, Atﬁchinent: 2 _
’ Long-Term Ecological Monitoring Workshop
North Cascades National Park Service Complex

" March 10th thru 12th, 1998

.Workshop Objectlves.

_1."Provide current, relevant literature references for long-term’ ecologlcal monitoring.

2. Review resource inventories and issues.

3. Select indicators or “vital signs” (WHAT should be momtored?) for the early detection of
change and identification of abnormal conditions.

. Justify or explain. WHY the indicators of change were selected, and prioritize them.

Deterrmne appropriate spatial and temporal scales (WHERE and WHEN)

“-Recommend strategles and metrics for implementation (HOW). -

axu{-&

Workshop Products'

Provide guidance for a draft LTEM Conceptual Plan with prioritized Project Statements.
Have an updated, more inclusive LTEM bibliography.

Document LTEM Workshop recommendations.

Consider establishing a LTEM Scientific Review Committee.

AN

Subsequent Products: .

~Obtain peer review of Workshop draﬂ LTEM Conceptual Plan.
' 2 Finalize LTEM Conceptual Plan and submit to the I & M Program Coordmator & BRD.
3. Create a LTEM Scientific Review Committee. =~



NOCA LTEM COMPONENT IDENTIFICATION TEMPLATE

WORKGROUP

MONITORING COMPONENT:

MONITORING/RESEARCH QUESTION:

STRESSORS AND RELATED FACTORS:

WHAT TO MONITOR?:

WHERE TO MONITOR?:

JUSTIFICATION AND OTHER INFORMATION (Related monitoring and research
programs, publications, methods, potential partners, etc.):

CONTACTS:



ATTACHMENT 1

NOCA RESOURCE ISSUES

Social Issues and Park Management
- Recreational needs/expectations/resource conflicts (fish stocking,grazing,

horse use, eagle disturbance, bear management, boating, LWD)
- Population growth and visitor use patterns
- Private inholdings
- Resource extraction and harvest (fish, mushrooms, firewood, gravel)
- Fire management
- Park development and operations
- Other agency management activities

Environmental Issues

- Climate change

- Threatened and endangered species

- Keystone species

- Non-native species

- Adjacent landuse and development

- Hydropower operations

- Air and water pollutants

- Fire Ecology ‘

- Biodiversity, refugia, conservation priorities
- Fragmentation, connectivity

- Isolation and barriers -

- Stream channel alterations

- Reference reaches and physical templates for stream channel restoration
- Erosion

- Vegetation impacts



Affected Pi'Oéesses '

" - Landscape vegetation patterns and seral stages
- Habitat/community stability, resilience, resistance
- Fire |
- Hydrological changes (glaciers, floods, low flow, stream habitat)
- Water quality '
- Mass wasting and erosion

- - Productivity and trophic linkages

- Species abundance and distributions
- Colonization and local extinction rates
- Isolation and barriers
- Community composition and diversity
- Competition and predation
- Disease and insect infestations
- Genetics and metapopulation characteristics



NOCA LTEM GOALS

Determine status and trends in the condition of park
biological and environmental components and
processes.

Utilize multiple indicators and metrics for early
detection and identification of anthropogenic
stressors.

Enhance basic resource knowledge of the park
- species, communities, habitat associations, and
important environmental attributes.

‘Maximize utility of monitoring program protocols,
data, and results (from NOCA ‘to surrounding lands to-
Regional concerns and initiatives). |



Criteria for Meeting Monitoring Goals
1. Monitoring components should be easily and reliably measured.

2. Should be capable of providing an assessment along a gradient
of impairment and provide for early detection of impairment.

3. Monitoring ecosystem health should be based upon a variety of measures
interpreted by experts.

4. Monitoring should reflect our knowledge of expected sequential changes
that occur naturally and normal ranges of variation.

5. Measures should have defined means and variances wherever possible.

6. Monitoring must be designed to incorporate the wide range of spatial and
temporal scales.

7. Where possible, data should be additive going from smaller
scales to larger ones, increasingly adding to the deﬁmtlon of condition or

mtegrlty
8. Desxgned to account for catastrophic changes.

9. Momtorlng must be based on ‘the concept of ecosystem boundarles not
just park boundanes . :

10. Park monitoring protocols should incorporate or be calibrated to
+ existing protocols used by surrounding land management agencies.

11. Monitoring program should be evaluated according to specific criteria
on a regular basis.

12. Monitoring program should be capable on incorporating improved
‘methods and new knowledge.



Table IV-2. Primary relationships of sampling components to watershed ecological attributes.

WATERSHED WATERSHED .
FUNCTIONAL ATTRIBUTES STRUCTURAL ATTRIBUTES COMPOSITIONAL ATTE
Disturb. | Sediment | Nutrient | Hydro,”| Resource| Colonlzation | Population | Growth |Habitat| Physical Dldrlbuﬂon Paopulation | Specles/Guilds
SAMPLUING COMPONENTS - |Process| Regime | Cycling | Regime | Produdt. |Local Extinct.|Fluctuation| Rate |Pattem| Character. Structure | Identity and

e 3 23 i § e R AR,

X
X
X
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WATERSHED ATTRIBUTES:

Distutbance Processes - erosion/slope stabllity, globalreglonal climate change, air and water qualcty floods, fire, visitor use impacts, park development, exotic species impacts.
Sediment Regime - sediment character, source, transport, storage.

Nutrient Cydling - aquatic system sources, seasonal and episodic inputs and outputs.

Hydrological Regime - Glaclaliprecipitation/snowpack inputs, seasonal regimes'and flood frequency, duration, and magnitude.

Resource Productivity - aquatic indicators (nutrients, chlorophyll, macroinvertebrate denstity, zooplankton denssty) growth and production of riparian tree species.
Colonization/ocal Extinction - spatial and temporal changes In species abundance and distribution.

Population Fluctuation - abundance of vegetation and faunal components through time.

Growth Rate - riparian trees, lichens and fish.

Habitat Pattemn - watershed plant community; aquatic and riparian habitat - hetemgenehy fragmentation ,succession.

Physical Characteristics - canopy, layering, snags, woody debris, channel and lake habitat units, substrate, depth, flow, area, temperature.
Distribution - spatial pattems in species abundance/occurrence.
Population Structure - size and age structure of populations.

Species/Gullds Compositional Attributes - identity, relative and absolute abundance richness, eveness, diversity, biotic integrity, and proportion of rare, threatened, endangered, and indicator species



ecological

impact of
human-nduced

alteration

—

1.

o

food (energy) soumé

type, amount and particie size of
organic material entering &
stream from the riparian zone
versus primary production in the
stream

seasonal patiem of avallable
energy

water quality

femperature

turbidity

dissotved oxygen

nutrients (primarly nitrogen and
phosphorus)

organic and inorganic chemicals,
natural and synthefic

heavy metals and toxic
substances

pH

. habltat structure.

o substrae type

water depth and current velocity
spawning, nursery, and hiding

places
diversity (pools, iffles, woody
debis) .

basin size and shape

" flow regime

water volume
temporal distribution of floods
and low flows

* blotic interactions

competition
predation
disease

parasitism

e o

dacreased coarse particulate organic mater
Increasad fine particulate organic matter
increased aigal producion

expanded tsmperature extremes
increased turbidity

altered diumal cycle of dissolved oxygen
increased nutrients (especially soluble
nitrogen and phosphorus)

increased suspended sofids

Increased toxics

altered salinity

dacreased stability of substrate and banks
due to erosion and sedimentation

more uniform water depth
reduced habitat heterogenelty

decreased channe! sinuosity

reduced habitat areas due to shortened
channel
decreased instream cover and riparian

vegetation

" altered flow extremes (both magnitude and

frequency of high and low flows)

-Increased maximum flow veloclty

decreased minimum flow velocity
reduced diverstty of microhabltat velocities
fewer protecled sites

'lncmasodhqmnyofdseasedis_h
afiered primary and secondary production

disruption of seasonal thythms

shifts in species composition and relative
abundances

shifts in lnvertebrate functional groups
(ncreased scrapers and decreased
shredders)

shifts in trophic gullds (increased omnivores
and decreased piscivores)

increased frequency of fish hybridization
Increased frequency of exofic species

‘ure IV-1. Ecological impacts of human-induced alterations (Karr 1991).



NOCA LTEM

ECOSYSTEM ANALYSIS
(see next page)

-Watershed context
-Evaluation of status and trends of biological,
chemical and physical components and
processes (Ecological Integrity).
-Emphasis on riparian and aquatic systems
-Lower resolution monitoring of upslope or
terrestrial landscape conditions.
-Scale up through extrapolation to represent
unsampled areas of the park

THREAT OR SPECIES SPECIFIC

- Anadromous salmon

- Bald eagles

- Spotted owls

- Harlequin ducks . .

- Channel alterations (Stehekin River)
- Exotic plant control (road corridor)
- Parkwide development and use

- Adjacent landuse activities

- Specific management actions

- Air quality

- Species specific harvest

Ecosystem Analysis = Process to characterize human, aquatic,
riparian and terrestrial features, conditions, processes and
interactions within-a watershed. Provides a context for resource -
protection, restoration, sustaining natural processes and conditions,
and implementing management decisions (Federal guidelines for

watershed analysis, 1995)

Threat/Species Speciﬁc Mdhitoring = Monitoring where there
are existing or potential known stresses or effects, or monitoring of
heroic or key species. Monitoring boundaries set by distribution of

the stressors or species of interest.




tcopsemaniyss DRAFT

North Cascades National Park Conceptual Model For LTEM at the

Watershed Scale.
Parkwide Direct Measurements and derived information Landscape level
-Air patterns and pollutant trajectorics. -Broadscale disturbances and catastrophic conditions and
cvents. - Landscape vegetation patterns, species distributions, endemism, diversity. integrity i
-Landscape patterns in human development and use. -Climate change.

Watershed ir remen rived information an Watershed
or Sub-basin -Air quality - characteristics condition and
-Hydrology _ -Air quality impacts and trends Ecological
-Landforms and geology -Geomorphic classification . Integrity
-Precipitation, temperature -Species distributions (native and Y
-Fire, floods, mass wasting non-native) _
-Development and use -Colonization/local extinction
-Harvest -Beta diversity
-Habitat quantity, pattern, -Community types and overlap
heterogencity, connectivity -Productivity
-Glacier monitoring -Conservation priorities (refugia,
-Historical use diversity hotspots)
-Gradient analyses
-Hydrological processes
-Landscape patterns in habitat
-Landscape patterns in use and
development.
|-Type, magnitude, and frequency of
disturbance
Habitat or ‘| Direct Measurements | Derived information and Habitat condition
Stream - -Visitor impactsand use - - | : characteristics -and Biological
Reach -Trails and facilities " |-Habitat structural complexity Integrity
-Magnitude and frequency of -Species-habitat associations
disturbance -Alpha diversity.
-Types of disturbance -Conservation importance.
-Habitat dimensions’ - : -Productivity/abundance
-Trophic/guild complexity
-Species freq. of occurrence
-Freq. of disease/deformities
-Disturbance/stability/resilience

Site Direct Measurements

- Stream channel units, LWD, substrate,
temperature, morphometry, flow, chemistry.

- Riparian plant species, cover, layering, soil type
and moisture, litter depth, down wood, snags,
stand age/size, basal area, site impacts.

-Indicator species/assemblages, non-native
species, richness /tolerance/dominance, functional
group composition, occurrence, abundance,
biomass, deformities/disecase.




Long-Term Ecological Monitoring
North Cascades NPS Complex

NPS & Park..."to preserve for the
benefit, use, and inspiration of
present and future
generations."

Park..."to preserve...certain majestic
mountain scenery, snow fields,
glaciers, alpine meadows, and
other unique natural features."

DRAFT

GPRA Goal 1B1:
Know Vital Signs
of Ecological

NPS-77 Guideline:
| |Assemble Baseline Inventories
& Monitor to Detect or

Health Predict Change
[ 1
Conserve & Protect Conserve & Protect Conserve & Protect
Scenery Natural Resources Public Use and
Enjoyment
T
[ 1
Manage Understand
Natural Resources Natural Resource
Systems & Dynamics
| I
[ | 1 I | 1
Maintain Restore Mitigate Develop a Inventory Identify Baseline
resources at disturbed consumptive Monitoring Past & Present Conditions
baseline or resources resource uses Program Resource Recorded in
desired condition Conditions Literature
I
| 1
Determine Determine Determine
Status & Trends Extent or Distribution &
in Condition Characteristics Abundance
of Abiotic Res. of Biotic Res.
Utilize
Multiple
Indicators & Metrics

for Early Detection

I

Enhance
Basic
Resource
Knowledge

l

Maximize
Utility of
Monitoring

Protocols/Results

l

Develop
Conceptual Plan
for Long-Term
Eco. Monitoring




Long-Term Ecological Monitoring—North Cascades

O

Pl
-
A

Monitoring
Goals
]
[ | ]
Conceptual Protocol Monitoring
Model Design Plan
Studies
[ 1 [ I | [ ]
Boundaries Inventories | | Components | | Components | | Information Staffing Infra-structure
Management
System
[ ]
Local Regional | |Continental — Cultural Resources Plant Ecologist — Offices
— Human Resources Data Manager — Laboratories
— Atmospheric Resources Conservation Biologist — Transportation
— Geologic Resources Aquatic Ecologist — Administrative Support
— Aquatic Habitats — Communications
— Aquatic Biota
— Terrestrial Habitats

- Terrestrial Biota



Aquatic Habitat Monitoring Components DRA Fb\’

L Aquatic Habitat

|

Parkwide

Inventory and Classification [ |

[

1

1

Reservoirs
Type title here

Bathemetric Map

—1 Submerged Features

Streams Lakes and Ponds
Typae titile here Type titie here
I
[ s [

Classification Physical Chemical

Watershed Level
Physical
Watershed Level  Littoral Habitat | H Temperature
Is.dlmon! Wood ] —{Lmoml Vegetation J —{ Disolved Oxygen

—{ Depth

[Chlnnol Morphology

Habitat Units

l —{Sodlmont Size

l —{Acld Neutrallzing C-plclty]

—{ 10’ Contours

Monitroring Transects

-{ Temperature

 Disoived Oxygen

[Rlp-rlan Habitat Flow I LWD j "{ Electrical Conductivity I
[substrate L|Rlp-r1-n Habitat | H Total Nitrogen |
Chemical —{ Total Phosphorus ]
Watershed Level
Clarity |
[ Temperature pH | o i A ]
[DO nutrients ]

Physical
Reach Level

[Topogrlphlc Map

]

[Habitat

H-{Bed Grain size |

[Wood

}——[Rlplrhn

[Ch-nnol Morphology }——[Flow

Chemical
Reach Level

[Tomp.m!uro l——{Numonu

[oo Her |
ICor.\ductMty }—

LWD - Sediment
Study

[Sourcos Transport Mechinisims ]
[Locatlon Monitor Movement I

S

— Electrical Conductivity

 Total Nitrogen

— Total Phosphorus

— Chiorophyil A

U Ciarity

I—d_l-—n—-ll—li——i_l.—J

Bacteria

Fecal Coliform

—J

Escherichia Coli




Terrestrial Fauna Monitoring

Components

[ Terrestrial Fauna ]

I
|

Mammals l I

]

Birds ] [

Arthropods ]

—{_L:rgo Carnivores/Omnivores ]

—-{Blrd. of Prey l

—{i}r-y Wolf ]

—{. Grizzly Bear ]
Black Bear ]
Cougar ]

—{ Mid-sized Carnivores ]

-—{ Bobcat

—{ Canada Lynx

-—{ California Wolverine

—{ Pacific Fisher

—{ Pine Martin

L JL JL JL JL_J

—{gmall Mammals

r—\{ Bats J

—{ Mountain Goats

Bald Eagle

b =

Northern Goshawk ]
;—LPa.sorln.. I

—{ Riverine

l—{ Harlequin Duck ]

Associated Species l

Common Morg.n-or]
Spotted Sandpiper l

American Dipper J

White-talled Ptarmigan ]

H{Apine l

-

eo.g. Grylioblattidae J

_{

eo.g. Carabidae ]

®e.g. Anthoceridae ]

—{ Riparian ] ,

—|

e.g. Coleoptera I

—]

®.g. Formicidae ]

—

e.g.Arachnida ]

—{ Forested ]

—Ettor/Soll l

— ®@.g. Oribatid Mites |
L{ e.g. Carabidae ]

-

Vegetation J

—{o.g. Nocturidae ]

‘{ ®.g. Miridae |

-—{Non-lndlg.nou. ]

e.g. Curculionidae I

:

e.g. Aphididae |

€



Aquatic Biota Monitoring Components

DR/

Aquatic Biota
Lake Pond treams Reservoirs
1
Water quality * Water quality * Water quality *
I
Phytoplankton Benthic _ Fish
macroinvertebrates
Zooplankton i
- Amphibians
Benthic I
macroinvertebrates Fish
Amphibians -
Stream resident fish
Fish Salmon and steclhead
I [
I |
e l
' | Riparian Zones | !
Lo - amphibians -
L. arthropods |
:- plant associations | €——______ Linkages were identified
- landscape patterns | but not developed
|

* Water quality includes basic parameters for all waters, and coliform bacteria for reservoirs and selected
mainstem sites on the Stehekin and Skagit Rivers.



Monitoring parameters for habitat and biological components

Genetic integrity - population, meta-population scales
Biological integrity - site, habitat, landscape

Physical -chemical integrity - site, habitat, landscape
Distribution (species to communities), immigration-emigration, colonization (multi-
spatial and temporal scales) _

Definition of communities and associated habitats
Species - habitat associations

Occurrence ( species to community assemblages)
Habitat heterogeneity

Isolating mechanisms

Habitat connectivity
'Habitat quantity

Habitat quality (physical -chemical integrity - site, habitat, landscape)
Rare and/or important habitats (biodiversity hotspots)
Biodiversity (site to landscape scales)

Functional groups and guilds

Number of trophic links

Non-indigenous species

Productivity

Agelsize structure

Harvest

Natural mortality

Recruitment

Species richness

Presence/absence

Relative abundance/densuy

Commumty similarity

Redundancy

Dominance

Tolerance

Disease, deformities

Condition factors - Growth rates

12



Selection criteria for monitoring components

-represents important functional group

-threatened species .

-components representing broader and more complex ecological processes (indicators,
keystone species, umbrella species)

-provide for early warning of impairment, and sensitive to management actions

-flagship species

-commodity species

-taxonomy well known

-abundant

-short generation times

-low spatial and temporal variability

-application to NOCA management needs (current issues and future needs)

-application to other agency management and monitoring programs

-ecology of species or assemblage well known

-monitoring methods well developed

-methods accepted and used by other agencies

-known impacts or susceptibility to

-available expertise

-important environmental attribute data

13



