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Executive Summary 

How to Use This Report 

This report provides results for 30 randomly selected lakes and reservoirs throughout Oregon.  The 

study was part of a larger assessment to describe the status of biological, chemical and habitat 

conditions in lakes and reservoirs across the United States, the National Lakes Assessment (NLA; 

USEPA 2009a). While the 30 lakes and reservoirs (hereafter referred to as ñlakesò) in Oregon were 

selected at random to represent the population of Oregonôs lakes, our analysis of the physical 

attributes of Oregonôs lakes suggests that the small sample size was inadequate to accurately 

describe the population.  For example, the random sites over-represented reservoirs and under-

represented natural lakes.  Smaller lakes are over-represented compared to larger lakes.  

Additionally, error estimates in the results were quite large.  Due to these factors, we chose to 

present the results of the conditions of Oregonôs lakes in a more qualitative manner (percent of 

lakes surveyed, rather than percent of all Oregon lakes). 

 

The study was not designed for assessing the condition of individual lakes.  Individual lakes 

sampled as part of this project were intended as replicates of the population of Oregon lakes.  This 

is an important distinction, and requires caution when interpreting the results of these surveys on an 

individual lake basis.  All field surveys were conducted on a single day and thus represent a 

snapshot of current conditions for any given lake.  The data from individual lakes should be 

examined in context with existing information for the lake. 

Key Findings 

Assessments of lake conditions in Oregon showed many similarities to lake conditions observed 

nationally.  Poor biological conditions, as measured by plankton assemblages, were observed for 

23% of the lakes surveyed in Oregon.  Nationally, 22% (+/- 5%) of lakes showed poor biological 

conditions (USEPA 2009a).  Riparian and shallow water (littoral) habitat conditions and excessive 

nutrients were the most common stressors to the biology in Oregon.  This same pattern was 

observed nationally and across the Western United States.   

 

Nationally, there was a 2-3 times greater risk of observing poor biological conditions when 

nutrients or riparian/littoral habitat were also in poor condition (USEPA 2009a).  The small sample 

size in Oregon precluded our ability to perform these same analyses.  In general, poor biological 

conditions were observed most often in lakes with higher levels of nutrients and greater disturbance 

of near-shore habitat. 

Future lake assessments in Oregon 

Several new tools are now available for assessing lake conditions in Oregon.  We now have a 

model for plankton that can assess biological conditions across the state.  A macroinvertebrate 

model should be available in the near future.  Additionally, several models are now available to 

assess riparian and littoral lake conditions.  Biological and habitat assessments are useful because 

they are integrative in nature, reflecting the stresses to lakes throughout time.  They are particularly 

effective when a single sampling visit to a lake is required. 

 

 

 How to obtain the data: http://www.epa.gov/owow/lakes/lakessurvey/web_data.html 

http://www.epa.gov/owow/lakes/lakessurvey/web_data.html
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The National Aquatic Resource Surveys 

In the summer of 2007, crews from the Oregon Department of Environmental Quality (ODEQ) 

surveyed 30 lakes across the state. (Unless specifically stated otherwise, from here on out ñlakesò is 

used to refer to both natural lakes and man-made reservoirs.)  These lake surveys were funded as 

part of the Environmental Protection Agencyôs (EPA) National Lakes Assessment (NLA). The 

NLA is one part of the National Aquatic Resource Surveys (NARS) which are designed to provide 

a statistically valid assessment of the condition of the nationôs lakes and reservoirs. The second 

goal was to determine the relative importance of stressors in impacting lake conditions.  The 30 

lakes were selected as a statistical representation of all lakes in Oregon (at least those lakes meeting 

certain requirements on size, permanence, maximum depth, etc.).  Oregonôs lakes were assessed for 

ecological, recreational, water chemistry, and physical habitat indicators.  More than 1,000 lakes 

were sampled across the country as part of the NLA. 

Why probabilistic surveys? 

Under the federal Clean Water Act (CWA), the EPA is mandated to report to Congress on the 

conditions of the nationôs surface waters.  States are required under Section 305(b) of the CWA to 

report on conditions of surface waters to EPA every two years. A variety of approaches and 

different levels of monitoring efforts by states made it difficult to report on the status of the 

nationôs waters to Congress in a scientifically defensible way (GAO 2002).   

 

Following this critique of monitoring and reporting approaches, the EPA amended its guidelines to 

states, agencies, and tribes for the award of CWA Section 106 monitoring funds.  The objective 

was to increase the capacity of states and tribes to effectively and accurately monitor and report to 

EPA on the conditions of surface waters.  Under these guidelines, states are expected to develop 

and implement statistically valid strategies to monitor and report on surface water conditions at the 

state-scale.  An additional requirement for the award of 106 monitoring funds is the participation in 

the statistically valid National Aquatic Resource Surveys (NARS).  The NARS cover four different 

surface water types: lakes, streams and rivers, coastal (bays and estuaries), and wetlands. 

 

The ODEQ has opted for full participation in the NARS, including monitoring and state-wide 

assessments.  We have a long history of working with EPA staff on probabilistic monitoring, dating 

back to stream surveys in the Coast Range ecoregion in 1994.  Since then we have completed 

surveys of wadeable streams at multiple ecoregions, basins, and statewide (Hubler 2007); as well as 

surveys of coastal bays and estuaries.  We have since expanded our probabilistic monitoring efforts 

from only wadeable streams to lakes (NARS in 2007) and large rivers (NARS in 2008-2009).  In 

2011, we plan to fully participate in the national survey of wetlands. 

Ecological focus 

One major difference that the NARS has over traditional water monitoring in Oregon (and 

nationally) is the focus on ecological conditions.  Most of our monitoring at ODEQ tracks   

acceptable levels of water chemistry parameters are set to protect the most sensitive beneficial use 

(e.g., salmon, fish tissue for human health consumption, recreation use, and drinking water).  The 

assumption behind this traditional approach is that if water chemistry meets these acceptable levels, 

then the beneficial use will be protected.  However, the actual condition to be protected is 

frequently not monitored leaving the actual condition of the beneficial use unknown. 

 



8 

 

With NARS the emphasis is placed on the ecological 

condition of Oregonôs lakes.  The condition of biological 

assemblages was used as a direct measure of beneficial 

use support.  By looking at the relationships among 

biological condition and water quality and physical habitat 

indicators it is possible to determine the most important 

ecological stressors in any given lake.   

 

A historical view of ODEQôs role in lake monitoring in 

Oregon is described in the Appendix.  Past lake monitoring efforts were not random, as in this 

study.  Instead, specific lakes were targeted for monitoring, especially larger lakes with higher 

recreational uses or suspected trophic (excess nutrients) issues.  Most recently lake monitoring 

performed by ODEQ focused on specific objectives such as developing TMDLs (CWA section 

303(d)); hydropower relicensing (CWA section 401); drinking water protection, etc). 

 

 

 

Big Lake (Linn Co.) 

Objectives 

Our primary objective in this assessment is to present the results of our surveys of 30 randomly 

selected lakes in Oregon.  The focus of this report is on the population of lakes surveyed, not 

individual lakes.  Data from each lake surveyed can be found in a companion document: The 

2007 Survey of Oregon Lakes: Individual Lake Summaries (Merrick 2010). 

 

Secondarily, we intended to introduce the purpose, strengths, and weaknesses of probabilistic 

monitoring to lake managers in Oregon.  Our goal was to open a dialogue with lake managers 

about how to improve monitoring and assessment of Oregonôs lakes.  We anticipate these 

discussions will result in improvements to the next round of lake sampling under the NARS in 

2012, hopefully with participation from a wide array of agencies, researchers, and monitoring 

groups.  

 

Assemblages are a part of a 
community of organisms 
within an ecosystem.  For 
example, a lake biological 
community contains 
phytoplankton, zooplankton, 
macroinvertebrate, and fish 
assemblages (among others). 
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Survey Design and 
Indicators 

 

Moon Reservoir (Harney Co.) 



10 

 

Probabilistic Design 
Since sampling all Oregonôs lakes and reservoirs is not feasible, the NLA used a random sampling 

design to select lakes throughout Oregon.  The idea behind probabilistic sampling is that each site 

has a known chance (probability) of being selected, and collectively the randomly selected sites are 

a statistically valid representation of the entire population.  The probabilistic design is similar to an 

opinion poll, where each person polled represents a certain proportion of the total population 

(Stoddard et. al 2005).  This type of environmental sampling is not meant to be used for site 

specific assessments, but rather as a tool to define the quality of a population of water bodies.   

Site Weighting Factors 

As with a political opinion poll, where population density demographics can skew results, lake area 

and geographic density can bias the results of the population.   For example, in Oregon a simple 

random sampling of lakes could over-represent small lakes in Oregon as there are a higher number 

of them throughout the state.  In this assessment, lake area and geographic density bias was 

eliminated by applying differential site weighting factors.  Site weights are the amount of lakes 

each site in our poll represents of the total population of [target] lakes in Oregon.  For example, 

large lakes like Waldo Lake or Beulah Reservoir had small weights, where the results from these 

lakes represented 1.8 and 4.4 of Oregonôs target lakes, respectively.  The smallest lakes, like 

Powers Pond or Van Patten Lake, each represented 168 of Oregonôs target lakes because there are 

more small lakes in Oregon than large lakes. 

Lakes resource in Oregon 

The random sample draw of lakes in Oregon was selected from the USGS/EPA National 

Hydrography Dataset (NHD).  The NHD is a series of digital maps which reveal topography, area, 

flow, location, and other attributes of the nationôs surface waters (USEPA 2009a).  The NHD 

classified 3,193 water bodies as potential lakes or ponds, ranging from less than 1 hectare (2.4 

acres) up to the largest lake in Oregon (Upper Klamath 26,705 hectares).  The target lake 

population for this assessment was defined by EPA to include any lake, pond, or reservoir greater 

than 4 hectares, at least 1 meter deep, and have a minimum of 0.1 hectare open water.  

Additionally, commercial treatment and/or disposal ponds, brackish lakes, and ephemeral lakes 

were eliminated from the target population (Table 1) (USEPA 2009a).   

 
Table 1.  Criteria used in the 2007 NLA to determine which lakes comprised the target population. 

NLA Target Lake Criteria 

Lake Characteristics  

Greater Than 4 Hectares  in Area  

At Least  One Meter Deep  

Minimum of 0.1 Hectares Open  Water  

Lake Type    

Not a Treatment or Disposal Pond  

Non Brackish  

Non Ephemeral   
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Under these criteria, the target population of 

lakes Oregon was reduced to 1,159 (36% of 

the NHD defined lakes or ponds) (Figure 1).  

The bulk of the lakes removed (1,494) were 

less than 4 hectares.   Through office-based 

reconnaissance and field visits, we 

determined that 24% (276 lakes) of the 

1,159 lakes were non-target: 20% not a lake, 

1% less than 1 meter deep, 2% less than 4 

hectares, and 1% saline.  Therefore, the 

Oregon assessment was based on a target 

population of 883 lakes.   We were unable to 

sample three of the randomly selected lakes 

due to denial from private landowners.  

These three lakes represented 21% of the 

target population (189 lakes); however, this 

was mostly driven by denial of access to one 

site with a high weight (representing 168 

lakes). Ultimately, this means that the 30 

lakes ODEQ sampled represents 79% of the 

total target population of lakes in Oregon 

(weighted value of 694, non-weighted value 

of 30 lakes) (Figure 1).   
 

 

 

Comparisons of the random draw with NHD 

Typically, a minimum of fifty sites are used in statewide probabilistic surveys in order to obtain 

higher confidence intervals.   In Oregon only 30 surveys were conducted due to a lack of funding 

(Table 3). We analyzed our randomly sampled sites to understand how representative they were of 

the EPA original sample draw from the NHD.  Five separate characteristics of the two populations 

were compared: reservoir vs. lake, area category, elevation, Level III ecoregion, and NLA 

ecoregion (Figure 2).   

 

These comparisons reveal that the weights of the 30 random survey sites (Table 3) over-represented 

the extent of the lake resource that are reservoirs, in the smallest area class (4-10 HA), located in 

the highest elevation category, in the Blue Mountains Level III ecoregion, and in the Western 

Mountains NLA ecoregion.  Conversely, lakes in the Northern Basin and Range and Willamette 

Valley Level III ecoregions, and Xeric NLA ecoregion were under represented.   

 

Because of these findings, we moved away from reporting our findings using site weights and 

percent of Oregon lakes.  Instead we focused on reporting the range of conditions observed and a 

percent of lakes surveyed approach. 

 

Figure 1.  The National Hydrography Dataset (NHD) was 

used as the source of potential lakes for inclusion in the 2007 

National Lakes Assessment.  The final population of lakes 

represented by the thirty random sites surveyed, following 

various screens for inclusion criteria and access to privately 

owned lands, was 694 lakes. 
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Figure 2.  Various ways of examining the degree of similarity between the source pool of target lakes 

in Oregon (NHD Included) and the random draw of 30 lakes in Oregon (Weighted Oregon 

Assessment). 
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Field sampling 

The field surveys divided each lake into two zones (Figure 3).  A single station at the deepest point 

of the lake (ñZò) was established to collect water chemistry, lake profile, algal toxins, sediment 

cores, and plankton tows.  The second zone included ten equally spaced stations around the 

perimeter of the lake (ñAò through ñJò).  Sampling at these perimeter stations included littoral 

benthic macroinvertebrate samples and littoral and riparian physical habitat observations.  At one 

predetermined littoral station a single Enterococci sample was collected.  Littoral zone plots 

extended 10 m from shore into the lake and were 15 m wide.  Riparian zone plots extended 15 m 

away from the waterôs edge and were 15 m wide.   

 

Indicators that were assessed for this report are shown in Table 2. 

 

For detailed descriptions of field methods, refer to the field operations manual (USEPA 2007). 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Sampling zones and indicators collected at 30 random lakes throughout Oregon as part of the 2007 National 

Lakes Assessment.  (Figure courtesy of USEPA 2009a.) 
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Table 2.  Indicators collected for the 2007 National Lakes Assessment and which ones were reported on in this 

report.  

  Water Quality Physical Habitat Biological Recreational 
R

E
P

O
R

T
E

D
 

 
Water Column 
Chemistry 
 - pH, DO, Temp,     
Turbidity, ANC, 
Conductivity, Ions   

Shoreline Human 
Disturbance 

Plankton (O/E model)  
 - Zooplankton                  - 
Phytoplankton  

 Algal Toxins 
  - Microcystin  
  - Cyanobacteria 
  
  
  Nutrients  

 - Phosphorus 
 - Nitrogen  

Riparian 
Vegetation Cover 

 Macroinvertebrates   
(O/E model) 
  
  
 

Chlorophyll-a 
Density  

Littoral Habitat 
Cover  

Sediment Diatom Cores 
 - Lake Diatom Condition                          
- Inference Model 

Secchi Depth  Littoral and 
Riparian Habitat 
Complexity  

 

N
O

T
 R

E
P

O
R

T
E

D
 

   
  
  
  
  
  

 Invasive Species   

  
  

Sediment diatom IBI Pathogens  
 - Enterococci  

  Sediment 
Mercury 

 

 

Watershed Analyses 

  

Geographic Information System (GIS) data layers were used to characterize the effects of land use, 

human stressors, and natural physical attributes on the condition of surveyed lakes.  GIS metrics 

were calculated for three different spatial scales: within 200 m from the lake, within 2-kilometers 

from the lake, and for the entire lake basin.  The layer used to define the land use in the lake 

watersheds was generated in GIS by combining land ownership layers, zoning layers, and the 

National Land Cover Dataset (NLCD).   The process yielded nine land use categories, which were 

then aggregated into four groups: Agricultural, Forest, Urban, and Other. The USEPA GIS based 

tool ATtILA  was used to obtain physical characteristics, slope, elevation, stream density, and 

average annual precipitation of the watersheds. Attila was also used to generate human stressor 

metrics: number of roads crossings over streams, road density, road length, and population density.  
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Table 3.  Thirty randomly selected lakes throughout Oregon were sampled by the Oregon Department of Environmental Quality in 2007. 

Site ID Lake name Longitude Latitude County Ecoregion Area (hectares) Site Weight 

NLA06608-0049 Clear Creek Reservoir -117.15336 45.06233 BAKER Western Mountains 10 - 20 16.4 

NLA06608-0290 Junipers Reservoir -120.52569 42.19565 LAKE Western Mountains 50 - 100 4.0 

NLA06608-0306 Moon Reservoir -119.41335 43.41788 HARNEY Xeric >100 4.1 

NLA06608-0402 Powers Pond -124.07809 42.88975 COOS Western Mountains 4 - 10 168.5 

NLA06608-0406 Clear Lake -121.70443 45.18038 WASCO Western Mountains >100 4.4 

NLA06608-0614 Cooper Creek Reservoir -123.26862 43.37864 DOUGLAS Western Mountains 50 - 100 4.0 

NLA06608-0625 Van Patten Lake -118.18599 44.95429 BAKER Western Mountains 4 - 10 168.5 

NLA06608-0658 Clear Lake -124.07961 44.02384 LANE Western Mountains 50 - 100 4.0 

NLA06608-0677 Mann Lake -118.44684 42.77239 HARNEY Xeric 50 - 100 3.7 

NLA06608-0678 Hosmer Lake -121.78048 43.96359 DESCHUTES Western Mountains >100 4.4 

NLA06608-0870 Smith Reservoir -122.04638 44.31669 LINN Western Mountains 50 - 100 4.0 

NLA06608-0881 Phillips Reservoir -118.04564 44.68030 BAKER Western Mountains >100 4.4 

NLA06608-0933 Beulah Reservoir -118.15043 43.92763 MALHEUR Western Mountains >100 4.4 

NLA06608-0934 Waldo Lake -122.03825 43.73613 LANE Western Mountains >100 1.8 

NLA06608-1058 Lake of the Woods -122.21421 42.36492 KLAMATH Western Mountains >100 4.4 

NLA06608-1073 Ice Lake -117.27237 45.22936 WALLOWA Western Mountains 20 - 50 10.8 

NLA06608-1190 Fern Ridge Lake -123.30008 44.08794 LANE Western Mountains >100 4.4 

NLA06608-1266 Lucky Reservoir -119.99761 42.11998 LAKE Xeric 10 - 20 15.2 

NLA06608-1426 Horsfall Lake -124.24600 43.45220 COOS Western Mountains >100 4.4 

NLA06608-1445 Baca Lake -118.85217 42.91835 HARNEY Xeric >100 4.1 

NLA06608-1446 Torrey Lake -122.01754 43.79630 LANE Western Mountains 20 - 50 10.8 

NLA06608-1638 Big Lake -121.87321 44.37178 LINN Western Mountains 50 - 100 4.0 

NLA06608-1894 Sparks Lake -121.74563 44.02665 DESCHUTES Western Mountains 20 - 50 10.8 

NLA06608-1958 Hills Creek Reservoir -122.42161 43.66298 LANE Western Mountains >100 1.8 

NLA06608-2082 Emigrant Lake -122.60082 42.15140 JACKSON Western Mountains >100 4.4 

NLA06608-2438 Piute Reservoir -119.56340 42.06681 LAKE Xeric 20 - 50 10.0 

NLA06608-2450 Lake Edna -124.17904 43.63164 DOUGLAS Western Mountains 10 - 20 16.4 

NLA06608-2481 Officers Reservoir -119.39276 43.98863 GRANT Western Mountains 4 - 10 168.5 

NLA06608-2673 Strawberry Lake -118.68504 44.30658 GRANT Western Mountains 10 - 20 16.4 

NLA06608-2726 South Twin Lake -121.76654 43.71379 DESCHUTES Western Mountains 20 - 50 10.8 
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Setting 
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In order to assess the ecological, chemical, and physical habitat conditions of Oregonôs lakes, we 

need some measure of what acceptable conditions are for each indicator.  This is relatively simple 

for indicators with existing water quality standards.  However, standards have been established for 

relatively few indicatorsðespecially for biological or habitat indicators.  The NLA used the 

reference condition approach to identify least-disturbed lakes to establish benchmarks for 

indicators (Stoddard et. al 2006)  Least-disturbed conditions represent ñthe best of whatôs leftò for 

any given region. In some parts of the United States much of the landscape is relatively 

undisturbed, while in other regions the landscape has been altered more extensively by human 

activities.  

 

Unlike streams and rivers assessments, ODEQ doesnôt have a set of previously sampled reference 

sites to rely upon for establishing indicator benchmarks.  To this end, our assessments of lake 

condition rely entirely upon the reference populations established for the national assessment.  

More detailed descriptions of the reference selection process can be found in the NLA technical 

appendices (USEPA 2010).  

  

Multiple sets of reference sites were used to assess different indicator types.  Each separate set of 

reference sites was used to establish benchmarks for determining condition classes for the various 

indicators, and the methods by which benchmarks were determined also varied. 

Biological reference sites 

One set of reference sites was used to assess the condition of plankton and macroinvertebrate 

assemblages.  Prior to screening for reference sites, all lakes were grouped based on similarities in 

nine environmental variables covering geography (longitude, latitude, and elevation), geology 

(calcium content), climate (air temperature and precipitation), lake size (area and depth) and extent 

of shoreline development.  Three larger regions and nine smaller ecoregions were identified.  

Oregon lakes were part of the West region and two ecoregions (Western Mountains and Xeric) 

(Figure 4). 

 

Screening criteria to identify reference sites used water chemistry and physical habitat data 

collected as part of the lake surveys (USEPA 2010).  Data screened included seven chemical 

variables (total nitrogen, total phosphorus, chloride, sulfate, turbidity, dissolved oxygen, acid-

neutralizing capacity) and three physical habitat variables relating to shoreline disturbances 

(agricultural, non-agricultural, intensity and extent of disturbances).  To avoid circularity, 

biological data was excluded from the reference screening process. 

 

Screening criteria were established for each of the nine ecoregions.  Only sites that passed all nine 

screening criteria were accepted as reference sites.  In the West, a total of 50 biological reference sites 

were identified (Figure 5).  The majority of these were located in the Mountains ecoregion (n = 46) and 

only four reference sites were located in the Xeric ecoregion.  Thirty sites were natural lakes and 

twenty were reservoirs. Eight reference lakes were located in Oregon (Table 4). 
  

 

 

 

 

 



18 

 

Figure 4.  Assessment regions and ecoregions in the 2007 NLA.  Oregon lakes were located in the 

West region (top panel) and Western Mountains (WMT) and Xeric (XER) ecoregions (bottom 

panel).  (Figure courtesy of USEPA 2009aa) 
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Table 4. Oregon lakes designated as reference sites for use in assessing lake conditions. 

Lake name County Ecoregion Selection Biological Habitat 
Water 

Chemistry 

Van Patten 
Lake 

Baker Western Mts. Random Ҟ Ҟ Ҟ 

Waldo Lake Lane Western Mts. Random Ҟ Ҟ  

Ice Lake Wallowa Western Mts.  Random Ҟ Ҟ  

Torrey Lake Lane Western Mts. Random Ҟ Ҟ  

Strawberry 
Lake 

Grant Western Mts. Random   Ҟ 

Charlton Lake Deschutes Western Mts. Hand-picked Ҟ Ҟ  

Squaw Lakes Jackson Western Mts. Hand-picked Ҟ Ҟ  

Deer Lake Deschutes Western Mts. Hand-picked Ҟ Ҟ Ҟ 

Four Mile Lake Klamath Western Mts. Hand-picked Ҟ Ҟ Ҟ 

Fish Lake Harney Xeric Hand-picked   Ҟ 

 

Physical habitat reference sites 

The same ten screening variables and criteria were applied to all sampled lakes as was used to 

screen for biological reference sites.  Additionally, one more screen was added that removed lakes 

with large lake level fluctuations (determined from aerial photos and field measurements).  This 

removed nine lakes from the 50 lakes in the West used for assessment of biological condition, 

leaving 41 total habitat reference lakes.  The final number of reference sites identified in the 

Mountains ecoregion was 38 and there were three in the Xeric ecoregion (Figure 5).  There were 

eight Oregon lakes used as physical habitat reference sites (Table 4). 

 

Nutrient reference sites 

A third set of reference sites was used to assess nutrients, chlorophyll-a, and turbidity.  Screening 

criteria were developed for 11 nutrient ecoregions across the U.S. (USEPA 2009a), but in the West 

covered the same two ecoregions as for biological reference sites (Xeric and Western Mountains).  

The identification of nutrient reference sites required dropping nutrients from the screening 

process; just as the biological reference screening process avoided the use of biological 

information. Data screened included chemical (chloride, sulfate), shoreline disturbance 

(agricultural, non-agricultural, disturbance intensity), and landuse in the watershed (agricultural, 

industrial, and residential).  Chloride was not used for lakes in the Coast Range level III ecoregion, 

because of the potential for naturally high values due to marine sources. 

 

If a lake exceeded any one of the reference screening criteria, the lake was removed from the 

reference pool.  A total of 37 lakes were identified as nutrient reference sites for the West, 14 from 

the Xeric and 23 from the Mountains ecoregions (Figure 5).  Seventeen lakes were identified as 

both biological and nutrient reference sites.  Four lakes in Oregon were identified as reference sites 

for nutrients (Table 4). 
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Benchmarks to determine 
condition classes 

We used the same benchmarks for determining 

lake conditions as were used for the NLA.  The 

distributions of values observed at reference sites 

were used to determine the conditions of all 

indicators at a lake, except for recreational 

indicators and shoreline human disturbance.  For 

indicators where increasing values were 

associated with improved conditions, the 5
th
 and 

25
th
 percentiles of reference values were used as 

benchmarks separating condition classes.  For 

indicators where increasing values were 

associated with decreasing conditions, the upper 

75
th
 and 95

th
 percentiles were used as 

benchmarks.   

 

 

Figure 5.  Reference sites used for assessing biological and physical habitat condition (left panel) and nutrient and water 

quality condition (right panel). 

Access to Ice Lake required hiring a professional outfitter with 

horses and mules to carry the field crew and gear. 



21 

 

 

Ecological Condition 
of Oregonôs Lakes 

 

Hosmer Lake (Deschutes Co.) 



22 

 

Ecological Conditions 

Plankton 

Lake plankton assemblages were 

assessed using both phytoplankton 

and zooplankton.  At the index site 

(the deepest point in the lake), 

zooplankton were collected with 

vertical tows of a Wisconsin net.  

Two separate tows were taken from 

the bottom of the lake to the top of 

the lake.  One tow was with a fine 

mesh net (80 um) and the other tow 

was with a coarse mesh net (243 

um).  For shallow lakes with high 

clarity (clear to bottom), two tows of 

each mesh size were collected.  

Following tows, plankton within 

each net were rinsed into sample 

containers where they were then 

narcotized and preserved. 

Phytoplankton samples were taken 

from the top two meters of the water 

column at the index site.  

 

Sample processing in the laboratory involved slightly different procedures for phytoplankton and 

zooplankton.  Phytoplanktons were subsampled to 300 natural algal units.  For zooplankton, 

separate subsamples were taken for microcrustaceans and rotifers.  For each zooplankton group, a 

minimum of 200 and a maximum of 400 individuals were counted.  All plankton were identified to 

lowest practical taxonomic resolution. 

Index development and benchmarks 

A combined phyto- and zooplankton predictive model was created to assess the ecological 

condition of lake plankton assemblages.  This model predicts the types of plankton taxa expected to 

occur at a given lake, assuming the lake was in least disturbed reference condition.  The number of 

reference taxa that were observed (O) at a lake was compared to expected reference taxa (E).  The 

ratio of O/E provides an indication of taxonomic completenessðdid we see the types of plankton 

commonly found at reference sites with similar environmental conditions?  Another way to think of 

O/E is that it represents taxa loss.  Values of O/E less than 1.0 suggest that there are fewer 

reference taxa at a lake than would be expected if the lake were in least disturbed conditions. 

 

The 50 sites in the West identified as biological reference sites were used to make estimates of E at 

each lake in Oregon.  Predictions of expected taxa at a given lake were made from reference sites 

that had similar environmental characteristics.  Environmental predictors for the West model 

included water holding capacity, soil permeability, depth to water table, longitude, and calcium 

oxide content.  A more thorough description of Plankton O/E model development can be found in 

the NLA Technical Appendix (USEPA 2010).  

 

Collecting plankton with a Wisconsin net.  (Waldo Lake) 
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Following the benchmarks used in the NLA, lakes with Plankton O/E values greater than or equal 

to the 25
th
 percentile of reference site O/E values (>= 0.88) were considered to be in good 

condition.  An O/E between the 5
th
 and 25

th
 percentile of reference O/E values (0.69 ï 0.87) were 

classified in fair condition.  O/E values at a lake less than or equal to the 5
th
 percentile of reference 

O/E values (0 ï 0.68) were considered to be in poor condition. 

Results: Plankton O/E 

Good conditions were observed for 50% of surveyed lakes.  Fair conditions in the plankton 

assemblage were observed at 20% of lakes.  Most disturbed (poor) conditions were observed at 

23% of surveyed lakes.  Plankton condition was unavailable for 2 lakes (7%) (Table 5).  

Cumulative distribution frequencies (CDFs) of the Oregon sites and the populations of West and 

Region 10 lakes show very similar distributions of plankton O/E (Figure 6).                                                                               

 

Reservoirs in Oregon showed lower ecological condition compared to natural lakes.  Sixty percent 

of plankton assemblages from surveyed natural lakes were in good condition, compared to 40% of 

surveyed reservoirs.  Natural lakes showed only 13% in poor condition, compared to 33% of 

reservoirs (Table 5).  This same pattern was observed across the West, where the distribution of 

reservoirs was shifted to the left, representing higher percentages of lakes in the poor condition 

class (Figure 6).   

 

Oregon-Mountains lakes showed 60% of lakes in good condition and 16% in poor condition.  Only 

three out of the five Oregon-Xeric lakes had adequate plankton samplesðall three were in poor 

condition (Table 5).  Across the West, a pattern of higher disturbance was observed for plankton in 

Xeric lakes (Figure 6). The Oregon-Mountains sites follow the distribution of the West-Mountains 

fairly closely, but did show a lower percentage in fair and higher percentage in good conditions. 

 

 
Table 5.  Plankton conditions observed in Oregon lakes. 

Plankton Condition     

  Good  Fair    Poor  N/A 

Statewide  Oregon (n=30)  50% 20% 23% 7% 

Regional   
Mountains (n=25)  60% 24% 16%  

Xeric (n=5)  -  -  60% 40% 

Lake Origin  
Natural (n=15) 60% 20% 13% 7% 

Reservoirs (n=15)  40% 20% 33% 7% 
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Figure 6.  Cumulative distribution frequencies (CDFs) of the plankton O/E index at various geographic (top panel), origin 

(bottom left panel), and ecoregion (bottom right panel) scales.  ñO/Eò = observed to expected ratio of reference plankton 

taxa.  Condition classes based on reference benchmarks show improving biological conditions from left to right (poor = 

dark grey, fair = light grey, good = white). 
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Macroinvertebrate collection in the littoral plot, using a D-frame kick-net.  

(Moon Reservoir) 

Macroinvertebrates 

Benthic macroinvertebrates were collected 

from ten separate 10m x 15m plots located 

in the littoral zone.  (These same plots 

were also used for physical habitat 

observations.)  Within each littoral plot, 

the dominant substrate was identified as 

rocky/large woody debris, macrophyte 

beds, or mud/sand.  Samples were 

collected by taking one meter sweeps of 

the dominant substrate using a D-frame dip 

net (500 um mesh).  The ten individual 

sweeps were all composited into a single 

sample and preserved in the field with 95% 

ethanol.  Laboratory processing of 

macroinvertebrate samples involved 

subsampling a minimum of 500 

individuals and identification to lowest 

practical taxonomic resolution. 

 

Index development 

A macroinvertebrate predictive model was created in much the same way as the plankton 

model.  The model was constructed only for sites in the West.  The same 50 reference 

sites used in the plankton O/E model were examined for modeling suitability.  Only 41 

reference sites were used, though, due to low macroinvertebrate abundances (less than 

200 individuals) at eight reference sites.   

 

The macroinvertebrate O/E model was constructed by ODEQðnot the national 

assessment team.  The results presented from the macroinvertebrate O/E model should 

be viewed as a preliminary exploration of the potential utility of macroinvertebrates to 

assess lake conditions in Oregon.  A more thorough modeling of macroinvertebrates is 

planned for the national dataset and the models developed from that process will be 

preferred over this exploratory model. 

Preliminary results 

Macroinvertebrates were in good condition at 40% of the lakes surveyed in Oregon.  Fair 

and poor conditions were each observed for 30% of the Oregon lakes (Table 6).  Similar 

results were observed for all lakes across the West with 50% in good condition, 20% in 

fair condition, and 30% in poor condition. 

 

Just as for plankton, natural lakes in Oregon showed better macroinvertebrate conditions 

than reservoirs (Table 6).  Over half of natural lakes sampled in Oregon (53%) were in 

good condition, compared to 27% of Oregon reservoirs.  Only 13% of sampled natural 

lakes were in poor condition, compared to almost half (47%) of reservoirs.  Similar 

conditions were observed for natural lakes and reservoirs across the West. 

 

 








































































































