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CHAPTER

|l ntroducti on 1

Freshwater species are the fastest declining
Freshwater species are particulardgnfviuneecrtad
agqguati camdabtihaitrs adaptive movement i s sensit.
address this the Conservancyods Center for R

project to i ntify and map a net wormk of res
restored cou od thet aiom t tehf aniedsidwvnemrtddirtSye c osy st er
Complet@fd(lrm ®23o0o,n tehi alwor2l2i49 now being in
freshwater ¢ servatiowi Vi seovabfFert Ner UhSAmP
Il denti fy TBNQ@2a&hOvagyoadlos t hat will have the gr ¢

freshwater diversity for nature and peopl e.

de
| d
d2
on

I n this project, we expanded t heWefcompiedh wat er
existing data and replicadthe analyss of connectivity, condition, wateailteration and

recognized biodiversity to complete a resilient and connected freshwater network for Alaska.

The resumaseryeisdielniteinfty ri ver networ kssommeeedi ng

vul nenreatbwoer ks t hat rcewsitihirém grhe ddtaor ¢ e moor al (r
i mproved wawetre rquhad d(tdymsodorcee veandi ti on), or i
flow (restore flow). The results also provid
river network, allowing users to explore the
Finally, we take stock of the conservation s
systems so that TNC can focus new conservati
the existing set of conserved freshwater =eco

Background

Rivers,streams, lakes, ponds, wetlands, and springs are essential features of our landscape
and history. Collectively, these freshwater ecosystems are critical to most life on earth and
provide goods and services that support the livelihoods of billions of p@tynsi et al.

2013). Fundamental services provided by freshwater biodiversity have been cataloged as
material (food, health resources, goods), nonmaterial (educational and cultural values), and
regulating (catchment integrity, water purification, andieuatrcycling) (Lynch et al. 2023).
Covering |l ess than one percent of the Eartho
percent of the worldds known ani mal species
freshwater ecosystems support 1,200 fish spéeaégscontribute to biodiversity, ecosystem
productivity, human welbeing, livelihoods, and prosperity (Burkhead 2012). Inland

recreational fisheries, for example, generate more than $31 billion annually in the United

States and Canada (DFO 2010; USFWSSAB 2011).

The United States ranks first in fish diversity among all temperate countries (801 species), and
first among the globe for diversity of crayfish (322), freshwater mussels (300), freshwater
snails (600), stoneflies (600), and mayflies (590) (Master ep@B)1Alaskaalso host a

diversity of freshwater fish, including 52 freshwater or anadromous spestasmsuaby the

Chapterntlroducti on 1



state's extensive network of lakes, rivers, and stréAfaska Freshwater Fish Inventory,
2024). Salmon, trout, char, grayling, and whitefesfe prominenspecies.

Freshwater speciesarmmangt he countryds most threatened
ago, The Nature Conservancy (TNC), in cooperation with the state Natural Heritage Network

released a species fireport cardo for the Uni

A i67 percent of U.S. freshwater musexdlisncar. e

A More than 1 in 10 mussels may have become

A 303 fidB7specicesit of the dhrS. afteetsivkatadon fi s
A 17 fish species have already gone extinct,

A 51 percent of U.S. crayfishes are imperiled
A 40 percent of amphibians are imperiled or

A At least 106 major populations of osal mon and

Recent studies suggest that the situation
species of freshwater fish are now at risk of extinction according to the most recent
International Union for Conservation of Nature assessment (IUCN 2023b)UTne study

found that pollution from fertilizers and pesticides, sediment clogging up streams, and human
sewage and industrial waste were the biggest threats, affecting 57% of the imperiled species.
Dams and water extraction came in second, affecting 456edtened freshwater fish.

Climate change compounds these threats. In dreuginie regions, water extractions reduce

the absolute amount of freshwater available for other species, and dams and barriers hamper
the ability of species to move to adjushiw climatic conditions (IUCN 2023a).

Alaska the last largely pristine North American salmmoducing regionappears tthave

been arexceptionto thetrendof freshwater declinbut that may be changin®@f the15
salmonpopulationscurrentlylistedas threateneall arespecies thatgawn on the West Coast
of theconterminous U&ndoccur in Alaskan watemsnly during the marine phase of their
life. However in 2024 NOAA indicated thdisting for theone endemicspeciesthe Gulf of
Alaska Chinook salmgmasunder investigatioand may be warrantedlso in 2024 the
commercial salmon harvest experienced significant dealnestch numbers and market
value. The total harvest was the third lowest on record for total fish harvested and the lowest
on record for total pounds harvest{@daskaDept. ofFish& Game2024). The well
documented eclinesin A | a s Raaifit salmon sizessultprimarily from shifting age
structureassociated with climatehangeand competition at seandcouldresult in substantial
losses to ecosystems and pedfike et al2020)

Freshwater fish aralsovulnerable to changes in climate because they are confined to aquatic
habitats, and movement to alternative habitats is often more restricted than in terrestrial
systems (Lynch et al. 2016). Movement is further restricted when stream networks are
fragmened by dams and barriers, but adaptive movement is a necessary behavior when
aquatic species encounter changing climatic conditions. A nationwide study in France
comparing electrofishing results from over 3,000 sites across four decades found systematic
shifts in species distributions upstream and towards higher elevations (0.6 km upstream and
13.6 m in elevation per decade, Comte & Grenouillet 2013). Similarly;y@&0survey of

1,500 lakes in Ontario Canada found sportfish range boundaries had shiftedand

significantly at a rate of approximately-18 km per decade while baitfish had shifted

2 Mapping Freshwatiem Rlesskaen



southward (Alofs et al. 2014). In marine environments, climate driven changes in species
distributions and commercial fish stocks are well documented, and adjustments are being
made in fisheries management (Karp et al. 20bh9\laska,it has been confirmed thabhum
salmonarespawning in Arctic rivers on Alaska's North Slope, indicating a potential
northward expansion of their range duelimate changeWestley 2023 In the

conterminous U.S., the majority of streams and rivers (79% of stream lemgth) a
disconnected from their outlet (i.e., oceans and Great Lakes) which has contributed to the
severe decline of many anadromous and potadromous species (Cooper et als04digs

are now much more limited in their ability to move and access necessary habitats.

In the U.S., freshwater fish distributions are affected by contemporary climate change in ways
consistent with anticipated responses under future climate scenarios. That is, the ranges of
most coldwater species are shifting to higher altitudes or latitudeseas the ranges of cool

and warmwater species are both expanding and contracting (Comte et al. 2013). Evidence for
fish population movements in response to climate change is apparent in connected stream
networks with wide temperature gradients sucthasBitterroot and Flathead rivers (Eby et

al. 2014; Mulfeld et al. 2016) and the Great Lakes (Johnson & Evans 1990). In these systems,
species are moving to track cooler temperatures and find suitable habitats or thermal refugia.
Presumably, similar moweents are also happening within smaller networks, but with more

than 7,000 river dams fragmentiognterminoudJ.S. rivers and over 145,000 small dams
preventing access to headwater streahmslérson et al. 20934such movements are

increasingly a challergg

Climate change may have other consequences for aquatic organisms because temperature and
precipitation affect most of the physiological and geochemical processes that regulate their

life history (Whitney et al. 2016). Evidence is beginning¢orue documentinghenological

shifts in the timing of seasonal migrations or spawning, demographic changes in abundance,
growth, and recruitment, and even evolutionary responses indicated by genetic change

(Shanley and Albert 2014ynch et al. 2016Shoen et al 223, Littell et al 2023. In Alaska,
streamnetworks are also experiencing high rates of change given the broader trend known
asArctic amplification Holland and Landrum 2021 et al. 2024), leading to warming at

more thartwice the global average and related permafrost thawing, glacier melt, and changing
weather patternéfhoman et al2024 Mizukamiet al. 2022Michaleket al. 2025,

Karjalainenet al. 2019. Although aquatic species have dealt with climate changes in the

past, fragmented systems and restricted movement may hamper thgit@bitijust to

changing conditions. As Woodward et al. (201
as the climate changes: adapt, migrate, or p
implementing the first two strategies will depend largely ohféshistory and dispersal traits

i n relation to habitat fragmentation and the
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Approach

Freshwater Resiliencas the ability of a stream network or other aquatic setting to maintain
biological diversity even as the system changes in composition and structure in response to
changes in climate.

Our approach to resilience was based .on the
2010). That is, we did not attempt to predict all the possible implications and interactions
expected from climate change, but instead, we sought to identify and nraprénenabling

physical conditions that set the stage for aquatic species and assemblages tcaadapt to

changing climag with flexibility and integrity.We focused omapping and evaluatirthe

abiotic components of a freshwater network such asriggHeand diversity, the condition of

its watershed and floodplain, #mduringaccess to surface water and groundwater, and the
availability and alteration of its flow regime.

In our expansion of thigeshwateresilience analysis to cover Alaskee sought to use the
same principts and where possible the same datasets as used in the CONUS assessment.
Each datasaised in this Alaskan analysisvered thentire state of Alaskandin some

cases extended into the Canadian lands draining into Allslsigproducts were evaluated

and delivered for HU€12 watersheds, a spatial resolution appropriate for informing local,
regional, and national decisions.

Mapping Freshwater Resilier

Our approach to mapping terrestrial resilience (Anderson et al. 2023, see
https://www.maps.tnc.org/resilientlanddentified areas of high physical diversity and
connectedness both locally and regionally, based on enduring features that provide species
habitat options and the ability to move as t
Stage approac{Beier et al. 2010Anderson et al. 2014kcognizes that while the actors at

any given site may change, we can focus conservation efforts on maintaining the diversity and
ecological function of the stage.

Similarly, this freshwater resilience analysis identified characteristics that confer resilience for
freshwater biodiversity in a changing climatur hypothesis for mapping freshwater

resilience was that the physical setting and its condition, together with water availability and

its alteration, drive resilience in freshwater systems by providing habitat options and the

conditions to maintain ecngjical functionWe used the term Afuncti ona
refer to the contiguous portions of a riverwetk available for a fish or aquatic organism to

move through before they encounter a dam or ottagor anthropogenibarrier. The
characteristics of t hi s-itssize)diversity, oonditibnflapd c onnec
available water determine its ability to support aquatic diversity under changing climates

4 Mapping Freshwatiem Rlesskaen
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Ourresul ting Aresilience scoreo estimates the
species diversity and ecological function as the climate changes. The building blocks of the
resilience score are:

T Physical Scor e
o Connectivity
o Conditi on
f Water Score
o Potenti al Water Availability
o Fl ow Alteration

In our analysis, a resilience score is calculated for every-Hi2@atershed by integrating
connectivity and condition into a physical score, integrating potential water availability and
flow alteration into a water score, and finally integrating thesestwoes into an overall
resilience score.

The factorghat createesilience vay in importance with climate regiomn theconerminous

U.S., we adjusted the weight of each factor in the integration basedhetmer the river was

in anarid or humidclimatic regionAl as kads cl| i mat-&idZaesneretaa ssi fi ed
2022 Tabari 2020Beck et al2018).The climate ranges from maritime in the southern

portion of the state to continental in the interior, to arctic on the North Slope, butegion

does potential evapotranspiration excpeetipitation as in arid and sesauiid climates

(Callegary et al. 20tZomer et al2022) Thus we treatedA | a s k a &Gimilartathosein s

humid regions of theontiguous U.S giving more weighto thephysical scog asthe

availablity of water wasot highly limiting.
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CHAPTER

Base Ra®aal ys2 s
Uni t s

In this chapter, we describe the foundational datasetanalysis units that were used in the
freshwater resilience analysis.

Ecoregi ons

Alaska includes portions of three freshwater ecoregions areidgtasnajor HUG4 drainage

basins which nest within these ecoregi@ffigure 2.1) Thewatersheds separate naturally into
those drainingVest and North to theoastthe large inlandbasin of the Upper Yukon, and the
watersheds draining south to the Gulf of $da The AlaskaandCanada Pacific Coastal
freshwater ecoregion contains temperate coastal rivaite the Alaskan Coastal and Upper
Yukonfreshwater ecoregigrare classified agolar freshwatesystemsPeak flow in Arctic

rivers occurs in spring and autumn, and is influenced by rain, as well as melting snow and ice.
These rivers remain cool throughout the short summer, and freeze during winter, unless they
are fed by perennial springs. Rivers soutthefArctic region have maximum flows between
May and June,rad may or may not freeze during winter, depending on their location and size.
Most lakes are of glacial origi\bell et al. 2008 WWF & TNC 2019.

Figate Frescawaeegifomd aska.

Alaska Freshwater Resilience
Freshwater Ecoregions
and HUC 4 Watersheds

Alaska & Canada
bacirc

Upper Mackenzie
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Terrestrial ecoregions are also used to describe differencesfieghevater and terrestrial
ecosystems found in Alaska. The state contains portions of eleven major terrestrial ecoregions
asused in theerrestrial resilience analysiBi§ure 2.2 Anderson etl. 202). Fish gudies

havefound similar faunasn adjacent freshwater ecoregions, &x$ similar fauna in those
separated by latitude or by high elevation mountain ch@s#/@od et al. 20). Based on

fish faunasimilarities Oswood(2000) identifiedseveral distinct regionshich parallel the

ecoregions roughly as:

1 Al a®%ki& onn d(tr lameo gl s s if mislha f auna

T Yukon BakBPmatteau and I njerior Al askan Tai
T Beranngliundr a

T Coasoalt hwB s iBaifowlok ,Alnd #dage)

T Sout Marm ( Gméf of Al aska Mountains, Southe

Fishes of the Beringian refuge (local survivors of Pleistocene glaciation) dominate northern
regions, with increasing representation southward by fishes derived from the Pacific Coast

Figa2e Terreest e @iddrmMd aska.

Alaska-Yukon Arctic \
\
\
\
\
Yukon Plateau And F‘als
\
\
\
\

|
Alaska Range
Cook Inlet Basia. A7

Bering Sea AdAleutian islands
Interior Alaska Taiga

Boringlan Tundra

v
Bristol Bay Basin

| GulrOf Alaska Mountahs And Ecrdtands  ;
) % v

Alaskan
TNC Terrestrial Ecoregions

\ v
S Alaskie BICTCohstallForest And Mountains
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Scolo 1:12M .
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Aleutian Islands |
Scale 1:12M
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Hydr ography
To assess streams, rivers, and waterbodiééaska, we usedvailablehydrologyproducts

anddeterminedheir applicability fordifferent componentsf this resilience analysisThe
sources and primary usksour resilience assessmemé described below.

We used the MERIT Hydrmsterdataset (Yamazake et al. 2019 delineate riveand
streamlinework for theFunctionally Connected Networksid watershed®r Alaska andhe

parts of Canaddraining into AlaskaThe MERIT data weralerived from3 arcseconds

(approx. 96m) SRTM3digital elevation data and wsa new method of hydrological
conditioning and flow delineation with improvemsit accuracy of derived river lines and
other topographic featured/e wereunable to use the 8GS(2023 National Hydrography
Dataset Best Resolution (NHBAlaskal:24,000because iturrentlydoes not have the
attributes or topology to support network analysis and accumulation of upstream watershed
characteristicsand it did not supporhtegration with Caadiandrainages

For streamriver, and lakediversity, we usedRiverAtlas v10(Linke et al. 2019)and
LakeATLAS v10.gdhLehner et al. 2022vhich are based on the hydrography from
HydroSHEDS(Ouelletet al. 2A.9) which derived streameacles with a drainage area greater
thanhalf a square kilometdrom al5 aresecond®r approxmately a450-m resolution.

These datasets providedbage database of attributfes every stream and lake.

Chapt2eBase Data & Analysis Units 8



SSream anidz®iI ver S

Stream size isdicative of major ecosystem changes along the stregncontinuum, such

as transitions in the state and source of energy and ecosystem metabolism (Vannote et al.
1980).Following methods used in our CONUS analysis,defined stream size based on total
upstream drainagarea which is the most stable and geomorphologically comparable
measure of size across the counBige class breaks were based on the National River Fish
Habitat Condition Assessment (Wang et al. 2011), which was designed to @addese

level understanding of the diversity of river sizes at a national scale. We made two
modifications tahe Wang et al. (2011glassificationby adding two more size classes for very
large rivers Table2-1).

Rivers (drainage area over 100%mwere combined with a datasetlrriers on riverso
create Functionally Connected Netwo(k&Ns)describedaterin the Functionally
Connected Networksection. Headwater and cregtkeamgdrainage area less thanequal
to 100km?) were assessed separately for fragmentation.

Tab2le Ri ver reach size c¢cl asses.

SizeClass SizeClass Catchment Category

Number Name Area (km?)
1.1 Headwater Streams 2<=10 Stream
1.2 Creek Streams 10<=100 Stream
2.0 Small Rivers 100 <=1000 River
3.0 Medium Rivers 1000 O 10, 00 River
4.0 Mainstem Rivers 10,000 O 25 River
5.0 Large Rivers 25,000 O 10 River
6.0 Great Rivers 100,0000 1, 000, C River

7.0 Mega Rivers > 1,000,000 River

9 Mapping Freshwatiem Rlesaskaenc



Fi g@8e Ri vei 5e.ARdkacorsains some of thergest rivers in the U.S.

Alaskan Rivers
Rivers by Size Class
in upstream drainage area
—— 100-1,000 sq.km.
= 1,000 - 10,000 sq.km.
== 10,000 - 25,000 sq.km.
@ 5,000 - 100,000 sq.km.

@@= 100,000 - 1,000,000 sq.km.

" ™

Aleutian Islands
Scale 1:12M
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Damsnd AsseskseeldatRodadBarri er ¢

A central intent of this study was to estimate the effect of darmdsmpassable road culverts
on species movement by evaluating the location and configucttmarrierson the
hydrologynetwork. To do thiswe needed spatially accurate datebarriers irAlaska As

our initial step, we compilebdarrierinformation from the followinghreesources:

Southern Aquatic Resource Partnership (SARPAlaska Barriers. (Draft compilation as of
11 01 20246789 barriers). This dataset had been comitad multiple sourcesdata

fields crosswalked into a set of consistent fietdgjreviewedto remove duplicatpointsby
SARP.It includes142 dams and 6,647 assessed-@dated barrierffom 12 source

Sources Count

Al aska DFG 2721
American Rivers Dam Removal Dbat abase
BIL FY2022 USFWS Proposed Proljects

FI'S Projects 2023 3

NI'D June 2024 2

NI'D Marchl1l9 2023 103
OpenStreetMap (https:// opendalt7facommons. or g/ |
Tongass National Forest 2791

USFS Activity Database 2023 11

USFS National Activity Databalsle232 023
USFS National Surveys databasée Sep012023
USFWS FI S 2023 Export 5

Tot al 6789

Dams in( Cépraeaobtained from.Sworgéobaér daas di

Gl obal Da@D Wed rcdii.q0® dlensgéeér al . 2024
Gl obal Da DA NMecrkseird 8 HAabBhsamd Vincent 2023

Passability

Not all damsand road crossingge a complete barrier to aquatic organism passage. Examples
of dams that may allow for the movement of s@pecies under certain conditions include

dams with fish passage structures, navigation locks, and very small dams that are submerged
at high flows.Culvertscan also bassessed for passability via field visits and related
measurements

The SARPdatabas@rovided fieldswith information on pssability barrier severity,removal
date,and fish mssagdacility which wasused to code the barriers intoeekey passability
classes 00fF complete barrier i 9 paffially passableandfi 1=0nobarrier We assigned
a 0din = 2399) for those barriers coded asmplete barriers arfdr dams with no

11 Mapping Freshwatiem Rlesskaen



information including all 14 in CanaddVe assigneé0.50 (n = 1,011)to those barriers coded
as partially passable or with fish passage structure/ladder. We asSidried= 3393) for

t hose that wer e

coded

as

r e mo Vhesk passabiliyn o

values were usei calculate theumulative discounted network lengtlscribed irChapter

3.

Re s ulBtasr rB éevri

e w

We compiled these barrieirsto a single dataset and usshtial queries andsual inspection

of all barrierdess tharB00 metersfrom a mapped riversize 2 or largern = 468) to
determinewhether the barrier was across the river or only on a nearby stream (drainage area
less than or equal to 100 KmDams across rivers were important to distinguish aswleey

usedto createiverine Functionally Connected Netwarkvhile the others were only used in

the headwater stream fragmentation metiitss reviewrevealed thatmostbarriers near

rivers wereon nearby strean off channelnot across rivers.

Ultimately, we foundonly 29 barriersacross riverswhile the rest were on streams or off
channelWe used tts set of 2%iver barriersto define the Functionally Connected Networks
describedelow. These river barriers wefes n a pqtreedver arcs from the MERIT

derived hydrologyFigure2-4).

For theheadwater fragmentati@malysis,we usedall dams on streams attibseassessed
culvertsthat were classified as complete barriers. We didnclude partially passable
culvertsin our headwater and creek fragmentation analysis. These stream barriers were
snapped to the largest flow accumulatior®@rid cell within 180 meters of the source

position of the point.

Fi gagd4e Conceptual

ustrati

Chapt2eBase Dat a

& Analysis
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Uni t s
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snapping
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The final set opartial or complete barriers are described by their type and passabllaplie
2-2 and shown irFigure2-5.

Tab22eSummary of barriers used in Alaskadbds fr e
Assessaclrad ed 8 3259 3267
Compl et e 3 2263 2266
Parti al 5 996 1001
Dam 21 122 143
Compl et e 19 114 133
Parti al 2 8 10
Grand Tot a 29 3381 3410

Fi g2be Reshbhat gieerfiThevmap shows the location of th@partial or
completeriver dams and th,381 headwater stream barriers

Dams and Assessed Road Barriers|

Barriers on Rivers Barriers on Streams Rivers by Size Class
in upstream drainage area
= 100-1,000 sq.km
[ oo artly Passable ) Dam Pty Passanke —— L0~ 10,000 .
— 10,000 - 25,000 sq.km.
Assessed road-related Assessed road-related 0 -
barrer; Not Passable @ barrie; Not Passable. S, 2>/000 - 100,000 sq.km.
@D 100,000 - 1,000,000 sq.km.

[l o s votpassabe ) Dam & ot Passabie

pssossed road-rolated _ Assessed road-related
@ barier, partialy € barrier; Partally
Passable Passable

AL ‘ )

2 ]
| Aleutian Islands
Scale 1:12M
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Anal ysis Units

The resilience of freshwater ecosystems plays out at multiple spatial scales. To account for
this, we used two primary units of analysis:

l1)Functionally GORG®NMectl echeMdetewWlomulsi ng the MER
(Yamazake enrdi ahlg.d r 220gIr9ad@0y s q. k m. upstream
2)HUE 2 watserdehad eNdHDO r(olhfGSHh e2 02 3)

Final resilience scores were assignefddtygons that were the resulttbie intersection of the
HUC-12 and FCNunits. MostHUC-12 watersheds nested perfectly within an F@8%), but
some (14%yvere split by an FCN boundaryhe split HUCswere primarily along the coast
where the land areaf the HUCdraining to aiverine FCN before emptying into the coast was
separatedrom theland drainingonly into small streams before emptying into the codstse
HUCswere split by the FCN watersheds if the FCN covéeed thar95% of the HUC.

The combinedHUC-12-FCN units henceforth referred ®imply as HUG12s allowed

metrics to be calculated at tappropriatescale and integrated together into the mastéc-

FCN polygon dataseEor example, HUEL2 values for connectivity were derivpdmarily

from the size of the FCN in which they occurred, whereas their condition values were derived
primarily fromHUC-12 watersheds

Functionally Connected Networl

A Functionally Connected Network (FCN) was defined as the amount of locally connected
freshwater habitat available for the movement and life history needs of aquatic species.
Spatially, we defined an FCN as the set of connected rivers, streams, and éesabawatided
on all sides byiver dams, by the upper extent of headwaters, or by the confluence with an
ocean. A fredlowing river in FCN terminology is bounded only by its headwaters and
mouth, whereasther darbounded=CNscan berestrictedon all sides by dams or by a
combination of dams and headwaters, or all tiifegure2-6).

Chapt2eBase Data & Analysis Units 14



Figg6ee A Functionally Co imsdCN igbdundéee lhyiwo dakns ( F CN)
on the river portion and by the headwaters of the two tributaries. The network includes a

diversity of bedrocks, slopes, stream temperatures, waterbodies, wetlands, seeps, and

floodplain forest.

Size 1, cold i
High elevation, * Size 2 stream See 2 sueam, Enlicareou
N A calcareous Bedrock
mid elevation,
headwater -
calcareous flat ¢
-~ L < X e
\ \
. A
Inter- - Sy . ) »
mittent Sze1Mid e mid 1
Elevation elevation,
confined
channel
Acidic
Bedrock

Groundwater Seep

W Size 2, low elevation,

coarse sediment

Size 2, low elevation
wetland

Floodplain Forest

Deep Coarse
Sediment
Over Bedrock

v

We created FCNs by intersectiriger dams withthe project hydrographyThe land area

draining to the connected set of streams and rivers of each FCN was delineated using the flow
direction gridto define the watershed of the FONe characterized each FCN by its

watershed ared{gure2-7) rather than the length of its rivers because we found the FCN
drainage area to be more closely correlated with the total length of all streams in the network
(including headwaters and creeks)d the area accounts for variability in the mapping of the
smallest headwater stream lengths
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Fi garvExamplCéavat e r.Shke map depicts a single FGhtershedased on
dam locations (icon) and local watershed area.

Root Rive,

HUGCL2 Water sheds

A Hydrologic Unit(HU) watershedepresergthe area of the landscape that drains to a
portion ofastream networkFigure2-8). The United States is divided and stisided into
successively smaller hydrologic units which are nested within each other, from the largest
geographic aredHUC-2 refjiord) to the smallest geographic afgdJC-12 subwatershed)
Each hydrologic unit is identified by a unique hydrologic unit code (H@@umeric code

that corresponds to thevel of classification in the hydrologic unit systé&eaber et al.
1987).Figure2-9 shows how the HU@2s and reach catchments might nest withenUSGS
hydrology hierarchy.

Chapt2eBase Data & Analysis Units 16



Figg8e Hydr ol ogi ¢ Urrlhetrelatve staesof HydddlbgisUnit Codes
from HUGC-2 to HUG12. Graphic fronUSGS(public domain)

2-Digit Hydrologic Unit
18 - California Region

4-Digit Hydrologic Unit
1809 - Northern Mojave-
Mono Lake

6-Digit Hydrologic Unit
180902 - Northern Mojave
8-Digit Hydrologic Unit
18090203 - Death Valley-
Lower Amargosa

10-Digit Hydrologic Unit
1809020303 - Marble Canyon

12-Digit Hydrologic Unit /

180902030303 - Upper Marble Canyon

Fi g289ExamplFE€ENodi vi deld2 shiymapidddvs the analysis units of a
singleFCN. The FCN (brown) isreatedoy five dams, three are full barriers (black) and two
are partially passable (green). River line cdue or purplepnd thickness indicatever

size classThe HUG12 boundaries are shown in dark yellow atr@anreach catchments in
light gray.This FCNcontains 93 HU€L2s and3,730 reach catchments.

17 Mapping Freshwatiem Rlesskaen


https://www.usgs.gov/national-hydrography/watershed-boundary-dataset

Scoring of th&2FONIi Bead HUC

Throughout this analysisve scored the FCN and HUT2 units based on the component
datasets and often combthgcores into an inde§tatistical analyses and data management
were performed using R Statistical Software (R Core Team)20& transformed alscores

to standard normal units-&ores)A z-score describes thmumber of standard deviations a
value is from the mean of a distribution. Thag-scoreof fi00 equal s the
isonest andard devi ati on a b-4 dsenesthndardrdeviation belawn d
the mean. A&cores allowed us to combine variables with unequal means and variances and
different distribution patterns while retaining equal influene. capped the-scorego range
from -3 to 3 to avoid givingutliersundue influence, and when necessary, wesfornedthe
input data to approximate a normal distributb@fore calculating-ascores.

One consequence tifis approach is that all scores are relative to the populassessed
This allowed us to identify areas that are relatively nesdient or relatively less resilient
(Table2-3) without knowing exactiyhow the climate will change

Tabad3x Scoring ssalbeebasaddandzzati on.

Z-ScoreClass Standard Deviation Range
Far Above Average >2
Above Average 1lto2
Slightly Above Average 0.5to1
Average -0.5t00.5
Slightly Below Average -1t0-0.5
Below Average -2t0-1
Far BelowAverage 0-2

For ease of explanation and communicagtiea refer to all the watershed units as HUZS,
but asmall proportion(less than 5%\verefurther splitby an FCNmakingtheminto smaller
units that wekept track of aslUC-FCNSs.

Chapt2eBase Data & Analysis Units 18
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CHAPTER

Mappi ng Freshdat
Resi | 1 ence

In this chapterwe present the model for estimating freshwater resilience. For each
component, we explain the metrics calculated and how they were integrated to assess the
resilience of each HUQ2.

Our model reflects the hypothesis that the physical setting and its condition, together with
water availability and alteration, drive freshwater resilience by providing options and the
integrity to maintain ecological function (Paukert et al. 2021). Teiegrce score estimates

the relative capacity of a HUC2 watershed to maintain species diversity and ecological
function as the climate changes. The building blocks of the resilience score are connectivity
and condition, which were combined to creatégspral scoreHow alterationwas used to

create avater score. The physical and water scores were then integrated to calculate
freshwater resiliencscore(Figure3-1).

These componentgpresent both the physical freshwater stage and the ability of current
conditions to provide ecological functions to sustain resilience in the face of climate change.
The physical score describes the extent and complexity of the connected freshwtger habi
along with its current condition as affected by land use. Batextent and condition of the
networkprovide organisms with options to move and adapt to changing climatic conditions
(Paukert et al. 2021; Pelletier et al. 2020). Theewscore expresses the importance of the
availability of water andhenatural flow regimeo longtermfreshwateresilience (Kaufman

et al. 2022; McManamay et al. 2022; Pennock et al. 2022). Each of these main components is
calculated from multiple metrics as detailed in the following sections.

Fi g3tkaj coormponefrtess hwas e lii ® ndcderet er i ®/e used
the same model in Alaska except the water score was based solely on flow alteration

Physical Setting EC?Ic:)rgrl’croF::Sit)lon

Connectivity

Freshwater Resilience
for Sustaining Diversity
in a Changing Climate

‘[ Potential Water Availability + Flow Alteration ‘
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Physi cal Scor e

In this section we explain how the physical score was derived. First, we describe the
components of connectivity and how they were integrated. Next, we explain how the
condition score was calculated from its component metrics and integrated into an index.
Finally, we describe how the connectivity score was integrated with the condition score to
calculate the physical score.

Our basic model was as follows:

Physical Score = Connectivity + Condition
Connectivity = Functional Connectivity Diversity
Condition= Naturalness + Water Quality

Connectivity Score

The connectivity score was comprised of two components, functional connectivity and
diversity. The following sections detail how we defined, mapped, and assessed these two
elements.

Functional Connectivity

In this analysis, functional connectivity refers to the longitudinal connectivity of a river
network accounting for the location of barriers, the passability of those baandrthe

benefits of connection tilve oceanLarger and more complex networks provide greater access
to life-stage habitat needs, refugia, and unimpaired riv@roeessegTickner et al. 2020)
Connectivity within a network of streamsalsoessential to support ecosystem processes and
recovery from disturbances. It enables water flow, sediment and nutrient regimes to function
naturally,allowsspecies to move throughout the network to find feeding and spawning
habitat, and in times of stregs)ablesndividualsto relocate in pursuit of more suitable
conditions for surviva(Pringle 20@3). Likewise, disruptions in hydrologic connectivity have
had negative ecological impads several aquatic faunal groups including migratory fish and
native freshwater musseRringle 2003)

Functionally Connected Networks were created using barriers on rivers to fragment the
hydrology into unique networks (FCNs), as described in the previous chajetezportthe
size of eaclirCN by delineating a local watershatkadraining to each FCI estimate the
amount of connected freshwater habgtatl associated land directly draining to each FCN
We used area instead sifeamlengthas a measure of sibecause tests showed that area
better approximated the true size and length of the conneetdthater networtwhen you
includeall rivers, headwaters, creeks, lakes, ponds, and connected wellaadseas also a
standard measure, agnostic to differing source stream and river hydrologyasciiasation
in stream minimum mapping siz&hich for exampleallowed direct comparison to the
contiguous U.S. FCsébased on 1:100,000 scale hydrograpftys approaclalsoallowed us
to integrate a suitef characteristics about the land within the whe@N local watershed
draining to a given FCN netwark
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All else being equalhe largerthe connected network, the more likely it is to be resilient
becausdargenetworksare likely toprovide more options for species to move in response to

changes in temperature and precipitatodstay within their physiological tolerances
(TimpanePadgham et al. 2017). Connected river netwprksidespecies the ability to

disperse to avoid negative impacts of climate change (Comte et aj.PAiikkrt et al. 2021).

Fi gB32 e Ribwae r.Thesmap shows th2o river barriersused to definéCN
boundaries.

River Barriers

Barriers on Rivers Rivers by Size Class

in upstream drainage area
—— 100-1,000 sgkm

= 1,000 - 10,000 5q.km
= 10,000 - 25,000 sq.m
- 25,000 - 100,000 sqkm
@ 100,000 - 1,000,000 sq.km

- i 3 a3 \# R
St e
.y 3 s

o ;?%&f‘ -

;
3
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b
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FCN Size Cl ass

The size of the FCNs was skewed towards small values but also contained a few huge outliers.

Thenatural brealsizedistribution of the Alaskan FCNwvas very similar to the CONUS

distribution which allowed us tapplythe same size classle assignment as used in COSU
(Anderson et al. 2024ye applied theulesandplaceal AlaskanFCNs into one of 11 national

size classegTable3-1).
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Tab3le FCN natiomanldssibre akasgeaeament s

Si z Ar glam)

Cl a Name Thr eshol d:¢ Z-Scor e
1 Enor mous >100, 000 3.0
2 Huge >50,-00, 00 3.0
3 Very | arg >25,-600 000 2.3
4 Large >10,-260000 1.7
5 Largi sh >5, 10@M, 00O .99
6 Moder at e >2, 59,0000 0.5
7 Smal |l i sh >1, 60,0500 -0.51
8 Smal | >5060, 000 -1.01
9 Very s mal >25H00 1.7
10 Tiny <=250 2.3
11 Mi nuscul e < 50 3.0

Following the CONUS freshwater resiliencethodswet hen adj ust ed an
account for the following characteristitgt alterthe realized size of the netwodndthus
theavailability of habitat to aquatic organisms:

1 Dam passability (adjustesizeupward for partially passable dams)
9 Oceanconnectivity(adjustedsizeupward for ocean connectivity)
1 Headwater fragmentation (adjust@dedownward for decreased connieity)

Accounting for Partially Passabl e Dams
Our dataset of river dams includselvenpartially passable dams that allaguatic organism
passageunder some conditions. To account for #eswe didn the contiguous U.S analysis,

FCNO

we calculated &cumulative discounted lengthf st r e a m$or each BECNrbourmded s 0

by a permeable dam to provide an estimate of the increase in network length. For a given

FCN, the cumulative discounted length was calculated by multiplying the permeability of the

dam by the length of the FCN on the other side oflira and continuing in an iterative

fashion, multiplying the area of each FCN by the product of all passability scores between it

and the given FCN, until a full barrier, coastline, or upper headwater basréached
(Figure3-3). Thus, a large FCN immediately adjacent to a given FCN will have more

influence on the cumulative discounted value than a large FCN that is accessed via multiple

partially passable barriers. The resulting estimated increase is less than if the dam was

removed but reflects a proportionally weighted increase in potential access to the networks

upstream or downstreamlith the integration of the cumulative discounted length, 11$CN

increased in their lengttiue to the presence afpassable dam upstream or downstream of the

FCN.

To estimate thencreasedreaof the networlkafter calculatinghe cumulative discounted
length, we used thelationship between the FCN watershed area and the length of FCN
rivers plusstreamgflowlines >2 km? drainage area) by fitting a regression model to the
dataset (adj R= 096, p< 0.000):

Area (log km) =0.679351558 #.973673928KCN length in log kmn
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We then evaluated treéze class of the predicted watershed &meaach network with a
cumulative discounted length due to passable dammany cases, the small increase in
accessible area was not enough to ptadeCN into a larger size class, but in some cases the
FCN moved up one or two size classes. We capped the increase at two size classes after
inspecting the few FCNs that received more than asia® class increasand to match the
methods used in the conterminous W8&imately, of the 11 FCN with increased lerty due

to passable damsix FCNs moved intatwo larger size classes andeFCN moved intdhe
nextlarger size clasahile four stayed in the same size clasthe increased length was not
substantial enough to motieeminto a larger size clagfigure3-4).

Fi g38B€umul adtiisweount ed Tkelel netwerk gpmpnises five FCNs
defined by fourfull-barrier dams. The right network shows how the cumulative discounted
length was calculated when three of the dams were partially passable.

FCN Length Cumulative-Discounted FCN Length

25 mi 39375 mi
25+(15*0.75)+ (4 * 0.75%0) + (4 * 0.5} + (3 * 0.5 * 0.75)

19.59375 mi
3+(4*0.75)+(25% 0.75* 0.5) + (15 * 0.75 *0.5 * 0.75)

0.75
24.375 mi
s 4 +(3*0.75) + (25*0.5) + (15*0.5%0.75)

"\ 0.5 = dam with
partial passability

36.09375 mi

15 +(25*0.75) + {(4*0.75*0.5) + (3*0.75%0.5*0.75)
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Fig@4EBunctionally Cosn meedatlg dui sNeopeansts B bl e dams

Functionally Connected Network
Size Class: Adjusted for Passable Dams

Relative to U.S. Average

Rivers by Size Class
- Vel'y Large (>25'000 qum) in upstream dralnage area
I Large (10,000-25,000 sq.km,) ~ _ lCho0eakm

1,000 - 10,000 5q.km

Largish (5,000-10,000 sq.km.) :;”Eggf;ﬁ;ﬂ kzﬂ
5,000 - 100,000 sq.

Moderate (2,500-5,000 sq.km.) @ 100,000 - 1,000,000 sq.km

Smallish (1,000-2,500 sq.km).

Land not within a river
FCN; small stream
networks connected to
the ocean

I e (250 - 1,000 sq.km.)
- Tiny (< 250 sq.km.)

4 Scale oM

4540 0 4590 180 270" 360 y;
Kiometers
- {,0 250 100 150 200 z;?,,* o

0 : Aleutian Islands
424 7 Iies B ) Scale 1:12M

Connecttihvei tOc etaon

Networks connected to the ocean offer anadromousatadromouspecies access to large
adjacent ocean and bay habiftey also offer access tesources ibrackish habitatthat
areused by somé&eshwaterspecieshat can toleratbrackish wateand occasionally use
these habitats during seasonal movements or dispdrsalaska examples of these kinds of
species include thigeshwatel(normally noranadronous) Kokanee salmon (Oncorhynchus
nerka),Arctic grayling(Thymallus arcticus Whitefish specie¢e.g.,Coregonus nasu€§.
pidschiar), Burbot(Lota lotg), Lake trout(Salvelinus namaycughCutthroat Trout
(Oncorhynchus clarkii clarkigndTrout-Perch Percopsis omiscomaycdu@laska Fish&
Game2024)

We made further adjustments to the FCN size classes to reflect terminal connections to the
oceanand the ability of many aquatic organisms to move through these envirorandnise
resources both in the freshwater and adjacent estuarine and marine envir¢Rigerds-5).

We increased thsize class for oceacpnnected FCNbased on the median or mean size of

all oceanconnected FCN#®llowing the methods uskn the contiguous U.SVe applied the
sameocean bumpules given thé\laskanmean and median FCN siaéoceanconnected
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FCNs werevery similar to the CONU&ean and median for ocean connected F@M=N
2,605 median 254 Applying these rules increased the size class of 582SFCN

Rules foroceanconnected=CNs
1.1 f already I argeee nbasHaBgemidy sinze
score Far Aboxz2. 3Average cl ass,

2.1 f already i n siczlea,sedlia®shs rde s imotve it &
Above Aveearagkebove2Ad¢rage,

3.1 f gr e ataerp rtohmearaalshee2e 0 0Parkdn | ess t han
10, 0G0 maoweclt a6sbd&we AlVeThge,

4.1 f gr e ataerp rtohmerdatt®es , 3602 &md | ess t han
me axt, 009 kmvecltacSliEght|ly AMowd)Aver a
5.1 f | essapphammetdaétegd 0Di2kamoveclt dassi &e
(Aver agwgé. &) ass,

A few coastaHUC-12 area were not part of any FCNecausehey did not include a mapped
river. Rather thaexcludetheseHUC-12s from our analysis, we chose to assign thersize
class 7 (Slightly Below Average,-0.51) based on their downstream connectivity to the
oceanas we did in theonerminousU.S. analysis.
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Fig@bEBunctionally Cosn meedatlg di sNeospeansts B bl e dams
anadcean connectivity

Functionally Connected Network

Size Class : Adjusted for Passable Dams and
Ocean Connectivity
Relative to U.S. Average ———
Ivers by Size ass
- Very Large (>25,000 sq.km.)  in ypstream drainage area

I Lerge (10,000-25,000 sq.km.) 1o o0

— 1,000 - 10,000 sq.km.

Largish (5,000-10,000 sq.km.) : lﬂgsz , ::na ggnsiak:v

Moderate (2,500-5,000 sq.km.) @B 100,000 - 1,000,000 sq k.

Smallish (1,000-2,500 sq.km.)
I small (250 - 1,000 sq.km.)
- Tiny (< 250 sq.km.)

; -t s F AL 4
Scalet:12M Tegt s y
4 04590 180 270° 360 b} /"-I .

M ‘ 4 1 . P
azs 100 150 200 z;g i | Aleutian Islands | =
yﬂu ; Scale 1:12M

Headwater Fragmentati on

Headwater connectivity is critical to protecting and maintaining downstream ecological
integrity (Alexander et al. 2018)yhe headwater fragmentation metric expresses how much of
the headwater area oHUC-12, or an FCNis likely to be connected to its riveisor this
analysis we usetthe 2,37 completebarriers on headwateand creeks.

FCKMeadwater Fragmentation

We first delineated the upstream drainage area of eactpletebarrieron a headwater

stream To calculatean FCN headwater connectivity metric, we divided the lardestdwater
barrierdrainage area in each FCN by the total FCN aiathenassigned~CNsinto one of
sevencategories from very high to no headwater fragmentaé@wereunable to use the
CONUS-wide natural break classtes FCN headwater fragmentation because the Alaskan
valueswere different fronthose in theCONUSasAlaska has far fewer damsdiessroad
infrastructure
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We usednatural beaksto classify the FCN headwater fragmentation values into seven classes
andapproximatedhose classes tescoreqTable3-2). We decreasethe size scoref FCNs

with high headwater fragmentatias follows: f FCN headwateconnectivitywasi Blow
Averag®or i &rBelow Averageowe lowered theverall FCNsize class by one clags=

12).

Tab32 Assignment

of r #¢Ne wmd dest ¢ e Z.

Headwater Natural Z-Score Z-Score

Connectivity (%) Break Class Range Class

<49.45- 66.50 1 -3to-2 Far Below Average

>66.51- 78.63 2 -2.1to0-1 Below Average

> 78.64- 87.65 3 -1.1t0-0.5 Slightly Below Average

> 87.66- 93.60 4 -0.51t0 0.51 Average

>03.61- 97.12 5 051to1l Slightly Above Average

>97.13- 99.05 6 11to2 Above Average

99.06- 100.00 I 21102 Far Above Average
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Fi g36.e Functionally Connected Netwdhede (FCN) h
naturatbreak classes were translated-&cpres as shown ifable3-2. FCN watersheds in

brown are the most fragmented by the location and/or number of stream barriers while

watersheds in blue have few stream barriers or the location of stream barriers has very little

impact on overall FCN connectivity.

Functionally Connected Network
Headwater Fragmentation Score

Il rer Above Average
I Above Average
slightly Above Average

Average
Slightly Below Average
I Below Average

Il For Below Average

04590 180 270" 360 4

.
,dr v s )
> o | Ly . -
: EHE—T_F—Jxometers. S o : 5
7 0255 0 150 200 g T e 4-‘; Aleutian Islands e RS (e

Scale 1:12M

HUE Headwater Fragmentation

We alsocalculateda finer scale headwater connectivity metricspwtially interseabg the
HUC-12 watersheds with thpreviously generatedgpstreanheadwater barrietrainageareas
We used taHUC-12 scale of headwater fragmentatiater in this chapteio adjust the
habitatdiversity component of the freshwater resilience physical score

To calculate thélUC-12 headwater connectivitinetric, we divided the largesteadwater
barrierdrainage area in ea¢HJC-12 by the totaHUC-12 area(Figure3-7). We used natural
breaks to assign the HUL2 headwater fragmentation values to seven classhssedthose
classes t@pproximatez-scoreqTable3-3, Figure3-8). Again, wewere unable to use the
CONUS-wide natural break classtes HUC-12 headwater fragmentation because the

Alaskan values were very different from those in the CONUS as Alaska has far fewer dams
and less road infrastructuMe alsoadjusted the size score for the small number of H2€
thatwere not part of any FCN to account fegh headwater fragmentation within th#JC-

12

High headwater fragmentatiovas defined aslUC-1 2 t hat scored fiBel ow .
Bel ow A word theasgeob theemainingnetwork areapen to the ocean wésss than
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50% of the size ofie HUC Size scores weteweredby one class for these 45 HUC units
As these wereall oceanconnected coastal unjtheir sizeclasswent from class 7 to class 8.

Fi gGB7.e Exampld420fscdUE

h e adwWateshedsimradaethe | vi t y.

most fragmentated by barriers on streams, while watersheds in green have no stream barriers
or the location of stream barriers has a minimal impact on overall connectivity, considering

the entire HUC.

® Stream dams
[ Stream dam drainage
Rivers & streams by size class

10 <2.59 sq.km (1 sq.mi)

1: 2.59-10 sq.km
~12:10-100 sq.km
= 20:100-1,000 sq.km.
=30:1,000-10,000 sq.km
= 40:10,000 - 25,000 sq.km.
=50: 25,000 - 100,000 sq.km
= 60:100,000 - 1,000,000 sq.km.
= 70: >1,000,000 sq.km

Percent Headwater

Connectivity

m<=46

w46-61

61-73
73-83

ng3-9N

"91-97

u>97

Tab33k Assi gnmelm2t

26.78-52.54
>52.55-67.07
>67.08-79.31

>79.32- 88.33
> 88.34-94.20

>04.21- 98.26
>98.27-100.00

1
2
3
4
5

6
7

hoefa dHMAQG e r

-3to-2
-2to-1
-1 t0-0.5

-0.5t0 0.5
05to1

1to?2
>2

conseotriewi.ty val ue

Far Below Average
Below Average
Slightly Below
Average

Average

Slightly Above
Average

Above Average

Far Above Average
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Fi gB8HUGL2 headwat erf rcaognmmeectltaatsiBesesnhaturabreak

classes were translated ts@ores as shown ifable3-3. Watersheds ibbrownare the most
fragmented by the location and/or number of streamierswhile watersheds ibluehave no
stream dams or the location of stream dams has very little impact on headwater connectivity.

HUC12-FCN Watershed
Headwater Fragmentation Score

- Far Above Average Rivers by Size Class
in upstream drainage area

I Above Average kr
Slightly Above Average

Average
Slightly Below Average

I Bclow Average

[l Fer Below Average

R i swlettam [ 3 s T
T jamw w0 210”30 "/"' ¥ e e el -
Pl EE%:E Klometers. - "
Sy @'EJ 100150 200 23,!; l..,'.4->4 Aleutian Islands |
et e .5"’3“,- ‘;f;"' 1.9 30 Scale 1:12M

Final FunctiofabBeCGornectivity

All the foregoing adjustments were used to determine the final functional connesiizeity
score Figure3-9 showsthe FCN and HUG12 unitsthat received a size class adjustnaamnd
thereasorfor the adjustmen(.e.,dam passabilitypcean connectivity, headwater
fragmentatioh Figure3-10shows the functional connectivity sizeose for each FCN based
ontheoriginal size of the riverine network adjusted for passable dams, connectivity to the
ocean andheadwater fragmentation
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Fi gB89ECN &#®W&El2 units adjusted for functional
adjust ment

Functional Connectivity
Size Adjustment Summary

I Increased for Ocean Connectivity

= Increased for Ocean Connectivity &
Decreased for Headwater
Fragmentation

@ [ncreased for Passable Dams

N 8 [ [ncreased for Passable Dams &

* ‘\/ | Decreased for Headwater
Fragmentation

[ Decreased for Headwater
Fragmentation

| Original Size Class

Aleutian Islands
Scale 1:12M
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Figgte FFomatti onal sGoznen Eod traagwshiowsythe functional
connectivitysizescore for each FCN based theoriginal size of the riverine network
adjusted for passable dams, connectivity to the garatheadwater fragmentation

Functional Connectivity

Final Size Class : Adjusted for Passable Dams,
Ocean Connectivity, and Headwater Fragmentation

Relative to U.S. Average
Il Very Large (>25,000 sq.km.)  Rivers by Size Class

in upstream drainage area
- Large (10,000-25,000 sq.km.) —— 100-1,000 sq.km

— 1,000- 10,000 sq.km
Largish (5,000-10,000 SG.KM.) e 10,000 - 25,000 sq.kem.

Moderate (2,500-5,000 sq.km. ).jgo"gga S *:km
Smallish (1,000-2,500 sq.km.)
I small (250 - 1,000 sq.km.)

- Tiny (< 250 sq.km.)

Scale oM Y,
o45so 180 270" 360 ‘/" J SR
gteq. 9. ; i
026 100150 200 2;',[‘ s 4», | Aleutian Islands ;
vlm Scale 1:12M

Diversity

The diversity score measures the physical habitat variadibim the connected networks
Greater connectivity increases the opportunity for dispersal, widtevariation inaquatic
habitattypesoffersmoreoptions for species to find suitable habitats and resources which
increases resilience and metapopulation stability (Pelletier et al. 202Q)climate change,
many peciesaremovingnorthwardseeking cooler waterbut adiversity oflocal
temperatures, gradients, size classes agudtichabitds alsocreates options for species to
find suitableconditionsas conditions chang&é/e calculated a habitdiversity score by
tabulating the number of stream and river types, shallow or deep lakes, and presence of tidal
aquatic habitats within ea¢tUC-12. Thehabitatdiversity features are describeddetail
below.
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Stream and River Types

Macrohabitats are the finest scale unit of hierarchical aquatic classification types defined in
TNCO6s freshwater classification approach ( Hi
types or lake types and are based on key abiotic variables knowactoistraquatic

communities at the reach or lake scale.

For this analysis, we created simplified macrohabitat types to represent variation in major
aquatic physical habitats at the stream reach or individual lake scale using variables possible
to model in GISStream and river macrohabittributes came from RiverAtlas/10(Linke

et al. 2019pndHydroSHEDS(Ouelletet al. 2A.9) which contaireda large database of
attributesfor each reachWe extracted size, gradient, and temperature as the key habitat
variables to integrate into unique macrohabitat type £fmlowing guidance from Higgins et

al. (2005.

Si ze

Stream size is indicative of major ecosystem changes along the-siveacontinuum, such

as transitions in the state and sourcerargy and ecosystem metabolism. Stream size has
been given the highest classification importance in many &zl stream classification
systems because of its strong effect on determining aquatic biological assemblages at the
reach scale (Vannote et al. 1980; Higgins et al. 2005). Thekwan "river continuum
concept,” depicteth Figure3-11, illustrates how the physical size of a stream relates to major
ecosystem changes from small headwater streams dominated by coarse organic matter to
autochthonous production by plankton in large river mouths (Vannote et al. 1980).
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Figgdte The
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Size classes were based on total upstream draamagehich is the most stable and
geomorphologically comparable measure of skiee class breaks were based on the National
River Fish Habitat Condition Assessment (Wang et al. 2011) which was designed to provide a
coarselevel understanding of diversity atnational scal€Table3-4).

Tab34eRi ver

reach size

asses.

11 Headwaters O 10

12 Creek <100

20 Small Rivers O 1000

30 MediumRivers O 10, 000

40 Mainstem Rivers O 25, 000

50 Large Rivers 0100,000

60 Great Rivers O 1,000, 00
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Gradi ent

Stream gradient also highly influences aquatic communities at the reach scale due to its
influence on stream bed morphology, flow velocity, sediment transport/deposition, syubstrate
and grain size (Rosgen 1994). As showfigure3-12, high gradient streams are dominated

by steppools to planded systems with substrates of cobble and boulders, and colluvial
sediment transport. Low gradient systems are dominated bypdtesystems, with

substrates of sand, gravel, and cobble, &lwstorage, and depositional sediment regimes.

Very low gradient streams are dominated by righlee streams with very high sinuosity.

These rivers have sand, grgaid finer sediment substrates, alluvial storage and depositional
sediment regimes, and slight entrenchment with critical adjacent floodplain systems (Rosgen
1996; Allan 1995).

Stream gradient was avail abl e flloirn keea ceht raela c h
20)IWased onfeobevEaDENEOV( Robi nsdlheestakam201:
gradient was calculated as the ratio between
(e,tdhe difference between min. and max. el eva
t he rTehaec hconti nuous streamogipedoeht(Teabteass as
35f ol | gqwiid@g ncasm aftn @m a | stre®WmMaehamayfetaal on?2
anas applicedtienm WiStheo es hwat er resilience analy

Figgta | lustrawgirani emthewapesFIrSRWG i.In®e9 &)abi t

Headwaters Transfer Deposition

Increase
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Tab35Gr adi ent cl asses.

Gradient Class Name Slope (decimeters/km)
Very Low <10
Low 11-50
Moderate 51-200
Moderate- High 201- 400
High andSteep >400
Local Temperatur e

Stream temperature is fundamental to freshwater resilience because it sets the physiological
limits of persistence for many organisms and temperature extremes may directly preclude
certain taxa from inhabiting a water body. Seasonal changes in waterdaampeften cue
development or migration, and temperature can influence growth rates and fecundity. Ideally,
a resilient stream network would span a range of current temperatures offering options for
both coldwater and warmwater species and provide caethéebitats for species to stay

within their thermal preferences in the future (Woodward et al. 2&1/@n for cold water

fish species, recent research is showing accessible warmer water reapitditsantly

supports the survival of coldater fish, such as salmon and trtmstrong et al. 2021)

Air temperature data was available éaich reach catchment in RiverAtfasm WorldClim

v1.4 (Hijmans et al. 2005). The data was based on 38emand monthly air temperature
gridsandweused he summary metric of fiannual maXxi mu.l
catchment 0 t o plfieeclassesusingnatira lsreak§rableB-B)e o f

Tab36eTemperature classes in Celsius and Fahr e
Temperatur Cel si Fahrenh

1 <8 <ncon

2 8-10 50

3 1012 53.6

4 1214 57. 2

5 >14 >S5 7. 2
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T1 dal

Streams and rivers that connect directly to the ocean or to large tidal river estaaei@ater

flow and leve$ thatfluctuate with the tidesand salinity can range from fresh to brackish to
saline. Thee reaches offexr unique diversity of habitst&nd resourcdsr anadromous,
diadromous, and euryhaline species. 8Messified eaciHUC-12 unit as containing tidal

habitat based on direct adjacency to the ocean or having a mapped tidal river or tidal wetland
habitatfrom the Alaska Vegetation and Wetland CompogAdéaska Center for Conservation
Science2022)

Lakes

Depth is a critical variable relatedsammeiake stratification and the presencedetp
permanent coldwateFor thediversity analysiswe classified théakesfrom LakeAtlas v10
(Lehneret al. 2022)nto two types: 1) deep, > 30 ft., and 2) shallow, < 30 ft.

A summary of the five components and their classes is provideabie3-7 andFigure3-13.

Tab37Macrohabitat component <c¢class summary

SizeClass (cumulative
drainage area in knv) Gradient Temperature Tidal Lakes

Very low
Headwate(2 < 100) (<0.003) e Tidal  Deep
Low (0.0017
Creek (0< 100) 0.005 8-10C Shallow
Small River (>100 & Moderate
1,000) (0.005i 0.02) A2
Medium Rivers (>1,000 ModerateHigh 1214 C
& <10,000) (0.027 0.09
Mainstem Rivers High & Steep 514 C
(>10,000 &< 25,000) (>0.09
Large Rivers (> 25,000
& <100,000)

Great Rivers (> 100,000
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Figdta8Jvacr ohabi t as Claclkwvisgpfromiaprsize classes, gradient classes,
temperature classes, tidal class, and lake depth classes.

= ——————— — - .
- Alaskan Streams & Rivers - Alaskan Streams & Rivers
; Size Class ; Gradient Class in
in upstream drainage area decimeters per km
<10 sq.km.
10~ 100 sqkm.
— 100-1,000 sq.km.
—— 1,000 - 10,000 sc.km.
—— 10,000 - 25,000 sq.km.
25,000 - 100,000 sq.km.
- 100,000 - 1,000,000 5q.km.

Alaskan Streams &Rivery | N Alaskan HUC12

Temperature Class in P with Tidal Habitat

degrees Ceisius ol strew

- - ims, rivers, salt marsh
—t g ) and tidal wetiands
—8-10 P F
—10-12
—12-14
—_—

Alaskan Lakes

W <30 deep
W 30t deep
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Cal culMatcirmdpabi tat Diversit)

The macrohabitat components were combined at the reach scale to cossaehwoith its

size class, temperature claasdgradient class. Each unique combination of these classes was
considered a fAmacr oh alwithinaUCAd2weredountetetavardd a bi t a
total diversity count oftream and rivetypes present in thdUC-12. The presence of a deep

lake or shallow laker tidal habitatvas then added to the total streawer macrohabitat

counts to increase the total byunt of aquatic Hatats present.

Because the count of macrohabitats was correlated with the sizeHdi@yd2, we used a
Poisson regression to establish a relationship between the sizeHy@&2 and the count of
macrohabitats, and then calculated the standardized residuals to ibin@if§2s that had

more or less macrohabitat diversity than expected for their size. The standardized residuals
were used as thescore. See details of the statistical models below.

We adjusted the score HUC-12s that hadchigh headwater fragmentatioBmal dams and

iImpassable road crossings headwaters and creeks make the accessibility of all types of
macrohabitats within BUC-12 more difficult. INnHUC-12s wi t h A Aver ageo or \
headwater fragmentation, we adjusted the macrohabitat diversity score by taking the average

of the combined macrohabitat diversitg@ore and the headwater fragmentatioscore. If

theHUC-12 had lesseadwater fragmentatiowe kept thediversity scoe as it wasbased on

the assumptiothat some portion of the macrohabitat types present iHth& 12 would

probablybe accessible at some part of the y&@&.mapped the resultant adjustiakrsity
score(Figure3-14).
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Fi gBté Di ver sThidnyap shaws thelJC-12 macrohabitat diversity scores.
5 = ’I*—f

Diversity Score

[l rar Above Average

[ Above Average
[ slightly Above Average
Average

[ Slightly Below Average

[ Below Average

Bl Far Below Average

e L
'5'%

‘,. %
Aleutian Islands
Scale 1:12M

| nt e gGoantneedcStciovriet y

Connectivity Score = (2*Functional Connectivity + 1*Diversityj

Our final step was to integrate the functional connectsitgscore measured at the FCN
scale with the diversity score measured atHbkC-12 scale Figure3-15). The aim was to
reflect boththewhole FCN networlsize andhemore localHUC-12 habitatdiversityin a
single indexfor eachHUC-12. Giventhe importance ofFCN network size to the availability
of habitats, we gave functional connectivity twice the weiglbea diversity in our
combined index.
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Figdt® Final c¢ on inehsindexthetsige obtlieE€N retworkwasgiven
twice the weighof thelocal HUC-12 watershedabitatdiversity.

5

Connectivity Score

TG Relative to U.S. Average
/ '/// 2
(1) I Fer Above Average
LY ' I Above Average
Slightly Above Average

Average
Slightly Below Average
I Below Average
- Far Below Average
l:] Functionally Connected Network

i g a ) :
~ | Aleutian Islands
{’i{z:fj Scale 1:12M E

CondiScioorne

Condition is a measure of current ecological function from landscape influences and accounts
for two key ecological attributes of freshwater systems, habitat quality and water dbatity.
condition assessment in Alaska vig®rmedby our CONUS freshwater resilience analysis

and tworecentAlaskawatershedissessmen{gEsselman et al. 201Aho et al. 2020).

Natur al ness

Naturalness= Floodplain and/orRiparianNaturalness ‘Watershed Naturalness

In this section, we assess the naturalness of three esfestiaatefeatures, floodplais)

riparian ares, and watershedFor each feature, we first developed a map of its extent and
then overlaid land cover data to quantify the types and amounts of natural, agricultural, and
developed land within the extent.
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Landcover

To measure current land uses wombined the most recent National Land Cover Dataset
(NLCD 2016 available for Alaskavith a recent mining footprint datas&¢ist et al. 201)7

The mining footprint dataset was developedh®y Alaska Center for Conservation Science
(ACCS) at the University of Alaska Anchorage (UAA), in partnership with the Northwest
Boreal Landscape Conservation Cooperative (NWB LCC). The dataset depicts historical and
current ground disturbance resultingrfreurface mining across Alaska and Northwest
CanadaWe mergedhe mining footprinbn top oftheland coverasavalueofi 1 0 06 t o
override the NLCDpixel values underneath.

Fig3iterhe 2016 NLCD for Alaska (A) was wupdat e
mining areas (B) to represent current | and ¢

NLCD 2016 Current and Historic Mining Footprint (2024)

A e 3 \'"“-‘\‘ : B

FIl oodpl ai ns

Connections between a river and its floodplainemsential to the resilience of the system
because floodplains allow for water storage, nutrient flushes, and create spatial and temporal
feeding and breeding habif@&ringle 2003) The connection can be interrupted by roads and
levees, although this can be difficult to precisely measure because it depends in part on the
intensity and depth of each flood event, or the return interval of the flood. We calculated a
metric of floodplan naturalness to estimate the relative intactness and availability of the
floodplain To map floodplainsye combinel the TNC delineate80-m Active River Area
(Anderson et al. 2022yith the AlaskarRiverscapepolygons(Whited et al. 201
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Fi g3t & x amp Ifl eo oodf X tae The floodplain footprint included the TNC
delineatedB0-m Active River Area (Anderson et al. 202dpng withthe Alaskan
Riverscapegpolygons(Whited et al. 2012

Riverscapes Floodplain

Active River Area (ARA)

FI oodpl ain Naturalness | ndex

After removing open water from the 1§8ar floodplain, we quantified the extent of four land
cover categorieflable3-8) in this zone using data from tRB@16NLCD augmented with

surface mining extenLandcover classewereweightedsuchthat wetlands or natural forests

had the highest positive influence and roads or permanent developnughiehaghest

negative influence, with agricultural lands in betwéafe. did not include pasture and hay

lands in the agriculture category as research has shown this land use is not strongly correlated
with poor water quality (de Mello et al. 2018). Degree of naturalness was quantified using a
weighted index:

(1 * % High Intensity) + (0.75 * 9%\griculture) + (0.25 * % Low Intensity)
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Tab38 Land cover sulsads i s ¢ihgegmmearctesal ness

Naturalness

Category NLCD 2016Class(Value Code)

High Intensity  Low IntensityDeveloped (22), Medium Intensity Developed (23), Hic
Intensity Developed (24), Mining (10)

Agriculture Cultivated Crops (82)
Low Intensity Pasture/Hay (81), Open Space Developed (21)
Natural Open Water (11), Perennial Ice/Snow (I2¢ciduous Forest (41),

Evergreen Forest (42), Mixed Forest (43), Shrub/Scrub (52), Herba
(71), Woody Wetlands (90), Emergent Herbaceous Wetlands (95)
Barren (31)

The index ranged from O for a floodplain in completely natural cover to 100 for a completely
developed floodplain. We transformed the raw index usingélsenormaliz@packagen R

and translated the floodplain naturalness values into our standaodezclasse$iUC-12s

with urban areas or impacted by resource extraction had naturalness values less than
AAverage. 0 However, no watersheds scored hig
land cover is intact and undevelopddismostwatersheds have floodplains wiktremely

high naturalness values. We studied the distribution of naturalness values for all the
watersheds that scored nA-gcoresusang thedclassbrdaksmanu al |
shownin T a b3l9&~igure3-18 shows the final floodplain naturalness scoredH0C-12s in

Alaska.

Tab3%Assignment of high floodpbaenchiH&@E€seral hect

128 that initially scored fAAverageo for flood
Z-Score Class Floodplain Naturalness Values
Far AboveAverage 0
Above Average >0&<0.05
Slightly Above Average >0.05&<15
Average >0.15
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Fi g3t8 arcaveat ur aih d e s s i fo otdhpWateisheds in green have
floodplains in more natural land cover while those in brown are dominatexhioyg,
resource extraiin, and/orurbanland uses.

Z-Class

W rar Above Average

- Above Average
Slightly Above Average
Average
Slightly Below Average

B Below Average

I FarBelow Average

Ri pamandnFl oodpl ain Areas

Riparian zones contribute to freshwater resilience thrdlugih potential to attenuate the

effects of precipitation changes (Paukert et al. 2021), dampen temperature rise impacts

(Bowler et al. 2012), and retain sediments and nutrients that could degrade water quality
(Kaufman et al. 2022). To map riparian areesapplied a 9ém buffer to theMERIT 90-m
DEM-derivedstreams and rivers withminimumdrainage areaf onekm?. We then

combined thigiparianbuffer with the floodplain footprilbora n expanded dAri pari
fl oodpl!l (Bigure3-E0r e a O
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Fig@te Ri par i an .HBega boendarynpnotes the@iparian area
around the blue DEMlerived flowlines which are shown on top of the floodplain areas in
yellow and orange.

\E

l:] Riverscapes Floodplain

6 l:l Active River Area (ARA)

“~/\ DEM-derived flowlines with > 1 sq km

[:] 90-m distance from flowline

We classified land cover ihe riparianfloodplain area in eacHUC-12 into the four

categories previously described and showhahle3-8. Using those categories, we calculated

the land cover naturalness indaxhe same manneas describeébr the floodplain
naturalnessnetricDue t o t he statebs | argemanuallynt act | a
assigrz-scores tdHUC-12s with very natural riparian and floodplain areas (i.e., units that
scored fAAver ag esloyninurabledidantd imapped ikigure 8- 20.

Tab3le0 Assignment of high riparian-szmod efl| oodr

classes-1Rsr tHAE€ initially scored AAverageo f
natural ness.

Z-Score Class Riparian & Floodplain Naturalness Values

Far Above Average 0

Above Average >0&<0.05

Slightly Above Average >0.05&<10

Average >0.10
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FiggB2e Land cover natur al nreispar indistershendia .t he f
green have floodplain and riparian areas largely in natural land cover while those in brown are
dominated byesource extractioand/or developed land use.

Z-Class
B Far Above Average
B Above Average
Slightly Above Average
Average
Slightly Below Average
B Below Average
I FarBelow Average

| nt egratin-Qi phoodp!l an@n Nad awd @Il aniers s
After reviewing the land cover naturalness indices for the two different extents (floedplain

only vs. floodplaiariparian), we established a set of rulegtade an integrated near river

stream naturalness score guided by whether floodplains were the more dominant feature in the
HUC-12 We calculated the percentageflobdplain area in eacHUC-12 and translated the
percentages to-gcoreqFigure 3.20)
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Fi g32 8HUCGL der c 8 mto d @l eResults reflect whether thpercenageof the
HUC-12in floodplainis above or below average.

Z-Class
- Far Above Average s P :;\‘
) ) S AT o % e e ‘-'\‘
- Above Average a fo i S s his
2 “ e O ‘ <
Chahths A A < Xy 5 " Py
Shghtly Above Average B "
Average <t . T
] .
Slightly Below Average ,,p y '
- Below Average a -k
\
B rarBelow Average 9

We thenused the floodplahonly scorg(Figure3-18) when thepercentage of floodplain area

was fAAbove Aver age 0.0Forwatérsheds whére fmadelaindweeemat g e
dominant feature (<1SDn t he ASIightly Abofoefloodplamr ageo o1
percentagg we used the floodplain and riparian naturalness index f€mgure3-20).

ChapteaeMadpping Freshwater Resilienc 4 8



Fi g322 nt egr dltoiocodnmlodfiyrl aorod! gil @a nd nach v e r
nat ur a Resutsraflect the integration rules anscore adjustments described in the
text.

Z-Class
- Far Above Average
- Above Average
Slightly Above Average
Average
Slightly Below Average
B Below Average
I FarBelow Average

Wat ershed Naturalness

To put the floodplain and riparian scores in contexttarabsess the degreelahd cover

degradation within the whole watershed, we calculated a watershed naturalness score for each
HUC-12. We usedhe same methods #®sedescribed for the floodplain and riparian zones.

Once again, we had toanually assiga-scores to units with very high watershed naturalness
values (i .e., those thatTahSbehrmdsniagpeddmr ageo) p
Figure3-23.

Tab3lel Assignmeat eorbahtauwrgehl nes-sconktuebatsseg fo

12s that initial lwatsecrosiehteddr d@aAnesageo for
Z-Score Class Watershed Naturalness Values
Far Above Average 0
Above Average >0&<0.01
Slightly Above Average >0.01 &<0.06
Average >0.06
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Fi g328 araveat ur aih d e sHdJoCl 2va t e r .SMatersheds in green
have more natural and intact land cover while those in brown are dominated by mining,
resource extraction, and/or developed land uses.

Z-Class
- Far Above Average
- Above Average
Slightly Above Average
Average
Slightly Below Average
B Below Average
I FarBelow Average

|l ntegrating Floodpl ai n, Ri parian, and
A visual comparison of the combined floodplain and riparian land cover naturalness index and
the watershed naturalness index shows there are many watersheds where the two metrics are
quite similar However, there are alsmme areaghere the two metricell aslightly

different story in whichriverine floodplains are intact, but their watersheds Isaveealtered

land coveror vice versaTo address the correlation between these two indieefound that

simply averaging the two-gcores appropriately lzanced the interplay between these

different scales. For example, a watershed with a very natural floodplain but a less natural
watershed typically received an AAverageo oV
z-scores for the two scales). A watersipeidharily in natural cover and with a floodplain in

natural cover received a high overall naturalness s€arefinal integrated scor@igure

3-24) can be thought of as a watershed naturalsese Figure3-23) with more weight

given to the floodplain and riparian zoff@gure3-22) to reflect the importance of direct

interaction with streams and rivers.
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Fig32é I ntegrated wat erisphaerd aann dh aft|ddreozd pnleasisn s ¢
scores are the average of the watershed naturaksessezand the floodplain only or

floodplain and riparian naturalnesseore for eacUC-12. The floodplains and land cover

of watersheds in green are more natural while the floodplain and land cover of watersheds in
brown are characterized bgsource extractioand/or developed land uses.

Z-Class

. Far Above Average

- Above Average
Shightly Above Average
Average
Slightly Below Average

B Beclow Average

I Far Below Average

Water Quality

While streams and rivers in the conterminous U.S. face challenges from increasing levels of
nutrients and sedimefilanning et al. 2020; Murphy 202®)onpoint source pollution is less

of a widespread problem in Alaskads waterway
five majorurbanized area@®DEC 2020) The mai n water quality cor
and lakes are toxic pollutants from mining, industrial operations, oil extraction, and

transportation, as well as limited sanitation infrastructure in rural.aviess recently, the

release of ratal oresnto waterwaygrom rapid permafrost thawinglue to climate changs

an increasing watejuality concern for aquatic species and people in the Arctic region of

Alaska.

To develop a water quality index faatersheds Alaska, ve adaptedhe methods used to
assessvater chemistryand sediment regulation the Matanusk&usitna basiof Alaska
(Aho et al. 2020). First, we calculated a suite of variatolesachHUC-12to capture the
most pressing water quality concerns in Alagking readily available spatial ddfea b | e
3-1 2Figure3-25).
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Tab3le2Descr iaptdi admt ao fs ovuarr(cireaslil®egsd t o assess

oHUGEL 8 n Al aska.

HUC-12 Variable

Description Data Source(s)

Percent mining area Percentage of Historical and current ground disturbanc
watershed area in min resulting from surface mining across
land Alaska and Northwest Canadaeistet al.

(2017), updated 2024

Percentgricultural Percentage of 2016 NLCD

area

Percent
impervious/urban
area

Density ofpollution
sites

Percent Superfund
area

PercenB03d)
impaired water
bodies (areatxten)

Density 0f303d)
impaired
streams/rivers
(linear)

Density of roadsand
railroads

Density of Culverts

RustingRisk index

watershed area in

pasture/hay (class 81)

and cultivated crops

(class 82)

Percentage of 2016 NLCD

watershed area in

NLCD low, medium,

and high intensity

developmenftclasses

22,23,24)

Count ofcontaminated Alaska Regulated Contaminated Sites

sites(TRI, Superfund) (ADEC 2025) TRI and Superfund

and NPDESyutfalls *Sites restricted with query to select

/watershed area Active and Status = Clean@omplete
with Institutional ControlsNPDES
Outfalls Regulated Facilitie®tJSEPA

2022)
Percentage of USEPA Superfund Site Boundarisem
watershed area ADEC 2025
designated as *Sites restricted to state Afaska
Superfund land
Percentage of ADEC 2024 with manual edits to add twc
watershed area in recently listed sagents: Tributary Creek
impaired inland andBoulder Creek

waterbodiegharbors
and bays excluded)
Length (km) / ADEC 2024
watershed area (Kin

Length (km) / TIGER/Line 2024

watershed area (Kin

Count of culverts BarrierType= 'Assessed roacklated
/watershed area barrier'(SARP 2024)

See description below See description below in text
in text
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Fi g328 Selwatagguead v & ryi aviaps efsome athe input water quality
index variables: AADEC contaminatedites, B)EPANPDESoutfalls, C) culverts, and D

Superfundareas.

A. HUC12-FCN ADEC Contaminated Sites (#)

0
1-11
] 12-37

93 -176

=
W 77367

£

C. HUC12-FCN Culverts (#)

7

1-12

]

]
Ml so-9%
[ RS

Recent research has documertteddrustingof streamsand small rivers n = Al

B. HUC12-FCN NPDES Outfalls (#)

[V

W N E - O
o

D. HUC12-FCN Superfund Area (sq km)

askaos

Br o

Rangeover the past ten or so years. Researchers hypothesize that impacted waterways turn

orange

from

t he

mo b i

l i zati

on of met al

s due t

These orange rivers have poor water quality parameters (low pH, high tyrbighysulfate

and iron concentrations) and dramatically lower macroinvertebrate diversity and fish
abundance compared to nmnpacted reference streams. In aidai to ecological impacts,
rusting may limit the use atream and rivewater by local communities that depend on it.
The latest studies suggéise Alaskan waterwaymost at risk from rusting are those located in
the Brooks Range, particularly th@buk River, Wulik River, Salmon River, and tributaries
within the Kobuk Valley National Park

To assess the relative risk of rusting in streams and rivers for watersheds in the Brooks Range,
we first selectetHUC-12s that intersected the Brooks Range terrestrial ecorégigure
3-26). To account for watersheds with only a small amount of their area in the Brooks Range,
we calculated the proportion of each HU€ that is in the Brooks Range ecoregibo.
identify areas with deeper permafrost melt and thus additional activation of subsurface water
flow paths, we calculated a projected change in the depth of the seasonally thawed layer above
permafrost using the active layer thickness model of 2@i9us2049 from the Geophysical

Institute Permafrost Lab model (University of Alaska, Faiksa 2011). We thecalculated

the mean permafrost depth change by 2049 for HaD+12 to identify thoseaunits predicted

to have larger amounts of thawed subsurface whigure3-26). After examining spatially

explicit data on orange streams (Koch et al. 2023), we found that rusting appears to be limited
to headwaters and tributariesize class 20 or smaller in our size classificafidnus, we
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calculated the percentage of each water&hedal flowline length (> 2 kidrainage area)
that was less than or equal to size class\&thenmultiplied this percentagby the

proportion of the watershed that is in the Brooks RaRelly, to calculate the rusting risk
index, we multiplied the depth risk clag3gure3-26) by the percentage of f