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This document is part of a collection of Ecological Integrity Assessments addressing 67 of Washington’s 99 
Ecological Systems. These documents were prepared by the Washington Natural Heritage Program with funding 
provided by the Washington Department of Fish and Wildlife. 
__________________ 
Ecological Integrity Assessment:  
North Pacific Hardwood-Conifer Swamp  
 
Ecological Summary 
The North Pacific Hardwood-Conifer swamp ecological system is dominated by coniferous or 
hardwood trees in poorly drained environments with slowly moving or stagnant surface water. 
These swamps mostly are small-patch in size and occur sporadically in glacial depressions, in 
river valleys, around the edges of lakes and marshes, or on slopes with seeps. They are primarily 
found on flat to gently sloping lowlands up to 457 m (1500 feet) elevation but also occur in 
montane environments up to the lower limits of continuous forest (below the subalpine 
parkland).  These sites are indicative of poorly drained, mucky areas.  Groundwater or streams 
and creeks which do not experience significant overbank flooding are major hydrological 
drivers.  Surface water may be slowly moving through the site or occur as stagnant pools.  
Accumulation of organic matter (woody peat or muck) can be important in some occurrences. 
Soils can be woody peat but are more typically muck or mineral soils often with a thin veneer of 
organic surface layers. Windthrow creates canopy gaps and pit-mound topography which 
increases microsite diversity. Downed trees, root wads, and mounds provide suitable substrates 
for tree and shrub species that are not able to establish on saturated soils. Hollows created by 
windthrow are often dominated by species tolerant of saturated soil conditions. Canopy gaps 
create a diversity of light conditions in the swamp. Beaver activity might also occur in these 
swamps. 
 
These swamps are dominated by any one or a number of conifer and hardwood species (Tsuga 
heterophylla, Picea sitchensis, Tsuga mertensiana, Chamaecyparis nootkatensis, Pinus contorta 
var. contorta, Alnus rubra, Fraxinus latifolia, Betula papyrifera) that are capable of growing on 
saturated or seasonally flooded soils.  Younger stands often have a significant component of 
Alnus rubra. Other trees which may be present include Rhamnus purshiana, Pyrus fusca, Abies 
amabilis, and Populus balsamifera ssp. trichocarpa.  Old-growth Thuja plicata trees often have 
broken-tops and develop candelabriform limbs. Tsuga heterophylla is usually found on higher 
microsites such as buttress roots, stumps, and nurse logs. The overstory can be less than 50% 
cover while the shrub understory can be over 50% and dense.  Many shrubs are often found 
growing on elevated microsites, especially on downed trees and mound topography created from 
windthrow. On extremely wet sites, shrubs are often confined to higher microsites such as root 
wads, rotten logs, and root buttresses.  Shrub species include Oplopanax horridus, Salix lucida 
ssp. lasiandra, S. sitchensis, Acer circinatum, Vaccinium ovalifolium, Rubus spectabilis, Cornus 
sericea, Rubus parviflorus, Ribes bracteosum, Physocarpus capitatus, Gaultheria shallon, 
Spiraea douglasii, and Symphoricarpos albus. Herbaceous species, Lysichiton americanus and 
Carex obnupta often dominate water-filled depressions sometimes created by windthrow. 

http://www1.dnr.wa.gov/nhp/refdesk/communities/eia.html�
http://www1.dnr.wa.gov/nhp/refdesk/communities/ecol_systems.html�
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Athyrium filix-femina, Blechnum spicant, Adiantum pedatum, Petasites frigidus, Dryopteris 
expansa, Stachys ciliata, Tolmiea menziesii, Viola glabella, Tiarella trifoliata, Polystichum 
munitum, Maianthemum dilatatum, Galium triflorum, Montia sibirica, and Urtica dioica are 
other common herbaceous species found in these swamps.  
 
Similar ecological systems include the North Pacific Shrub Swamp system, which is usually in 
wetter environments. The North Pacific Lowland Riparian Forest and Shrubland and North 
Pacific Montane Riparian Woodland and Shrubland are also similar systems but differ in that 
they typically consist of a mix of trees and shrubs and occur as a linear fringe along stream or 
river channels where exposure to overbank flooding is an important ecological driver. 
 
Stressors 
The stressors described below are those primarily associated with the loss of extent and 
degradation of the ecological integrity of existing occurrences. The stressors are the cause of the 
system shifting away from its natural range of variability.  In other words, type, intensity, and 
duration of these stressors is what moves a system’s ecological integrity rank away from the 
expected, natural condition (e.g. A rank) toward degraded integrity ranks (i.e. B, C, or D).  
 
Historic and contemporary use practices have impacted hydrologic, geomorphic, and biotic 
structure and function of hardwood-conifer swamps in Washington.  Adjacent and upstream land 
uses also have the potential to contribute excess nutrients, alter hydrology, and provide a vector 
for non-native species into this ecological system. Intense logging disturbance often results in 
establishment of Alnus rubra that’s converted many conifer-dominated stands to hardwood 
dominance.  Rubus spectabilis responds similarly to alder and tends to dominate the understory 
after logging.  Logging activities tend to reduce the amount of large woody debris and remove 
future sources of that debris.  Logging also increases insolation of the soil surface resulting in 
higher temperatures, lower humidity, and more sunlight reaching the understory all of which can 
affect hydrological and nutrient processes and species composition. Timber harvest can also alter 
hydrology, most often resulting in post-harvest increases in peak flows.  Logging can also result 
in mass wasting and related disturbances (sedimentation, debris torrents) in steep topography 
increase in frequency with road building and timber harvest.  Increases in nutrients and 
pollutants are other common anthropogenic impacts.  Reed canarygrass (Phalaris arundinacea) 
is an abundant non-native species in low-elevation, disturbed settings dominated by shrubs or 
deciduous trees.  Many other exotic species also occur.  This system has also decreased in extent 
due to agricultural development, roads, dams and other flood-control activities.  
 
Conceptual Ecological Model 
The general relationships among the key ecological attributes associated with this system are 
presented in Figure 1.  
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Figure 1. Conceptual Ecological Model for the North Pacific Hardwood-Conifer Swamp. 

 
Ecological Integrity Assessments 
The assessment of ecological integrity can be done at three levels of intensity depending on the 
purpose and design of the data collection effort. The three-level approach is intended to provide 
increasing accuracy of ecological integrity assessment, recognizing that not all conservation and 
management decisions need equal levels of accuracy. The three-level approach also allows users 
to choose their assessment based in part on the level of classification that is available or targeted. 
If classification is limited to the level of forests vs. wetlands vs. grasslands, the use of remote 
sensing metrics may be sufficient.  If very specific, fine-scale forest, wetland, and grassland 
types are the classification target then one has the flexibility to decide to use any of the three 
levels, depending on the need of the assessment. In other words, there is no presumption that a 
fine-level of classification requires a fine-level of ecological integrity assessment. 
 
Because the purpose is the same for all three levels of assessment (to measure the status of 
ecological integrity of a site) it is important that the Level 1 assessment use the same kinds of 
metrics and major attributes as used at Levels 2 and 3. Level 1 assessments rely almost entirely 
on Geographic Information Systems (GIS) and remote sensing data to obtain information about 
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landscape integrity and the distribution and abundance of ecological types in the landscape or 
watershed.  Level 2 assessments use relatively rapid field-based metrics that are a combination of 
qualitative and narrative-based rating with quantitative or semi-quantitative ratings. Field 
observations are required for many metrics, and observations will typically require professional 
expertise and judgment.  Level 3 assessments require more rigorous, intensive field-based 
methods and metrics that provide higher-resolution information on the integrity of occurrences.   
Level 3 EIAs often use quantitative, plot-based protocols coupled with a sampling design to 
provide data for detailed metrics.  
 
Although the three levels can be integrated into a monitoring framework, each level is developed 
as a stand-alone method for assessing ecological integrity.  When conducting an ecological 
integrity assessment, one need only complete a single level that is appropriate to the study 
at hand.  Typically only one level may be needed, desirable, or cost effective. But for this reason 
it is very important that each level provide a comparable approach to assessing integrity, else the 
ratings and ranks will not achieve comparable information if multiple levels are used.  
 
 
Level 1 EIA 
A generalized Level 1 EIA is provided in Rocchio and Crawford (2009). Please refer to that 
document for the list of metrics applicable to this ecological system.  
 



Natural Heritage Program     Washington State Department of Natural Resources     Ecological Integrity Assessments  5 of 12   
North Pacific Hardwood-Conifer Swamp  Version: 2.16.2011 

Level 2 EIA 
The following table displays the metrics chosen to measure most of the key ecological attributes in the conceptual ecological model 
above. The EIA is used to assess the ecological condition of an assessment area, which may be the same as the element occurrence or 
a subset of that occurrence based on abrupt changes in condition or on artificial boundaries such as management areas.  Unless 
otherwise noted, metric ratings apply to both Level 2 and Level 3 EIAs. The difference between the two is that a Level 3 EIA 
will use more intensive and precise methods to determine metric ratings. To calculate ranks, each metric is ranked in the field 
according the ranking categories listed below. Then, the rank and point total for each metric is entered into the EIA Scorecard and 
multiplied by the weight factor associated with each metric resulting in a metric ‘score’. Metric scores within a key ecological 
attribute are then summed to arrive at a score (or rank). These are then tallied in the same way to arrive at an overall ecological 
integrity score.  
 
Table 1. North Pacific Hardwood-Conifer Swamp Level 2 EIA.  
 

Metric Justification Rank 
A (5 pts.) B (4 pts.) C (3 pts.) D (1 pts.) 

Rank Factor: LANDSCAPE CONTEXT 

Key Ecological Attribute: Buffer  

Buffer Length 

The buffer can be important 
to biotic and abiotic aspects 

of the wetland.                                                                                   
Buffer Width Slope 

Multiplier 
    5-14% -->1.3; 15-40%--

>1.4; >40%-->1.5 

Buffer is > 75 – 100% of 
occurrence perimeter. 

Buffer is 50 – 74% of occurrence 
perimeter. 

Buffer is 25 – 49% of 
occurrence perimeter 

Buffer is < 25% of occurrence 
perimeter. 

Buffer Width Average buffer width of occurrence 
is > 200 m, adjusted for slope.  

Average buffer width is 100 – 199 
m, after adjusting for slope.  

Average buffer width is 50 – 
99 m, after adjusting for slope.  

Average buffer width is < 49 m, 
after adjusting for slope.  

Buffer 
Condition 

Abundant (>95%) cover native 
vegetation, little or no (<5%) cover 

of non-native plants, intact soils, 
AND little or no trash or refuse. 

Substantial (75–95%) cover of 
native vegetation, low (5–25%) 

cover of non-native plants, intact 
or moderately disrupted soils; 

minor intensity of human 
visitation or recreation. 

Moderate (25–50%) cover of 
non-native plants, moderate or 

extensive soil disruption; 
moderate intensity of human 

visitation or recreation. 

Dominant (>50%) cover of non-
native plants, barren ground, 

highly compacted or otherwise 
disrupted soils,  moderate or 
greater intensity of human 
visitation or recreation, no 

buffer at all.  

Key Ecological Attribute:  Landscape Structure 
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Connectivity  
(within 1 km of site) 

Intact areas have a 
continuous corridor of 
natural or semi-natural 

vegetation between shrub 
steppe areas 

Intact: Embedded in 90-100% 
natural habitat; connectivity is 

expected to be high. 

Variegated: Embedded in 60-90% 
natural or semi-habitat; habitat 

connectivity is generally high, but 
lower for species sensitive to 

habitat modification; 

Fragmented: Embedded in 20-
60% natural or semi-natural 

habitat; connectivity is 
generally low, but varies with 

mobility of species and 
arrangement on landscape. 

Relictual: Embedded in < 20% 
natural or semi-natural habitat; 

connectivity is essentially absent 

Landscape 
Condition 

Model Index 

The intensity and types of 
land uses in the surrounding 

landscape can affect 
ecological integrity. 

Landscape Condition Model Index > 0.8 Landscape Condition Model 
Index 0.79 – 0.65 

Landscape Condition Model 
Index < 0.65 

Rank Factor: CONDITION 

Key Ecological Attribute:  Vegetation Composition 

Relative  of 
Native Plant 

Species 

Native species dominate this 
system; non-natives increase 

with human impacts. 
Cover of native plants 95-100%. Cover of native plants 80-95%. Cover of native plants 50 to 

79%. Cover of native plants <50%. 

Absolute Cover 
of Exotic 
Invasive 
Species 

Invasive species can inflict a 
wide range of ecological 

impacts. Early detection is 
critical. Phalaris 

arundinacea. 

None present. Invasive species present, but 
sporadic (<3% cover). 

Invasive species prevalent (3–
10% absolute cover). 

Invasive species abundant 
(>10% absolute cover). 

Species 
Composition                      

Note: Once 
developed, the 

Floristic Quality 
Assessment index 
could be used here 

instead.  

The overall composition of 
native species can shift 

when exposed to stressors. 

Species diversity/abundance at or 
near reference standard conditions. 

Native species sensitive to 
anthropogenic degradation are 

present, functional groups 
indicative of anthropogenic 

disturbance (ruderal or “weedy” 
species) are absent to minor, and 

full range of diagnostic / indicator 
species are present. 

Species diversity/abundance close 
to reference standard condition. 

Some native species reflective of 
past anthropogenic degradation 

present.  Some indicator/ 
diagnostic species may be absent. 

Species diversity/abundance is 
different from reference 

standard condition in, but still 
largely composed of native 
species characteristic of the 

type. This may include ruderal 
(“weedy”) species. Many 

indicator/diagnostic species 
may be absent. 

Vegetation severely altered from 
reference standard. Expected 
strata are absent or dominated 

by ruderal (“weedy”) species, or 
comprised of planted stands of 
non-characteristic species, or 
unnaturally dominated by a 
single species. Most or all 

indicator/diagnostic species are 
absent. 
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Canopy 
Composition 

Undisturbed stands are 
typically dominated by 

conifers but hardwoods can 
be present. Canopy gaps 

created by windthrow can be 
colonized by hardwoods. 

Logging typically results in 
dominance of hardwoods.  

Mixture of conifers/hardwoods or dominated by conifers 

Some conifers present but 
stumps are evident indicating 

that conifers have been 
removed. 

Alders dominate due to 
widespread logging of conifers 

Key Ecological Attribute:  Vegetation Structure 

Large Live 
Trees  

 

Stands with late seral trees 
provide the structural 

attributes that are found in 
forested wetlands 

functioning with its natural 
range of variability (Painter 

2007).  

 
No stumps present and largest tree 

size is: 
 

Thuja plicata, Tsuga heterophylla 
and Picea sitchensis (on organic 
soil) = > 18 inches 
 
Picea sitchensis (mineral soil), 
Alnus rubra = > 15 inches 
 
Pinus contorta = > 12 inches 

 

A few stumps present (not more 
than remaining live large trees) 

and largest tree size is: 
 

Thuja plicata, Tsuga heterophylla 
and Picea sitchensis (on organic 
soil) = > 18 inches 
 
Picea sitchensis (mineral soil), 
Alnus rubra = > 15 inches 
 
Pinus contorta = > 12 inches 

 
Numerous stumps present (more than remaining live large trees) and 

largest tree size is: 
 

Thuja plicata, Tsuga heterophylla and Picea sitchensis (on organic 
soil) = < 18 inches 
 
Picea sitchensis (mineral soil), Alnus rubra = < 15 inches 
 
Pinus contorta = < 12 inches 

 

Coarse Woody 
Debris 

Accumulation of coarse 
woody debris is minimal in 

these forests due to 
recurring fire. Too much 

CWD can increase risk from 
fire. 

CWD is common or frequently 
observed; all size classes CWD  occasionally observed to present; moderate to small size classes CWD is rare absent; mostly 

small size class 

Key Ecological Attribute:  Hydrology 

Water Source 
Anthropogenic sources of 
water can have detrimental 
effects on the hydrological 

regime 

Source is natural or naturally lacks 
water in the growing season. No 

indication of direct artificial water 
sources 

Source is mostly natural, but site 
directly receives occasional or 
small amounts of inflow from 

anthropogenic sources 

Source is primarily urban 
runoff, direct irrigation, 

pumped water, artificially 
impounded water, or other 

artificial hydrology 

Water flow has been substantially 
diminished by  human activity 
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Hydroperiod 
Alteration in hydrology or 

sediment loads or some 
onsite stressors can degrade 

channel stability 

Hydroperiod of the site is 
characterized by natural patterns of 
filling or inundation and drying or 

drawdown. 

The filling or inundation patterns 
in the site are of greater 

magnitude (and greater or lesser 
duration than would be expected 

under natural conditions, but 
thereafter, the site is subject to 
natural drawdown or drying. 

The filling or inundation 
patterns in the site are 

characterized by natural 
conditions, but thereafter are 

subject to more rapid or 
extreme drawdown or drying, 
as compared to more natural 

wetlands. 
OR 

filling or inundation patterns 
are of substantially lower 

magnitude or duration than 
expected under natural 

conditions, but thereafter, the 
site is subject to natural 

drawdown or drying. 

Both the filling/inundation and 
drawdown/drying of the site 

deviate from natural conditions 
(either increased or decreased in 

magnitude and/or duration). 
 

Hydrological 
Connectivity 

(Non-riverine) 

Surface water movement 
should not be impeded by 

anthropogenic structures or 
activities.  

Rising water in the site has 
unrestricted access to adjacent 

upland, without levees, excessively 
high banks, artificial barriers, or 
other obstructions to the lateral 

movement of flood flows. 

Lateral excursion of rising waters 
is partially restricted by unnatural 

features, such as levees or 
excessively high banks, but < than 

50% of the site is restricted by 
barriers to drainage. Restrictions 

may be intermittent along the site, 
or the restrictions may occur only 

along one bank or shore. Flood 
flows may exceed the 

obstructions, but drainage back to 
the wetland is incomplete due to 

impoundment. 

Lateral excursion of rising 
waters is partially restricted by 

unnatural features, such as 
levees or excessively high 

banks, and 50-90% of the site 
is restricted by barriers to 
drainage. Flood flows may 
exceed the obstructions, but 

drainage back to the wetland is 
incomplete due to 

impoundment. 

All water stages in the site are 
contained within artificial banks, 
levees, sea walls, or comparable 
features or greater than 90% of 
wetland is restricted by barriers 
to drainage. There is essentially 

no hydrologic connection to 
adjacent uplands. 

Key Ecological Attribute:  Physicochemical 

Soil Surface 
Condition 

Soil disturbance can result 
in compaction, erosion 

thereby negatively affecting 
many ecological processes 

(Napper et al 2009) 

Undisturbed; No evidence of past 
equipment. No depressions or 

wheel tracks. Forest-floor layers are 
present and intact. No soil 
displacement evident. No 

management-generated soil 
erosion. No management-created 

soil compaction. No management-
created platy soils. 

Wheel tracks or depressions 
evident, but faint and shallow.  

Forest-floor layers are present and 
intact.  Surface soil has not been 

displaced.  Soil burn severity from 
prescribed fires is low (slight 

charring of vegetation, 
discontinuous).  Soil compaction 
is shallow (0 to 4 inches).  Soil 

structure is changed from 
undisturbed conditions to platy or 

massive albeit discontinuous. 

Wheel tracks or depressions 
are evident and moderately 
deep. Forest-floor layers are 

partially missing.  Surface soil 
partially intact and maybe 

mixed with subsoil. Soil burn 
severity from prescribed fires 
is moderate (black ash evident 
and water repellency may be 

increasedcompared to preburn 
condition).  Soil compaction is 

moderately deep (up to 12 
inches).  Soil structure is 

changed from undisturbed 
conditions and may be platy or 

massive. 

Wheel tracks or depressions are 
evident and deep.  Forest-floor 
layers are missing.  Surface soil 
is removed through gouging or 

piling.  Surface soil is displaced.  
Soil burn severity from 

prescribed fires is high (white or 
reddish ash, all litter completely 

consumed, and soil structureless).  
Soil compaction is persistent and 

deep (greater than 12 inches).  
Soil structure is changed from 

undisturbed and is platy or 
massive throughout. 
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Water Quality 
Excess nutrients, sediments, 
or other pollutant have an 
adverse affect on natural 

water quality 

No evidence of degraded water 
quality. Water is clear; no strong 

green tint or sheen. 

Some negative water quality 
indicators are present, but limited 

to small and localized areas. 
Water may have a minimal 

greenish tint or cloudiness, or 
sheen. 

Negative indicators or wetland 
species that respond to high 
nutrient levels are common. 
Water may have a moderate 
greenish tint, sheen or other 

turbidity with common algae. 

Widespread evidence of negative 
indicators. Algae mats may be 
extensive. Water may have a 
strong greenish tint, sheen or 

turbidity. Bottom difficult to see 
during due to surface algal mats 
and other vegetation blocking 

light to the bottom. 

Rank Factor: SIZE 

Key Ecological Attribute:  Size 

Relative Size Indicates the proportion lost 
due to stressors. 

Site is at or minimally reduced 
from natural extent (>95% remains) 

Occurrence is only modestly 
reduced from its original natural 

extent (80-95% remains) 

Occurrence is substantially 
reduced from its original 
natural extent (50-80% 

remains) 

Occurrence is severely reduced 
from its original natural extent 

(<50% remains) 

Absolute Size 
Absolute size may be 

important for buffering 
impacts originating in the 

surrounding landscape  

Very large (> 200 ac/80 ha) Large (75-200 ac/30-80 ha) Moderate (5-75 ac/2-30 ha) Small (< 5 ac/2 ha) 
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Level 3 EIA 
Level 3 metrics would include more quantitative measures of the metrics listed above. In 
addition, the following metrics should be considered in a Level 3 EIA: 

• Amphibian composition and density 
• Specific water quality measures (e.g.,  the temperature, dissolved oxygen, pH, 

conductivity, turbidity of stream water 
• Specific nutrient levels of riparian vegetation (e.g., carbon to nitrogen (C:N) ratio 

in the aboveground biomass of plants) 
• Insolation of swamp surface. 

 
Triggers or Management Assessment Points 
Ecological triggers or conditions under which management activities need to be 
reassessed are shown in the table below. Since the Ecological Integrity rankings are based 
on hypothesized thresholds, they are used to indicate where triggers might occur. Specific 
details about how these triggers translate for each metric can be found by referencing the 
values or descriptions for the appropriate rank provided in the Table above.  
 
Table 2. Triggers for Level 2 & 3 EIA 

Key Ecological 
Attribute or Metric Trigger Action 

Any metric  
(except Connectivity) 

 C rank  
 Shift from A to B rank 
 negative trend within the B rating (Level 

3) 
 

Level 2 triggers: conduct Level 3 
assessment; make appropriate short-term 
management changes to ensure no further 
degradation 
 
Level 3 triggers: make appropriate 
management adjustments to ensure no 
additional degradation occurs.  Continue 
monitoring using Level 3. 

Any Key Ecological 
Attribute 

 any metric has a C rank  
 > ½ of all metrics are ranked B 
 negative trend within the B rating (Level 

3) 

Level 2 triggers: conduct Level 3 
assessment; make appropriate short-term 
management changes to ensure no further 
degradation 
 
Level 3 triggers: make appropriate 
management adjustments to ensure no 
additional degradation occurs.  Continue 
monitoring using Level 3. 

 
 
 
Protocol for Integrating Metric Ranks 
If desired, the user may wish to integrate the ratings of the individual metrics and produce 
an overall score for the three rank factor categories: (1) Landscape Context; (2) 
Condition; and (3) Size. These rank factor rankings can then be combined into an Overall 
Ecological Integrity Rank.  This enables one to report scores or ranks from the various 
hierarchical scales of the assessment depending on which best meets the user’s 
objectives. Please see Table 5 in Rocchio and Crawford (2009) for specifics about the 
protocol for integrating or ‘rolling-up’ metric ratings.  
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Supporting documents for the EIAs can be found at: 
http://www1.dnr.wa.gov/nhp/refdesk/communities/eia.html 
  
Documentation about Ecological Systems can be found at: 
http://www1.dnr.wa.gov/nhp/refdesk/communities/ecol_systems.html  
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