99% certainty from bootstrap analysis). Three attributes
indicated vulnerability to distbution shift. Spanish Mackerel are coastal and pelagic with minimal
habitat requirements and make seasonal nestbuth migrations. Eggs and larvae are planktonic and
susceptible to broad dispersal.

Directional Effect in the Northeast U.S. ShElfe effet of climate change on Spanish Mackerel on the
Northeast U.S. Shelf is very likely to be positive (>95% certainty in expert scores). Spanish Mackerel
abundance in the Northeast U.S. Shelf Ecosystem increases inygarmso the expectation is that
abundartce will continue to increase as warming continues. The effect of ocean acidification over the
next 30 years is likely to be minimal.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects oAbundance and Distributiohere is very little work on the effect of climate on the
abundance and distribution of Spanish Mackerel in the Northeast U.S. Shelf Ecosystem. Chittenden et al
(1993) reported that the abundance of Spanish Mackerel in the @eega Bay region is quite variable

but indicated that the causes of this variability were unknown. Gilmore et al. (1977) reported that
Spanish Mackerel were killed during cold events in Florida indicating thermal sensitivity that could affect
abundance andiistribution.

Life History SynopsiSpanish Mackerel is an epipelagic, neritic, migratory, marine finfish that occurs in
coastal waters of the western Atlantic and Gulf of Mexico, but is rarely found north of New York
(Collette, 2002). Adults reach sexkmaturity at age B years (Collette, 2002). Spawning occurs in
waters <50 m depth all along the United States east coast beginning in April off Florida to North Carolina
and throughout the summer off Chesapeake Bay to New York (Buonaccorsi et a., EQQs are

pelagic and hatch after 25 hours (Buonaccorsi et al., 2001). Larvae are pelagic and transform2vithin 1
weeks (Buonaccorsi et al., 2001). Juveniles occur in coastal waters and estuaries (ASMFC, 2011). A
warm water species, adult Spanish ¢karel over winter off Florida and move north as water
temperatures rise in spring to spend summers north of Cape Hatteras, North Carolina; occasionally
venturing as far as the Gulf of Maine (Collette, 2002; ASMFC, 2011). Spanish Mackerel primarily
consune small fishes, but also prey on pandalid and penaeoid shrimps and squid (Collette, 2002). The
Gulf of Mexico and Atlantic populations may not be genetically distinct (Buonaccorsi et al., 2001), but
are managed separately (ASMFC, 2011). The AtlantiesS¢rine Fisheries Commission jointly

manages the Atlantic population with the South Atlantic Fishery Management Council. Based on the
most recent assessment, Spanish Mackerel are not overfished nor is overfishing occurring (SEDAR,
2012).
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Spiny Dogfish — Squalus acanthias

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 92% of scores = 2

Expert | Data | Expert Scores Plots
Squalus acanthias Scores | Quality | (Portion by Category) |,
Stock Status e | 0 | . |5 ﬂi‘;mte
Other Stressors 12 24 | - mVery High
Population Growth Rate 38 30 B
Spawning Cycle 20 24 [
Complexity in Reproduction 14 20 o I
Early Life History Requirements 10 30 |_|
Sensitivity to Ocean Acidification 11 30 T
Prey Specialization 10 30 [
Habitat Specialization 1.1 3.0 [
Sensitivity to Temperature 14 28 e
Adult Mobility 10 30 T
Dispersal & Early Life History 10 30 | [
Sensitivity Score Low
Sea Surface Temperature 39 3o . N
Variability in Sea Surface Temperature 10 io ]
Salinity 1.8 30 |
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 12 15 |
Exposure Score High
Overall Vulnerability Rank Low
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Spiny Dogfish (Squalus acanthigs

Overall Climate Vulnerability Rankw (100% certainty from bootstrap analgs

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). Spiny Dogfish are demersal-pséagic and complete their life
cycle in marine habitats.

Biological Sensitivityow. One attribute scored above 2.5: Population Growth Rate (2.8). Spiny Dogfish
have low population growth rates (higher sensitivity to climate change) (Smith et al. 2008).

Distributional Vulnerability Rankery High (100% certainty from bootstrap anaig). Spiny Dodfish are
habitat generalists and highly mobile as adults, making seasonal migrations. In addition, Spiny Dogfish
are ovoviviparous and young are-38 cm at birth (Stehlik, 2007).

Directional Effect in the Northeast U.S. ShElfe effect otlimate change on Spiny Dodfish is very likely
to be neutral (>95% certainty in expert scores). Spiny Dogfish inhabiterofuerate waters and will

likely not be affected by the magnitude of warming projected for the region. No changes in distribution
have been observed over the past 30 years despite significant warming. Changes in productivity have
not been documented.

Data Quality 92% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance aDdstribution:Little specific information exists on the effect of climate
on Spiny Dodfish. In both the Northeast and Northwest Atlantic, no changes in distribution have been
detected (Perry et al., 2005; Nye et al., 2009).

Life History SynopsiSpiny Dofish is a slowgrowing, longlived, elasmobranch species that occurs in
temperate and boreal zones of the northern and southern hemisphere, and specifically from Greenland
to northeastern Florida in the western Atlantic (Burgess, 2002). Spiny Dogfisle$egnaew larger and

older than males. Based on a recent study in the Gulf of Maine, 50% maturity for females is at 9.1years
of age and 76.9 cm stretch total length), while males reach 50%maturity at 7.5 years and 63.1 cm stretch
total length (Bubley et al2013). Mating involves internal fertilization, as is the case with all
elasmobranchs (sharks, skates, and rays), and occurs in offshore areas during fall and winter (Burgess,
2002; Stehlik, 2007). This ovoviviparous species beabsplips after an 122 month gestation period
(Burgess, 2002; NEFSC, 2006). The next batch of eggs begins forming while the female is still pregnant,
so she can become pregnant again shortly after giving birth (Burgess, 2002). Parturition occurs on
offshore wintering grouds from November to January, but can stretch into summer (Stehlik, 2007).
Newborns range in size from 33 cm, and the sex ratio of the litter is usually 1:1 (Stehlik, 2007).

Adults and Juveniles are found from inshore to offshore shelf waters, irietywaf temperatures and
substrates, and can tolerate brackish water, but prefer full salinity water (Burgess, 2002; Stehlik, 2007).
Spiny Dogfish form schools based on size with large mature females more common inshore, schools of
mixed gender juvenilesiore common offshore, and schools of medigimed immature females and

mature males more common in the middle (Burgess, 2002). Seasonal migrations governed by the
movement of prey bring Spiny Dogfish to the Gulf of Maine and areas north during summexlaadd

to offshore areas of the Miditlantic and Southeastern United States Shelf to overwinter (Burgess,

2002). Juveniles prey on ctenophores, squid, and euphausiids, and begin substituting bivalves,
decapods, and shrimp for plankton as they matureli@k, 2007). Adults prey mostly on small
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schooling fish such as Atlantic Herring and Atlantic Mackerel, but also consume molluscs, crustaceans,
jellyfish, and solitary fish such as flatfish and Haddock (Burgess, 2002). Predators include: larger sharks,
including conspecifics, Atlantic Cod, hakdsenkfish (GoosefishStriped Bass, and possibly whales,

seals, and dolphins (Burgess, 2002; Stehlik, 2007). In state waters, Spiny Dogfish are managed under the
Atl antic States Mar iteargatefshenyhmamagement po (WIMFG, 2008).nThes | n
Mid-Atlantic and New England Fishery Management Councils jointly manage the species in federal

waters. Based on the most recent assessment, Spiny Dogfish were not overfished nor was overfishing
occurring (NEFSC, 2006). A Transboundary Resources Assessment Committee assessment (a joint stock
assessment with Canada) was completed in 2010, but it was not accepted (TRAC, 2010).
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Spot - Leiostomus xanthurus

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Low [
Climate Exposure = Very High [l
Data Quality = 92% of scores = 2

Expert | Data | Expert Scores Plots
Leiostomus xanthurus Scores | Quality| (Portion by Category)| o,
Stock Status 20 | 20 | | m‘;ﬂeme
Other Stressors 24 24 1 mvery High
Population Growth Rate 12 238 I
Spawning Cycle 20 30 [
Complexity in Reproduction 20 30 —
Early Life History Requirements 25 29 —
Sensitivity to Ocean Acidification 1.7 28 [
Prey Specialization 12 30 |
Habitat Specialization 18 3.0 —
Sensitivity to Temperature 14 30 e
Adult Mobility 14 30 -
Dispersal & Early Life History 20 24 |
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 30 a0 — e |
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 32 1.5 N —
Exposure Score Very High
Overall Vulnerability Rank Moderate
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Spot (Leiostomus xanthurus

Overall Climate Vulnerability RarModerate (90% certinty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors
occur during all life stageSpot spawn on the shelf, juveniles use estuarine nurseries, and adults make
seasonal migrations from winter grounds offshore to feeding grounds in estuarine and coastal areas.

Biological Sensitivitgow. Only one sensitivity attribute scored above 2.5\Ehife History
Requirements (2.5). Spot exhibit an obligate estuadapendent life cycle, using estuaries during the
late larval and juvenile stages (Able 2005).

Distributional Vulnerability RanMigh (96% certainty from bootstrap analysis). Threeihtites

indicated vulnerability to distribution shift. Spot larvae are widely dispersed after spawning, adults make
seasonal nortksouth migrations along the East Coast of the United States, and adults are habitat
generalists preferring coastal, nearsh@ned estuarine waters.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Spot on the Northeast U.S.
Shelf is very likely to be positive (>95% certainty in expert scores). Adult distribution will likely extend
northwards as warnmg continues. The effect of ocean acidification over the next 30 years is likely to be
minimal.

Data Quality 92% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributidfood and Austin (2009) described synchrony m th
recruitment of three coastal spawning species in Chesapeake Bay: Atlantic Menhaden, Spot, and
Summer Flounder. The generalized recruitment pattern was asynchronous with the recruitment of
diadromous species in the Bay and the authors suggest-lrajeclimate forcing is responsible for the
patterns in recruitment. Wingate and Secor (2008) associated high abundances of Spot with low winter
river flows and high winter temperatures. These studies suggests that Spot productivity may change
with changing cinate. Distribution may also change with climate change. Murawski (1993) found that
the maximum latitude of the occurrence of Spot in the region was related to temperature. Howell and
Auster (2012) included Spot in the watemperate fauna of Long Island8wl, but found no trend in
abundance over time. Walsdt al. (2015 indicated the presence of Spot larvae on the shelf in the fall
suggesting that spawning is shifting northwards.

Life History SynopsiSpot is an estuarindependent, coastal fish specigsind in inshore waters from
southern New England to Mexico (Ki\tacPhee, 2002). Adults reach maturity at age years (Able

and Fahay, 2010). Spawning occurs in offshore waters during late fall to early spring primarily near the
Gulf Stream Front othe coast of North Carolina and continental waters to the south (KW&cPhee,

2002; Able and Fahay, 2010). Eggs are pelagic and hatch after about 48 houilglékkiree, 2002).

Larvae are also pelagic and, over a period of about 2 months, transportdffshore spawning grounds

to estuarine nursery grounds (KlelilacPhee, 2002). Ingress into estuaries of the-Ridntic states

occurs during late winter early spring, and larvae are sporadically abundant indicating that many mid
Atlantic recruits vere likely larvae spawned south of Cape Hatteras (Able and Fahay, 2010). Late larvae
enter bays and subtidal creeks, but move into intertidal and subtidal marshes as they grow (Able and
Fahay, 2010). Spot can tolerate freshwater and full saline watéydually occur in brackish waters
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over a variety of substrates (Able and Fahay, 2010). Although some individuals overwinter in the
estuary, most young Spot egress into coastal waters in fall and stay closer to shore than older juveniles
and adults (Ableand Fahay, 2010). Larvae consume tintinnids, pteropods, pelecypods, ostracods, and all
stages of copepods (KleMacPhee, 2002). An ontogenetic shift to more benthic invertebrate prey

occurs at approximately 30 mm, including: harpacticoids, maldanichereld polychaetes, nematodes,
oligochaetes, clam siphons, and ostracods (KistPhee, 2002). Juveniles and adults occur over mud
and sand bottom in inshore and estuarine waters out to 132 m water depth and can tolerate a wide
range of temperatures anshalinities (KleitMacPhee, 2002). During spring and summer, Spot are found

in estuaries and inshore waters, then migrate in schools to offshore spawning grounds during fall, and
by late winter, are mostly found offshore south of Cape Hatteras (leicPlee, 2002). Like many

species in the sciaenid family, Spot produce sounds when spawning, feeding, or alarmed (Klein
MacPhee, 2002). Adult Spot are benthic carnivores consuming polychaetes, crustaceans, bivalves, and
occasionally fish (KleilacPhee, 2002) Several species of sharkgnkfish (GoosefishBluefish,

Weakfish, and Summer Flounder are common predators (Able and Fahay, 2010). There is no coastwide
assessment for Spot currently. In state waters, the Atlantic States Marine Fisheries Commission
coordinates management among states through an interstate fishery management plan (ASMFC, 2014).
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Spotted Seatrout - Cynoscion nebulosus

Overall Vulnerability Rank = High [

Biological Sensitivity = Moderate [
Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Plots
Cynoscion nebulosus Scores | Quality | (Portion by Category) [, .
Stock Status 21 I e = m‘;ﬂeme
Other Siressors 25 26 —— m Very High
Population Growth Rate 1.7 27 [E—
Spawning Cycle 22 26 L
Complexity in Reproduction 24 25 —
Early Life History Requirements 28 25 — [
Sensitivity to Ocean Acidification 14 28 e
Prey Specialization 12 30 I —
Habitat Specialization 20 3.0 —_r
Sensitivity to Temperature 14 30 e
Adult Mobility 19 27 N
Dispersal & Early Life History 24 29 —
Sensitivity Score Moderate
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 28 30 —
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 34 15 |
Exposure Score Very High
Overall Vulnerability Rank High
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Spotted Seatrout (Cynoscion nebulosjis

Overall Climate Vulnerability Rartigh (68% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0)Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors
occurs during all life stages. In most areas, Spotted Seatrout complete their entire life history within
estuaries, with some movements onto the shelf in colder areas.

Bidogical SensitivityModerate. Two sensitivity attributes scored above 2.5: Other Stressors and Early

Life History Requirements (2.5). Deterioration of coastal waters due to urbanization, dredging, and other
human activities has contributed to a declineéSpotted Seatrout abundance in some areas. Spotted
Seatrout are estuarine and early life stages develop in estuaries (Bortone 2003) making them susceptible
to changes in air and nearshore temperature changes.

Distributional Vulnerability RanMigh (54% cetainty from bootstrap analysis). Two attributes indicated
vulnerability to distribution shift. Spotted Seatrout have the potential to be dispersed during egg and
larval stages although most development occurs within estuaries. Adults are mobile andeaskeda
migrations in colder areas including the Northeast U.S. Shelf.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Spotted Seatrout on the
Northeast U.S. Shelf is estimated to be neutral, but with a high degree of anugr(<66% certainty in
expert scores). The uncertainty likely stems from the general lack of data on the species in the region.
Adult distribution may extend northwards as warming continues, but the magnitude of this extension
could be minimal over theaxt 30 years. The effect of ocean acidification over the next 30 years is likely
to be minimal.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiBeiativey little information exists regarding the role of
climate in affecting Spotted Seatrout productivity or distribution. Working in the Gulf of Mexico,
Froeschke and Froeschke (2011) found that distribution of juvenile Spotted Seatrout was strongly
associatedvith temperature and salinity. Working in Florida Bay, Kearney et al. (2014) found minimal
decreases in Spotted Seatrout habitat availability under several climate change scenarios. These studies
suggest that as the Northeast U.S. Shelf warms, areas ewnie more favorable to Spotted Seatrout.

Life History SynopsiSpotted Seatrout is an estuarigependent fish species of the western north

Atlantic that occurs from Cape Cod, Massachusetts, to Florida and the Gulf of Mexico, but is rare north
of Delawae Bay (Able and Fahay, 2010). Adults are mature by age 2, and spawning occurs from May to
August with a peak from late Mayearly June (Able and Fahay, 2010). Spotted Seatrout are highly
fecund and spawn repeatedly during their relatively long spaws@ason (ASMFC, 2011). Spawning
occurs in a variety of estuarine habitats including seagrass beds, sandy banks, shell reefs, and inlets, but
seagrass beds in warm water with salinities > 15 seem to be the most used (ASMFC, 2011). Eggs and
larvae are pelag and remain in the estuaries or bays where they were spawned (Able and Fahay, 2010).
Seagrass beds are important habitat throughout the life of Spotted Seatrout, and while juveniles settle
into a variety of estuarine habitats, seagrass beds and margb kdbitat are the most used (Able and
Fahay, 2010; ASMFC, 2011). Juveniles travel in schools for several years and inhabit larger tributaries
and lower estuarine habitat (ASMFC, 2011). Juveniles prey on benthic invertebrates, especially
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copepods, mysidhrimp, and as they get larger, penaeid and palaemonid shrimp (ASMFC, 2011). Many
larger estuarine fish species are predators of juvenile Spotted Seatrout (Able and Fahay, 2010).
Juveniles and adults are, in general, aoigratory, staying within 15 km of their natal estuary

(ASMFC, 2011). However, movement to deeper warmer water during cold weather has been observed,
and the population north of Cape Hatteras may migrate to coastal ocean waters off North Carolina
during late fall and winter and backto estuaries and bays in spring and summer (Able and Fahay,
2010). Adult Spotted Seatrout are piscivorous, but also feed on decapod crustaceans such as penaeid
and palaemonid shrimp (Able and Fahay, 2010; ASMFC, 2011). Striped Bass, Croaker, Bardacuda,
Tarpon are common predators of the species (Able and Fahay, 2010). There is neideast

assessment of Spotted Seatrout. The Atlantic States Marine Fisheries Commission coordinates
management, but assessments are conducted on a digtstate basi{ASMFC, 2011). Stocks in the
northern part of the range are experiencing overfishing, but the southern stocks appear to be
sustainably harvested (ASMFC, 2011).
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Striped Bass — Morone saxatilis

Overall Vulnerability Rank = Very High [l

Biological Sensitivity = High [
Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

Expert | Data | Expert Scores Plots
Morone saxatilis Scores | Quality| (Portion by Category)| o,
Stock Status 20 | 14 | - m‘;ﬂeme
Other Siressors 26 26 —— m Very High
Population Growth Rate 26 238 —T
Spawning Cycle 33 30 —
Complexity in Reproduction 23 248 —
Early Life History Requirements 30 30 1
Sensitivity to Ocean Acidification 12 30 I
Prey Specialization 12 30 |
Habitat Specialization 19 3.0 ———
Sensitivity to Temperature 1.7 30 e
Adult Mobility 16 30 P
Dispersal & Early Life History 24 30 —
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 18 30 R
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 25 1.5 —
Exposure Score Very High
Overall Vulnerability Rank Very High

Return to Table of Contents S7 Supporting Information. Species Narrativ236




Return to Table of Contents

Striped Bass (Morone saxatili9

Overall Climate Vulnerability Rankery High (69% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors
occurs diring all life stages. Striped Bass spawn and develop in freshwater and low salinity habitats,
while adults make seasonal noriouth migrations in the coastal ocean.

Biological SensitivitHigh. Two sensitivity attributes scored above 3: Spawning C3@¢ énd Early Life
History Requirements. Spawning occurs in the spring on the freshwater side of theedgk. Eggs and
larvae develop in brackish waters. Striped Bass are obligate estuarine dependent (Able 2005).

Distributional Vulnerability RanMigh (81% certainty from bootstrap analysis). Two attributes indicated
vulnerability to distribution shift. Striped Bass are highly mobile making large seasonabnatth
migrations. They also use a variety of estuarine, nearshore, and coastal habitats.

Directional Effect in the Northeast U.S. Sh&lie effect of climate change on Striped Bass on the
Northeast U.S. Shelf is estimated to be neutral, but with a moderate degree of uncertairf@Q¥66

certainty in expert scores). The uncertainty likely steromfthe complex life history and the potential

for different aspects of climate change to effect the species differently. Increasing temperatures could
reduce habitat in the southern part of the Northeast U.S. Shelf while increasing habitat in the northern
portions. Higher precipitation may increase recruitment, but combined withleeal rise may decrease

the saltwedge are where Striped Bass spawn. The effect of ocean acidification over the next 30 years is
likely to be minimal.

Data Quality 88% of the dta quality scores were 2 or greater.

Climate Effects on Abundance and Distributidmumber of studies indicated that Striped Bass

productivity can be influenced by climate change. Hurst and Conover (1998) showed that temperature
induced overwinter momlity of juveniles was important to recruitment in northern portions of the

range. Further, Coutant and Benson (1990) indicated that increasing summer temperatures resulted in a
reduction of habitat in Chesapeake Bay. Egg and larval distribution relatitie position of the salt

wedge and estuarine turbidity maximum also are important to recruitment (North and Houde 2003).

O Connor et al. (2012) found that | arval abundanc

freshwater inputs. Thus, chgas in temperature, precipitation and séavel rise have the potential to
affect population productivity.

Life History SynopsiStriped Bass is a freshwater, estuarine, and coastatromous species found

from the lower St Lawrence and southern GulSof Lawrence to Florida and the northern shore of the

Gulf of Mexico as well as being introduced to rivers, reservoirs, and estuaries throughout the United
States and several places in Europe (KlidaitPhee, 2002). Females reach sexual maturity betwe@n 4
years, and males at2 years or possibly later (KleMacPhee, 2002). Spawning occurs from February

to July in freshwater usually within 40 km of the sa#idge as temperatures rise above-14°C (Klein
MacPhee, 2002; Able and Fahay, 2010). Strisd Beturn to natal rivers throughout their eastern

United States range, but the majority of spawning in the northeastern US occurs in the Chesapeake Bay,
the Delaware Bay, and the Hudson River in areas with a strong currentdeiPhee, 2002; Able and
Fahay, 2010). Striped Bass are highly fecund broadcast spawners producing largpeiosemi eggs
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that require a strong current to stay afloat (KlétacPhee, 2002). Incubation takes about 2 days, or up
to 5 days in cooler water, with survival dependemntlow salinity and temperatures <ZZ, although

several water quality parameters can mean the difference between survival of the egg or not (Klein
MacPhee, 2002). Eggs and larvae follow currents downstream to the lower tidal reaches, but survival
ratesare higher in low salinity water (Able and Fahay, 2010). Larvae occu2BRCl®&ater with larval
durations of about 1 month on average, but up to 2 months in cooler water (KlagPhee, 2002).

Larvae consume copepods and cladocerans as big as thegtcdin(KleifMacPhee, 2002). Many larger
fish likely prey on larval Striped Bass, but they are rarely seen in the stomachs-chwuglat fish (Klein
MacPhee, 2002). Juvenile habitat includes shallow waters with sluggish currents, sand or gravel bottom,
and dissolved oxygen levels >3mgKleinMacPhee, 2002; Able and Fahay, 2010). Early juveniles
consume a variety of prey including insect larvae, polychaete worms, larval fishes, mysids, amphipods,
and Crangon shrimps, but begin consuming a higher ptagoof small fishes as they grow (Klein
MacPhee, 2002; Able and Fahay, 2010). Schooling behavior is common among juveniles and small
adults (up to 4.5 kg) (KleiMacPhee, 2002). Most adults larger than 4.5 kg are found singly-(Klein
MacPhee, 2002). Ehe is a large degree of variability in the range of migrations and the use of oceanic
habitat. In general, there are resident populations throughout the range of the species that remain in
freshwater or river/estuarine systems for the duration of thefie liKleinMacPhee, 2002). Between

Cape Hatteras and New England, there are also migratory anadromous populations whose members
stay within natal estuaries for-3 years before leaving the estuary for coastal summer habitat Klein
MacPhee, 2002; Able andlfay, 2010; NEFSC, 2013). The amount and distance of migrations increases
with fish size, so large females are the most likely to migrate and to migrate the farthest in a season
(KleinMacPhee, 2002; Able and Fahay, 2010). Oceanic migrations tendddhzertorth and east

during spring and to the south and west, returning to estuaries, during fall, rarely venturing farther than
6-8 km from shore, and often observed feeding near beaches (KlaaPhee, 2002; Able and Fahay,

2010; NEFSC, 2013). Adults woracious predators and feed on a variety of seasonally available
freshwater and marine fish and invertebrates, including crustaceans, worms, squid, soft clams, mussels,
and small fish (KleiMacPhee, 2002). Large Bluefish, Weakfish, and possibly idt@od, Silver Hake,

and larger Striped Bass feed on Striped Bass, but humans are the major predator of the species (Klein
MacPhee, 2002). Striped Bass are managed as a single stock from North Carolina to Maine; however,
the Albemarle Sound/Roanoke Riy@pulation is managed separately due to the perception of low
contribution rates to the northern populations (NEFSC, 2013). The National Marine Fisheries Service
conducts a coaswide assessment, but management is coordinated among states by the Ataatas
Marine Fisheries Commission (NEFSC, 2013). Commercial fishing is prohibited in New Jersey,
Pennsylvania, Connecticut, New Hampshire, Maine, and the District of Columbia, but recreational
fisheries exist throughout the stock region (NEFSC, 201@) stdck is not overfished or experiencing
overfishing as of 2012 (NEFSC, 2013).
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Summer Flounder — Paralichthys dentatus

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Low [
Climate Exposure = Very High [l
Data Quality = 92% of scores = 2

] Expert | Data | Expert Scores Plots
Paralichthys dentatus Scores | Quality | (Portion by Category)| o,
Stock Status 20 | 30 1 - m‘;ﬂeme
Other Stressors 23 2.6 — W Very High
Population Growth Rate 20 26 |
Spawning Cycle 20 30 [
Complexity in Reproduction 13 248 oy
Early Life History Requirements 22 27 —T
Sensitivity to Ocean Acidification 13 24 —
Prey Specialization 12 30 I —
Habitat Specialization 14 3.0 I —
Sensitivity to Temperature 12 30
Adult Mobility 15 30 o |
Dispersal & Early Life History 19 28 |
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 26 30 —
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 24 1.5 —
Exposure Score Very High
Overall Vulnerability Rank Moderate
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Summer Flounder (Paralichthys dentatup

Overall Climate Vulnerability RarModerate (100% certainty from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), €an Acidification (4.0) and Air Temperature (4.0). Summer Flounder is an obligate
estuarinedependent species (Able, 2005), spawns on the shelf and juveniles develop in estuaries. Adults
make seasonal norteouth migrations exposing them to changing caiodi inshore and offshore.

Biological Sensitivityow. No sensitivity attributes scored above 2.5.

Distributional Vulnerability Rankigh (100% certainty from bootstrap analysis). Three attributes
indicated vulnerability to distribution shift. Summerdilader spawning in shelf waters and eggs and
larvae are broadly dispersed. Adults make regietalle northsouth migrations seasonally. Adults use a
range of habitats including estuarine, coastal, and shelf. The life history of the species has a strong
potential to enable shifts in distribution.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Summer Flounder on the
Northeast U.S. Shelf is estimated to be neutral but with high uncertainty (<66% certainty in expert
scores). Adlt distribution have shifted northward, but this is linked to changes in fishing. Also,
productivity of the stock has remained fairly constant over the past 3 decades, during which
temperatures in the ecosystem have increased. The effect of ocean atidifiover the next 30 years
is likely to be minimal. However, there are many aspects of the life history which could result in a
positive effect resulting from climate change and these lead to the expert uncertainty.

Data Quality 92% of the data qualitycores were 2 or greater.

Climate Effects on Abundance and Distributidfood and Austin (2009) described synchrony in the
recruitment of three coastal spawning species in Chesapeake Bay: Atlantic Menhaden, Spot, and
Summer Flounder. The generalized tétnent pattern was asynchronous with recruitment of
diadromous species in the Bay and the authors suggest-taragjle climate forcing is responsible for the
patterns in recruitment. This study suggests that Summer Flounder productivity may change with
changing climate. Recent changes in Summer Flounder distribution also have been identified and linked
to climate (Pinsky et al 2013), but Bell et al. (2014) presented evidence that changes in Summer
Flounder distribution were linked to reductions in fishinglaexpanding population rather than changes

in temperature. Murawski (1993) also documented changes in Summer Flounder distribution related to
abundance and not temperature. These results do not mean that climate does not affect distribution,
but rather clanges in abundance have a much greater effect, pointing to the important role of fishing in
determining fish abundance and distribution. Chambers et al. (2014) found that survival of Summer
Flounder eggs and larvae decreased with increasingQtentratons. However, the experimental
conditions were extreme relative to the expected changes ing@@centrations in the next several
decades, thus the effects of ocean acidification in the fieem remain unclear.

Life History SynopsiSummer Flounder is astuarinedependent, marine, benthic flatfish species that

is found from Nova Scotia to Florida, but mostly occurs from Cape Cod, Massachusetts, to Cape
Hatteras, North Carolina (Packer et al., 1999). Most Summer Flounder are sexually mature by dge 2, an
females reach larger sizes than males (Packer et al., 1999). North of Cape Hatteras, spawning occurs
from September through January or as late as early March (peaking October to November) beginning
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inshore and continuing as the adults migrate to offshainter habitats (Packer et al., 1999; Able and
Fahay, 2010). Summer Flounder are highly fecund serial spawners producing thousands to millions of
pelagic eggs (Packer et al., 1999). Eggs hatch afteta®s depending on water temperature (Packer et

al,, 1999; Able and Fahay, 2010). Larvae are planktonic and are transported inshore eventually reaching
estuaries (Packer et al., 1999; Able and Fahay, 2010). While offshore, survival is influenced by
temperature, salinity, and the availability of prey &g tyolk runs out (Packer et al., 1999). Larvae feed
during the day on copepod nauplii, copepodites, and tintinnids, changing to larger prey including
calanoid copepods, and appendicularians as they approach the coastNtKeRrhee, 2002; Able and

Fahay, R10). Beginning while still at sea, Summer Flounder larvae undergo a significant metamorphosis
where the right eye migrates over the head to the left side (Packer et al., 1999). The duration of this
stage depends on temperature and can last 3 weeksnw@Bths (KleifrMacPhee, 2002; Able and Fahay,
2010). Larvae ingress to estuaries during late fall to early spring at approximately 13 mm standard
length (Able and Fahay, 2010). The diet of gastae in estuaries relies heavily on the calanoid
copepod,Temora longicornig¢Able and Fahay, 2010). After completing metamorphosis, juveniles settle

on estuarine soft sediments and begin exhibiting burying behavior (Packer et al., 1999). Recently settled
juveniles occur in a variety of estuarine habitats inaigdimarsh creeks, seagrass beds, mud flats, open
bays, and shallow coves with mud, sand, and shell hash substrates, and remain in the same area for
several months (Packer et al., 1999; Able and Fahay, 2010). Juveniles are most abundant in estuaries
from Mrginia to South Carolina (Able and Fahay, 2010). Many juveniles from southern estuaries remain
in the estuary for up to 20 months, while northern estuary inhabitants often move to just outside the
estuary in winter and return to the same estuary the nsgting (Packer et al., 1999; KiditacPhee,

2002). The juvenile diet shifts from invertebrates, such as mysids, shrimp, polychaetes, copepods, and
crabs, to a diet dominated by blue crabs and small fishes such as juvenile Winter Flounder, silversides,
mummichogs, and Spot (KleMacPhee, 2002; Able and Fahay, 2010). Crangon shrimp and blue crabs
are also common predators of juvenile flounder (Able and Fahay, 2010). Adults are common in
estuarine and coastal waters from spring through fall near eeldrads and salt marshes in muddy or

silty sediments (Kle#MacPhee, 2002; Able and Fahay, 2010). In fall, starting with the oldest and largest
individuals, adults and large juveniles migrate offshore to sand or mud bottom on the outer continental
shelf to oerwinter (KleinMacPhee, 2002; Able and Fahay, 2010). By late spring the adults migrate back
to coastal waters, often to the same estuaries year after year; although, some large individuals stay
offshore even during summer (Able and Fahay, 2010). Bdnysfish as sand lance, anchovies, hakes,

and other flatfish are the dominant prey of these active hunters (KigecPhee, 2002; Able and Fahay,
2010). Squid, decapod shrimp, and small crustaceans are also important prey (NEFSC, 2013). Spiny
Dodgfish, Blué&hark, Little Skate, Winter Skate, Atlantic Cod, Silver iNakakfish (GoosefishNorthern

Sea Robin, Spot, Bluefish, and Winter Flounder are all predators of Summer Flounddvié<eivee,

2002; NEFSC, 2013). The Atlantic States Marine Fisheriesissmnn(state waters) and Midtlantic

Fishery Management Council (federal waters) cooperatively manage Summer Flounder as a single stock
from the Canadian border to the southern border of North Carolina (NEFSC, 2013). Summer Flounder
are not overfished ar is overfishing occurring and the stock was declared rebuilt in 2010 (NEFSC, 2013).
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Tautog — Tautoga onitis
Overall Vulnerability Rank = Very High [l
Biological Sensitivity = High [T

Climate Exposure = Very High [l
Data Quality = 83% of scores = 2

. Expert | Data | Expert Scores Plots
Tautoga onitis Scores | Quality | (Portion by Category) [, .
Stock Status 21 | 08 | - m‘;ﬂeme
Other Siressors 26 248 I m Very High
Population Growth Rate i3 26 [ —
Spawning Cycle 25 30 —
Complexity in Reproduction 16 26 e a—
Early Life History Requirements 24 1.4 — T
Sensitivity to Ocean Acidification 22 28 o
Prey Specialization 15 30 e W
Habitat Specialization 24 3.0 —r—
Sensitivity to Temperature 24 30 —T—
Adult Mobility 31 28 e e |
Dispersal & Early Life History 22 26 I
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 21 a0 -
Variability Salinity 12 3o I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 1.7 1.5 !
Exposure Score Very High
Overall Vulnerability Rank Very High
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Tautog (Tautoga onitig

Overall Climate Vulnerability Rankery High (79% certainty fronbootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors
occur during the life stages. Tautog ssmastal and nearshore habitats during all life stages, and utilize
offshore habitat in the winter.

Biological SensitivityHigh. Two sensitivity attributes scored above 3.0: Adult Mobility (3.1) and
Population Growth Rate (3.3); and was at or above dggenerally remain within the nearshore
environment during all seasons with some offshore movement, particularly in the northern part of their
range (Arendt et al. 2001). They are a relatively loregd fish with low population growth rates
potentiallymaking them vulnerable to climate change (Steimle and Shaheen, 1999). However, in the
southern part of the ecosystem

Distributional Vulnerability RanModerate (82% certainty from bootstrap analysis). Three attributes
indicated limited vulnerability to idtribution shift: limited adult mobility, limited early life stage
dispersal, and relatively high habitat specialization.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Tautog on the Northeast

U.S. Shelf is estimated to beutral but with a moderate degree of uncertainty (86% certainty in

expert scores). The range of Tautog extend just south of the Northeast U.S. Shelf and a northward shift
would negatively affect Tautog in the region. However, no northward shift has decumented

despite decades of warming. In addition Tautog primarily feed on molluscs and crustaceans and ocean
acidification may weaken shells and thereby make prey more vulnerable to predation. Again, there is no
evidence to support these suppositioasd thus, the neutral effect of climate change and moderate
uncertainty.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidhere is relatively little infanation regarding the effect

of climate on Tautog productivity. Temperature is important in triggering migratory behavior in the fall
(Olla et al. 1980) and spawning in the kaf@ring and summer (Gauthier et al. 2008). Thus, changes in
temperature have theotential to effect life history phenology, but whether these potential effects will
impact productivity in unknown. Similarly, climate effects on Tautog distribution are unclear. Tautog
were grouped with the coldemperature species in Long Island Souddw York and Narragansett Bay,
Rhode Island and abundances have decreased over time (Howell and Auster, 2012; Collie et al., 2008),
but there are no largescale studies examining regional scale distribution. The low mobility of the
different life stagesgggest that the species would have limited ability to shift their range in the face of
climate change.

Life History Synopsi$autog is a slowrowing, longived, coastal and estuarine species that occurs

from Nova Scotia to South Carolina, but is prifgefound from Cape Cod to Delaware Bay (Able and

Fahay, 2010). Tautog are gonochoristic, and while males may begin maturing earlier than females, most
fish reach maturity at 3l years (ASMFC, 2015). Spawning occurs between April and September,
beginningin the southern portion of their range, at or near the mouth of estuaries and to a limited

degree on wrecks and reefs on the inner shelf, with individuals generally returning to the same area
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each year (Munroe, 2002; Able and Fahay, 2010; ASMFC, 20#&5feniales of the species increase
fecundity, number of batches per season, and egg quality with size (Able and Fahay, 2010; ASMFC,
2015). Gametes are released in nsarface waters, and eggs are usually found in estuaries and
sporadically on the inneshelf and near beaches (Munroe, 2002; ASMFC, 2015). Incubation t&kes 2
days depending on temperature, and temperature %22nay impede embryonic and larval

development (Munroe, 2002). Copepods are known to eat Tautog eggs (Able and Fahay, 2010). Larvae
are planktonic for approximately-2 weeks and occur along the estuargean gradient and near

beaches, but move deeper and farther from shore later in the larval stage (Able and Fahay, 2010).
Tautog settle to shallow vegetated areas of the estuary,ipaldrly where sea lettuce or other

macroalgae are present, then move to deeper nearshore areas with eelgrass or structure, such as rock,
jetties, or shipwrecks, as they mature (Munroe, 2002). Most juveniles remain in estuaries year round,
but by springsome juveniles are associated with structure on the inner shelf (Munroe, 2002). Young
Tautog consume copepods, amphipods, and some isopods and decapods, but rely more heavily on
mussels as they grow (Munroe, 2002; Able and Fahay, 2010). Adult Tausmregmes found

feeding on sandy bottom, but generally require structure such as rocky reefs, pilings, jetties, boulders,
rubble, or mussel beds (Munroe, 2002; Able and Fahay, 2010). All feeding and activity occurs during the
day, with larger fish movinf@rther away from the home site than smaller fish (Munroe, 2002; ASMFC,
2015). Tautog consume a variety n¥@rtebrates, especially molluscbarnacles, small crustaceans,
echinoderms, and some small fishes (Munroe, 2002). All fish return to theieshehight where they

are inactive and possibly sleep (Munroe, 2002; ASMFC, 2015). The southern portion of the population
remains in the estuaries year round, and a portion of the northern population remains on the inner shelf
year round (Munroe, 2002;e and Fahay, 2010). The majority of adult Tautog from the northern part
of the population make seasonal migrations from the estuary in fall to areas approximately 3 km from
shore with rugged terrain (Munroe, 2002). During cold winters, Tautog areigggay hibernate in
shelters, and are susceptible to ceddock mortality events (Munroe, 2002; ASMFC, 2015). In spring,

the fish return to the estuary to spawn and feed (Munroe, 2002). There is very little-sihtig

movement during these migratior{dunroe, 2002). Many larger fishes and piscivorous birds consume
Tautog, including Spiny Dogfish, skates, Red Hadwrkfish (Goosefish)Striped Bass, Sea Raven, and
cormorants (Munroe, 2002; Able and Fahay, 2010). The Atlantic States Marine Fisbemeis<ion
manages the species as three stocks. As of 2013, the Southern New England stock is overfished and
experiencing overfishing; the Connectiddéw YorkNew Jersey and the DelawakéarylandVirginia

stocks are overfished, but not experiencing osiing (ASMFC, 2015).

Literature Cited

Able KW, Fahay MP. Ecology of estuarine fishes: temperate waters of the western North Atlantic.
Baltimore: The Johns Hopkins University Press; 2010. 566p.

Arendt MD, Lucy JA, Evans DA. Diel and seasonal activitynsatfeadult tautog, Tautoga onitis, in
lower Chesapeake Bay, inferred from ultrasonic telemetry. Environ Biol Fishes. 2001; 62391379
doi: 10.1023/A:1012266214143

Atlantic States Marine Fisheries Commission (ASMFC). 2015. Tautog stock assesgpmentéview.
Accessed online (April 2015): http://www.asmfc.org/species/tautog

Collie JS, Wood AD, Jeffries HP. Herm shifts in the species composition of a coastal fish community.
Can J Fish Aquat Sci. 2008; 65(7): 13865. doi: 10.1139/F0848

Return to Table of Contents S7 Supporting Information. Species Narrativ246




Return to Table of Contents

Gauthier DA, Lincoln JA, Turner JT. Distribution, abundance, and growth of larval tautog, Tautoga onitis,
in Buzzards Bay, Massachusetts, USA. Mar Ecol. 2008; 298B): d&: 10.1111/j.1439
0485.2007.00212.x

Howell P, Auster PJ. Phase shift in an estedinfish community associated with warming
temperatures. Mar Coast Fish. 2012; 4(1):-485. doi: 10.1080/19425120.2012.685144

Munroe, TA. Tautog/ Tautoga onitus (Linnaeus 1758 dtlete BB, KleilacPhee G, editors, Fishes of
the Gulf of Maine, & edition. Washington: Smithsonian Institution Press; 2@@R.449457.

Olla BL, Studholme AL, Bejda AJ, Samet C. Role of temperature in triggering migratory behavior of the
adult tautog Tautoga onitis under laboratory conditions. Mar Biol. 1980; 528430. doi:
10.1007/BF00396979

Steimle FW, Shaheen PA. (1999). Tautog (Tautoga onitis) Life History and Habitat Requirements. US Dep
Commer. NOAA Tech Memo NMFS NE, 118, 23. Available:
http://www.nefsc.noaa.gov/publications/tm/tm118/tm118.pdf

Return to Table of Contents S7 Supporting Information. Species Narrative47




Return to Table of Contents

Thorny Skate — Amblyraja radiata
Overall Vulnerability Rank = High [T
Biological Sensitivity = High [T

Climate Exposure = High []
Data Quality = 88% of scores = 2

, , Expert | Data | Expert Scores Plots
Amblyraja radiata Scores | Quality | (Portion by Category)|_,
Stock Status 38 | 28 — W o
Other Stressors 1.5 1.8 e m Very High
Population Growth Rate 36 26 e n
Spawning Cycle 14 28 |—!
Complexity in Reproduction 15 20 s m—
Early Life History Requirements 10 30 |_|
Sensitivity to Ocean Acidification 14 30 e
Prey Specialization 12 30 [
Habitat Specialization 12 3.0 I —
Sensitivity to Temperature 22 28 —
Adult Mobility 18 24 e
Dispersal & Early Life History 17 28 | pom
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 o | [
Salinity 12 30 | @
Variability Salinity 12 30 | pm
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 10 3o [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank High
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Thorny Skate (Amblyraja radiata)

Overall Climate Vulnerability Rartigh (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) ard Ocean Acidification (4.0). Thorny Skate are demersal and complete their life cycle in marine
habitats.

Biological SensitivityHigh. Two attributes scored above 3.0: Stock Status (3.8) and Population Growth
Rate (3.6). The Thorny Skate index is belatiomass target and biomass threshold and has been
declining since the 1960s (NEFSC 2013). In general, skates have a low population growth rate (higher
sensitivity to climate change) (Frisk 2010).

Distributional Vulnerability RanKigh (100% certaintyrbm bootstrap analysis). Thorny Skate are
habitat generalists and moderately mobile as adults. In addition, skate egg cases are subject to
movement by currents and juveniles may move on scaleslol k m’ s .

Directional Effect in the Northeast U.S. Sh#tie effect of climate change on Thorny Skate is very likely
to be negative (>95% certainty in expert scores). Thorny Skate is-aatddspecies that has shown
declines in abundance in recent years. Warming and acidification may reduce productivity.furthe

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributibittle specific information exists on the effect of climate

on Thorny Skate. Di Santo (2015) foundttimcreased warming and acidification reduce body condition

of newly hatched Little Skate. These reductions in size could result in reduced juvenile survival and thus
recruitment if similar effects occur in Thorny Skate. Nye et al. (2009) found a siftadbsithward
accompanied by a shift into deeper water. Swain and Benoit (2006) documented a shift into deeper
water in the Gulf of Saint Lawrence and argued that this resulted from desesitgndent habitat

selection not a climatic shift in preferred hédi

Life History Synopsi$horny Skate is a boreal to arctic, ladgedied skate species found on both sides

of the Atlantic Ocean. In the western North Atlantic, Thorny Skate occurs from western Greenland to
South Carolina, but is uncommon south of @gs Bank (Packer et al., 2003). Thorny Skate is a late
maturing species that begins to mature betweetd byears and mates using internal fertilization

(Packer et al., 2003; Sulikowski et al., 2006). Eggs are encapsulated singly in a rectangulaegorned
case (Packer et al., 2003). Females with fully formed egg capsules are found year round, but the
proportion of females with eggs is highest during summer (Packer et al., 2003). Later maturing females
produce larger eggs (Packer et al., 2003). Emmicygevelopment in the egg case may take ears in

cold water (Packer et al., 2003). Halibdgnkfish (Goosefish)Greeland Sharks, and predatory

gastropods eat embryonic skates (Packer et al., 2003). After hatching, the juvenile skate consumes yolk
for 2-4 months before beginning active feeding (Packer et al., 2003). Juveniles are common in the Gulf
of Maine and northern Georges Bank over sand, gravel, broken shell, pebbles, or soft mud of-the mid
and outershelf, in areas with-8°C bottom water Packer et al., 2003). In the southern part of their

range, Thorny Skate are only found on the continental slope (McEachran, 2002). Adults occur in similar
conditions, but tend not to occur as shallow as younger skates (Packer et al., 2003). Thornya$kate
make small seasonal movements, but in tagging studies, are rarely collected far from the tagging site,
and appear to be nearly sedentary (McEachran, 2002; Packer et al., 2003). Thorny Skate prey
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opportunistically on the most abundant benthic prey sg@s in the area (Packer et al., 2003).

Polychaetes, decapods, and cephalopods are major prey species, but fishes are occasionally dominant
(Packer et al., 2003). An ontogenetic shift in the importance of prey from crustaceans to polychaetes to
fish and guid has been observed, but regional differences in prey abundance complicate the pattern
(Packer et al., 2003). Seals, sharks, and Halibut are common predators of the species (Packer et al.,
2003). The New England Fishery Management Council managey Biate as part of a skate

complex. Steady declines in abundance since the 1970s led the Council to prohibit its possession since
2003 (NEFSC, 2007). In the most recent assessment update, Thorny Skate was overfished, and also
experiencing overfishing 8FSC, 2014).

Literature Cited

Di Santo V. Ocean acidification exacerbates the impacts of global warming on embryonic little skate,
Leucoraja erinace@Mitchill). J Exp Mar Bio Ecol. 2015; 463782d0i:10.1016/j.jembe.2014.11.006

McEachran JD. Thorniee/ Amblyraja radiata. In: B.B. Collette BB, KMatPhee G, editors, Fishes of
the Gulf of Maine, 3rd ed. Washington: Smithsonian Institution Press; 2002-64.62

Packer DB, Zetlin CA, Vitaliano JJ. 2003. Essential fish habitat source documewtsKaterrAmblyraja
radiata, life history and habitat characteristics. NOAA Tech Memo NMFS NE 178; 39 p. Accessed online
(August 2015): http://www.nefsc.noaa.gov/nefsc/publications/tm/tm178/

Northeast Fisheries Science Center (NEFSC). 2007. 44th NortbgiastaRStock Assessment Workshop
(44th SAW): 44th SAW assessment report. US Dep Commer, Northeast Fish Sci Cent RES;[B&1.07
p. Accessed online (August 201&i}p://www.nefsc.noaa.@v/publications/crd/crd0710/

Northeast Fisheries Science Center (NEFSC). 2014. Update of Skate Stock Status Based on NEFSC Bottom
Trawl Survey Data through Autumn 2013/Spring 2014. Available:
http://s3.amazonaws.com/nefmc.org/2_NEFSC_UpdateSkateStocksii14

Sulikowski J A, Kneebone J, Elzey S, Jurek J, Howell WH, Tsang PCW. Using the composite variables of
reproductive morphology, histology and steroid hormones to determine age and size at sexual maturity
for the thorny skate Amblyraja radiata in the vies) Gulf of Maine. J Fish Biol. 2006; 69(5): 14465.

doi: 10.1111/j.10958649.2006.01207.x

Swain DP, Benoit HP. Changeabitat associations and geographic distribution of thorny skate
(Amblyraja radiata) in the southern Gulf of St La
response to environmental change? Fish Oceanogr. 2006; 15(2)1:8%6&loi: 10.1111/j.1365

24192006.00357.x

Nye JA, Link JS, Hare JA, Overholtz WJ. Changing spatial distribution of fish stocks in relation to climate
and population size on the Northeast United States continental shelf. Mar Ecol Prog Ser. 2009; 393: 111
129. doi: 10.3354/meps08220

Return to Table of Contents S7 Supporting Information. Species Narratives0



http://www.nefsc.noaa.gov/publications/crd/crd0710/

Return to Table of Contents

Tilefish — Lopholatilus chamaeleonticeps

Overall Vulnerability Rank = High [

Biological Sensitivity = High [
Climate Exposure = High ]
Data Quality = 75% of scores = 2

] , Expert | Data | Expert Scores Plots
Lopholatilus chamaeleonticeps | scores | Quality|(Portion by Category) SLow
Stock Status 22 | 28 1 o m‘;ﬂeme
Other Stressors 21 26 1 W Very High
Population Growth Rate 38 26 B
Spawning Cycle 21 28 [ ]
Complexity in Reproduction 23 0.8 o
Early Life History Requirements 20 0.8 —_T
Sensitivity to Ocean Acidification 14 1.8 e
Prey Specialization 12 30 |
Habitat Specialization 29 3.0 —
Sensitivity to Temperature 21 26 1
Adult Mobility 31 24 ]
Dispersal & Early Life History 20 14 |
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 30 | [
Salinity 22 30 |
Variability Salinity 12 30 | pm
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank High
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Tilefish (Lopholatilus chamaeleonticeps

Overall Climate Vulnerability Rartigh (100% certainty from bootstrap analysis).

Climate Exposurédigh. Two exposure factors contributed to this score: Ocean Surface Tetapera
(3.9) and Ocean Acidification (4.0). All life stages of Tilefish use marine habitats.

Biological SensitivitHigh. Two factors scored above 3.0: Population Growth Rate (3.8) and Adult
Mobility (3.1). Tilefish are slow growing and ldivged (LombardiCarlson and Andrew 2015). In addition,
Tilefish use burrows for shelter and are relatively site specific (Able et al. 1982).

Distributional Vulnerability Rankow (100% certainty from bootstrap analysis). Tilefish is site specific
and inhabit specializeddabitats. They do have planktonic larvae, but this stage is very rare in regional
ichthyoplankton sampling suggesting limited disperS#¢imleet al., 1999).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Tilefish on thertheast
U.S. Shelf is estimated to be neutral, but with a moderate degree of uncertain80dtcertainty in
expert scores). Tilefish is a watmater fish and warming in the Northeast U.S. may result in more
available habitat. However, Tilefish hastlgabitat specificity and the effect of warming on habitat
availability in uncertain. In addition, the effect of climate on productivity is unclear.

Data Quality 75% of the data quality scores were 2 or greater indicate that data quality is moderate.

Clmate Effects on Abundance and DistributidnTilefish dieoff in 1882 was attributed to enhanced
southward transport of cold water in the Labrador Current, coincident with a minimum in the North
Atlantic Oscillation (NAO) index during the early 1880s ¢hlat al., 1999). Fisher et al. (2014)
hypothesized that NAO affected commercial landings throughout most of the 20th century by altering
slope water temperatures and likely the Tilefish's reproductive success; warmer water increases
productivity of Tilekh, while colder water decreases productivity. However, Fisher et al. (2014)
proposed that the environmeriandings relationship broke down as exploitation increased.

Life History SynopsiSilefish is a large, loAied, demersal, warmwater species ofigh that occurs

from Nova Scotia to Suriname, but not in the Caribbean Sea, and is primarily found from the southern
edge of Georges Bank to Key West, Florida, and throughout the Gulf of Mexico (Steimle, 1999). Tilefish
reach maturity at 511 years, withmales slower to mature than females (Able, 2002). Spawning occurs
from March to November with a peak in May to September (Steimle, 1999). Little is known about
spawning behavior, but Tilefish are highly fecund, may be pair spawners, and are likebyn&lauti

serial spawners (Steimle, 1999; Able, 2002). Eggs are buoyant and hatch after at least 40 hours based on
captive eggs held at warmer temperatures than experienced in the wild (Steimle, 1999). Larvae are
planktonic from July to September in warnaters over the outer continental shelf (Steimle, 1999).

Larvae are probably zooplanktivorous (Steimle, 1999). Settlement patterns are unknown, but juveniles
have been found in vertical shaft burrows in sdithified clay and in anthropogenic structurkise

lobster traps and ship wrecks (Steimle, 1999). Juveniles may not be able to excavate their own burrows
initially, so may use the burrows of other animals to start their own (Steimle, 1999). Juveniles consume
benthic organisms such as crabs, Congés,EHagfish, bivalve molluscs, polychaetes, holothurians, sea
anemones, and echinoderms, but occasionally consume pelagic prey such as salps, squid, and small fish
(Steimle, 1999). Adults and juveniles have been found from depths®4@n, but mosthpccur in a

narrow band of the outer continental shelf and upper slope (200 m) where water temperatures stay
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fairly stable (817°C) known as the warm belt (Steimle, 1999). Small migrations or hibernation during
low temperature events are possible, batmass mortality event in 1882 is attributed to a flood of cold
water into the area (Steimle, 1999; Able, 2002). Tilefish require structure such as boulders, the scour
depressions beneath them, or more commonly, vertical or horizontal burrows inlghified clay that

they likely inhabit and continue to excavate throughout their adult life, never migrating far (Steimle,
1999). Tilefish stay close to their burrows at night, but forage on a variety of benthic prey during the day
including: shrimps, crabmolluscs, polychaetes, sea cucumbers, brittlestars, urchins, anemones,
tunicates, and occasionally fishes (Able, 200R)lluscs and echinoderms dominate the diet of smaller

fish, but their diet shifts to galatheids, spider crabs, and ophiuroids in l&isle(Able, 2002). Tilefish
burrows are also subcolonized by decapod crustaceans, and for all inhabitants, are likely a way to avoid
predators (Steimle, 1999; Able, 200jonkfish (Goosefish)Spiny Dogfish, Conger Eels, and larger
Tilefish prey on juvales while sharks are suspected to prey on adults (Steimle, 1999). The Mid Atlantic
Fishery Management Council manages Tilefish through the Golden Tilefish Fishery management plan.
The MidAtlantic stock is considered rebuilt and is not overfished atangoing overfishing, based on

the most recent assessment (NEFSC, 2014). The southeast United States and Gulf of Mexico stocks are
also not overfished nor undergoing overfishing (SEDAR, 2011a, b).
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Weakfish — Cynoscion regalis

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Low [
Climate Exposure = Very High [l
Data Quality = 88% of scores = 2

. . Expert | Data | Expert Scores Plots
CyHOSCIOH FEQ‘E-"IS Scores | Quality | (Portion by Category) o Low
Stock Status 24 14 S S m‘;ﬂeme
Other Stressors 25 2.6 [ W Very High
Population Growth Rate 18 26 e
Spawning Cycle 22 30 I —
Complexity in Reproduction 21 26 —
Early Life History Requirements 24 25 e
Sensitivity to Ocean Acidification 17 30 e T
Prey Specialization 12 30 I —
Habitat Specialization 16 3.0 e
Sensitivity to Temperature 18 26 N e
Adult Mobility 15 27 o |
Dispersal & Early Life History 26 30 —
Sensitivity Score Low
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 28 30 —
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 25 1.5 —
Exposure Score Very High
Overall Vulnerability Rank Moderate
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Weakfish (Cynoscion regal)s

Overall Climate Vulnerability RarModerate (96% certaity from bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors
occur during the life stages. \kfish occur in estuarine and coastal waters and make seasonal north
south migrations.

Biological Sensitivitgow. Two sensitivity attributes scored above 2.5: Other Stressors (2.5) and
Dispersal & Early Life History (2.6). Deterioration of coastal wakee to urbanization, dredging, and
other human activities has contributed to a decline in Weakfish abundance in some areas. In addition,
Weakfish are facultative estuarine dependent and use estuarine and coastal areas as feeding and
nursery grounds (AbJe005).

Distributional Vulnerability Rankigh (100% certainty from bootstrap analysis). Two attributes
indicated vulnerability to distribution shift: Adult Mobility and Habitat Sensitivity. Weakfish are mobile
and make seasonal nor$puth migrations. dults use a variety of nearshore and coastal habitats during
warmer months and inner shelf habitats in colder months.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Weakfish on the Northeast
U.S. Shelf is estimated to beutral, but with a moderate degree of uncertainty (<66% certainty in

expert scores). Adult distribution may extend northwards as warming continues, but losses of habitat
due to sedevel rise may negatively impact productivity. The effect of ocean aaitidicover the next

30 years is likely to be minimal. Despite high data quality, there are a number of information gaps in the
region, which contribute to the uncertainty as to the directional effect of climate change.

Data Quality 88% of the data qualitycores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and DistributiBeiatively little work has been done on the effect of
climate on distribution and productivity of Weakfish. Lankford and Targett (1994) fanmteractive
effect of salinity and temperature on juvenile Weakfish growth suggesting changes in temperature,
precipitation, and sea level could affect productivity. In terms of distribution, the abundance of
Weakfish at the northern end of their rangpas increased, potentially suggesting a northward shift
(Howell and Auster, 2012).

Life History SynopsigVeakfish is an estuarine and coastal fish species that can be found from Nova
Scotia to Cape Canaveral, Florida, but is most abundant between Newr\bNorth Carolina (Able and
Fahay, 2010). Maturity is reached around age 1, but older fish arrive at the spawning grounds first,
produce more eggs per batch, and more batches per season, so the contributionbftpgeners is
believed to be proportionly low (KleirMacPhee, 2002; NEFSC, 2009). Spawning occurs Maust,
beginning in the south, and in neahore marine areas, particularly near larger inlets, and in bays and
estuaries (KlesMacPhee, 2002; Able and Fahay, 2010). Weakfish retutmetsame spawning grounds
each year (Able and Fahay, 2010). Eggs are pelagic, occur in warm water, but a range of salinities, and
hatch after 23 days (Kle#MacPhee, 2002; Able and Fahay 2010). Eggs and larvae occur in both- marine
coastal and estuarinedbitats, but it is not fully known whether both are equally suitable nursery

habitats (Able and Fahay, 2010). Larvae are pelagic, but become demersal early, and may use bottom
currents to move into lowsalinity nursery habitats (KleMacPhee, 2002). Laae consume copepods,
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tintinnids, and polychaete larvae (KlditacPhee, 2002). Larvae settle to a variety of substrates in the
intertidal and subtidal marshes, as well as shallow and deep bay areas (Able and Fahay, 2010). Larger
juveniles and adults pref the deep bay areas in summer (Able and Fahay, 2010). Juveniles leave the
estuaries in fall, and migrate to the outshelf south of Cape Hatteras, North Carolina (Able and Fahay,
2010). The diet of juveniles shifts from primarily invertebrates, esfigcizysid and decapod shrimp, to
primarily fish, especially clupeids and engraulids (KiéscPhee, 2002; Able and Fahay, 2010). Adult
Weakfish occur in shallow coastal waters, bays, and estuaries over sand or mud substrates, and
occasionally move intodshwater (Able and Fahay, 2010). In the southern portion of their range,
Weakfish are resident and do not make offshore migrations (WksioPhee, 2002). In fall, the northern
portion of the population moves in schools to overwintering grounds on thereshelf (KleilMacPhee,
2002). Larger Weakfish do not migrate as far south as younger fish and overwinter offshore of Southern
New England and the Midtlantic states (KleiMacPhee, 2002; Able and Fahay, 2010). By spring,

adults begin returning to cota spawning habitats, starting with the larger fish (KlgiacPhee, 2002).
Weakfish adults are generally piscivorous, but include a variety of invertebrate prey in their diet, and
while their diet is largely opportunistic, clupeids, anchovies, and smadtaceans are the dominant

prey (KleinMacPhee, 2002; Able and Fahay, 2010). The major predators of Weakfish include: Striped
Bass, Bluefish, and older Weakfish, but dogfish, skates, Angel Bloatjsh (Goosefishand Summer
Flounder are also knowpredators of the species (KleMacPhee, 2002; Able and Fahay, 2010). The
Atlantic States Marine Fisheries Commission manages Weakfish through the Interstate Fishery
Management Plan for Weakfish, but a stegide assessment is conducted by the Northeashé&iies

Science Center (NEFSC, 2009). Weakfish are deemed depleted, but not experiencing overfishing
(ASMFC, 2009). Total mortality is increasing despite steady fishing mortality, so recovery is not expected
through management of the fishery alone (NEFEID9; ASMFC, 2009).
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White Hake — Urophycis tenuis

Overall Vulnerability Rank = Moderate []

Biological Sensitivity = Moderate [
Climate Exposure = High ]
Data Quality = 79% of scores = 2

. . Expert | Data | Expert Scores Plots
Urophycis tenuis Scores | Quality | (Portion by Category)| o,
Stock Status 26 | 28 — - m‘;ﬂeme
Other Stressors 1.9 0.4 o m Very High
Population Growth Rate 26 27 —
Spawning Cycle 27 25 —
Complexity in Reproduction 15 14 o —
Early Life History Requirements 21 1.4 e w—
Sensitivity to Ocean Acidification 12 24 I
Prey Specialization 12 30 [
Habitat Specialization 12 3.0 [
Sensitivity to Temperature 20 28 1L
Adult Mability 14 27 m—
Dispersal & Early Life History 24 20 —
Sensitivity Score Moderate
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 11 30 | @
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 12 15 |
Exposure Score High
Overall Vulnerability Rank Moderate
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White Hake (Urophycis tenuip

Overall Climate Vulnerability RarModerate (90% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of White Hake use marine habitats.

Biological SensitivityModerate. Three sensitivity attributes scored above 2.5: Stdaakus (2.6),

Population Growth Rate (2.6), and Spawning Cycle (2.7). White Hake are not overfished nor is
overfishing occurring, but the species is relatively rare in the Northeast U.S. Shelf. Growth of adults is
relatively slow and spawning occurs in &atevely narrow time span (early spring) in deep water (Chang
et al., 1999).

Distributional Vulnerability RanMigh (100% certainty from bootstrap analysis).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on White Hake oa th
Northeast U.S. Shelf is likely to be negative48® certainty in expert scores). White Hake is a-cold
temperate species and warming could cause distribution shifts out of the region.

Data Quality 79% of the data quality scores were 2 or greater mtdi¢hat data quality is moderate.

Climate Effects on Abundance and Distributidhere is a lack of information regarding the potential
effects of climate on White Hake productivity. In terms of distribution, Nye et al. (2009) found that
White Hake disibution has shifted northwards and into deeper waters over time.

Life History Synopsigvhite Hake is an estuarine and marine, demersal species found from
Newfoundland to North Carolina (KleilacPhee, 2002; NEFSC, 2013). The population is divided into
two stocks: a Canadian stock primarily occurring in the Gulf of St. Lawrence and Scotian Shelf, and a
United States stock primarily from the Gulf of Maine and Georges Bank (NEFMC, 2014). The northern
stock moves inshore to spawn in August and Septembersdilighern stock is believed to move

offshore to the continental slope to spawn in early spring (Addl; Chang et al., 1999). However,

timing and location of spawning is uncertain for the United States stock (Chang et al., 1999; NEFMC,
2014). Femalega larger and longelived than males, but both are mature around 1.5 years (Chang et
al., 1999). Egg and larval distributions are poorly understood for the United States stock (Chang et al.,
1999; NEFMC, 2014). Eggs are pelagic, occurring across thie shelde range of temperatures, and

hatch within a week of spawning (Chang et al., 1999). Larvae are pelagic and probably occur in offshore
waters along the continental slope off southern Georges Bank and thétiadtic (Chang et al., 1999).
Early pveniles are pelagic for approximately two months before settling to muddy aneyfaieed,

sandy bottom or eelgrass habitat on the shelf and in estuaries (Chang et al., 1999). Juveniles prefer
warmer, less saline, more turbid waters and migrate inshdnemwaters are warm and offshore when

cool (Chang et al., 1999). The diet of demersal juveniles includes polychaetes, shrimp, and other
crustaceans (Chang et al., 1999). Atlantic puffin and Arctic tern are major predators of juvenile White
Hake (Chang &tl., 1999). Adult White Hake are demersal occurring from estuaries to the upper
continental slope and deep basins on muddy and-fireined, sandy bottom (Chang et al., 1999).

Adults also move inshore during warmer months on Georges Bank and the Ghglinaf (Chang et al.,

1999). Fish, including young White Hake, squid, shrimp, and other crustaceans are the main prey of the
species (Chang et al., 1999; KiklacPhee, 2002). Several species of fish including Sandbar Shark, larger
White Hake, and AtlantiCod as well as Atlantic puffin and arctic tern are major predators of hake
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(KleinMacPhee, 2002). The New England Fishery Management Council manages White Hake under the
Northeast Multispecies Fisheries Management Plan (NEFMC, 2014). White Hakehsmeaweitfished
nor is overfishing occurring (NEFSC, 2013).
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Windowpane — Scophthalmus aquosus

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High ]
Data Quality = 79% of scores = 2

Expert | Data | Expert Scores Plots
Scophthalmus aquosus Scores | Quality | (Portion by Category) [, .
Stock Status 26 28 N S m‘;ﬂeme
Other Stressors 24 26 - mVery High
Population Growth Rate 1.7 26 |
Spawning Cycle 13 28 Iy —
Complexity in Reproduction 20 24 1
Early Life History Requirements 20 1.0 —_T
Sensitivity to Ocean Acidification 14 1.8 e
Prey Specialization 15 30 P e TR
Habitat Specialization 14 3.0 e
Sensitivity to Temperature 16 30 e
Adult Mobility 18 24 e
Dispersal & Early Life History 25 1.8 ——
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 21 X1 —
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 10 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 12 15 |
Exposure Score High
Overall Vulnerability Rank Low
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Windowpane (Scophthalmus aquosis

Overall Climate Vulnerability Rankw (62% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposuréactors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Windowpane use marine habitats.

Biological Sensitivitfow. Only one sensitivity attribute scored above 2.5: Stock Status (2.6). One stock
in the region is overfished and overfishing is occurring, while the other stock is rebuilt (NEFSC, 2012).

Distributional Vulnerability RanMigh (93% certainty from bootstrap analysis). Windowpane are habitat
generalists, make seasonal migrations, andehdispersive early life history stages.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Windowpane is likely to be
neutral (9095% certainty in expert scores). Windowpane inhabits temperate waters and may benefit
from warming on the Northeast U.S. Shelf. However, the abundance of Windowpane in some estuaries
has decreased.

Data Quality 79% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidforking in New York/New Jersey Harbor, Wilbur et al.
(2015) found that Windowpane agleabundances were significantly reduced after several cold winters.
This results suggests that Windowpane productivity may remain the same or increase with warming.

Nye etal. (2009) found that Windowpane distribution has shifted northward in recent years. In
Narragansett Bay and Long Island Sound, the abundance of Windowpane has decreased some (Collie et
al., 2008; Howell and Auster, 2012). Thus current understanding igcagl as to the effect of climate

on Widowpane.

Life History SynopsigVindowpane flounder is a shallewater, estuarine and marine, fagrowing

flatfish species found in the western Atlantic from the Gulf of St. Lawrence to Florida (Chang et al.,

1999). Windowpane reach sexual maturity afteid3years (Chang et al., 1999). Spawning occurs from
February to November, beginning in the south and expanding north (Chang et al., 19991&d&hee,

2002). Peak spawning occurs in cool or-raigge temperatue water in spring and fall (Chang et al.,

1999). Eggs are pelagic and hatch in about a week (Chang et al., 1999). Larvae are pelagic and eat
copepods and other zooplankton (Chang et al., 1999). Many planktivorous fish species eat egg and larval
Windowpane including conspecifics (Chang et al., 1999). Larvae settle2il &in total length in

estuaries (springpawned larvae) and on the shelf (spriagd fallspawned larvae; Chang et al., 1999).
Juvenile Windowpane occur on the shelf year round (Chaat),e1999). Juveniles and adults migrate
seasonally from shallow or inshore water in spriffigil, to offshore or deeper water in winter, but are
generally found on sand or mud substrates in +#t@thperature water of <100 m depth (Chang et al.,

1999). Adlt Windowpane also make long distance migrations along shore; but their range is limited by
high and low temperature waters (Chang et al., 1999; KiacPhee, 2002). Juvenile and adult fish feed

on small crustaceans (mostly mysids and decapods), poliethand several small fish including smaller
individuals of the species (Change et al., 1999; HllsioPhee, 2002). Several species of piscivorous fish,
sharks, and skates consume Windowpane, but the main predators are Spiny Dogfish and Atlantic Cod
(Chang et al., 1999; KleiMacPhee, 2002). The species is managed by the New England Fishery
Management Council’> s Northeast Multispecies Fishe
Georges Bank and southern New Engtariddle Atlantic (NEFSC, 201Based on recent assessment
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using data through the 2010, the northern stock was overfished and overfishing was occurring (NEFSC,
2012). In the southern stock overfishing is not occuring and was rebuilt based on the 2012 stock
assessment (NEFSC, 2012).
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Winter Flounder — Pseudopleuronectes americanus
Overall Vulnerability Rank = Very High [l
Biological Sensitivity = High [T

Climate Exposure = Very High [l
Data Quality = 92% of scores = 2

. Expert | Data | Expert Scores Plots
Pseudopleuronectes americanus | scores | Qualty| (Portion by Category) |, .
Stock Status 34 | 30 Y
Other Stressors 24 26 — W Very High
Population Growth Rate 22 27 -
Spawning Cycle 26 27 —
Complexity in Reproduction 24 28 —
Early Life History Requirements 32 29 I
Sensitivity to Ocean Acidification 14 24 e
Prey Specialization 13 30 I —
Habitat Specialization 18 30 [E—
Sensitivity to Temperature 21 30 I oy SR
Adult Mobility 19 29 1
Dispersal & Early Life History 27 28 —
Sensitivity Score High
Sea Surface Temperature 40 30 B
Variability in Sea Surface Temperature 10 30 |_|
Salinity 14 3.0
Variability Salinity 12 30 I
Air Temperature 40 30 . R
Variability Air Temperature 1.0 0 | [
Precipitation 12 30 I
Wariability in Precipitation 13 30 I —
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 20 1.0 N
Sea Level Rise 22 15 I
Exposure Score Very High
Overall Vulnerability Rank Very High
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Winter Flounder (Pseudopleuronectes americanus

Overall Climate Vulnerability Rankery High (64% certainty fsm bootstrap analysis).

Climate Exposure/ery High. Three exposure factors contributed to this score: Ocean Surface
Temperature (4.0), Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors
occur during the life cycle. Two dfree stocks of Winter Flounder have both obligate estuarine
dependent stocks that spawn in estuaries and a stock that spawns on the shelf. Winter flounder make
seasonal onshore (winter) and offshore (summer) migrations.

Biological SensitivityHigh. Two sasitivity attribute scored above 3.0: Stock Status (3.4) and Early Life
History Requirements (3.2). The Southern New England stock of Winter Flounder is overfished and has
been so for more than a decade. Spawning occurs in thenatter / early spring irestuaries or on

Georges Bank. Eggs are benthic and larvae are planktonic.

Distributional Vulnerability RanMigh (74% certainty from bootstrap analysis). Two attributes indicated
vulnerability to distribution shift. Adult Winter Flounder make seasorstiane-offshore migrations and
a variety of habitats are used including estuarine, coastal, and shelf.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Winter Flounder on the
Northeast U.S. Shelf is very likely to be negath85% certainty in expert scores). Productivity of the
Southern New England stock is decreasing and this has been linked to temperature, which is expected to
continue to increase in the future. The climate effect on the Georges Bank stock is more imddréai

effect of ocean acidification over the next 30 years is likely to be minimal.

Data Quality 92% of the data quality scores were 2 or greater.

Climate Effects on Abundance and Distributidhere is strong evidence for climate effects on Winter
Flourder productivity in the southern part of its range. A number of studies have indicated that various
vital rates and ecological processes are temperature dependent (see Bell 2009). Manderson (2008)
hypothesized that increasing temperatures caused recruithggnchrony across multiple spawning

units of winter flounder in the Mightlantic region with increasing temperatures decreasing recruitment.
Bell et al. (2014a) modeled the stock recruitment relationship and concluded that population
productivity has beemlecreasing and this decrease was linked to increasing temperature. Despite
climate effects on productivity, climate effects on distribution have not been identified. Bell et al
(2014b) found that the distribution of the southern stock of Winter Floundes thanged little over the
past decades while other species have shifted north. Spawning site fidelity is one possible explanation
that keeps Winter Flounder form shifting distribution.

Life History SynopsigVinter Flounder is a benthic, marine flatfighegies that ranges from Labrador to
Georgia (Pereira et al., 1999). Winter Flounder reach maturity affey@ars (NEFSC, 2011), however,
females may not spawn annually, complicating age at maturity calculations (Pereira et al., 1999). Most
spawning occts in cold, shallow, estuarine waters over sand, muslailyd, mud, and gravel substrate
(Pereira et al., 1999; KleMacPhee, 2002), but the Georges Bank population spawns offshore and there
may be limited offshore spawning in other areas (Able and Fal@d)2 Spawning season varies
latitudinally and is effected by temperature, but in general, Winter Flounder move inshore and into
estuaries in fall and early winter and spawn in late winter and spring (Pereira et al., 1999; Able and
Fahay, 2010). Eggs alemersal and adhesive, forming clumps (Pereira et al., 1999). Hatching occurs
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after 2-3 weeks, but the incubation period is temperature dependent (Pereira et al., 1999). Larvae are
briefly planktonic, but gain the ability to swim and sink vertically tigtothe water column early and

are mostly bottom oriented by metamorphosis (Pereira et al., 1999; fleicPhee, 2002; Able and

Fahay, 2010). Larvae are zooplanktivorous, primarily consuming invertebrate eggs and nauplii during the
pelagic phase and polycbies and copepods when larger (Pereira et al., 1999). Sarsia medusae and
Atlantic Mackerel are likely predators of larval Winter Flounder (Periera et al., 1999). Metamorphosis
begins after 56 weeks and settlement occurs approximately 8 weeks after h@eheira et al., 1999).
Juveniles occur in shallow waters with mud or vegetated substrates, and probably aggregate where food
is abundant (KleiMacPhee, 2002). Early juveniles primarily consume polychaetes and amphipods, but
the diversity of prey increses with growth (Pereira et al., 1999). Young Bluefish, gulls, cormorants,
Summer Flounder, sea robins, and Windowpane Flounder prey on juvenile Winter Flounder (Pereira et
al., 1999). Emigration from estuaries to the ocean occurs in late fall or eathrwf the following year

(Able and Fahay, 2010). Except for the Georges Bank population, which does not migrate, adult Winter
Flounder migrate back to deeper, cooler waters in summer after spawning (Pereira et al., 1999). Rising
bottom water temperatue and food availability drive the migration pattern (Pereira et al., 1999; Klein
MacPhee, 2002). Adult Winter Flounder are opportunistic, visual predators that eat mostly annelids,
amphipods, capelin eggs, bivalves, and small fish (Pereira et al., ¥998jiety of benthic predators

prey on adult Winter Flounder, including: humans, Striped Bass, Bluefish, Oyster Toadfish, cormorants,
Blue Herons, seals, and Ospreys (Pereira et al., 1999). Winter Flounder are managed as three stocks:
Gulf of Maine, soutern New England and miglantic, and Georges Bank (Pereira et al., 1999). The
Atlantic States Marine Fisheries Commission (Fishery management plan for inshore stocks of Winter
Flounder) and the New England Fishery Management Council (Northeast Muéspéeshery

Management Plan) jointly manage the southern New EnghaitiAtlantic and Gulf of Maine stocks.

Based on the 2010 assessment, the southern New Engtagid\tlantic stock was overfished, but

overfishing was not occurring; the Gulf of Maine $t@as not undergoing overfishing, but the

overfished status was undetermined (NEFSC, 2011). The New England Fisheries Management Council
manages the Georges Bank stock, which was neither overfished nor was overfishing occurring based on
the 2010 assessmé(NEFSC, 2011).
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Winter Skate - [ eucoraja ocellata

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High []
Data Quality = 83% of scores = 2

] Expert | Data | Expert Scores Plots
Leucoraja ocellata Scores | Quality | (Portion by Category)| o, .
Stock Status 19 | 26 | - ﬂi‘;mte
Other Stressors 1.6 1.8 T m Very High
Population Growth Rate 34 24 — e |
Spawning Cycle 12 28 i
Complexity in Reproduction 14 232 —
Early Life History Requirements 10 30 |_|
Sensitivity to Ocean Acidification 1.7 22 !
Prey Specialization 11 30 [
Habitat Specialization 12 28 I —
Sensitivity to Temperature 20 28 e
Adult Mability 20 18 —
Dispersal & Early Life History 19 30 |
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 io ]
Salinity 16 30 | =3
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 30 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variability in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 15 I
Exposure Score High
Overall Vulnerability Rank Low
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Winter Skate (Leucoraja ocellath

Overall Climate Vulnerability Rankw (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: OceafaSarTemperature
(3.0) and Ocean Acidification (4.0). Winter Skate are demersal and complete their life cycle in marine
habitats.

Biological Sensitivityow. Only one attribute scored above 2.5: Population Growth Rate (3.4). In
general, skates have a Igwpulation growth rate (higher sensitivity to climate change) (Frisk, 2010).

Distributional Vulnerability RanMigh (88% certainty from bootstrap analysis). Winter Skate are habitat
generalists and moderately mobile as adults, making seasonal movereatidition, skate egg cases
are subject to movement by currents and juveniles may move on scales®ki.

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Winter Skate is estimated

to be negative, but this estimate hahah degree of uncertainty (<66% certainty in expert scores).

Winter Skate are a cold water species and reductions in productivity may occur because of warming and
ocean acidification. However, distributions have shifted southwards in recent years, motatithe

expectation of a northward shift with warming.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributibittle specific information exists on the effeutclimate

on Winter Skate. Di Santo (2015) found that increased warming and acidification reduce body condition
of newlyhatched Little Skate a congener. These reductions in size could result in reduced juvenile
survival and thus recruitment. Nye et §2009) found a shift southward accompanied by a shift into
deeper water. Frisk et al. (2008) also identified a distribution shift, suggesting population connectivity
between Georges Bank and the Scotian Shelf. The cause of this distribution shiftsremeaiplained.

Life History SynopsigVinter Skate is a benthic marine species ranging from the south coast of
Newfoundland and southern Gulf of St. Lawrence to Cape Hatteras, North Carolina (Packer et al., 2003).
Winter Skate are sexually mature by-¥09 cm or approximately-11 years old and mate using internal
fertilization (Packer et al., 2003; Hogan et al., 2013). Winter Skate may spawn year round, but the peak
egg production occurs in summer and fall (Packer et al., 2003; Hogan et al., 2013reEggs

encapsulated singly in an egg cadth stiff pointed horns at the corners anyung skates emerge from

these encapsulated eggs fully developed (Packer et al., 2003). Juvenile and adult skate have similar
distribution and habitat patterns. Winter Skaare found in a wide range of temperatures, salinities,

and depths, but are mainly inshore (<100 m) and in estuaries indpling and on Georges Bank in

summer, but are absent from the Gulf of Maine in winter (Packer et al., 2003). Winter Skatestre m
abundant on sand, gravel, and sometimes mud substrate where they are buried during the day and
emerge into the water column at night (Packer et al., 2003). Juvenile and adult skate prey on a variety
of benthic infauna, including: polychaetes, amphippdopods, crabs, and small fish (Packer et al.,

2003). The importance of fish and polychaetes to the diet increases with size while the consumption of
amphipods and crustaceans decreases (Packer et al., 2003). Sharks, other skates, gray seads, and gull
are the dominant predators of winter skate (Packer et al., 2003; Swain et al., 2013). Winter Skate are
managed as part of a skate complex with six other species under the New England Fishery Management
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Council’ s Skate Fi sherthe mbsarecanyassessment, VAriteakate areB@ s ed o
overfished, but overfishing is occurring (NESFC, 2007).
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Witch Flounder — Glyptocephalus cynoglossus

Overall Vulnerability Rank = High [

Biological Sensitivity = High [
Climate Exposure = High ]
Data Quality = 83% of scores = 2

Expert | Data | Expert Scores Plots
Glyptocephalus cynoglossus | scores | Quality | (Portion by Category) |, ..
Stock Status 30 | 28 B (oo
Other Stressors 15 1.8 gy W Very High
Population Growth Rate 34 25 e |
Spawning Cycle 21 30 L
Complexity in Reproduction 20 20 1
Early Life History Requirements 19 1.4 —T 1
Sensitivity to Ocean Acidification 14 232 —
Prey Specialization 18 30 e
Habitat Specialization 12 3.0 I —
Sensitivity to Temperature 1.7 28 —T ]
Adult Mobility 25 248 — T
Dispersal & Early Life History 12 26 [/
Sensitivity Score High
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 1.0 30 | [
Salinity 1.4 30 | mm
Variability Salinity 12 30 | pm
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 20 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank High
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Witch Flounder (Glyptocephalus cynoglossys

Overall Climate Vulnerability Rartigh (100% certainty from bootstrap analysis).

Climate Exposuredigh. Two expsure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Witch Flounder use marine habitats.

Biological SensitivityHigh. Two sensitivity attributes scored above 3.0: Stock Status (3.9 apglation
Growth Rate (3.4). Based on the recent assessment, witch flounder are overfished and overfishing is
occurring (NEFSC, 2012). Witch Flounder are relatively slow growing, late matt8iggaes) and long
lived (30 years) (Pentilla and Dery, 838

Distributional Vulnerability RanMigh (100% certainty from bootstrap analysis).

Directional Effect of Climate Changée effect of climate change on Witch Flounder on the Northeast
U.S. Shelf is estimated to be negative, but this estimate is wiogi®690% certainty in expert scores).
Witch Flounder is a colttmperate species and warming will likely cause reductions in available habitat.
However, there is little direct evidence of the effect of climate change on Witch Flounder productivity
and dstribution, which contributes to the uncertainty.

Data Quality 83% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributidhere is relatively little information regarding th&ext

of climate on Witch Flounder productivity and distribution. Regional studies in the Northeast U.S. Shelf
did not include Witch Flounder (Murawski, 1993; Nye et al., 2009). Studies in the Northeast Atlantic
found little change in Witch Flounder didtution (Perry et al., 2005, Dulvy et al., 2008).

Life History SynopsigVitch Flounder is a benthic, marine, flatfish species found on both sides of the
Atlantic Ocean, but from Labrador, Canada, to Cape Hatteras, North Carolina in the western Atlantic
(Cagnelli et al., 1999). Females mature & §ears old and get larger and older than males (Cargnelli et
al., 1999; NEFSC, 2012). Dense spawning aggregations on or near the sea floor form in areas of cold
water from March to November (Cargnelli et al.989. Eggs and larvae are pelagic over deep water
(Cargnelli et al., 1999). Eggs hatch after a week, but larvae remain pelagief@rmdonths and

settlement size varies from 288 mm (Cargnelli et al., 1999; KlditacPhee, 2002). Juvenile Witch
Flounderoccur in deep cold water over mud, clay, silt, or muddnd substrate, often on the shelf slope
(Cargnelli et al., 1999). The proportion of prey shifts from crustacean dominated to polychaete
dominated with age (Cargnelli et al., 1999). Although thebitia& overlaps, adult Witch Flounder tend

to be collected on shallower portions of the shelf than juveniles (Cargnelli et al., 1999 M&leithee,
2002). Soft mud, silt, mudesand, and clay substrate are preferred habitat by the species, possibly due
to their preference for polychaete prey (Cargnelli et al., 1999). The dominant predators of Witch
Flounder include Thorny Skates and Smooth Skates, Spiny Dbtgigkfish (GoosefishWhite Hake,
Atlantic Halibut, and harp seal (KléitecPhee, 2002). WitdAlounder are managed under the New
Engl and Fishery Management Council’s Northeast Mu
recent assessment, witch flounder are overfished and overfishing is occurring (NEFSC, 2012).
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Yellowtail Flounder - Limanda ferruginea

Overall Vulnerability Rank = Low [

Biological Sensitivity = Low [
Climate Exposure = High ]
Data Quality = 88% of scores = 2

. . Expert | Data | Expert Scores Plots
Limanda ferruginea Scores | Quality | (Portion by Category) [, ..
Stock Status 32 | 26 —— Sm‘;ﬂeme
Other Stressors 1.8 1.8 [ m‘ery High
Population Growth Rate 18 28 e
Spawning Cycle 22 30 I —
Complexity in Reproduction 12 24 |
Early Life History Requirements 24 286 — T
Sensitivity to Ocean Acidification 12 22 .
Prey Specialization 15 28 T
Habitat Specialization 13 3.0 e
Sensitivity to Temperature 25 28 —
Adult Mability 20 28 1
Dispersal & Early Life History 12 30 | @
Sensitivity Score Low
Sea Surface Temperature 39 30 . N
Variability in Sea Surface Temperature 10 30 ]
Salinity 1.4 30 | mm
Variability Salinity 12 30 I
Air Temperature 1.0 30 | [
Variability Air Temperature 1.0 0 | [
Precipitation 1.0 30 [
Variability in Precipitation 10 30 | [
Ocean Acidification 40 2.0 . R
Variahility in Ocean Acidification 10 22 |_|
Currents 21 10 —
Sea Level Rise 11 1.5 I
Exposure Score High
Overall Vulnerability Rank Low
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Yellowtail Flounder (Limanda ferrugined

Overall Climate Vulnerability Rankw (41% certaity from bootstrap analysis).

Climate Exposuredigh. Two exposure factors contributed to this score: Ocean Surface Temperature
(3.9) and Ocean Acidification (4.0). All life stages of Yellowtail Flounder use marine habitats.

Biological Sensitivityow. Orly one sensitivity attributes scored above 2.5: Stock Status (3.2). One
attribute above 2.5 is scored as a Low sensitivity.

Distributional Vulnerability RanKigh (100% certainty from bootstrap analysis). Yellowtail Flounder are
habitat generalists, modately mobile and have dispersive early life stages (Johnson et al., 1999).

Directional Effect in the Northeast U.S. ShElfe effect of climate change on Yellowtail Flounder on the
Northeast U.S. Shelf is very likely to be negative (>95% certaintyent expres). Recruitment of the
southern stock has decreased and this has been linked to warming. The species has also shifted
northward in recent years as temperatures have warmed. Decreasing productivity and northward shifts
will lead to negative consegmces for Yellowtail Flounder in the coming years.

Data Quality 88% of the data quality scores were 2 or greater indicate that data quality is moderate.

Climate Effects on Abundance and Distributigellowtail Flounder recruitment success has beerelink

to ocean temperatures (Sissenwine, 1974) and more specifically to the volume of the cold pool, an area
of winter water on the bottom of the Midhtlantic Bight during summer (Sullivan et al., 2005).

Continued warming in the Midtlantic will likely redue population productivity further. The

distribution of Yellowtail Flounder is related to temperature (Murawski, 1993) and the population has
shifted northward in recent years (Nye et al., 2009). These study indicate a clear negative effect of
climate chang on Yellowtail Flounder in the Northeast U.S. Shelf ecosystem.

Life History Synopsi¥ellowtail Flounder are a benthic marine flatfish found from the Gulf of St.
Lawrence, Labrador, and Newfoundland to the Chesapeake Bay (Johnson et al., 1999a&lbée,
2002). Like many flatfish, yellowtail is sexually dimorphic, with larger, older femalesNideihee,
2002). Yellowtail grow faster and matures earlier than most other western Atlantic flatfish, with most
females mature by their third year (Johmset al., 1999; NEFSC, 2008). Spawning occurs from mid
February to July along the continental shelf, beginning in the southern part of the range and quickly
expanding northward (KleiMacPhee, 2002). Females batch spawn over the course of a month,
deposting eggs on the bottom for fertilization (KleMacPhee, 2002; NESFC, 2012b). After fertilization,
eggs float near the surface, and hatch into pelagic larvae after about a week (Johnson et al., 1999).
Larvae occur near the surface at night and downQar2during the day, with larger larvae making
longer migrations (Kle#viacPhee, 2002). Most larvae are collected inside the 100 m isobath4rf6
water (Johnson et al., 1999). Atlantic Mackerel eat larval yellowtail, especially when copepod nauplii
abundances are low (KleidacPhee, 2002). After approximateh82anonths as pelagic larvae (Johnson
et al., 1999; NEFSC, 2012b)1Blmm fish settle to mighelf bottom habitats, using temperature-g4

°C) and depth (4Z0 m) to determine suitable habitéfohnson et al., 1999; KleihacPhee, 2002).
Juvenile abundance is higher in the miitlantic cold pool, initially settling in shallower water, but
moving to deeper water during the months after settlement (KlglacPhee, 2002). Juveniles eat small
benthicinvertebrates such as polychaetes (Johnson et al., 1999). Adults prefer offshore sand or mixed
sand and mud substrate in cool to intermediate temperature, high salinity water {Miaafhee, 2002),
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but are also found in some rivers, bays, and harborsngamet al., 1999). There are three distinct

stocks in United States waters, with little mixing among regions, except for short migrations east in

spring and summer, west in fall and winter by Southern New England and Georges Bank stocks (Johnson
et al.,1999; KleirMacPhee, 2002). Amphipods and polychaetes are the main prey of Yellowtail

Flounder, with occasional consumption of other benthic invertebrates and small fish (Johnson et al.,

1999; KleirMacPhee, 2002). Predators include Spiny Dogdfish, Atl&@dd, several skate species, and

several other benthic piscivores (Johnson et al., 1999; fdeitcPhee, 2002). Yellowtail Flounder has
been exploited since the 1930"s, with wide swings
The New EnglahFishery Management Council manages the species as three stocks under the

Northeast Multispecies Fishery Management Plan: CapeGididof Maine, Georges Bank, and Southern

New EnglandMid Atlantic (NESFC, 2008). The Cape@agtiof Maine and Georges astocks are

overfished and overfishing is occurring (NEFSC, 2008; NEFSC, 2012a). The Southern NeMi&ngland
Atlantic stock is considered rebuilt , although biomass stock status is uncertain , but not experiencing
overfishing (NEFSC, 2012b).
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