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Executive Summary

The Saint Croix National Scenic Riverway (SACN) became a part of the National Park Service
(NPS) with the passage of the Wild and Scenic Rivers Act (R2420in 1968, the Lower St.

Croix River Act (P.L.92560) in 1972, and a degiation by the Secretary of the Interior in 1976
(Karamanski 1993, Interagency Wild and Scenic Rivers Coordinating Council 2012). It consists

of 311 km (193 miles) of Ascenico and 95 km (
Wisconsin and on thMinnesotaWisconsin border, ending where the St. Croix River meets the
Mississippi River. The final 40 km (25 miles) of the St. Croix River are administered by the

states of Minnesota and Wisconsin. SACN also includes the entire Namekagon River.

The Namé&agon begins as a narrow trout stream surrounded by forest and meanders through a
wide valley. It joins the Upper St. Croix River in a region of gently rolling terrain. The Upper St.
Croix passes between low banks in a region of dense forests and rifoaxigohain. Near St.

Croix Falls, the river passes through a hydroelectric dam and becomes the Lower St. Croix
River. It flows through a narrow, deep rock gorge called the Dalles, and then becomes more
shallow, with sandbars and sloughs. It is impounded §gndbar at its confluence with the
Mississippi River, and thus is a large, deep lake at its lower end (NPS 2005, Holmberg et al.
1997).

The boundaries of SACN extend averagenly 400 m (1/4 mile) from the riverbank. Of the

area in the federal zoneb@ve the final 40 km), 26% is owned by NPS in fee title and 15% is in
riverfront and scenic easements. An additional 30% is in other public ownership, including large
tracts in state and county forests and state parks. About 6% is in unrestricted prexEh.

The southern half of the St. Croix River basin is in close proximity to the densely populated
Twin Cities of Minneapolis and St. Paul and is one of the projected areas of fastest population
growth in both Wisconsin and Minnesota from 2lIB5 (NPS 2012a). In 2011, the federal

zone of SACN had 273,729 visitors, with annual totals over 500,000 fromZ0WE(NPS

2012b).

TheNPS Great Lakes Network Inventory and Monitoring Progf@trKN) has noted that

SACN has critical resources in three categorits high water quality has led to designations of

Aout standingodo or Aexceptional 06 resource water
wolves in the northern portions; and its forested areas are gradually returningctorgpean

settlement caditions (Route and Elias 2007). SACN is home to five species of federal

endangered mussels and is Aone of the premier
It is within the range of two federeln d angered birds (the HKngrtl ando
crane), and thefederaln danger ed Karner blue butterfly. |t

region in which the boreal forests of the north meet the prairie communities of the south and
west, and so is home to a wide variety of plant communities.

This Natural Resource Condition Assessment was undertaken to evaluate current conditions for a
subset of natural resources and resource indicat&A&@N. Using a framework developed by

the Science Advisory Board of thenlted States Environmental Pratgon Agency (UEPA

2002) natural resources were evaluated in six categories: landscape condition, biotic condition,
chemical and physical characteristics, ecological processes, hydrology and geomorphology, and
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natural disturbance regimes. A total5@f resources and indicators were evaluated (Table i) by
reviewing existing data from peegviewed literature and federal astéte agencies. Data were
analyzed where possible to provide summaries or new statistical or spatial represe@Ba&ans.

naturalre our ce condi tion i ndi cat®wereincohdgionwfer e i n ¢
Amoderate concern, 0 seven were in condition o
remainngbwas fAunknown. o0 Few of the i redimetat or s had
assess trends; for 34 of the 52, the trend wa

Natural resources and resource indicatoiSACN are affected by activities and processes at
scales ranging from local (e.gravel and sand minindams, cell phone towers, urban spjaw

to global (e.g., atmospheric deposition and climate chaBSge)e of the @nditions of significant
concern are related to air resources (deposition of mere@®s,and nitrogenwhich areout of

the jurisdiction ofSACN managersLake St. Croix is cuently being managed by Wisconsin and
Minnesota agencies under a total maximum daily load (TMDL) standard for total phosphorus,
addressing the significant concern in that area. SACN managers are working to restore natural
plant communities to the Lower &roix basin, addressing the final area of significant concern
we identified for this report.

Resource indicators that are in good condition, with an improving or stable trend at SACN,
include declining levels of two organic contaminants (DDE and totBIsP(@ bald eagles, land

cover stability, road density for gray wolf habitat in the Upper St. Croix basin, the plant
communitesof the Upper St. Croix basin, the bird community, and the mussel community. The
fish community, as well as many water qualigrgmeters, also appear to be in good condition,
although there is insufficient information to assess the trend. Conditions of moderate concern and
declining trend are the park soundscape and the presence of terrestrial invasiveAlfemigsh

the GLKN has collected a significant amount of data on natural resourceA@GN in recent

years, much of it does not yet have a period of record sufficient to evaluate trends.
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Table i. Condition and trend of natural resources and resource indicators evaluated for Saint Croix
National Scenic Riverway.

Condition

and Trend

Natural Resource or Resource Indicator

Condition good,
improving trend

Persistent organic contaminants in biota i DDE and total PCBs in bald
eagles

Condition good,
uncertain trend

Impervious surfaces

Fish community

Viral hemorrhagic septicemia virus (VHSV)

Water quality 7 specific conductance, pH, dissolved oxygen, alkalinity,
chloride, and chlorophyll-a

Condition good,
stable trend

Land cover

Road density i gray wolf i Upper St. Croix

Plant communities T forests and grasslands i Upper St. Croix
Bird and mussel communities

>0 QO

Condition of
moderate concern,
improving trend

Persistent organic contaminants in biota i PFOS in bald eagles

Condition of
moderate concern,
uncertain trend

Aquatic non-native and invasive species i Asian carp, zebra and
quagga mussels, rusty crayfish, Asian clam, purple loosestrife, and
Eurasian watermilfolil

Persistent organic contaminants in biota i PFOS in fish

Water quality i water clarity and total nitrogen

Hydrology of the St. Croix River

Condition of
moderate concern,
stable trend

Road density i gray wolf i Lower St. Croix
Plant communities i forests and grasslands i Namekagon
Air i ozone, visibility, and wet deposition of total sulfur

Condition of
moderate concern,
declining trend

Soundscape
Terrestrial invasive species

Condition of
significant concern,
uncertain trend

Mercury in biota i fish tissue and eaglet feathers
Persistent organic contaminants in biota i total PCBs in fish
Water quality i total phosphorus

Condition of
significant concern,
stable trend

Plant communities 7 forests and grasslands i Lower St. Croix
Mercury in precipitation
Air T wet deposition of total nitrogen

© 00~

Condition unknown,
unknown trend

Landscape pattern and structure

Lightscape

Aquatic macroinvertebrate community

Aquatic non-native and invasive species i white perch, New Zealand
mudsnail, and Chinese mystery snail

Beaver

Persistent organic contaminants in biota i DDE in fish and PBDES in
bald eagles and fish
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1 NRCA Background Information

Natural Resource Condition Assessments (NRCAS) evaluate current conditions for a subset of
natur al resources and resource indicators 1in
report on trends in resource conditiorhem possible), identify critical data gaps, and

characterize a general level of confidence for study findings. The resources and indicators
emphasized in a given project depend on the p
stewardship planning and soce in identifying higpriority indicators, and availability of data

and expertise to assess current conditions for a variety of potential study resources and

indicators.
4 | A

NRCAs represent a relatively new approach to NRCAs Sstrive I
assessing and reporting on park r@sewconditions.
They are meant to compleménmot replacé
traditional issueand threabased resource
assessments. As distinguishing characteristics, all

NRCAs: Useful condition summaries by
broader resource categories or
topics, and by park areas

Credible condition reporting for a
subset of important park natural
resources and indicators

A are multidisciplinary in scopé;
employ hierarchical indicator frameworks;

identify or devéop reference conditions/values for comparison against current conditions;
emphasize spatial evaluation of conditions and GIS (map) products;
summarize key findings by park areas; and

To To To Do o

follow national NRCA guidelines and standards for study desigmepuiting products.

Although the primary objective of NRCAs is to report on current conditions relative to logical
forms of reference conditions and values, NRCAs also report on trends, when appropriate (i.e.,
when the underlying data and methods supgach reporting), as well as influences on resource
conditions. These influences may include past activities or conditions that provide a helpful
context for understanding current conditions, and/or praefsmnthreats and stressors that are

best interprete at park, watershed, or landscape scales (though NRCAs do not report on

! The breadth of natural resources and number/type of indicators evaluated will vary by park.

2 Frameworks help guideamuttii sci pl i nary sel ectionobf updiamadorepantdi sgbstq
] conditions for indicatory condition summaries by broader topics and park areas

3 NRCAs must consider ecologicalbased reference conditions, must also consider applicable legal and regulatory standards,
andcan consider other managemspecified condition objectives or targets; each study indicator can be evaluated against one
or more types of logical reference conditioReference values can be expressed in qualitative to quantitative terms, as a single
value or range of values; they represent desirable resource conditions or, alternatively, condition states that we idish to avo
thatrequireafollomon response (e.g., ecological thresholds or managem

“ As possible and appropriatéRCAs describe condition gradients or differences across a park for important natural resources
and study indicators through a set of GIS coverages and map products.

5 In addition to reporting on indicatdevel conditions, investigators are asked to takiggeb picture (more holistic) view and
summarize overall findings and provide suggestions to managers on dy-area basis: 1) by park ecosystem/habitat types or
watersheds, and 2) for other park areas as requested.



condition status for land areas amatural resources beyond park boundaries). Intensive-cause
andeffect analyses of threats and stressors, and development of detailed treatment options, are
outside the scope of NRCAs.

Due to their modest funding, relatively quick timeframe for completiad,reliance on existing
data and information, NRCAs are not intended to be exhaustive. Their methodology typically
involves an informal synthesis of scientific data and information from multiple and diverse
sources. Level of rigor and statistical repbaity will vary by resource or indicator, reflecting
differences in existing data and knowledge bases across the varied study components.

The credibility of NRCA results is derived from the data, methods, and reference values used in
the project work, witch are designed to be appropriate for the stated purpose of the project, as
well as adequately documented. For each study indicator for which current condition or trend is
reported, we will identify critical data gaps and describe the level of confideatéeast

gualitative terms. Involvement of park staff and National Park Service (NPS) soizgtet

experts at critical points during the project timeline is also important. These staff will be asked to
assist with the selection of study indicatorgommend data sets, methods, and reference
conditions and values; and help provide a mikciplinary review of draft study findings and
products.

NRCAs can yield new insights about current park resource conditions but, in many cases, their
greatest vale may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can help park managers as they think about
nearterm workload priorities, frame data and study needs for important parkeespand
communicate messages about current park resource conditions to various audiences. A
successful NRCA delivers scienrbased information that is both credible and has practical uses

for a variety of park decision making, planning, and partnergtipitées.

a A

Obtaining goodnput from park staff and other NPS subjeattter
experts at critical points in the project timeline

Important NRCA Success Factors

Using study frameworks that accommodate meaningful condition
reporting at multiple levels (measurgsindicators/ broader
resource topics and park aréas

Building credibility by clearly documenting the data and methods
used, critical data gaps, and level of confidence for indickdteel

k condition findings /

However, it is important to note that NRCAs do not establish management targets for study
indicators. That process must occur through park planning and management activities. What an
NRCA can do is deliver sciendmsed information that will ast park managers in their
ongoing,longt er m ef forts to describe and quantify

2
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management targets. In the near term, NRCA findings assigtgic park resource plannfhg
and help parks to report on governmentatability measureS.In addition, although itlepth
analysis of the effects of climate change on park natural resources is outside the scope of
NRCAs, the condition analyses and data sets developed for NRCAs will be useful faveark
climatechangestudies and planning efforts.

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the
NPS Natural Resources Inventory & Monitoring (1&M) Prograror example, NRCAs can

provide current condition estimates and helplasth reference conditions, or baseline values,

for some of a parkos vital signs mdNRSidateoto i ng |
help evaluate current conditions for those same vital signs. In some cases, I&M data sets are
incorporated intdNRCA analyses and reporting products.

Over the next several years, the NPS plans to fund a NRCA project for each of the approximately
270 parks served by the NPS 1&M Program. For more information on the NRCA program, visit
http://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm

/ NRCA Reporting Productsé\

Provide a credible, snapshat-time evaluation for a subset of importapark natural
resources and indicators, to help park managers:

Direct limited staff and funding resources to park areas and natural resources that represent
high need and/or high opportunity situations
(near-term operational planning and management)

Improve understanding and quantification for d
and Aother i mportanto natur al resour
(longer-term strategic planning)

Communicate succinct messages regarding current resource conditions to govemogearhp
managers, to Congress, and to the general public

\ (Aresource condition status}

’An NRCA can be useful during the development of a @astr ks Res
as a posRSS project.

"While accountability reporting measures are subject to change, the spatial and réfasenteondition data provided by
NRCAs wi || be useful for most forms of f@r ebRSuthedepartmentdi ti on s
of the Interior, or the Office of Management and Budget.

8 The | &M program consists of 32 networks nationwide that are
condition of park ecosystems and develop a strongentsfic basis for stewardship and management of natural resources
across the Nati onal ardaasubket dbphgsicat ehemicdlVand bmlbgica elegnanss @nd processes of park
ecosystems that are selected to represent the overall beatihdition of park resources, known or hypothesiféstes of
stressors, or elements that have important human values.
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2 Introduction and Resource Setting

2.1 Introduction

2.1.1 Enabling Legislation
The Upper St. Croix River and Namekagon River were designatbd &aintCroix National
Scenic Riverway (SACN)Higurel) and became part of the National Park Service with the
passage of the Wild and Scenic Rivers Act (B®5421 October 2, 1968), which stated:

It is hereby delared to be the policy of the United States that certain selected rivers of
the Nation which, with their immediate environments, possess outstandingly remarkable
scenic, recreational, geologic, fish and wildlife, historic, cultural or other similar values,
shall be preserved in freffowing condition, and that they and their immediate
environments shall be protected for the benefit and enjoyment of present and future
generations.

The Lower St. Croix River, below the St. Croix Falls Dam, was also desigemtedcenic river
in 1972 with the passage of the Lower St. Croix River Act (P.t5@2) (Karamanski 1993). In
1976, the final 40 km of the Lower St. Croix were added by secretarial designation after the
governors of Minnesota (MN) and Wisconsin (WI) apglifor state administration (Interagency
Wild and Scenic Rivers Coordinating Council 2012).

Although SACN was created by the Wild and Scenic Rivers act, it is divided into segments
federally classified either wisl diGcaeamead deas ifgr
AScenico river areas are Athose rivers or sec
shorelines or watersheds still largely primitive and shorelines largely undeveloped, but accessible

in places by rioanal, ® mwhvdér dmreas eate At hose ri
readily accessible by road or railroad, that may have some development along their shorelines,

and that may have undergone some I mpoundment
andScenic Rivers Coordinating Council 1998). In all, there are 405.6 km of river in SACN;

310.6 of those ar e fAsc egurel,dabkel) dntefadgencPildande fAr e c
Scenic Rivers Coordinating Council 2012).

Table 1. Classification of river segments in Saint Croix National Scenic Riverway (MDNR 2013).

River Segment Length (km) Designation

Namekagon Source at Lake Namekagon to railroad bridge near 102.2 scenic
Trego, WI
Railroad bridge to dam at Trego 10.5 recreational
Dam to confluence with St. Croix 45.1 scenic

St. Croix Source near Gordon, WI to the headwaters of the 144.0 scenic
reservoir impounded by the dam at St. Croix Falls
Headwaters to the dam 20.1 recreational
Dam to the Chisago-Washington county line 16.6 scenic
County line to confluence with the Mississippi River 67.1 recreational

at Prescott, WI




St Croix Scenic
National Zone !

Scenic _
Riverway Recreational

Zone
53
35
8

> 53

Ontario

L
lowa

) 1 ) )

Figure 1. Location of Saint Croix National Scenic Riverway and its scenic and recreational zones (MDNR
2013).



Notes on Terminology

Although the Lower St. Croix River is sometimes considered to be a separate unit (and
designated as LOSA), the NPS website for SA@WW.nps.gov/sacndescribes for visitors

both the upper and lower St. Croix. We will follow that convention in this report and use SACN
to describe the entire St. Croix River from Gordon to Prescott as well as the Namekagon River.
However,since the segment from Stillwater to Prescott is administered cooperatively by the
Minnesota Department of Natural Resources (MDNR) and the Wisconsin Department of Natural
Resources (WDNR), we will limit our discussion of management options in this segment

The dam that separates the Upper and Lower St. Croix Rivers is variously described as being the
St. Croix Falls Dam or the Taylors Falls Dam (after the communities of St. Croix Falls, Wl and
Taylors Falls, MN, located across from each other on the h&Bikee the NPS headquarters is

at St. Croix Falls, and the damoé% Cowkalksr , Xcel
Hydro Generating Stationve will refer to it as the St. Croix Falls dam.

2.1.2 Geographic Setting
SACN is located in northwestern Whéon the border between WI and MRNdurel). It
includes the St. Croix River from the dam at Gordon, WI to its confluence with the Mississippi
River at Prescott, WI. It also includes all of the Namekagon River, vidicleated entirely
within WI and joins the St. Croix River above Danbury, WI. The Namekagon, which begins as a
narrow trout stream surrounded by forest, meanders through a wide valley with occasional
marshy or swanyike areas. The lower Namekagon paskesugh an area of high, sandy banks
with many sharp bends (NPS 2005).

The upper St. Croix River flows across gently rolling terrain between low banks through areas of
dense forests and riparian floodplains. At St. Croix Falls, WI, the river passedtlaroug
hydroelectric impoundment and then through the Dalles, a narrow, 40 m deep rock gorge of
Keweenawan basalt. Below the Dalles, the river becomes more shallow with many islands,
sandbars, and sloughs. It is impounded by a sandbar at its confluendeevitississippi River

and becomes a large, deep lake from Stillwater, MN to Prescott, WI (Holmberg et al. 1997).

The St. Croix River basin is designated as a subbasin of the Mississippi River basin with the
United States Geological Survey (USG&]idit hydrologic unit code (HUC) 0703. Within it are
five subbasins that have been givedi§it HUCs, these are the Kettle, Lower St. Croix,
Namekagon, Snake, and Upper St. Croix waterstéagdarge2) (USGS2012).

The corridorof SACN is approximately 365 km long; 322 km on the Upper St. Croix and

Namekagon Rivers and 43 km on the Lower St. Croix. The final 40 km are administered by

MDNR and WDNR. The corridor extends approxi ma
with no nore than 25 ha khin federal ownership on average. In 2004, the total area within the
boundary of SACN, including the water surface, backwater, and istdirtide Upper and Lower
Riverwaywas39,486ha (NPS 2004). Of that total, 30,072 ha are withirféderal zone (Young

2001, 2002). Within the federal zone, 10,122 ha (26%) are owned by NPS in fee title and 5,855

ha (15%) are contained in riverfront and scenic easements. An additional 11,846 ha (30%) is in

other public ownership, including large tractstate and county forests and state parks. About

2,250 ha (6%) is in unrestricted private ownership.


http://www.nps.gov/sacn




Within the SACN basin, land ownership and management as indlicatiee Protected Areas
Database of the United States (PADUS) version 1.2 (USGS 2011), plesuvity forests

(WDNR 2007) is shown ifrigure3. It should be noted that not all parcels within the

administrative boundaes of state and national forests are owned by those governmental units,
and private inholdings are often not even subject to governmental management. The category of

Astate managedo includes state traiéand and wil
natural areas. APrivate conservation | andso i
| ands. A Go v e r n glZepattmeat bfiDefense, Buneaw bf lah@ Management, some

small state parceland local government parcels. Within the sutangheds of the St. Croix
River basin, public ownership ranges from 9.1% in the Lower St. Croix watershed to 39.9% in
the Namekagon watershebaple2) (USGS 2005, Mead 2009a, b, ¢, d

2.1.3 Demographics and Visitation
The northern half of the St. Croix River basin is relatively sparsely populated (<25 peéf)le km
but the southern half is located in close proximity to the more densely populated Twin Cities.
The population of the sevaounty metro area of the Twin Citi@ginneapolis and St. Paul
MN) has been increasing steadily since 1998ure4) and was 2.85 million in 2010
(http://www.metrocouncil.org/news/201®ws_700.htrp In addition, the St. Croix River basin
is one of the projected areas of fastest population growth inMidtnd W from 20062035
(Figureb), with St. Croix County in Wprojected to increase in poputat by 134% during that
period. Relatively rural areas of St. Croix County are within alalf driveof downtown St.
Paul, drawing people into the basin who work in the metro area but desire more rural living.



http://www.metrocouncil.org/news/2011/news_700.htm

Ownership/Management:

N

1) StCroix Watershed

1 m SACN Admin Boundary
MISS Admin Boundary
US Fish and Wildlife
State Park

State Managed
Government Other
Private Conservation Lands

- US Forest Service
]

State Forest

10 Kzi)lgmetgcr)s 050, ; County Forest

Figure 3. Land ownership and management in the St. Croix River basin (WDNR 2007, USGS 2011)
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Table 2. Hectares of land in various public and private ownership in subwatersheds of the St. Croix River basin (USGS 2005, Mead 2009a, b, c,

d).
Subwatershed

Namekagon Upper St. Croix Kettle Snake Lower St. Croix Total
Land Management ha % ha % ha % ha % ha % ha %
Conservancy 267 0.1 708 0.1 974 <0.1
County 85,237 32.3 - 468 0.2 308 0.1 13,369 2.0 99,382 4.9
Federal 16,396 6.2 - 1,079 0.4 4 4,606 0.7 22,085 1.1
State 3,602 14 - 61,391 22.6 65,933 25.2 43,017 6.3 173,943 8.7
Other Public - - - 843 0.3 - - 843 <0.1
Total Public 105,235 39.9 196,192 36.8 64,048 235 66,245 254 61,700 9.1 493,419 24.6
Other 4,093 1.6 - - 137 0.1 3,418 0.5 7,649 0.4
Tribal 295 0.1 765 0.1 659 0.2 2 376 0.1 2,097 0.1
Private 154,037 584 335,773 63.0 207,337 76.2 194,876 746 613,756 90.4 1,505,780 75.0
Total 263,660 532,730 272,044 261,260 679,251 2,008,945




N

0 30 60 90 120 150 Miles
| | | | | |

[ I I I I 1

0 30 60 90 120 150 Kilometers

Population Density
per Sq Km by County

.. 25

26 - 50
51-100
101 - 200
201 -400
401 - 800
801 - 1200

Figure 4. Historic and projected population density per km? by county in the St. Croix River basin, 1900-

2030 (NPS 2012a).
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Figure 6. Management districts for Saint Croix
National Scenic Riverway (NPS 1998).

SACN has three districts for which visitation
statistics are collectedrigure6). In 2011, the
northernmat district, the Namekagon district,
reported 19,639 day boaters and canoers,
7,856 backcountry overnight users, and 4,367
users of the Trego Visitor Center. The middle
district, the Marshland district, reported 2,446
day boaters and canoers and 1,223
baclkcountry overnight users. The
southernmost district in the federal zone, the
Lower District, reported 137,729 day boaters
and canoers, 20,659 backcountry overnight
users, 14,471 users of the St. Croix Falls
visitor center, and 59,414 picnickers (NPS
2012b).Overall, recreational visitors to the
federal zone of SACN totaled 273,729 in
2011, and ranged from 188,400 (2010) to
625,549 (1987) during the period 192811
(Figure7).
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Figure 7. Visitation statistics for the federal zone of Saint Croix National Scenic Riverway, 1973-2011

(NPS 2012b).

14



2.2 Natural Resources

2.2.1 Climate
The climate of SACN is subumid continental, characterized by long, snowy, cold winters and
relatively short summers (Grayk 1986). Route and Elias (2007) analykidional Oceanic and
Atmospheric AdministrationNOAA) cooperative weather station data for Spooner, WI (station
478027, years 1962007) to characterize climate for the northern portion of SACN and
Stillwater, MN (station 218037, years 192807) and St. Croix Falls, WI (station 477464, years
19502007) to characterize climate for the southern portion of SACN. The mean annual
temperature at SACN is 5@ in the north and 7°8 in the south, with ranges of meamaal
temperature of 3-8.8 and 5.910.4C, respectively. Mean annual precipitation is 70.9 cm in the
north and 77.5 cm in the south, with ranges of mean annual precipitation -df13617cm and
49.0114.0 cm, respectively (Route and Elias 2007). The mmaixi precipitation (11.3 cm)
occurs in June, and the minimum (1.68 cm) occurs in both January and February (Graczyk
1986). Mean annual snowfall is 125.2 cm in the north and 104.6 cm in the south (Route and Elias
2007). Much of the river is usually frozerofn November until April, with the exception of
some areas of narrower width and faster current, which afecieenost of the winter (NPS
2000).

2.2.2 Geology
Geol ogic resources are one of the three fiouts
designatd (NPS 2000). The wide, deep valley of the St. Croix was formed approximately 9,000
years ago when large volumes of water drained from glacial Lake Duluth to the north (Montz et
al. 1991 in Holmberg et al. 1997). fte Dallessouth of St. Croix Falls, segpverticalwalled
gorge was cut through bedrock by meltwaters from retreating glaciers; here the St. Croix is in
places21-30 m deemndflows its fastestMost of the basin is covered with unconsolidated
material 3660 m thick; underneath this a varietfybedrock formations occur, consisting of
Precambrian sandstone, lava flows, Cambrian sandstone, and dolomite (NPS 2000).

2.2.3 Ecological Classifications
Ecological classification systems (ECS) are intended to create a format to convey basic
information on loth the biological and physical characteristics of a landscape. Boama\WN
have developed ECS mapping schema based on the National Hierarchical Framework of
Ecological Units (NHFEU) (WDNRL999 IIC 2011). Provinces, the first level within the ECS,
arefurther divided into sections, subsections, land type associations, land types, and land type
phasegTable3).

We have merged data from the two states to produce an ECS map for the SACN watershed; the
subsection numiee designations matched across borders, but sometimes the names did not. We
have combined the elements of the names into more comprehensive names that work across state
boundaries (e.g., we combined 222Md Rosemount Baldwin Plains and Moraines with-St. Pau
Baldwin Plains to create St. Paul Rosemount Baldwin Plains and Moraines).

SACN is in two major ECS provinces: the Laurentian Mixed Forest (LMF) Province and the
Eastern Broadleaf Forest (EBF) ProvinEg(re8). TheLMF Province traverses northernNvi

WI, and Michigan, southern Ontario, and the less mountainous portions of New Englamdl. In M
it is characterized by broad areas of conifer forest, mixed hardwood and conifer forests, and
conifer bogs and swamps (MDNRXx). The EBF Province traverddi, lowa, W,
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Table 3. ECS provinces, sections and subsections in the vicinity of Saint Croix National Scenic Riverway
(WDNR 1999, IlIC 2011).

Province Section Subsection

212 Laurentian Mixed 212J Southern Superior Uplands 212Jb Gogebic/Penokee Iron
Forest (LMF) Range
212Jc Winegar Moraines

212K Western Superior Uplands 212Ka Bayfield Sand Plains
212Kb Mille Lacs Uplands

212Q North Central Wisconsin 212Qa St. Croix Moraine
Uplands
212Qb Lincoln Form Till Plain,
Mixed Hardwoods

212X Northern Highlands 212Xa Glidden Loamy Drift
Plain
212Xd Central/NW WI Loess
Plain
212Xe Perkinstown End
Moraine
212Xf Hayward Stagnation
Moraines
222 Eastern Broadleaf 222L North Central US 222La Menominee Eroded Pre-
Forest (EBF) Driftless/Escarpment Section Wisconsin Till

222Lc The Blufflands-
Miss/Wisc River Ravines

222M Minnesota and NE lowa 222Mc Anoka Sand Plain
Morainal Section
222Md St. Paul Rosemont
Baldwin Plains and
Moraines
222Me Oak Savanna

Michigan, Ohio, New York, lllinois, Indiana, Kentucky, Tennessee, Missouri, and Arkansas
(MDNR 2012b).

The Namekagon River and watershed are within the Bayfield Sams BubsectiolfFigure8),
which extends southward along the east side of the Namekagon, abtatfahe length of the
St. Croix River. The Mikk Lacs Upland subsectioborders the western side of the river
opposte the BayfieldSandPlairs. Near the point that separates the Ugpan the Lower St.
Croix, the river crosseisom the LMF to the EBF province amito what we have termed the St.
PaulRosemont Baldwin Plagand Moraine subsectior{Figure8). The EBF Province coincides
roughly with the part oMN where precipitation approximately equals evapotranspiration; it
seems likely that this aspect of climate has an important influence on plants, as many forest
species redctheir western range limits and several prairie species reach their eastern range
limits within the province (MDNR 2012k{see section 4.2.1).
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Ecological Classification System
SubSection Level

= Province ———- Section

Laurentian Mixed Forest Province
Western Superior Uplands Section
Mille Lacs Uplands
. Bayfield Sand Plains
Southern Superior Uplands Section
Winegar Moraines
Gogebic/Penokee Iron Range
Northern Highlands Section
Hayward Stagnation Moraines
Glidden Loamy Drift Plain
Perkinstown End Moraine
Central/NW WI Loess Plains
North Central Wisconsin Uplands Section
St. Croix Moraine
- Lincoln Form Till Plain, Mixed Hardwoods
Eastern Broadleaf Forest Province
Minnesota & NE lowa Morainal Section
Anoka Sand Plain
. St Paul Rosemont Baldwin Plains&Moraines

Oak Savanna
North Central US Driftless/Escarpment Section
The Blufflands-Miss/Wisc River Ravines
- Menominee Eroded Pre-Wisconsin Till

Figure 8. Ecological classification system provinces, sections, and subsections for Saint Croix National
Scenic Riverway (MDNR 1999, WDNR 1999).
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The land surfaces of the LMF and most of the EBF province are largely the product of
Pleistocene glacial processes. The Western Superior Uplands Section (WSU) of the LMF is a
large region of no-calcareous till deposited by glacial ice that advanced southward from the
Lake Superior basin. Most of this till is deposited in level to undulating ground moraines or in
drumlins (MDNR 2012a). The St. Paul Rosemount Baldwin Plains and Moraines subséctio
the EBF is dominated by a Superior lobe end moraine complex (MDNR 2012b). The southern
part of the SACN basin is characterized by narrow stream valleys aitopited, steegided

hills where loess directly overlies bedrock (Holmberg et al. 1997, RIRBIL2b).

The vegetation characteristics of these ECS units as they relate to SACN are discussed in
Chapter 4.21.

2.2.4 Soils
The soils of the St. Croix basin are dominated by sands; 87.5% of the soils in the basin are
dominantly sandRigure9) as a weighted average of the entire soil profile. By surface texture
alone, 22.9% are sand to loamy fine sand, and 31.7% are sandy loam to very fine sandy loam.
The basin include$,213,317a of weltdrained to moderately well drad soils (60.7%),
418,741ha of excessively drained to somewhat excessively drained soils (21.09%% 23485
ha of somewhat to very poorly drained soils (17.186CS 2006a Hydraulic conductivity
values over all layers range from @.21.7 pm se¢, with highest values in the center of the
basin and lowest in the north and southeast.

The most dominant soil order in the St. Croix basin is alfisols (48%), found commonly in the
southern and western portions of the b&Bigure9) (NRCS 2006g these result from

weathering processes that leach clay minerals and other constituents out of the surface layer and
into the subsoil, where they can hold and supply moisture and nutrients to plants. Alfisols are
also characterizeby a moderate to high base saturation (NRCS 1999). They form primarily

under forest or mixed vegetative cover and are productive for most crops (NRGEH T0@6
distribution of soils in this order align closely with the Moraine provinces of the EC8oSqle

are common (27.9% of basin soils) in the northeastern and central portions of the basin. These
soils are characterized by a horizon of amorphous organic matter and aluminum formed by heavy
leaching of the surface horizon. These soils commonly ao@neas of coarsextured deposits

under coniferous forests and tend to be acidic and infertile (NRC®)20b@& most abundant

soil orders in the Mille Lacs Uplands are inceptisols (11.3% of total for basin), and histosols
(8.4% of total). The former ihe most variable of any order; it is typically identified by a profile

that is either not well developed or having a structure unlike any other order (NRCS 1999).
Histosols are soils that formed in organic matter. The two least common orders in trerdoasin
entisols (2.8%), and mollisols (0.6%).
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2006b).

19




A strong majority ofkoils in the BayfieldlSandPlains are ¥5% sandKigure9a), whereas the

Mill e Lacs Upland soils are mostly 5%% sand with only a smalbgtion containing more than

75% (Figure9a). Despite this similarity in texture, the soil orders in the two regions differ: the

soils are largely spodosols in the Bayfield Sand Plains, and inceptisols and histtdsaslile

Lacs Uplands. Thus, the soils in the Bayfield Sand Plains retain limited molsSigwee©c) and

have lowto-very low levels of available nutrients in the upper horizon. The net effect of these
characteristis is the soil acts as a strong filter on the vegetation types that can occur, except
where the water table is near the surface. The soils in the Mille Lacs Uplands are somewhat more
productive, though the overall texture is relatively coarse.

These soitraits generally provide for better growing conditions than the other orders in the
watershed. In the upper portion of the Lower St. Croix, an area to the west of the river has <50%
sand and is somewhat poorly drained; this creates a decidedly diffdrehtseditions and also
exerts a strong effect on the vegetation that is most suited to the area. These influences dwindle
considerably in the riparian zone, where the flood regimei®ettl.5) and land use exert the
strongest effects on vegetation.

2.2.5 Groundwater Susceptibility
It is well-established that groundwater and surface water constitute a single resource; therefore,
the quality of the St. Croix and Namekagon rivers depends in part on the quality of the
groundwater entering them. Juckem (2007 )etigyed for the SACN basin a ranking system that
estimates the potential for dissolved chemicals at the land surface to infiltrate through geologic
materials to the water table, based on similar work done for the statkinfl@87 Eigurel0).
Propertiesevaluated in the ranking system agél material, surficial deposits, bedrock type, and
depth to the water tabl&he results indicate that nearly the entire basin is highly to moderately
susceptible to groundwaterrtamination. Juckem (2007) notes that groundwater in areas where
carbonate rocks are present below other rocks may be more susceptible than the index suggests.

2.2.6 Resource Descriptions
SACN is designated as a Class Il airshed (Route and Elias Z0@NPS Geat Lakes Network
Inventory and Monitoring PrografGLKN) has noted critical resources in three categories: high
water quality which has |l ed to designations o
the surrounding states; gray wolv&agus lypusg in the northern portions; and forested areas
gradually returning to pr&uropean settlement conditions (Route and Elias 2007).

Five federalendangered mussel species are confirmed present within SPabie4); these will
be discussed in Chapter 4.2. In addition SAEMithin the range ofwo federatendangered
birds ( Ki r tDeradmidakiglandiiand WwhHoaping crané&rus americanus the
federalendangered Karner blue butterflyycaeides melissa samisg, and 17 statendangered
species. SACN is within the range of the fed¢natatenedCanada lynxIl{ynxcanadensisand
shovelnose sturgeoS¢aphirhynchus platorynchuand 26 statéhreatened specie$dbleb).
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Figure 10. Groundwater pollution susceptibility for the St. Croix River basin (map from Juckem 2007).
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Table 4. Federal and state-endangered species in or within the range of Saint Croix National Scenic

Riverway.
Common Name Scientific Name Taxa Jurisdiction  Reference
Pine marten Martes americana Mammal Wi WDNR 2011
Kirtl and®ds Dendroica kirtlandii Bird (historic) Federal NPS 2012c
Whooping crane Grus americanus Bird Federal USFWS 2012b
(migratory)
Skipjack herring Alosa chrysochloris Fish Wi WDNR 2011
Pallid shiner Notropis amnis Fish wi WDNR 2011
Crystal darter Crystallaria asprella Fish wi WDNR 2011
Higgins eye Lampsilis higginsi Mussel Federal NPS 2012c,d
Winged mapleleaf Quadrula fragosa Mussel Federal NPS 2012c,d
Snuffbox Epioblasma triquetra Mussel Federal NPS 2012d,
USFWS 2012a, b
Sheepnose Plethobasus cyphyus Mussel Federal NPS 2012d,
USFWS 2012a
Spectaclecase Cumberlandia monodonta Mussel Federal NPS 2012d,
USFWS 2012a, b
Rock pocketbook Arcidens confragosus Mussel MN NPS 2012d
Purple wartyback Cyclonaias tuberculata Mussel Wi NPS 2012d
Butterfly Ellipsaria lineolata Mussel Wi NPS 2012d
Elephant ear Elliptio crassidens Mussel MN, WI NPS 2012d
crassidens
Ebonyshell Fusconaia ebena Mussel MN, WI NPS 2012d
Karner blue butterfly  Lycaeides melissa Butterfly Federal NPS 2012c
samuelis (historic)
Extra-striped Ophiogomphus anomalus Dragonfly wi WDNR 2011
snaketail
St. Croix snaketalil Ophiogomphus susbehcha  Dragonfly Wi WDNR 2011
Prairie bush clover Lespedeza leptostachya Plant MN USFWS 2012a
Groundplum Astragalus crassicarpus Plant Wi WDNR 2011
milkvetch
Brookgrass Catabrosa aquatica Plant Wi WDNR 2011
Dotted blazing star Liatris punctate Plant Wi WDNR 2011
Clusterstem nailwort ~ Paronychia fastigiata Plant MN MDNR 2007
Prairie fameflower Talinum rugospermum Plant MN MDNR 2007
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Table 5. Federal and state-threatened species in or within the range of Saint Croix National Scenic
Riverway.

Common Name Scientific Name Taxa Jurisdiction Reference
Canada lynx Lynx canadensis Mammal Federal NPS 2012c
Eastern pipistrelle Pipistrellis subflavus Mammal WI WDNR 2011
Shovelnose sturgeon  Scaphirhynchus platorynchus Fish Federal USFWS 2010
Paddlefish Polydon spathula Fish MN, WI MDNR 2007,
WDNR 2011
Speckled chub Macrhybopsis aestivalis Fish Wi WDNR 2011
Pugnose shiner Notropis anogenus Fish Wi WDNR 2011
Blue sucker Cycleptus elongatus Fish Wi WDNR 2011
River redhorse Moxostoma carinatum Fish Wi WDNR 2011
Greater redhorse Moxostoma valenciennesi Fish Wi WDNR 2011
Gilt darter Percina evides Fish Wi WDNR 2011
Longear sunfish Lepomis megalotis Fish Wi WDNR 2011
Wood turtle Clemmys insculpta Reptile MN, WI MDNR 2007,
WDNR 2011
Bl andi neg 6 s Emydoidea blandingii Reptile MN, WI MDNR 2007,
WDNR 2011
Timber rattlesnake Crotalus horridus Reptile MN MDNR 2007
Mucket Actinonaias ligamentina Mussel MN NPS 2012d
Elktoe Alasmidonta marginata Mussel MN NPS 2012d
Washboard Megalonaias nervosa Mussel MN NPS 2012d
Round pigtoe Pleurobema sintoxia Mussel MN NPS 2012d
Monkeyface Quadrula metanevra Mussel MN, WI NPS 2012d
Salamander mussel  Simpsonaias ambigua Mussel MN, WI NPS 2012d
Pistolgrip Truncilla verrucosa Mussel MN, WI NPS 2012d
Pygmy snaketail Ophiogomphus howei Dragonfly WI WDNR 2011
Bul | 6s c¢ or Besseya bulli Plant MN, WI MDNR 2007,
WDNR 2011
Hil Il 6s t hi Cirsium hilli Plant Wi WDNR 2011
lllinois tickclover Desmodium illinoense Plant MN MDNR 2007
False mermaidweed Floerkea proserpinacoides Plant MN MDNR 2007
Brittle cactus Opuntia fragilis Plant Wi WDNR 2011
Bog bluegrass Poa paludigena Plant MN, WI MDNR 2007,
WDNR 2011

2.2.7 Resource Issues Overview
TheGLKN has identified the primary threats$&\CN a sairbiorne pollutats, waters
contaminated with toxic waste, exotic plants and animals (especially exotic mussels), diseases
spread from domestic animals, land use practices outside the boundaries in the upper end of
watersheds, potential for some ovarvesting of fish, md urban sprawl along the lower section
of the St. Croix Rivey NFS 2003. At the scoping meeting with SACN and GLKN staff on June
6, 2012, various staff members identified stressors related to development (dams, power plants,
cell towers, frac sand mirgn and gravel mining); invasive species (plants, fish); herbivory and
disease (whiteailed deer, gypsy moth, butternut canker, Dutch elm disease, 1000 canker,
emerald ash borer, and oak wilt); and loss of tree species divarsityril, 2013, seepage
through a berm allowed fine sand sediment to leak into the St. Croix River near Grantgburg,
(Lien 2013).
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Climate Change

Although as noted in chapter 1, climate change is not a primary focus of Natural Resource
Condition Assessments such as this, thgelqaredicted impacts make it necessary to address this
topic at least brieflyA 2010 report projects that annual temperatures in the Great Lakes region,
of which SACN is a part, will increase 1.4 + 6from 20162039,2.0 + 0.7C t0 3.0 + 1.6C
(dependng on emissions levels) by 2069, and 3.0 £Q. @ 5.0 + 1.2C by 2099 (Hayhoe et al.
2010).

Global air temperatures increased 0.74 + @1fBom 19062005, mostly attributable to human
activities (IPCC 2007). In addition to creating this general warnulmate change also likely
contributes to rises in sea level; changes in wind patterns andrextical storm tracks;

increased temperatures on extreme hot nights, cold nights, and cold days; increased risk of heat
waves; increased area affected byudptt; and greater frequency of heavy precipitation events
(IPCC 2007). Signs that climate change is already occurring in the Great Lakes region include
increases in average annual temperatures, more frequent severe rainstorms, shorter winters, and
decreasgin the duration of lake ice covg€ling et al. 2003a)By the end of the Zicentury

winter temperatures iMN andWI may increase-8°C. Summer temperatures may increase 4
9°Cin MN and 410°Cin WI (Kling et al. 2003b, c)Annual average precigition may not

change much, but may increase in winter and decrease in summer to the point where soil
moisture declines and more droughts occur. The frequency of heavy rainstorms coulée increas
50-100% (Kling et al. 2003b,)c

Significant uncertainty accgmanies most predictions related to global climate change, not only

in the magnitude of changes in physical parameters, but also ire¢b&gicalimplications. The
uncertainty, though, is not in the general trend, but rather in how large the chandes thiii

rate at which they occur, and the net effect of all of the indirect and interactive effects. A wide
variety ofecologicalprocesses (Aber et al. 2001) and spespcific responses (Walther et al.

2002; McKenney et al. 2007) have been, or willd&féected. An additional source of uncertainty

is that average climate changes may not be key. The fluctuation in temperature among seasons,
the extremes that occur, the timing of certain phenomena, and the duration of a condition could
all have more ofmimpact than the average condition (Morris et al. 2008).

All predictions of future climate are based on one of several General Circulation Models (GCM),
which vary in their predictions for the 2tentury. Predictions of thecologicalimpacts of

climate change are achieved by taking the predictions of a GCM and plugging them into one or
more other models (see Hansen et al. [2001] and Aber et al. [2001] for the common models used
in this way). These, as well as the GCM models, are simplifications df/raadl are based on a

set of assumptions, creating further uncertainty in the predictions. Furthermore, there is not a
single model that can even begin to predict the full range of phenomena that are likely to be
affected, their interactions, and the natcome. Thus, all models focus on a few of the changes
and ignore the others. For example, we have limited capacities to predict what biotic
disturbances are likely to influence a community if the average temperature increases by 3 or 4
C, or where iceterms are going to be most frequent (Dale et al. 2001). The predictions of
models apply to a finite scale, and the majoritgadlogicalmodels project for a smaller spatial
scale than the GCMs. To make these mesh, either the GCM predictions havee¢odotated or
theecologicalimodel extrapolated, creating yet another source of uncertainty.
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More detailed discussions of climate change are included in the context of stressors to resources
assessed in Chapter 4.

2.3 Resource Stewardship

2.3.1 Management Directives and Planning Guidance
Management of SACN is guided by the General Management Plan: Upper St. Croix and
Namekagon Rivers (NPS 1998) and the Cooperative Management Plan: Lower St. Croix
National Scenic Riverway (NPS et al. 2002). The Cooperative Managé&aentakes the
Lower St. Croix Management Commission the primary policy body for joint management of the
Riverway, with MDNR, WDNR, and NPS as the three voting members, with an additional
nonvoting member from the Lower St. Croix Partnership Team and estiraiive support from
the MinnesotaVisconsin Boundary Area Commission.

2.3.2 Status of Supporting Science
SACN: s one of nine National Park units in the GLKN, one of 32 similar networks across the
United States and part of the NPS strategy to improve parkgeareat through greater reliance
on scientific information. The purpose of the inventory and monitoring (1&M) program is to
design and implement lortgrm ecological monitoring and provide results to park managers,
science partners, and the public. Thenhie to provide periodic assessments of critical
resources, to evaluate the integrity of park ecosystems, and to better understand ecosystem
processes.

Specific GLKN goalslittp://sciene.nature.nps.gov/im/units/glkn/index.gfare:

1. Determine the status of and trends in selected indicators of park ecosystems that allow
managers to make bettieformed decisions and to work more effectively with other
agencies and individuals for the ledibhof park resources.

2. Provide early warning of abnormal conditions of selected resources to help develop
effective mitigation measures and reduce costs of management.

3. Provide data to better understand the dynamic nature and condition of park ecosystems
and to provide reference points for comparisons with other, altered environments.

4. Provide data to meet certain legal and Congressional mandates related to natural resource
protection and visitor enjoyment.

5. Provide a means of measuring progress towarderpgnce goals.

In 2007, GLKN completed its lontgrm ecological monitoring plan (Route and Elias 2007)

which included a list of Vital Signs (select indicators that represent the health of natural
resources in the nine park3)aple6). From these Vital Signs, GLKN selected eight focal
indicators: Climate, Inland Lakes Water Quality, Large Rivers Water Quality, Diatoms,
Terrestrial Plants, Amphibians, Land Birds, Persistent Contaminants, and Land Cover and Land
Use. Moritoring protocols have been developed for all these except Climate; that protocol is in
development.
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Table 6. Vital Signs for the Great Lakes Network Inventory and Monitoring Program (Route and Elias

2007).
National Level Great Lakes Network®
(@) wn z w <
Level 1 Level 2 Vital Sign name 2 & 8 8 2 % 2 f 6
< [0} Z () = o %) 0 s
Air and Air Quality Air Quality Al AT AT AT AT AT AT AT A
Climate Air Quality (AQRV) P | P| P| P| P|P|P| P[P
Weather Weather Al AT AT AT AT AT AT AT A
Phenology P | PP PP PP PP
Geology Geomorphology Aeolian, Lacustrine Geomorphology p | - p | - |l | | |~
and Soils Geological Processes | P| P P| P| P|P| P| P
Stream Dynamics | P| | p + [e4) + P | P
Soil Quality Soils 1 + 1 1 + + + + +
Sediment Analysis | Pl | | | p| | P| P
Water Hydrology Water Level Fluctuations + + + + + + + + +
Water Quality Core Water Quality Suite 3 + 3 3 + + + + +
Advanced Water Quality Suite + + + + + + + + +
Toxics in Water 03] o) P P o) o] P P o]
Toxics in Sediments Pl p| p| P | pPp| Pp| P| pPp|
Pathogens in Water Pl | p| | p| | P| p| p
IBI P | P| PP P|P|]P| PP
Benthic Inverts Pl | p| | p| | P| p| p
Freshwater Sponges 03] P 03] 03] P P 03] 03] [o4)
Phytoplankton ® | P | P| P|P|P|P|P|P
Diatoms + ¥ + + + + + + +
Biological | Invasive Species | Plant and Animal Exotics AT AT AT AT AT ATAT AT A
Integrity Infestations and Terrestrial Pests and Pathogens
Disease + + + + + + + + +
Focal Species or Aguatic Plant Communities + + + + + + + + +
Communities Mussels and Snails P | P| Pl P P| P| P P|
Mammal Communities | P| Pl P| P| P|P| P| P
Problem Species (White-tailed deer) + + + + + + + + +
Special Habitats | |l | | | Pp| P| P| P
Lichens and Fungi Pl p| p| | pPp| Pp| P| p| P
Terrestrial Plants s + s s + + + + +
Fish Communities s + s s + + + + +
Zooplankton ® | P | P| P|P|P|P|P|P
Terrestrial Invertebrate Communities | P| Pl P| P| P|P| P| P
Amphibians and Reptiles + + + + + + + + +
Bird Communities AlA]l Al Al A]A]A] A A
Biotic Diversity Pl p| p| | p| Pp| P| p| P
At-risk Biota Species Health, Growth and
Reproductive Success + + + + + + + + +
Threatened and Endangered Species Pl p| p| | p| | P| p| p
Human Non-point Source | Trophic Bioaccumulation
Use Human Effects s + s s + + + + +
Consumptive Use | Harvested Species Pl p| p| | p| | P| p| p
Visitor Use Land use Fine Scale + + + + + + + + +
Ecosystem | Land Use and Land use Coarse Scale
Pattern Cover + + + + + + + + +
and Soundscape Soundscapes and Light Pollution ® P ® ® P [o4) 03] 03] [o4)
Processes | Nutrient Dynamics | Nutrient Dynamics Pl p| p| | p| | P| p| p
Trophic Relations P | Pl Pl P| P| P|P| P| P
Productivity Primary Productivity P | Pl | | P| P P| P| @
Succession + + + + + + + + +
+ = The Network plans to develop a monitoring protocol or SOP.
A= Park or partner monitoring will continue with Network collaboration.
@ = Ti me a narrehtly notasailable. e
i = Not applicable in this park
1 = Level names are from the National Park Servicebds Vi al

2 = APIS=Apostle Islands National Lakeshore; GRPO=Grand Portage National Monument; INDU=Indiana Dunes National
Lakeshore; ISRO=lIsle Royale National Park; MISS= Mississippi National River and Recreation Area; PIRO=Pictured Rocks
National Lakeshore; SACN=Saint Croix National Scenic Riverway; SLBE=Sleeping Bear Dunes National Lakeshore;
VOYA=Voyageurs National Park.

26




Current GLKN activities for SACN are in the asethat have monitoring protocols. A report was
provided by Bill Route of the GLKN (email, September 4, 2012); it is summarized b&tdole(
7).

Table 7. Activities of the Great Lakes Inventory and Monitoring Network at Saint Croix National Scenic
Riverway, fall, 2012.

Water Quality: Monthly water quality monitoring is conducted by Network staff at thirteen sites within
SACN every other year, with extra monitoring in off years contingent on funding. To date, full-season
monitoring has taken place in 2007, 2009, and 2011, with off year monitoring at a subset of sites in 2008,
2010, and 2012 (ongoing). David VanderMeulen, the Network's Large Rivers Aquatic Ecologist,
participates in the multi-agency St. Croix Basin Water Resources Planning Team and chairs a
subcommittee on water quality monitoring and assessment. Contact: David VanderMeulen

Diatoms: Sediment samples are collected and analyzed for diatoms on a 3-5 year schedule. Diatoms are
a major group of algae with unique cell walls made of silica that remain intact in the sediment. Diatoms
are a popular tool for monitoring environmental conditions, past and present, and are commonly used in
studies of water quality. Samples were collected at four sites in 2007 and 2011 at SACN and will be
collected again in 2015. Contact: Joan Elias

Persistent Contaminants: All bald eagle nests within the SACN boundary are mapped and the nestlings
from most nests are banded and sampled to monitor for environmental contaminants. 2011 was the 6th
consecutive year of sampling; no sampling is planned for 2012 and 2013; monitoring will resume in 2014
and 2015. Nest surveys are accomplished by observers in either a helicopter or fixed-wing aircraft in late
March or early April. Banding and sampling is done by a GLKN team during a 10 day tour at SACN in late
May. SACN employees play a lead role in logistics and assist with media. Resource briefs, a data
summary report, a technical report, and journal articles are available on our web site. Contact: Bill Route

Vegetation: Vegetation is monitored at each park once every six years, with 2007 being the first year that
it was monitored at SACN; monitoring scheduled to occur at SACN again in 2013. The field crew will be
based in St. Croix Falls, Wl and training and sampling will occur throughout the months of June, July, and
August. Thirty-five plots were established in 2007; these will be revisited, and we expect to establish an
additional 15 plots during the 2013 field season. Program Manager Suzanne Sanders will be meeting with
park staff and/or partners in early 2013 to discuss the upcoming vegetation monitoring work. Contact:
Suzanne Sanders

Land Use/Land Cover: High resolution imagery (aerial photography) is used to confirm natural and human
related disturbances that are identified using techniques in remote sensing to analyze a dense time-stack
of moderate resolution satellite imagery (Landsat). This analysis is being conducted for each park in the
Great Lakes 1&M Network on an approximately six-year rotation, with work set to begin at SACN in 2011
or 2012. Contact: Ulf Gafvert

Landbirds: SACN employees conduct annual songbird surveys according to a Landbirds Monitoring
Protocol prepared by the Great Lakes Inventory and Monitoring Network. Landbird monitoring at SACN is
coordinated and conducted by Robin Maercklein, Acting Chief of Resource Management. Surveys take
place in June. The Great Lakes Network will do periodic analyses for long-term trends. Contacts: Robin
Maercklein (SACN) and Ted Gostomski (GLKN)
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3 Study Scoping and Design

3.1 Preliminary Scoping

A scoping meeting of SACN staff, GLKN representatives, and University of WsgTh

Stevens Point (UWSP) researchers was held at SACN on June 6, 2012. Topics discussed
included the purpose of the NRCA; general statements from park staff about the significance of
SACN; key natural resources of SACN; threats to and stressors of#soseces; park

designations and divisions; and resources for writing the report. On June 7, Robin Maercklein
gave the UWSP researchers a tour of some significant park resources near the Saint Croix Falls
headquarters.

3.2 Study Design

3.2.1 Indicator Framework, Focal Study Resources and Indicators
The SACN NRCA uses the sixategory assessment and reporting framework developed by the
United State€nvironmental Protection Agey Science Advisory BoardJSEPAI SAB)
(USEPA 2002). The top reporting categories in trasnework are landscape condition; biotic
condition; chemical and physical characteristics of water, air, soil, and sediment; ecological
processes; hydrology and geomorphology; and natural disturbance regimes. It was chosen
because it was developed to bkl the strengths of several of the alternative frameworks (such
as the Heinz Center or National Research Council frameworks) and the key natural resources for
SACNfit well into its categories

3.2.2 Reference Conditions and Trends
Reference conditions (sometcalled benchmarks, standards, trends, thresholds, desired future
conditions, or norms) give a point of reference to which to compare a measurement or statement
about an indicator (USFS 2004). A large body of literature has been developed around the
devdopment and interpretation of reference conditions. All NRCAs are required to define and
apply reference conditions, but NPS has adopt
NRCAs apply Al ogical and cl ear Isy adnodc uvnael nuteesdo f
(http://www.nature.nps.gov/water/nrca/conditionsandvalue3.cfm

Stoddard et al. (2006) has suggested that reference conditions fall into four categories, which
theyname Ahi storic condition, o6 Aminimally distu
Abest attainable condition.d We have attempte
scheme as follows:

AHI storic condi t i @oondtioniohSACNbefor¢ Hupeaneeattiementilts t h
assumes the absence of contaminants known to be primarily anthropogenic in origin or the
presence of naturally sustainable populations of organisms.

AMIi ni mally disturbed coetdiali.on(020G06)deds nietdh ey
systems in the absence of significant human d

AlLeast disturbed conditiono is defined by Stoc
condi tions. 0 We coadiipnlinyconjurction with regulateryestaredards orpeer

reviewed guidelines; resources with levels of contaminants that do not exceed standards are
deemed to be in fAileast disturbed condition. O
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fBest attainable conditi ¢80063% defiihbd bpn8it
sites might achieve if they were better manag

We use professional judgment to assess the trend of resource conditions, using statistical
methods where appropriate data are available, but many SACN resouradsdwvenconsistent
measurements or assessments that occur at the same sites and use the same methods over time.
We also use professional judgment to give a confidence ranking of good or fair to our
assessments; these are based on the amount of datae tifétegydata, and the proximity of the
sampling locations to SACN.

Symbols were developed to provide a graphic representation of the status and trend of resources
(Table8).

Table 8. Symbols used to indicate resource condition and trend.

O © o0 ©

good condition, good condition, stable good condition, good condition,
improving trend trend unknown trend declining trend

] $

condition of moderate condition of moderate condition of moderate condition of moderate
concern, improving concern, stable trend  concern, unknown concern, declining

trend trend trend
condition of condition of condition of condition of
significant concern,  significant concern, significant concern, significant concern,
improving trend stable trend unknown trend declining trend

7

condition unknown,
unknown trend
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3.2.3 Reporting Areas
The focus of this report was the natural resource condition of the lands within the SACN corridor
under NPS management. Evaluation afdibton sometimes required evaluation of conditions at
other scales, such as in the watershed or withlan8Buffer of the park.

3.2.4 General Approach and Methods
As noted in Chapter 1, the primary etjiveof the SACN NRCA is to report acurrentnatural
resourceconditiors relative tological forms of reference conditions and values. Emphasis was
placed on gathering existing natural resource data about SACN. NPS inventory and monitoring
reports and plans, management plans, and study reports by indepesdarthers were
provided by SACN and GLKN staff and taken from the SACN, GLKN, and other NPS websites,
including the IRMA web portal.

Data at larger scales were also collected. Many of these data are managed by state and other
agencies and fall into thetegory of grey literature. Agency staff in relevant programs was
contacted when clarification or documentation was needed. Past and curraet/syeed

journals were also extensively reviewed to obtain general background information and
appropriate datéor reference conditions.

Extensive gathering and analysis of spatial data was conducted to create maps and summary
statistics used to evaluate conditions and compare SACN natural resources to those of
surrounding areas.

The report was reviewed lByron Kans, SACN Aquatic Biologist, anBrenda Moraska
Lafrancois, NPS Midwest Region Aquatic Ecologist, before being submitted to NPS for final
approval and publication.
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4 Natural Resource Conditions

4.1 Landscape Condition

The EPASAB framework defines a | andscape as fda m
patcheso and emphasi zes paklesize, aumben bricomnectidty f ect s
on both biotic and abiotic processes. The framework recommends consideration of landscape

extent, composition, and pattern and structure with metrics such as perimeter to area ratio,

number of habitat types, and longltnal and lateral connectivity. It identifies managing

landscapes, not just individual habitat types, as an important element in insuring the maintenance

of native plant and animal diversity (USEPA 2002). Topics considered in this NRCA under
Landscape Corition areland coverjmpervious surfacesandscape pattern and structuead

density, lightscapes, and soundscapes.

| Our primary source of data and methodology
“ 1 is t he NP Sddscapd @ySamigsp e
monitoring program (Monahan et al. 2012),
which reconmends a 30 km buffer around a
park as an appropriagézed area of analysis
(AOA) for understanding park condition in a
landscape context. We also use a 400 m buffer
around the park in some analyses. The SACN
watershed coincidentally is similar in size to
but a slightly different shape than the AOA
, (Figurell); it excludes the part of the AOA
~l downgradient of the park. A watershed is an
Areas of Analysis | appropriate way to analyze the myriad forces

and pressures operating on the Erape
O 30 km Buffer | hecause it captures most cumulative effects

ﬂ 400 m Buffer| (Potyondy and Geier 2011).

(73 Watershed

Figure 11. Areas of analysis for landscape metrics,
Saint Croix National Scenic Riverway.

4.1.1 Land Cover
Description
The GLKN has identified land use and land cover atdase scalas a key Vital Sign across a
wide range of ecosystems (rankdtidb 46 with a scoref 3.8 out of 5) (Route and Elias 2007).
National Land Cover Databaddl(CD) data (USGS 2011) show that within 400 m of the SACN
corridor, the largest land cover category in 2006 was fo4@£142 ha, 55.7%), followed by
wetlands (10,264 ha, 13.9%), amplen water (7,871 ha, 10.7%)able9, Figure12). Agriculture
is 7.8% and developed land is 7.0% of the land within 400 m of the SACN corridor. Within the
SACN watershed, foress still the largest land cover category, but it is less than in the buffered
corridor (875,829 ha, 43.8%), followed by agriculture (488,802 ha, 24.4%) and wetlands
(357,142 ha, 17.9%). Results were similar for the 30 km AOA.
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Developed-Low
Developed-Med
Developed-High
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Forest-Deciduous
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.| Pasture/Hay

Cultivated Crops

| Wetlands-Woody
Wetlands-Emergent Herbaceous

D 30 km Buffer

| 400 m Buffer
Watershed

Figure 12. Land cover in the vicinity of the Saint Croix National Scenic Riverway (USGS 2011).
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Table 9. Area and percentage of area in NLCD land cover categories, 2006 (USGS 2011).

NLCD2006 Category Watershed 30 km AOA 400 m buffer
ha % ha % ha %

Open Water 79,621 4.0 114,562 5.2 7,871 10.7
Developed 103,582 5.2 177,295 8.1 5,154 7.0
Barren 271 <0.1 774 <0.1 14 <0.1
Forest 875,829 43.8 963,353 43.9 41,022 55.7
Shrub/Scrub 55,592 2.8 57,215 2.6 1,961 2.7
Grassland/Herbaceous 38,546 1.9 43,739 2.0 1,619 2.2
Agriculture 488,802 24.4 537,274 24.5 5,731 7.8
Wetland 357,142 17.9 300,002 13.7 10,264 13.9

Total: 1,999,384 100.0 2,194,214 100.0 73,635 100.0

The watershed of the St. Croix has striking differences in laeflamnd cover from the south

(Lower St. Croix) to the north (Upper St. Croix). Agriculture is a more common land tree in
Lower St. Croix (45.9% for pasture/hay and cultivated crops) than in the Upper St. Croix (9.9%).
Correspondingly, a much higher gort of the landscape in the north is in deciduous forest
(47.7% vs. 27.0%)Table10). Two other strong patterns ahe concentration of the shrub/scrub
and evergreen forest types along th@perSt. Croix andn theheadwateregion(Figurel?2).

Data and Methods

Land cover datavere obtained from thLCD 2006 (USGS 2011). Change data were obtained
from this source and also from Kirschbaum and Gafvert (2013), in which disturlia@ces

around SACN were delineated for six years (220%0) using a combination of Landsat satellite
imagery and high resolution aerial photos. Computer algorithms collectively known as
LandTrendr were used with Landsat imagery to identify apparentlolisices, which were

verified by examination of air photos, to track vegetation changes in and around the park.
Kirschbaum and Gafvert (2013) divided their results into SACN (those within the SACN
administrative boundary) and n&ACN (a 300 m buffer arourtie park and four

subwatersheds that include 77% of the analysis area). For each validated disturbance, the authors
identified the agent of change (fire, forest harvest, development, flooding due to beaver activity,
and blowdowns), the year of occurrenaed the starting and ending vegetation classes.

Stueve et al. (2011) investigated the amount of disturbance in the Lake Superior and Michigan
basins from 1982008 using another computer algorithm called Vegetation Change Tracker
(VCT).

Reference Condiin

Our chosen reference condition for land cover is its stability over five to ten year time frames.
Stability should be viewed as the capacity of the landscape to endure chronic stressors and low
severity disturbances without undergoing a significant gaamhe annual land cover change in

the SACN watershed, or in the 30 km or 400 m buffers around SACN, should not exceed that
measured by Stueve et al. (2011) in the nearby lower Lake Superior basin & 2641985
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Table 10. Land cover categories by subwatershed in the St. Croix River basin (USGS 2011).

Upper St. Croix Namekagon Kettle Snake Lower St. Croix Total

ha % ha % ha % ha % ha % ha %
Open Water 21,061 4.0% 16,178 6.1% 7,093 2.6% 4,498 1.7% 30,790 4.5% 79,621 4.0%
Developed - 17,007 3.2% 10,384 3.9% 8,647 3.2% 7,789 3.0% 30,394 4.5% 74,221 3.7%
Open Space
Developed - 4,046 0.8% 2,181 0.8% 1,785 0.7% 2,097 0.8% 11,579 1.7% 21,689 1.1%
Low Intensity
Developed - 348 0.1% 302 0.1% 288 0.1% 290 0.1% 4,569 0.7% 5,796 0.3%
Med Intensity
Developed - 101 0.0% 103 0.0% 94 0.0% 142 0.1% 1,436 0.2% 1,876 0.1%
High Intensity
Barren 36 0.0% 76 0.0% 37 0.0% 18 0.0% 104 0.0% 271 0.0%
Forest 1 250,036 47.7% 127,845 48.5% 83,100 30.5% 89,797 34.5% 182,857 27.0% 733,634 36.7%
Deciduous
Forest 1 24,620 4.7% 18,224 6.9% 7,520 2.8% 1,944 0.7% 13,613 2.0% 65,921 3.3%
Evergreen
Forest 1 34,717 6.6% 33,195 12.6% 3,631 1.3% 806 0.3% 4,025 0.6% 76,274 3.8%
Mixed
Shrub/Scrub 25,767 4.9% 6,050 2.3% 11,435 4.2% 4,482 1.7% 7,858 1.2% 55,592 2.8%
Grassland/ 5,933 1.1% 3,142 1.2% 1,905 0.7% 5,778 2.2% 21,788 3.2% 38,546 1.9%
Herbaceous
Pasture/Hay 39,685 7.6% 9,349 3.5% 35,175 12.9% 50,539 19.4% 161,096 23.8% 295,844 14.8%
Cultivated 11,986 2.3% 2,805 1.1% 6,051 2.2% 22,057 8.5% 150,059 22.1% 192,958 9.7%
Crops
Woody 68,415 13.0% 32,037 12.1% 77,038 28.3% 38,625 14.8% 13,914 2.1% 230,029 11.5%
Wetlands
Emergent 20,970 4.0% 1,931 0.7% 28,844 10.6% 31,774 12.2% 43,594 6.4% 127,113 6.4%
Herbaceous
Wetlands
Total: 524,727 263,802 272,543 260,636 677,676 1,999,384
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the status of SACN for land cover change as good, with a-t&rortstable trend. Our

confidence in this assessment is good. At a broad scale, nearly 99% of land cover in
the SACN watershed and 400 m and 30 km butiessind the park was unchanged from 2001
2006, as determined by comparing NLCD statisfieb(e11). The rate of change was 0-22
0.24% yi*, meeting the reference condition of 0.32%.yit should be noted thatithlevel of
stability is not expected for long period(, many decades), due to the infrequent but natural
occurrence of moderate to sevaeturaldisturbances.

Table 11. Land cover changes in National Land Cover database in the vicinity of Saint Croix National
Scenic Riverway, 2001-2006 (USGS 2011).

Watershed 30 km buffer 400 m buffer

NLCD 2006
change category
from 2001 ha % ha % ha %
No Change 1,977,552 98.9% 2,168,362 98.8% 72,843 98.9%
Natural to Natural 16,113 0.8% 15,396 0.7% 610 0.8%
Converted to Natural 1,273 0.1% 1,647 0.1% 60 0.1%
Natural to Agriculture 2,298 0.1% 2,025 0.1% 81 0.1%
Natural to Developed 520 0.0% 1,614 0.1% 12 0.0%
Agriculture to Developed 1,526 0.1% 4,808 0.2% 17 0.0%
Converted to Converted 101 0.0% 363 0.0% 12 0.0%

Total: 1,999,384 2,194,214 73,636
% change per year, 2001-2006 0.22% 0.24% 0.22%

Kirschbaum and Gafvert (2013) found that from 2@080, a total of 1.1% (359 ha) of the land
inside the SACN administrative boundary wastutbed Table12); the range among years was
0.040.36% yf'. Only in 2007 did the percent disturbance in SACN exceed the reference
conditionof 0.32% yf. These authors noted a fire in the northern reaches ofatmekiigon

River and forest harvest on privately owned lands within the SACN administrative boundary in
2007. In the area analyzed outside SACN, 0.85% (1,876 ha) of the land outside the park was
disturbed during the siyear period Table12). The amount of land disturbed each year was
generally stable, from 0.10.18% yi* and averaged ca. 300 ha'yiThe authors noted that
disturbances both outside and inside SACN were dominated by forest harvest (81.0% and 76.2%,
respectively). Outside SACN, development accounted for 17.6% of change; inside SACN,
disturbances included modest percentages due to fire (L&r8%equal amounts of development
and blowdown (3.2% each).

As noted above, these two assessments capturedgarietdich no severe disturbanoenew

stressor came on sceligh-severity blowdowns and fires do occur in this landscape
occasionally (see Section®). These infrequent events would typically result in lafenges
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Table 12. Disturbances in and around Saint Croix National Scenic Riverway by type and year (modified from Kirschbaum and Gafvert 2013).

Year Disturbance Type
Agriculture Beaver Blowdown Development Fire Forest pathogen  Forest harvest Total
ha % ha % ha % ha % ha % ha % ha % ha
Size and percent of total SACN area disturbed
2005 0.0 - 17 001 00 - 9.7 003 0.0 - 1.6 0.01 67.9 0.21 81.0 0.25
- 2006 0.6 <0.01 0.0 - 09 <o0.01 0.3 <0.01 0.0 - 0.0 - 45.7 0.14 475 0.15
2 2007 0.0 - 00 - 00 - 09 <0.01 565 0.18 0.0 - 59.7 0.19 117.1 0.36
» 2008 0.0 - 00 - 00 - 0.0 - 00 - 0.0 - 745 0.23 745 0.23
2009 0.0 - 0.0 - 00 - 05 <0.01 0.0 - 0.0 - 11.3 0.04 11.8 0.04
2010 0.0 - 00 0 10.7 0.03 0.0 - 00 - 2.0 0.01 14.2 0.04 26.9 0.08
Total 06 <001 17 001 116 0.04 114 0.04 565 0.18 3.7 0.01 273.3 0.85 358.7 1.12
Percent of total disturbance attributable to each source
0.2 0.5 3.2 3.2 15.8 1.0 76.2 100
Size and percent of total SACN area disturbed
2005 0.0 - 75 <001 0.0 - 1184 0.05 0.0 - 1.2 <0.01 271.2 0.12 398.2 0.18
2006 0.0 - 14 <001 03 <0.01 1147 005 0.0 - 0.0 - 226.4 0.10 342.9 0.16
5 2007 1.1 <0.01 0.0 - 00 - 36 002 02 <001 0.0 - 200.7 0.09 237.6 0.11
% 2008 0.7 <0.01 21 <001 0.0 - 414 0.02 0.0 - 0.0 - 339.0 0.15 383.1 0.17
§ 2009 0.0 - 14 <001 0.0 - 8.1 <0.01 0.0 - 0.0 - 262.4 0.12 272.0 0.12
2010 40 <001 23 <001 05 <0.01 1221 001 0.0 - 3.0 <0.01 221.3 0.10 2431 0.11
Total 58 <0.01 147 001 0.8 <0.01 3302 0.15 0.2 <0.01 4.1 <0.01 155209 0.69 1,876.8 0.85
Percent of total disturbance attributable to each source
0.3 0.8 <0.1 17.6 <0.1 0.2 81.0 100




in the amount of different vegetation types (but not in total natural cover) than noted by Stueve et
al. (2011) and Kirschbaum and Gafvert (2013). These phenomena are part of the natural
dynamic, and though they may be seetmnomically catastrophic, they are not ecologically
catastrophic.

Sources of Expertise
Kirschbaum and Gafvert (2013)ames Cook, ristine MechenichUWSP.
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4.1.2 Impervious Surfaces
Description
Monahan et al. (2012¢viewed literature on the effects of impervious surfaces on ecosystems
and reported thresholds oflD% for effects on stream geomorphology;18%6 for effects on
fish diversity,and3 3 % f or i nvertebrate diversiey. They
sensi ti v e-5%impecvious sover and staBd that thresholds vary geographically and
with a variety of physical and biotic factors. Klein (1979), in a study of 27 small watersheds in
Maryland, suggested that watershed impervious surface shoiuékceed 10% for sensitive
stream ecosystems, such as those containingssthining trout populations. Stranko et al.
(2008) reported that in only one of six eastern Piedmont (Maryland) streams were brook trout
found in watersheds where imperviousdaover exceeded 4% as assessed from the 2001
NLCD.

Data and Methods

We analyzed percent impervious surface using the NLCD 2006 Percent Developed
Imperviousness dataset from the NPScape Metric GISiDiaaad Cover (NPS 2012) for a 400
m buffer and the 3&m AOA around SACN and for the SACN watershed.

Reference Condition

Impervious land cover should not exceed 10% within the St. Croix River watershed for the
protection of sensitive stream ecosystems. Th
bes of todayébés existing conditionso (Stoddard

. Condition and Trend

~ Within 400m of the SACN

‘ 9 corridor,96.9% of the land area is
QL0% impervious; for the

watershed and the 30 km AOA, the figures

| are98.26 and95.8%, respectivelyTable

13). The percent impervious surfaces varies

by subwatershed, from 0.29% for the Upper

St. Croix to 1.35% for the Lower St. Croix

NLCD 2006 (Figurel3, Figure14). The highest values

% Impervious | Were in the 406n park buffer (1.37%) and
the 30km AOA (1.82%)); the latter includes

g:i:f: part of the metro area of the Twin Cities.
5-6% Therefore, we rate the condition of SACN for
7-8% impervious surfaces as good. No trend data

?;132/2/ were found, seve rate the trend as uncertain.
- (o]

16-25%

] 400m Buf

30 km Buf 26500 | Sources of Ex_pertise o _
atoened 51-100% | Dave Mechenich, Christine Mechenjch
i UWSP.

Figure 13. Percent impervious surface in the vicinity
of Saint Croix National Scenic Riverway (USGS
2011).
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Table 13. Percent impervious surface in the Saint Croix National Scenic Riverway watershed and in the
30 km AOA and 400 m buffer around the park (NPS 2012).

NLCD 2006 30 km AOA SACN Watershed 400 m Buffer
Impervious km? % km? % km? %
0-2% 20,442.7 93.2 19,194.7 96.0 694.8 94.4
3-4% 184.3 0.8 149.2 0.7 7.0 1.0
5-6% 165.7 0.8 127.1 0.6 5.3 0.7
7-8% 132.5 0.6 94.3 0.5 3.8 0.5
9-10% 97.5 0.4 64.3 0.3 2.6 0.4
Tot al 21,022.7 95.8 19,629.6 98.2 713.5 96.9
11-15% 156.6 0.7 97.4 0.5 4.1 0.6
16-25% 184.6 0.8 95.9 0.5 4.9 0.7
26-50% 314.3 1.4 111.9 0.6 7.6 1.0
51-100% 263.9 1.2 59.0 0.3 6.2 0.8
% areal impervious 1.82 0.71 1.37
Total  21,942.1 19,993. 9 736.4
12 -
10 -

% impervious surface
o
1

4 .
241 e
1.82 1.35 1.37
0 0.71 0.29 0.37 0.40 0.57
30 km AOA SACN Upper St.  Namekagon Kettle Snake Lower St. 400 m Buffer
Watershed Croix Croix

Figure 14. Percent impervious surface (mean and standard deviation for values assigned to each 30-m
grid cell) for the Saint Croix National Scenic Riverway watershed and 30 km and 400 m buffers around
the Riverway (USGS 2011).
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4.1.3 Landscape Pattern and Structure
Description
The NPScape project allows for the calculation of metrics for forest density and forest
morphology as well as grassland density and morpholaggsEdensitys a measure of area
density which describes a very broad habitat categmiy forest morphologig a metrichat
indicates the amount of core habitat vs. eldgelandscape.

NPScape uses the NLCD def i niframnonforestéellsif or est o
(Monahan et al. 2012). grid cell (30 m wide)s considerediforest if the proportion of

vegetativecover contributed by woody vegetatiganerally greater than 5 tall is at least 20%
(http://www.mrlc.gov/nlcd06_leg.phplror theforest density metriccee |l | i s consi der e
domi nant 0 i f atoftheegeadsellssBroubdindg itin & x<7 edlwindow (4.4

ha) meet the definition for forest. This means that a giwvardow could have anywhere from

~12-90% tree coer, andthe cell at its center woultieet the definition ofiforest dominané

The metric does not distinguish between forest types with natural differences in tree cover, nor
between very young forests and mature ones.

The categories with the highestatke nsi ty ar e-9®dQ mi a mitoG®), @@0® 0 ( 9
Ai nt act Bercolatidn Gheoyy.suggests tB8Co areadensity is ahresholdbelow whicha

| andscape may dflipo from mostly interconnect
(Monahan etl. 2012 and citations therein). Wickham et al. (2007, in Monahan et al. 2012

found areadensity to be sensitive to loss in the area of dominant forest, even when patch size
distribution was unchanged.

Forest morphology is a metric related to core lapivhichis significant to both biotic and
abiotic processes in the landscape (Turner 198®narrow, linearshape of SACNas the
potential tosubstantially limitthe amount and proportion of core hab#at create a lot of edge
if adjacent communiéishave significantly different structuse Edge effects on vertebrates,
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especially birds, & well known and may includacreased nest pdation and parasitism and
creation of a biological sin{Ries and Sisk 2004All sharp edges also altdre micre

environment (temperature, relative humidity, and wind) for an appreciable distance itatethe
community typgMatlack 1993, Chen et al. 1995). The spatial extent of these influences, and the
corresponding changes in vegetation, vary substantially astadges, which have noted

differences by aspect, region or forest type, and edge structure (Matlack 1993, Cadenasso and
Pickett 2001, Nelson and Halpern 2005). A study in the boreal mwwed forest type of

Alberta found a distinct aspect effect, witke thdge width for shrubs narrowest on the east; shrub
and herb abundance varied up to 20 m into the forest (Gignac and Dale 2007). Of particular note
is thatnarrow communitiegenerally contaied more alien speciesyhich reached their peak
abundance-85m from the forest edge amdcurredup to 40 m from the edge (Gignac and Dale
2007). Changes in the size or number of natural habitat patches, or a change in the connectivity
between those patches, can lead to loss of diversity of native species, aneordfeths (Fahrig

and Merriam 1985).

Data and Methods

The degree to which trmurrenthabitat of SACN is intact was assesssthgthe landscape
dynamics monitoring project NPScajoecalculatametrics of forest density and forest
morphology Data werensufficient to calculate metrics for grassland density and morphology.
Forest densityand morphology werealculated foilSACN with a400 m bufferthe SACN
watershed, and a 30 km buff&oth the30 mand 150 m edge widths were used for forest
morphology The current version of NPScape data is from the 2006 NLCD.

Reference Condition

The massive change in land use and landscape structureSif @mix basin from pr&uropean

settlement times precludes the establishment of a reference condition inghsense. A

significant portion of the St. Croix basin might not historically have met the NPScape definition

ofif orest dominanto due to the abundance of pr
barrens. The increase in deciduous forestnotedea er tr ansl ates i nto a h
domi nant 0 category now than in the 1800s. Thi
documented in the northwest Pine Barrens d{Radeloff et al. 1999). Furthermore, significant

portions of this ladscape have become unsuitable habitat for many of the historically common
species that need Aopenod conditions (Radel off
morphology was not established for similar reasons and because of the variabilityied spe

response (positive, negative, or neutral) to edge (Ries and Sisk 2004).

Condition and Trend
As calculatedusingNPScapegroducts over 65% of théands within 400 m oSACN andjust
0 over 5 of the landscapi@ the SACN watershed andthin 30 km of SACN

consisted ofi d o mi nh a n @i idanest & ablte 14). However this landscapscale

avera@ obscures amportant pointThere is a strong soutb-north gradient of an
increasing amount afominant tantad forest(Figure15). We tentativelyrate theconditionof
SACN for forest densitgsuncertain buencouragingthough we cannot say if the proportion in
fiforesbis greater now than in historic times. Also, wamat assess thieend. Our degree of
confidence in this assessmenp@r.
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Figure 15. Forest density in the vicinity of Saint Croix National Scenic Riverway (NPS 2012).
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