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Executive Summary

Thirty-three native aquatic platéxa were foodin Big Portage and Deep Portage Lakes
including five emergent, five floatinlgaf, and 23 submerged or frleating taxa. More than
30shoreline emergent plant taweere also recordedOver390 acref Big Portage Lake was
covered by emerge and foating-leaf plant beds, and fifteeatres of emergent and floatHeaf
beds were mapped Deep Portage LakeéSubmerged plants were found to a depthfeet in
Big Portage Lake and @ depth of 20eet inDeepPortag Lake In both lakes, plants we
most common from shore to ten faetepth approximately95% of the sample sitewithin this
zonecontained vegetationMuskgrassvas the most frequently found submerged pldratugh
bladderwort, coontail, and several pondweed species were alscoconfitve unique aquatic
plant species were documented during the surveys.

Two fish species of greatest conservation need were documented during the 2008 nongame fish
surveys. Longear sunfish were found in Deep Portage Lake, while pugnose shiners were
identified in Big Portage Lake. In total, 28 fish species were documentexl dionei 2008

surveys. Buegills and largemouth bass were found most frequently; they were recorded at 100%
of the survey stations Deep Portage Lake and at nearly 90% of thieostsin Big Portage

Lake. Surveyorsalsorecorded five fish specie®t previouslydocumented in Big Portage Lake

and eleven species previously undocumented in Deep PortageRatkegreen frogs and mink

frogs were identified during Big Portage Lakedrsurveysand green frogs were recorded at

nearly all Deep Portage Lake survey stations.

During the 2009 field season, surveyors documentdardGpecie®n Big Portage and Deep
Portage Lakes, including 18 species of greatest conservation neelighiés species counts
and greatest diversity were found on Big Portage Lake. The veery was the most frequently
detected species of greatest conservation neeld sdmg sparrows were most frequently
detected overall.

An ecological model based on magamservation principles was used to assess lakeshore
sensitivity. The benefit of this approach is that criteria come from the sdiased surveys and
the value of the lakeshore is objectively assessed. Environmental desaiorg is complex

and often based on multiple lines of evidence. Integrating the information from these multiple
lines of evidence is rarely a simple process. Here, the ecological model used 15 attributes
(hydrological conditions and documented plant and animal presence) tifyidensitive areas

of shoreland. A sensitivity index was calculated for each shoreland segment by summing the
scores of the 15 atiiutes. Lakeshore segmemisre then clustered by sensitivity index values
using established geospatial algorithrS&nsiive lakeshorareas were buffered and important
ecological connections or linkages mapped. The identification of sensitive lakaestenstzy

this method is an objective, repeatable and quantitative approach to the combination of multiple
lines of evidene through calculation of weight of evidence. The ecological model results are
lake-specific, in that the model results are intended to recognize the most probable highly
sensitive lakeshores for a specific laldantand animal assemblages differ natlyr between
lakes, and sensitivity scores should not be compared across lakes.
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The ecological modetlentifiedthreeprimary sensitive lakeshore asd¢a be considered for
potential resource protection districting by Cass Couhrtyaddition, he inletand outlet of Big
Portage Lake, as well as the channel connecting Big Portage and Deep Portage Lakes, were
identified as ecological connectionshe County may use this objective, sciebesed

information in making decisions about districting and rediaasion of lakeshore areas. The
most probable highly sensitive lakeshore segal the recommended resource protection
districts are
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Introduction

Mi nnesotads | akes are one of its mostvidewal uabl
various industrial, commercial, and recreational opportunities. They are also home to humerous
fish, wildlife, and plant species. In particular, naturally vegetated shorelines provide critical

feeding, nesting, resting and breeding habitat for nsgegies. Common loons avoid clear

beaches and instead nest in sheltered areas of shallow water where nests are protected from wind
and wave action. Mink frogs and green frogs are shordipendent species that prefer quiet

bays and protected areas watlhigh abundance of aquatic plants. Fish such as the least darter,
longear sunfish, and pugnosiginerare strongly associated with large, nshore stands of

aguatic plants. Increasing development pressure along lakeshores may have negative impacts on

thesespecissand Mi nnesotads | akeshores are being de
mind, the Minnesota Department of Natural Resources developed a protocol for identifying
Asensitived areas of | akeshorielareasSanprsaddfi ve | a

shorelands, shorelines and the r&laore areas, defined by natural and biological features, that
provide unique or critical ecological habit&ensitive lakeshores also include:

Vulnerable shoreland due to soil conditions (hégh proportion of hydric soils);

Areas vulnerable to development (e.g., wetlands, shallow bays, extensive littoral zones,
etc.);

Nutrient susceptible areas;

Areas with high species richness;

Significant fish and wildlife habitat;

Critical habitat for spaes of greatest conservation need; and

Areas that provide habitat connectivity

N =

Nookow

Species of greatest conservation need are animals whose populations are rare, declining or
vulnerable to declin@VN DNR 2006). They are also species whose populations dmnbe
levels desirable to ensure their lelggm health and stability. Multiple species of greatest
conservation need depend on lakeshore areas.

The sensitive shorelands protocol consists of three comporngmdirst component involves

field surveys teevaluate the distribution of high priority plant and animal species. Agquatic plant
surveys are conducted in both submerged habitats andime@ areas, and assess the-laice
vegetation communities as well as describe unique plant areas. Targatspenies include

species of greatest conservation need as well as proxy species that represent animals with similar
life history characteristics. This first component also involves the compilatexisiingdata

such as soil type, wetland abundancel size and shape of natural areas.

The second component involves the development of an ecological model that objectively and
consistently ranks lakeshore areas for sensitive area designiermodel is based on the

results of the field surveys andadysis of the additional variabletakeshore areas used by

focal species, areas of high biodiversity, and critical and vulnerable habitats are important
elements in the ecological model used to identify sensitive lakeshore Bexzmise the model is
based on scientific data, it provides objective, repeatable results and can be used as the basis for
regulatory action.
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The final component of identifying sensitive lakeshore areas is to deliver advice to local
governments and other groups who could uséntieemation to maintain high quality
environmental conditions and to protect habitat for species in greatest conservation need.

This report summarizes the results of the field surveys and data analysis and describes the
development of the ecological ehel. It also presents the ecological model delineatidigf
PortageLakeand Deep Portageake sensitive lakeshore areas.
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Lake Descriptions

Big PortaggDOW 11-030800)
and Deep Portageakes (DOW
11-0237-00) arelocaedin Cass
County, north-central Minnesota
(Figure 1). Theelakesare part of
the Pine RivekVatershed.Big
Portage Lake receives flow from
Norway Creek on the northwest
side (Figure 2). The Brook River
exits Big Potage Lake on the
southwest sidandcontinues south
and easbeforeeventually meeting
the Mississippi River.

Figure 1. Location of Big Portage and Deep Portage
Lakes in Cass County, Minnesota.

Whalker

Big Portagd_akehas asurface
area o904 acres anaightmiles Longville
of shoreline.lt is comprised of
two distinct basinseparated by a Big Portage Lake

shallow channel Deep Portage e

Lake has a suate area of 129 Deep Portage Lake
acres and two miles of shoreline.
It is connected to the east basin of
Big Portage Lake by small Ping River
channel.

~—

The southern shores of both Big
Portage and Deep Portage Lake ‘

are privately owned, and have be¢n ‘ r
developed with residential has.
State or countpwned areas occur
on the north end. A public access
is located on the east shore of Big
Portage Lake.

Big Portage Lake is primarily shallow. It has a maximum depth of 23 feet, & df3belake
is less than 15 feet deep. Deept®ge Lake has a maximum depth of 105 feet, and oflyd5
the basin is less than 15 feet in defpitigure 3).

Both Big Portage Lake and Deep Portage Lake are mesotrophic, or enriched with moderate
levels of nutrients. The average Secchi depth (whicsores water transparency) of Big
Portage Lake between 1986 and 2006 was approximately @fB€A 2008) The average
Secchi depth of Deep Portage Lake during this same time was nearly (MP€xs 2008)
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Figure 2. Features of Big Portage and Deep Portage Lakes.
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Figure 3. Depth contours of Big Portagel &@eep Portage Lakes (based on 2008 survey
data).

@ > 20 feet
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|. Field Surveys and Data Cdection

Survey and data coll ection followed Minnesot a
protocol (MN DNR 2008). Resource managers gathered information on 15 different variables in
order to develop the sensitive shorelands model. Sourcetaahdmded current and historical

field surveys, informational databases, aerial photographs, and published literature. The

variables used in this project were: wetlands, hydric soils;steae plant occurrence, aquatic

plant richness, presence of egmt and floatingeaf plant beds, unique plant species, near

shore substrate, birds, bird species richness, loon nesting areas, frogs, fish, aquatic vertebrate
species richness, rare features, and size and shape of natural areas.
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Wetlands
Objective

1. Map wetlands within thextended statdefined shoreland ardaithin 1320 feet of
shoreline)of Big Portage and Deep Portagakes

Introduction

Wetlands are important habitat types that providerityaof services to the environment, to

plants and animals, and to humans. Wetland vegetation filters pollutants and fertilizers, making
the water cleaner. The roots and stems of wetland plants trap sediments and silt, preventing them
from entering othewater bodies such as lakes. They protect shorelines against erosion by
buffering the wave action and by holding soil in place. Wetlands can store water during heavy
rainfalls, effectively implementing flood control. This water may be released attintiesr

during the year to recharge the groundwater. Wetlands also provide valuable habitat for many
wildlife species. Birds use wetlands for feeding, breeding, and nesting areas as well as migratory
stopover areas. Fish may utilize wetlands for spawoiirfigr shelter. Numerous plants will

grow only in the specific conditions provided by wetlands. Finally, wetlands provide a variety of
recreational opportunities, including fishing, hunting, boating, photography, and bird watching.

Although the definibns of wetlands vary considerably, in general, wetlands are lands in which
the soil is covered with water all year, or at least during the growing season. This prolonged
presence of water is the major factor in determining the nature of soil develapmehe plants
and animals that inhabit the area. The more technical definition includes three criteria:
1. Hydrologyi the substrate is saturated with water or covered by shallow water at some
time during the growing season of each year
2. Hydrophytes at least periodically, the land supports predominantly hydrophytes (plants
adaptedo life in flooded or saturated soils)

3. Hydric soilsi the substrate is predominantly undrained hydric soil (flooded or saturated
soils) @dapted from Cowardin et al. 1979)

Methods

Wetland data were obtained frahe National Wetlands Inventory (NWI) of the U.S. Fish and
Wildlife Service (USFWS). The NWI project was conducted between 1991 and 1994 using
aerial photography from 19791988. Wetland polygons obtained from the NWére mapped

in a GIS (Geographic Information Systems) computer program. Only wetlands occurring within
theextendedstatedefined shoreland area (i.e., within 1320 feet of the shoreline) were considered
in this project. Wetlands classified as lacustoneccurring lakeward of thBig Portageor

Deep Portagéake ordinary high water maskvere excluded from this analysis.
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Results

Approximately 155 acres, or %of the Big Portagéake shoreland area (area within 1320 feet

of the shoreline), are deribed as wetlands by NWRApproximately 21 acres, dive percentof

the Deep Portageakeshoreland area, are described as wetlands. Wetlands were most abundant
along the northern shoreline of Big Portage Lake, near the channel connecting the nevofasi

Big Portage Lake, and along the southwestern edge of Big PortagéHigike=4). Several
moderately large wetland complexes also occurred off the northwestern edge of Deep Portage
Lake.

The dominant wetland type was the palustrine sshrinb sgtem (Cowardin et al. 1979),
dominated by deciduous or evergreen shrulise water regime in these wetland areas varied
from seasonally flooded to saturated. Smaller complexes of emergent wé@amgrdin et al.
1979), characterized by herbaceous, @®erwetland vegetation, and forested wetlands,
characterized by deciduous and evergreen trees, also occurred within the shoreland areas.

Figure 4. Wetlands within 1320 feet of Big Portage and Deep Portage Lakes shorelin

@ \etlands
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Hydric Soils
Objective

1. Map hydric soilswithin theextended statdefined shoreland ardeithin 1320 feet of
shaeline) of Big Portage and Deep Portagekes

Introduction

Hydric soils are defined as those soils formed under conditions of saturation, flooding, or
ponding. The saturation of these soils combined with microbial activity causes oxygen
depletion; hyd soils are characterized by anaerobic conditions during the growing season.
These conditions often result in the accumulation of a thick layer of organic matter, and the
reduction of iron or other elements.

Hydric soils are ame nefnttald e chhdairagmn cestiisd i ecrswi
(along with hydrology and vegetation). ldentification of hydric soils may indicate the presence

of wetlands, and provide managers with valuable information on where to focus conservation
efforts.

Methods

The National Cooperative Soil Survey, a joint effort of the USDA Natural Resources

Conservation Service (NRCS) with other Federal agencies, State agencies, County agencies, and
local participants, provided soil survey daRolygons delineating hydric $eiwere mapped in a

GIS computer program. Only hydric soils within 1320 feet of the shoreline were considered in

this project.

Results

Over 20%, or nearly 250 acres, of the shoreland &aeea within 1320 feet of the shorelirad)

Big Portage Lake wasomprised of hydric soils. Some of the largest areas occurred on the
northern shore of the lake and neard¢hannel connecting the two lake badiRgure5). Soll

types ranged from loam to mutk peat, and included combinations of the soil types, asach
loamy sand and mucky peat. Most soils were very poorly drained and had a very high organic
matter content.

Less than five percent (19 acres}tod Deep Portage shoreland anees comprised of hydric
soils. These complexes were scattered aroundhhbreline, and included muck and muck/loam
soll types.
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Figure 5. Hydric soils within 1320 feet of Big Portagel Deep Portage Lake shorelines.

@D Hydric Soils
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Plant Surveys

Objectives

1. Record presence and abundance of all aquatic plant taxa

2. Describe distribution of vegetation in Big Portage and Deep Pdrizges
a. Estimate maximum deip of plant colonization
b. Estimate and map the nesitore occurrence of vegetation

3. Delineate and describe floatihgaf and emergent plant beds

4. Map distribution and describe habitat of unique plant species

5. Calculate and map aquatic plant taxa richness

Summary

Aquatic vegetation surveys of Big Portage and Deep Portage hake conducted in June and
September 2008. Surveys included a lakewide assessment of vegetation at over 900 sample
stations, characterization of shoal substrate types, and mapping@fegrnand floatindeaf

plant beds.

Thirty-threenative aquatic plartaxawere foundincluding five emergent, five floatinteaf, and
23 submerged or freffpatingtaxa More than 3Gshoreline emergent plant tawere also
recorded

Within the shoe to five feet depth zone, @Bof the sample sites in Big Portage Lake an% 00
the sample sites in Deep Portage Lake contained at least one emergent orl@afplrant.
More than 4% (392 acres)of Big Portage Lake was covered by emergent andriigétaf plant
beds and wild riceZizania palustriy was the dominant specieBifteenacres of emergent and
floating-leaf beds were mapped in Deep Portage Lake and buBabloénoplectusp.) was the
most common plant.

Submerged plants were found tdepth of16 feet in BigPortage Lake and to depth oR0 feet

in DeepPortage Lake In both lakes, plants were most common from shore to temfdepth
approximately95% of the sample sitesithin this zonecontained vegetation. Muskgra§th@ra

sp.) was the most frequently found submerged plant and occurre&dio#the Big Portage sites
and in 886 of the Deep Portage sites. Other commonly occurring submerged species were flat
stem pondweedPotamogeton zosteriform)jscoontail Ceratophyllum deersun), greater
bladderwort Utricularia vulgaris), andbushy pondwee(Najasflexilis/guadalupensis

Unique submerged and emergent aquatic plants documented during the surveys included humped
bladderwort Utricularia gibba), lesser bladderwort), minon), flat-leaved bladderwort.
intermedig, water arum Calla palustrig and cottongras€fiophorumsp.)
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Introduction

The types and amounts of aquatic vegetation that occur within a lake are influenced by a variety
of factors including water clay, water chemistry, water depth, substrate and wave activity.

Deep or wingswept areas may lack in aquatic plant growth, whereas sheltered shallow areas
may support an abundant and diverse native aquatic plant community that, provides

critical fish and wildlife habitat and other lake benefits.

The annual abundance, distribution and composition of aquatic plant communities may change
due to environmental factors, predation, the specific phenology of each plant species,
introductions of nomaive plant or animal species, and human activities in and around the lake.

Non-native aquatic plant species have not been documented in Big Portage and Deep Portage
Lakes. However, if they invade the lakes, they may directly or indirectly intpackive plant
communities Nonnative plant species, such as Eurasian watermiNtytiophyllum spicatum

or curly-leaf pondweedRotamogeton crispismay form dense surface mats that shade out
native plants. The impact of these invasive species variesgalakes but the presence of a
healthy native plant community may help mitigate the harmful effects of these exotics.

Humans can impact aquatic plant communities directly by destroying vegetation with herbicide
or by mechanical means. Motorboat activitywegetated areas can be particularly harmful for
species such as bulrush and wild rice. Shoreline and watershed development can also indirectly
influence aquatic plant growth if it results in changes to the overall water quality and clarity.
Limiting these types of activities can help protect native aquatic plant species.

Floating-leaf and emergent plants

Floatingleaf and emergent aquatic plants are anchored in the lake bottom and their root systems
often form extensive networks that help consolidetg stabilize bottom substrate. Beds of
floating-leaf and emergent plants help buffer the shoreline from wave action, offer shelter for
insects and young fish, and provide shade for fish and frogs. Thesalsmu®videfood,

cover and nesting materir waterfowl, marsh birds and muskrat. Floatiegf and emergent

plants are most often found in shallow water to depths of about six feet and may extend lake
ward onto mudflats and into adjacent wetlanBmergent aquatic plants have stems and/or

leawes that extend well above the water surface. Most emergent plants are flowering plants,
though their flowers may be reduced in size. Emergent plants include perennial plants as well as
annual plants.

Hardstem bulrust{Schoenopldas acutukis an gggouée 6. Bilrush bed in Big Portage Lake,
emegent, perennial plant that occurs in lakes and S
wetlands throughout Minnesota (Ownbey and '
Morley 1991). Bulrush stems are round in cross
section and lack showy leaves (Fig6je Clusters
of small flowers form near the tips of long, narrow| 3
stalks. This mergent may occur from shore to A
water depths of about eight feet and its stems ma| :

extend several feet above the water surface.
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Bulrush stands are particularly susceptible to destruction by exceg
herbivory and direct removal by humans.

Wild rice (Zizania palustris Figure7) is an emergent annual plant th
reproduces each year from seed set in the previous fall. Wild rice
most commonly found in lakes of central and northern Minnesota.
Cass County is one of five Minnesota counties with the highest

concentration of lakes supporting natural wild rice stands (MN DN
2008b). Wild rice generally requires habitat with some water flow,

such as lakes with inlets and outlets. This plant most often is foun

water depths of 0.5 to three feet in soft stdiss (MN DNR 2008Db).
Wild rice is one of the most important waterfowl foods in North
America and is used by more than 17 species of wildlife listed by t

Mi nnesota Department of Natur &

Figure 7. Wild rice

fo T N

conservation neg @Other écMdgicadD N=>—>2>=
benefits associated with wild rice stands include habitat
fish and aquatic invertebrates, shoreline protection and
stabilization, and nutrient uptake. This plant also has
special cultural and spiritual significance to the Ojibwe
people and wild rice harvest provides important econom
benefits to local economies (MN DNR 2008b).

Floatingleaf plants may occur in solid beds or mixed wit
emergent plants. Different species of floatiegf plants
can be distinguished by their lefape and flower color

Figure 8. Whie waterlily

L1

White waterlily(Nymphaea odorataigure § has showy

white flowers and round leaves with radiating veins. Figure 9. Yellow waterlily

-

Yellow waterlily (Nuphar variegataFigure 9 has smaller
yellow flowers and oblong leaves with parallel veins.

Submerged plants

Submerged plants have leaves that grow below the wat
surface but some species also have the ability to form
floating and/or emergent leaves, particularly in shallow,
sheltered sites. Submerged plants may be firmly attach
to the lake bottonby roots or rhizomes, or they may drift

freely with the water current. This group includes

flowering plants that may produce flowers above or beld
the water surface, as well as rAtmwering plants such as
large algae.

MuskgrasgCharasp.; FigurelQ) is a largealgae that is
common in many hard water Minnesota lakes. This pla
resembles higher plants but does not form flowers or tru
leaves, stems and roots. Muskgrass grows entirely
submerged, is often found at the deep edge of the plant

Figure 10. Muskgrass

Big Portage Lake
Deep Portage Lake

Pagel8 of 80



zone (Arberl 9 20) , and may form thick Acarpetso on t
important habitat for fish spawning and nesting. Muskgrass has a brittle texture and a
characteristic Amuskyo odor . I t | sstspediespt ed t
to colonize open areas of lake bottom where it can act as a sediment stabilizer.

Flatstem pondwee(Potamogeton zosteriformibigurell) is a
perennial plant that is anchored to the lake bottom by
underground rhizomes. It is named forfitdtened, grastike
leaves. Depending on water clarity and depth, these plants m
reach the water surface and produce flowers that extend abovye
the water. These pondweeds are anchored t@akleeblottom by
rhizomes and overinter by winter buds.

Figure 11. Flastem po_ndweed

3 ﬁ mﬁ p Lot N
v g G
b A

J g 1

Comtail (Ceratophyllum demersurfiigurel?) is the most
common submerged flowering plant in Minnesota lakes. It gr¢
entirely submerged and is adapted to a broad range of lake
conditions, including turbid water. Coontail is a
perennial and can overwintas a green plant under the
ice before beginningew growth early in spring.
Because it is only loosely rooted to the lake bottom it
may drift between depth zones (Borman et al. 2001).
Coontail provides important cover for young fish, i
including bluegills perch, largemouth bass and norther f'
pike. It also supports aquatic insects beneficial to botl ¥
fish and waterfowl. b

=4

Figure 12. Coontalil
N 3 ~

b

Greaterbladderwort(Utricularia vulgaris, Figurel3) is

an entirely submerged plant except during bloom when
small, showy yellow flowers extendabove the water. This
plant is weakly rooted to the substrate and may drift fre
through the water column. It reproduces by fragments
winter buds that can float to new areas of the lake.
Greater bladderwort is an insectivorous plant asek its
smal | Abl adderso to trap
bladderwort prefers soft substrates like muck and silt
(Nichols 1999b). Greater bladderwort is one of the moj
common species throughout Minnesota (Ownbey and Morley 1991).

Gr ea

PondweedsRotamogetorspp. andstuckeniaspp.) are one of the largest groups of submerged

plants in Minnesota lakes. These plants are rooted perennials and their rhizomes may form mats

on the lake bottom that help consolidate soil (Arber 1920). Pondweeds have opposte, entir

| eaves ane hfaogprend oA cfilgpawer s t hat ce many pgoedweetd ove t h
species ovavinter as hardy rhizomes while other species produce tubers, specialized winter

buds, or remain fievergreeno u mgaeranimgorganti c e . S
source of waterfowl food (Fassett 1957). The foliage of pondweeds is foaddoiety of

marsh birds, shobérds and wildlife and provides shelter, shade and spawning sites for a range of
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fish species (Borman et al. 2001). Pondwarlabit a wide range of aquatic sites and species
vary in their water chemistry and substrate preferences and tolerance to turbidity. There are over
35 species of pondweeds in Minnesota and they vary in leaf shapes and sizes.

Broadleaf pondweeds imgde white-stem pondweedPotamogeton praelongydargeleaf
pondweed . amplifoliug, lllinois pondweedR.
illinoensis Figurel4), and variable pondwee® (
gramineu¥. Theseplantar e often <cal | I
by anglers. Some brodédaf pondveeds may form floating| §
leaves in sheltered sites while other species have only | §
submerged leaves. Species like wisitem and largéeaf
pondweedare common in many clear water Minnesota
lakes but are often among the first species to decline in
degraded wr. Whitestem pondweed is not tolerant of | §
turbidity (Nichols 1999b) and may be negatively impactd —
by increased lake development. Photo by: Allison

Figure 14. lllinois pndweed

ants

N 4

Fox, U. of Florid&® 1996

Unigue aquatic plants
Unique aquatic plant species are of high conservation importance. These species may include:
e Plantspecies that are not listed as rare but are uncommon in the state or locally.
These may include species that are proposed for rare listing.
e Plantspecies with high coefficient of conservatism values (C values). These values
range fromOtol0andreprese t he fiesti mated probabil it
occur in a landscape relatively unaltered from what is believed to besatimment
condi tiono Edidaghsetals 2006 ®lan®species with assigned C
values of 9 and 10 were inclutias unique species.

Bladderworts (tricularia spp.) are a group of submerged plants that produce roots but do not
firmly anchor to the lake bottom. Greater bladderwort
(U. vulgaris)is found in lakes and ponds throughout
Minnesota but several other spes are much less
common. Unique bladderwort species incladenped
bladderwort(Utricularia gibba), lesser bladderwoftJ.
minor; Figure15) andflat-leaved bladderworiU.
intermedig. These small, submerged plants are often
confusedwith algae becawsof their fine stems and
leaves. Bladderworts have specialized air bladders that
regulate their position in the water column. They also

Figure 15. Lesser bladderwort

(C) Paul Skawinski, 2009 d
= A a\‘?’hqto by Paul Skawinski, U\StevensPoint
as fNnunder wattrearp sVoe nbuys cfaltyq Reibatungp200a n d

digesting small insects in tindladders. Bladderworts

producesmall but showy flowers that emerge above the water surface. They prefer soft
substrates (Nichols 1999b) but also float freely in the water column and may be found in
protected areas such as waterlily beds. They are found in protected, shallow lakedirease
been documented at scattered locations throughout northern Minnesota (Ownbey and Morley
1991).
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Water arunm(Calla palustris Figurel6) is an emegent
perennial wetland plant that may grow along marshy
lakeshores as well as in wooded swamps, nesrand bogs
(Nichols 1999b). The plant is recognizable by its heart
shaped leaves and the showy, white pldtalspathe. This is
a species of northern latitudes and Minnesota is the
southwestern limit of its range (Flora of North America
2007). WithinMinnesota, water arum primarily occurs in
the northeast half of the state (Ownbey and Morley 1991)

Figure 16. Water arum

CottongrasgEriophorumspp.) is an emergent grage:
plant named for its distinctive white seed heads that resemble
tufts of cotton (Figurd7). The® plants occur in open and
forested wet peatlands of Minnesota.

Figure 17. Cottongrass in Big
Portage Lake, 2008
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Species richness
Species richness is defined as the number of species present =5
community and is often used as a simple measure of biodivefsi - &
(Magurran 2004).In aquatic plant commuties, species ’
richness is influenced by many complex factors (Pip 1987) !
including water chemistry, transparency, habitat area and hapifis¥s.
diversity (Vestergaard and Safidnsen 2000, Rolon et al. R
2008). In Minnesota, water chemistry strongly influenceglwh
plant species can potentially occora lake (Moyle 1945), and
thusindirectly influences lakewide species richness. The trof
status of a lake further influencpkant species richnesand
eutrophic and hypettrophic habitats have been assodatgth reduced species richness (Pip
1987). Within a region of Minnesota, lakewide aquatic plant species richness can be used as a
general indicator of the lake clarity and overall health of the lake plant community. Loss of
aguatic plant species has hesssociated with anthropogenic eutrophication (Stuckey 1971,
Nicholson 1981, Niemeier and Hubert 1986) and shoreland development (Meredith 1983).

Within a lake, plant species richness generally declines with increasing water depth, as fewer
species arlerant of lower light levels available at deeper depths. Substrate, wind fetch, and
other physical site characteristics also influence plant species richness within lakes.

Methods

The aquatic plant communities of Big Portage and Deep Portage Lalkedeageribed and
measured using sever al techniqgues as found
Manual(MN DNR 2008) Plant nomenclature follows MNTaxa 2009.

Emergent and floating-leaf bed delineation

Protocol for mapping plant beds were édsn the procedures documented in the DNR draft
Aquatic Vegetation Mapping Guidelines (MN DNR 2005). They included a combination of
aerial photo delineation and interpretation, field delineation, grtnutiding and site specific
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surveys. Waterlily bedswere delineated using 20@®04 Farm Service Administration (FSA)

true color aerial photos. Black and white aerial photos from 1999 were used to help distinguish
the true shoreline from mats of perennial vegetatiar008, reconnaissance surveys were
conducted of the largest beds to verify species composition and if needéfy, moaddary

lines. Field mapping focused on bulrush beds, which were difficult to see on aerial . photos
Bulrushbeds were mapped in 2008 using handheld Global Positioningnsy&tPS)

technology.

Grid point -intercept survey

A grid pointintercept survey was conducted in Big Portage Lake on June 18, 19 and 23, 2008,
andin Deep Portage Lake on June 24, 2008 (Perleberg and Loso 2008). A GIS computer
program was used to estahl aquatic plant survey points throughout the littoral (i.e., vegetated)
zone of the lake to a depth of 20 feet. Poirgsanspaced 65 meteapart on Big Portage Lake.

Only the shallow aregless than 25 feet depth) of Deep Porthgke weresurveyedand survey
points were @ced closer (30 metgran this lake to ensure that sufficient sample points were
included in the vegetated zonA.total of 965 sites were sampled within the shore to 20 feet

depth interval. An additional four sites wesirveyel in Deep Portage Lakeithin the21 to 25

feet depth zone but since no vegetation was found, these deeper water sites were not used in
analyses. Surveyors navigated to each site using a har@&R8ldhit. At each sample site,

water depth and all vegei@h within a onemeter squared sample area was sampled using a
doubleheaded garden rake. All aquatic plant species present within the sample plot were
recorded and frequency of occurrence was calculated for each species. Any additional species
found ouside the sample plots were recorded as present in the lake. Voucher specimens were
collected for most species and were submitted to The Herbarium of the University of Minnesota
Bell Museum of Natural History, St. Paul, MN.

Near-shore vegetation survey

Near-shore vegetation surveys were conducted at four plots on Deep Portage Lake. Plots were
selected based on the presence ofgame fish. Each plot measured 15 meters along the
shoreline ad 16 meters lakeward, and 30 (emeter squared) sites were sa@tbwithin each

plot. Surveyors recorded plant species present, water depth, substrate and presence of woody
debris.

Searches for unique and rare species

Prior to fieldwork, surveyors obtained known locations of state and federally listed rare plants
within one mile of Big Portage and Deep Portage Lakes from the Rare Features Database of the
MN DNR Natural Heritage Information System. Surveyors also queried the University of
Minnesota Herbarium Vascular Plant Collection database and DNR FisherieBileski

determine if certain plant species had previously been documented in or near Big Portage and
Deep Portage Lakes.

Surveyors searched for unique and rare plant species in 2008 during the lakewtiiteqraiept
surveys and during the nestnore pbt surveys.If unique or rare plant species were located,
surveyors recorded the site location, the plant species found, associated plant species,
approximate water depth and substrate type. Any new sites of rare plant ggeeies
documented and enterado the MN DNR Natural Heritage Information System.
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A targeted search for rare aquatic vascular plants in Big Portage Lake was conducted by the
Minnesota County Biological SurvéiCBS) Program on July 15, 2008 (Myhre 2008). This
search focused on e that were most likely to contain rare plant species. Botanists use
professional experience to select rare species search sites anddfettoles such as shoreline
development, substrate type, water depth, and native plant community type irntérssiesition.
To gain access to shallow vegetated areas, seaseinesonducted by slowly kayaking,

canoeing and/or wading through the site.

A brief habitat description and a list of all plant taxa found in the searchvareaecorded.

When necessgy plant specimengeresent to the authority in the field for identification
verification and annotationvVoucher specimens were collected to document county records and
severalbther species, and were submitted to The Herbarium of the University oéstitanBell
Museum of Natural History, St. Paul, MN.

Results

Distribution of plants by water depth

Aquatic plants occurred around the entire perimeter of each lake. Big Portage Lake had a broad
vegetated zone that, in many areas, extended the entifreafithe lake while Deep Portage

Lake had a narrow vegetatecheoof about 75 mete(gigurel8). Approximately 407 acres of
emergent and floatintpaf beds were mapped and occurred around the entire perimeter of both
lakes. Submerged plants occurreohgl shore as well as offshore shallow areas. The

vegetated zone extended from shore to abofgdtan depth. This area includatdout 901

acres in Big Portage LaKabout threequarters of the lakeand 30 acres in Deep Portage Lake
(about onethird of the lakg. Within this area, nearly 90 of the survey sites contained

vegetation.

Plants were found to a water depth of 16 feet in Big Portagedrak D feet in Deep Portage
Lake. Beyond depths of 15 feet, only one or two sites in each lake nedtaegetationln both
lakes, vegetation was most common from shore to the ten feet depth where &bottias
sample sites contained vegetation.

Aquatic plant species observed

A total of 33 aquatic plant taxa were recorded in Big Portage and Degg®btakes. These
included 23 submerged or frileating taxa(Table 1), five floatingeaf and five emergent taxa
(Table 3. At selected sites, surveyors also recorded sherehmergent plants (Appendix. 1)
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Figure 18. Aquatic plant distribution in Big Portage and Deep Portage Lakes, 2008.
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Tablel. Submerged and frdating aquatic plants recorded in Big Portage and Deep Portage

Lakes, 2008.
Frequency of
Description Common Name Scientific Name Qccurrencea

Big Deep
Portage | Portage

Algae Muskgrass Charasp. 45 88

Grassleaf plants| Flatstem pondweed Potamogeton zosteriformis 28 11
Dissectedeaf | Coontall Ceratophyllum demersum 15 9

plants Northern watermilfoil Myriophyllum sibiricum 1 1

o Bushy pondweed Najas flexilishuadalupensfs 14 3
é 4"5’ Narrowleat Canada waterweed Elodea canadensis 2 1
6( ‘—g_ plants Sago pondweed Stuckenia pectinata 1 3
T3 Narrowleaf pondweed | Potamogetorsp: 2 T
U ‘g Fries®6 pondPotamogeton friesii 1 2
'5.':J x White-stem pondweed | Potamogeton praelongus 2 5
* lllinois pondweed Potamogeton illinoensis 2 2
% Broadleaf plants| Claspingleaf pondweed| Potamogeton richardsonii <1 T
S Largeleaf pondweed Potamogeton amplifolius <1 T
8 Variable pondweed Potamogeton gramineus <1 T
8 Greater bladderwort Utricularia vulgaris 20 T
2N Humped bladderwort | Utricularia gibba 3 T
% Lesser bladderwort Utricularia minor 2 T
8 - Flat-leaved bladderwort| Utricularia intermedia 1 T
Freedrifting - — "
Watermoss Not identified to genus <1 I

Greater duckweed Spirodela polyrhiza <1 T

Lesser duckweed Lemna mior <1 T

Star duckweed Lemna trisulca T 1

¥ requency values are provided for taxa that were observed withiriptintept survey sample statioasBig
Portage LakéN = 833) andDeep Portage LakéN = 132) They represent the percent of the sangpations that

contained a plant taxon.

PTwo species of bushy pondweddiajas flexilisandNajas guadalupensisvere recorded in these lakes but plants

were identified to only the genus level at each individual sample site.

‘So me
pondweed) .

not counted in species tally.

iifdA indicates

speci melnesawdd fimardweve ds 0
However, it

pl ant .t axa

Nomenclature follows MNTaxa 2009.
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Table 2. Floatindeafand emergent aquatic plants recorded in Big Portage and DeepePortag
Lakes, 2008.

Frequency of
Description Common Name Scientific Name .Occurrencea
Big Deep
Portage Portage
Yellow waterlily Nuphar variegata 7 49
White waterlily Nymphaea odorata 13 9
FLOATING- Floatingleaf pondweed | Potamogeton natans 5 9
LEAF Watershiéd Brasenia schreberi 1 |
Water snartweed Persicaria amphibia T Preserft
Wild rice Zizania palustris 47 18
Hard-stem hulrush Schoenoplectus acutus 6 39
EMERGENT | Giant burreed Sparganium eurycarpum T 1
Broadleaved arowhead | Sagitaria latifolia MCBS T
Spikerush Eleocharis palustris MCBS T

aFrequency values are provided for taxa that were observed withinipt@rtept survey sample statioaisBig
Portage LakéN = 833) and Deep Portage Lake (N132). They represent the pent of the sample stations that
contained a plant taxon.

Ppresent = present in lake but not found at piitdrcept sample stations.
°MCBS = located only during Minnesota County Biological Survey, 15 July.2008

ilfA indicates pl aimbdket axa was not found

Nomenclature follows MNTaxa 2009.

Emergentand floating-leaf plants

Emergent and floatinggaf plants occurred in water
depths of ten feet and less. About 392 acres, or | &
40%, of Big Portage Lake and 15 acres of Deep
Portage Lake were cowt by emergent plants and
the most common taxa were bulrush and wild rice
(Figurel9).

ulrush in Big Portage Lak&008 J

Other emergent plants occurred at scattered
locations around the lake and included arrowhead
and burreed. Many of these emergent plants
occupied the transitional zobetween the lake and adjacent wetlands. Numerous additional
native emergents occurred in these adjacent wetlands but this survey did not include an
exhaustive wetland species inventory.

Big Portage Lake
Deep Portage Lake
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Waterlily beds covered about one acre in Big
Portage Lake and leisan ore acre in Deep Portage
Lake. The largest beds occurred in the channel
between the east basin and the west basin of Big
Portage Lake (Figurg9). The most common
floating-leaf species were white waterlily, yellow
waterlily and floatingeaf pondwed (Potamogeton /
natang. Because surveyors avoided motoring intq
floating-leaf plant beds, the frequency values
obtained for these taxa (Taldgwere lower than the
actual lakewide occurrence. Frequency values for flod¢iafjtaxa represent the occurce of

these taxa only within the sites that were surveyed. Waterlily beds often contained scattered wild
rice and bulrush plants as well as submerged plants and were usually associated with muck
sediments.

Figure 19. Distribution of emergent and floatilegf plant beds in Big Portage and Deep
Portage Lags, 2008.

Mixed bulrush beds
Scattered Bulrush
Mixed wild rice beds
Scattered Wild rice
Mixed waterlily beds
Scattered Waterlilies

B KN KN
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Submerged plants

Within the shore to 20 feeepth zone, submerged plants occurred # 86the Big Portage

Lake sites, and 35 of the Deep Portage Lake sites. A mixture of submerged plant types was
found and the most commonly occurring taxa were muskgrasstdiat pondweed, coontail, and
greatemladderwort.

Muskgrass was found in about%®f the sites in Big Portage Lake an®88f the sites in Deep
Portage Lake (Table 1). It was widespread around the vegetated zones of each lak2@&jgure
and could be found growing in thick beds withatber vegetationr within mixed beds of
pondweeds and other submerged plants. Muskgrass was most often found iofdepththan

ten feet in Big Portage Lake and less than 15 feet in Deep Portageltales. the most

common submerged plant foundath depths up to 20 feet in Deep Portage Lake.

Nine different pondweed specid3otamogetorspp andStuckeniaspp) were found in the two
lakes and were most common in deyathten feet and less. The most comnpondweed
species was flastem pondwed, which occurred with a frequency o2& Big Portage Lake
and 126 in Deep Portage Lake (Taklg¢ Flatstem pondweed had a widespread distribution
(Figure20B) and often cebccurred with muskgrass and coontail. Brésaf pondweeds were
scattered aund both lakes (Figur20E) and included claspinigaf, largeleaf, whitestem,
lllinois, and variable pondweeds.

Coontail was found in 2% of Big Portage sample sitesidnine percenof Deep Portage sample
sites. It occurred throughout the vegetateiez but wasnostabundant on the west end of Big
Portage Lake Coontail was most commawithin thesix to ten feet depth zone in Big Portage
Lake,and within the six to 20 feet depth zaneDeep Portageake (Figure20C).

Greater bladderwort was onlgudnd in Big Portage LakeSurveyors detected this species at
20% of the sample sites. It occurred throughout the vegetated zone (E@)rand was most
common from shore to ten faatdepth

Unique plants

In addition to the commonly occurring plaimsBig Portage and Deep Portage Lakes, five

unique plant species wedecumenteat 37 locations durinthe survey (Figur@1). These

species are not widespread in Minnesota but their presence is indicative of relatively undisturbed
native plant beds inig Portage and Deep Portage Lakesigue submerged aquatic plants

found in Big Portage and Deep Portage Lakes included humped bladderwort, lesser bladderwort,
flat-leaved bladderwort, water arum and cottongrass.

Humped bladderwort, lesser bladderwamt flatleaved bladderwort were scattered around the
east basin of Big Portage Lake and alsourred at several sitesthe west basin of Big Portage
Lake Flatleaved bladderwort was the only bladderwort species found in Deep Portage Lake
and was locad in the channddetweerBig Portage Lak@ndDeep Portage Lake Water arum

was found on the northeast side of Deep Portage Lake. Cottongrass occurred in the wetland of
the channel between the two lakes.
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Figure 20. Distribution of common aquatic plants in Big Portage and Deep Portage
Lakes, 2008.

A. Muskgrass
(Chara sp.)

B. Flat-stem pondweed
(Potamogeton zosteriformis)

D. Greater Bladderwort
(Utriculania vulgaris)

C. Coontail
(Ceratophyllum demersum)

E. Broad-leaf pondweeds
(Potamogeton sp.)
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Figure 21. Distribution of unique aquatic plants in Big Portage and Deep Portage Lak
2008.
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Species richness

The number of plant taxfound in each one square meter sample site ranged from zero to nine
(Figure22). Sites with the highest number of taxa occurred near shore, within nagedb
emergent, floatingeafand submerged plants. In depths greater than ten feet most sites
contained fewer than three taxa.
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Figure 22. Aquatic plant richness (number of taxa per sampling station) in Big Portag
Deep Portage Lakes, 2008.

' j Hiy

Big Portage Lake Page31 of 80
Deep Portage Lake



Near-shore Substrates
Objective
1. Describe and map the nestrore substrates 8ig Portage and Deep Portagekes

Introduction

Substrate type can have an effect on specj
makeup and richness. Some fish¢luding
the pugnose shiner, least darter, and longe
sunfish, prefer small diameter substrates
such as silt, muck, arehnd Other species,
such as walleye, prefer hard bottom
substrates with a larger diameter, such as
gravel and rubble. A diverse sutage will
also allow plants with different habitat
requirements to exist within a system. For
example, bulrush may occur on sand or
gravel whereas yellow waterlily prefers so
substrates (Nichols 1999Db).

Methods

Nearshoresubstrate iBig Portage an®eep Portagéakes was evaluated a total 0f652
sampling stations set up in thad pointinterceptaquatic plansurveysand neasshore fish
surveys. Plant sample statians Big Portage Lakevere65 meters apart angere placed across
the entire lak. Plant sample stations on Deep Portage Lake were 30 meters apactuaned

in agrid from shore to a depth @b feet. On both lakes, substrate was evaluated at sample
stations where water depth was seven feet or [Bgsncrease sample coveragfenearshore
sites not covered by the grid sampling, substrate was also evaluatedtaoredish sample
stations Fish sample stations were located every 400 meters around the perimeter of the
lakeshore and substrate was evaluatétl af these sténson Big Portage Lake argkven
stations on Deep Portage Lake

Standard lake substrate classes were based on the DNR Fisheries Survey Manual (MN DNR
1993)

Substrate Group | Type Description
Boulder Diameter over 10 inches
Rubble Diameer 3 to 10 inches

Hard Bottom Gravel Diameter 1/8 to 3 inches
Sand Diameter less than 1/8 inch
Silt Fine material with little grittiness

Soft Bottom Marl Calcareous material
Muck Decomposed organic material
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Surveyors evaluated substrate by tapping a ptdetive lake bottom; soft substrate could usually
be brought to the surface on the pole or sampling rake for evaluation. If this was not feasible,
substrate was evaluated by visual observation.

Results

Soft substrates of muck and marl dominated baiins of Big Portage Lake (Figu2d). Sand

was present in large quantities in the western basinnaswhttered areadong the shoreline of

the eastern basin. Sand was also the most common substrate in Deep Portage Lake, although soft
substrates sincas muck and silt were also present.

Figure 23. Distribution of Big Portage and Deep Portage Lakestheae substrates, 2008
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Bird Surveys

Objectives

Record presence of all bird species detected during point count surveys
Record presence of marsh birds detected withptajlback surveys
Document all norsurvey observations of birds

Develop distribution maps for species of greatest conservation need

PwpnPE

Introduction

Bird Species of Greatest Conservation Need

There are 97 bird species of greatest conservation need (SGCN) in Minnesota. Species of

greatest conservation need are documentad Mi nnesot ads State Wildlif
Tomorrowbs Habitat f olEightenastheds spediesaveralideRibieda ( 200
Big Portage and Deep Portalgakes.

American white pelicanPelecanus Figure 24. American white pelo

erythrorhynchosFigure24) are one of theafgest
birds in North America.These white waterbirds
have a wingspan of nearly 10 feet, and weigh uj
to 30 pounds. They have black wingtips and an
orange bill with a pouch. Unlike some pelicans,
American white pelicans do not dive for their
food, but eed while swimming. They nest in
colonies on remote freshwater lakes, and depend
on wetlands for many stages of their life cycle.
Habitat loss is the largest known cause of nesting
failure, although predation and boating
disturbance can also be factors.

I

Photo by: Carrol Henderson

Bald eaglegHaliaeetus leucocephaluBigure25) are an Figure 25. Bald eagle
increasingly common sight in Minnesota. Once listed as gn .

endangered species, bald eagle numbersredoeinded due
to effective environmental protection laws and conservatign
efforts. Adult baldeagles are easily identified by the white
head and tail, although t hle
are 4 or 5 years old. Prior to that, eagles are generally dar
brown with white feathers scattered along the wings, head,
tail and back.With a wingpan of up to 7eet, bald eagles
are one of the largest birds in North America. They are fo
in forested areas near large, open bodies of water. Althoyg
bald eagle numbers are increasing, these birds still face
threats from environmental contaminaatsl destruction of
habitat. Bald eagles are listed as a species of Special
Concern in the state of Minnesota.

T

Photo by: Carrol Henderson
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Black-billed cuckoogCoccyzus erythropthalmus
Figure 26 are one of two cuckoo species regularly
found in Minnesota. These slender, lgaged birds
summer and breed in Minnesota and the-eastral
United States before heading south to spend the wint
in South America. Blachilled cuckoos have a brown
back and white underside, and may be distinguished
a curved black bill and red rireyound the eye. They
inhabit deciduous forests and thickets, and are often
found near water. The bladdlled cuckoo is listed as a
species of Regional Concern on the Partners in Flight

watchlist.

Figure 26. Blackbilled cuckoo

Photo source: U.S. Fish and Wildlife Service

Black terngChlidonias nigey Figure 27 are

distingushed by a black head and chest with | Figure 27. Black tern

gray wings, back, and tail. The nonbreeding
plumage is lighter in color, and much of the
black is replaced with white or gray. The bill is
long and slightly curved. Black terns are loosely
colonial, and often are fodnn freshwater
marshes or wetlands. They may also occur algn
lake edges with abundant emergent vegetatiory.
Black tern populations have declined
dramatically since the 1960s. Habitat loss,
environmental contamination, and human
disturbance are oftented as causes of the

Photo by: Carrol Henderson

decline.

Common loongGavia immer Figure 28 are one

of Minnesotads most r pPRg@eds

found from northeastern to central Minnesota, anc
numbers are higher here than in any other state
except Alaska. These largevitig birds possess

S -

=

red eyes and a large, dark pointed bill that iswell |

adapted for catching fish. Loons spend most of
their time in water, and go ashore only to mate
and incubate eggs. Summer plumage is spotted
black and white, while in winter the cotoare
gray above and white below. Loon populations
are closely monitored in Minnesota; however,

these birds still face threats, particularly in the | photo bv: Carrol Henderson

C'torilrrﬂnbobvne birds.

form of human disturbance and lead poisoning.

Big Portage Lake
Deep Portage Lake
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Common nighthawk&Chordeiles minarFigure

29) are most tien seen in the air, exhibiting an
erratic flight pattern as they forage for insects.
They are cryptically colored with brown, gray, an
white mottling. A white bar is visible across the
wing when the bird is in flight. The breeding ritua
includes a thmatic display during which the male
dives straight toward the ground before quickly
turning upward; air rushing through the wings
makes a deep booming sound. Originally found
open, rural areas, the nighthawk has adapted to
urban settings and will emenest on gravel
rooftops. Despite their adaptability, nighthawks
have declined in some ared®redation and a

Figure 29. Common nighthawk

Photo by: Carrol Henderson

decreased insect food bahgeto the use of
pesticides may be factoirs this decline.

Common terngSterna hirundpFigure 30 are the

mog widespread terns in North America. In the

breeding season common terns have a solid blacl
cap with gray back and underparts. The gray win
have dark edges. The rump is white, and the legs
and bill are orangeed in color. Common terns nes
in colonies often on islands or peninsulas of largef
lakes with sandy substrates. Populations of comn

terns declinedh the late 1800s, when their feathers

were used to adorn clothing, and again in the 197
likely due to poisoning by pesticides. Habitat |oss|
nest predation, and disturbance by humans may 4

Figure 30. Common tern
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P(Roto bv: Carrol Henderson

negatively affect common terns.

Eastern woogheweegContopus virensFigure 3}

are mediurrsized, nondescript birds common in

Figure 31. Eastern wogokewee

Eastern forests. They utilize multiple habitat types,

including deciduas forests, mixed woods, and
suburban areas. This bird gets its name from its
call, a -adweer 6d @&ppeweesr
are grayiskolive above, with a paler throat and
belly and whitish wingbars. They forage
throughout the canopy, often flyirogt from their
perch to catch insects before returning to the sam
perch. Populations of eastern weoelwvees are
declining throughout much of their range. One
possible cause of the decline is the increase in
white-tailed deer. Deer browse and decrease t

n wood

Photo by: J.A. Spendelow

lower-canopy foraging area available to the pewee.
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