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Executive Summary

How to Use This Report

This report provides results for 30 randomly selected lakdseservoirthroughout Oregon. The

study was part of a larger assessit to describe the status of biological, chemical and habitat
conditionsin lakesand reservoirs across the United Staties National Lakes Assessment (NLA,;

USEPA 2009a)While the 30 lakes and reservairdh er eaf t er r e fin@OregoawWeet 0 a s
selected at random to represent the popul ation
attributes of Oregonds | akes sugwmacesutatelyt hat t he
describethe population. For example, the random sites-omagesented reservoirs and under

represented natural lakeSmaller lakes are ovaepresented compared to larger lakes.

Additionally, error estimates in the results were quite large. Due to these factoctmnsen

present the results of the conditiang Or e g dmadnsre dualitateves mannguercent of

lakes surveyed, rather than percent of all Oregon lakes)

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

sampled as part of this project were intahds replicates of the population of Oregon laKesis

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
smapshot of current conditions for any given lake. The data from individual lakes should be
examined in contextith existing information for the lake.

Key Findings

Assessments of lake conditions in Oregon showed many similarities to lake conditionsdbserve
nationally. Poor biological conditionas measured by plankton assemblagese observed for

23% of the lakes surveyed in Oregon. Nationally, 22%5%) of lakesshowed poor biological
conditiors (USEPA2009g. Riparian and shallow water (littojydlabitat 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 a2 times greater risk of observing poor bmical conditionsvhen

nutrients or riparian/littoral Hatat were also in poor conditio SEPA20093. The small sample
size in Oregon precluded our ability to perform these same analysgsneral, poor biological
conditions were observed most ofiarakes with higher levels of nutrients and greater disturbance
of nearshore habitat.

Future lake assessments in Oregon

Several new tools are now available for assessing lake conditions in Oregon. We naw have
model for plankton that can assésslogical conditionsacross the stateA 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 aleeoaafd
theyare integrative in nature, reflecting the stresses to lakes throughoufTimag.are particularly
effective when a single sampling visit to a lake is required.

How to obtain the data: http://www.epa.goviowow/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 | akes across the state. (Unless sp
used to refer to both natural lakes and nreade reservoirs.) Thekke surveys were funded as

part of the Environment al Protection Agencyods
NLA is one part of thé&lational Aquatic Resource Surveys (NARS) which are designed to provide

a statistically valid assessment of thedgondi on of t he nationds | akes a
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, maxi
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 nationds surface waters. St
report on conditions of surface waters to E®&ry two years. A variety of approaches and

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

nat iwatergte Congress in a scientifically defensible (@O 2002).

Following this critique of monitong and reporting approaches, the EPA amended its guidelines to
states, agencies, and tribes for the award of CWA Section 106 monitoring funds. The objective
wasto increase the capacity of states and tribes to effectively and accurately monitor ani report
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
statescale. An additional requirement for the awafd 06 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 optEfor full participation in the NARS, including monitoring and staide

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 wertstdo

surveys of wadeable streams at multiple ecoregions, basins, and statéwits 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 inQnd large rivers (NARS in 20a809). 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 ecola@gil 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, recreaticemdsayinkingwater). 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 oftt@eeficial use unknown.



With NARS the emphasis is placed on the ecological Assemblages are a part of a
condition of Th@coedglmm)fd)lslogicai < community of organisms

assemblagewas used as a direct measure of beneficial within an ecosystem. For
use suport. By looking at the relationships among example, a lake biological
biological candition and water quality and physical habite S e IR IVAS I E TS
indicators it is possible to determine the most important phytoplankton, zooplankton,

ec0|Oglcal stressors in any glven lake macroinvertebrate, and fish

assemblages (among others).

Ahistoricalvi ew of ODEQGs rol e
Oregon is described in the AppendiRast lake monitring 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) iddasisteceny lake monitoring
performed by ODEQocused on specific objectives such as developing TMDMEA section
303(d)); hydropower relicensin@ (WA section 401); drinking water protection, etc)

Objectives

Our primary objective in this assessment is to presentetbults of our surveys of 30 randomly
selected lakes in Oregon. The focus of this report is on the population of lakes surveyed, n
individual lakes. Data from each lake surveyed can be found in a companion dodtment:
2007 Survey of Oregon Lakesidividual Lake Summarigderrick 2010).

Secondarily, we intended to introduce the purpose, strengths, and weaknesses of probabili
monitoring to lake managers in Oregon. Our goal was to open a dialogue with lake manag:
about how to improve monitetig and assessment of Oregono
discussions will result in improvements to the next round of lake sampling under the NARS
2012, hopefully with participation from a wide array of agencies, researchers, and monitorir
groups. |

Big Lake (Linn Co.)



Survey Design and
Indicators




Probabilistic Design

Since sampling al |l i®iseogfeasidesthelNbBAuses arandam sanmgpling r v o
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 datistically 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 sampdj 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 resultseglake ar

and geographic density can bias the results of the population. For example, in Oregon a simple
random sampling of lakes could ovepresent small lakes in Oregon as tleea higher number

of them throughout the statén this assessment, lake ar@nd geographic density bias was

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

each siten our pollrepresentsf the total population dtarget]lakes in OregonFor example,

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

|l akes represented 1.8 and 4.4 of Oregonbés targ
Powers Pond or Van Patten Lake, each ereaer esent
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, | ocation, and ot her atU$EPA20093 @dreNdd t he nat
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 émctdihe 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 displggands, brackish lakes, and ephemeral lakes

were eliminated from the target populatidrable 1)(USEPA20093.

Table 1. Criteria used in the 2007 NLA to determine which lakes comprised the target population.
Greater Than 4 Hectares in Area
Lake Characteristics At Least One Meter Deep
Minimum of 0.1 Hectares Open Water
Not a Treatment or Disposal Pond
Lake Type Non Brackish
Non Ephemeral

10



o . National Hydrography Dataset (NHD) — 3,193
Under these criteria, the targmipulation of yarography (NHD)

D e s o pond B
The bulk of the lakes removed (1,494) were Excluded - other - 540

less than 4 hectares. Through offiizsed
reconnaissance and field visits, we
determined that 24% (276 laRjexf the
1,159 lakes were netarget: 20% not a lake, o T T Target- meets target population
1% less than 1 meter deep, 2% less than 4 definition - 883
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 sebxtlakes S —
due to denial from private landowners. denied - 189
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 meansahthe 30
lakes ODEQ sampled represents 79% of the

total target population of lakes in Oregon  Figure 1. The National Hydrography Dataset (NHD) was

(weighted value of 694, nemeighted value used as the source of potential lakes for inclusion in the 2007
of 30 lakes) Figure1) ’ National Lakes Assessment. The final population of lakes

represented by the thirty random sites surveyed, following
various screens for inclusion criteria and access to pately
owned lands, was 694 lakes.

Weighted NHD Sample Frame — 1,159

Target Population- 883

Target— Sampled - 694

Inference Population- 694

Comparisons of the random draw with NHD

Typically, a minimum of fifty sites are used itatewide 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 thafy were
the EPA orignal sample draw from the NHD. Five separate characteristics of the two populations
were compared: reservoir vs. lake, area category, elevation, Level Il ecoregion, and NLA
ecoregion(Figure 2.

These comparisons reveal that the weights of the 30 masdovey site¢Table 3)overrepresented
the extent of the lake resource that are reservoirs, in the smallest area-tastA} located in

the highest elevation category, in the Blue Mountains Level Ill ecoregion, and in the Western
Mountains NLA ecoegion. Conversely, lakes in the Northern Basin and Range and Willamette
Valley Level Il ecoregions, and Xeric NLA ecoregion were under represented.

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

percent ofOregon lakes. Instead we focused on reporting the range of conditions observed and a
percent of lakes surveyed approach.

11



Percentages of Lakes vs. Reservoirs Percent of Lakes in Area Categories
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Figure 2. Various ways of examining the degree of similarity between the source pool of target lal

in Oregon (NHD Included) and the random draw of 30 lakes in Oregon (Weighted Oregon
Assessmnt).
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Field sampling
The field surveys divided each lake into two zortegyre3). A single station at the deepest point

ofthelakefiZz0) was established to collect water <che
cores, and plankton tows. The second zone included ten equally spaced stations around the
peri meter of the | ake (AAO0 t hr o ungludediittbral) . Samp

benthic macroinvertebrate samples and littoral and riparian physical habitat observations. At one
predetermined littoral station a sindtaterococcsample was collected. Littoral zone plots

extended 10 m from shore into the lake amalerd5 m wide. Riparian zone plots extended 15 m

away from the waterés 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 (_ZBBPA

Observation station
positioned 10 m
offshore for sampling

a

Stations equidistant

Water chemistry
| Multiprobe
Phytoplankton *Pathogen
Zooplankton sample collected
| Sediment core at last physical
Microcystin / habitat site

Physical habitat and benthic

sampling stations (A-J) -
“—

Starting point randomly
selacted o priori

Habitat and benthic ling stati

15m

Benthic sample collected /

from dominant littoral habitat within
Each physical habitat station

10m

Shaceline 3 "
20n& (1 m) \ 5

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

Water Column Shoreline Human Plankton (O/E model) Algal Toxins
Chemistry Disturbance - Zooplankton - - Microcystin
-pH, DO, Temp, Phytoplankton - Cyanobacteria

Turbidity, ANC,
Conductivity, lons

a Nutrients Riparian Macroinvertebrates
I~  -Phosgorus Vegetation Cover (O/E model)
@ - Nitrogen
o
o
v

Chlorophylta Littoral Habitat Sediment Diatom Cores

Density Cover - Lake Diatom Condition

- Inference Model
Secchi Depth Littoral and
Riparian Habitat
Complexity
Il.I_J Invasive Species
o
O
o
m - -
0 d Sediment diatom IBI Pathogens
- - Enterococci
% Sediment
Mercury

Watershed Analyses

Geographic Information System (GIS) data layers were used to characterifedtsect 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, witilonieters

from the lake, and for the entire lakasin. 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 Das&t(NLCD). The process yielded nine land use categonbgh were

then aggreated into four groups: Agricultural, Forest, Urban, and Offlee. USEPA GIS based

tool ATtILA was used to obtain physical characteristics, slope, elevation, stream dekity, a

average annual precipitatioh the watersheds. Attila was also used to geadraman stressor

metrics: number of roads crossings over streams, road density, road length, and population density.

14



Table 3. Thirty randomly selected lakes throughout Oregon were sampled by the Oregon Department of Environmeht@Quality in 2007.

Site ID Longitude| Latitude Area (hectares)| Site Weight

NLAO6608049 Clear Creek Reservoii  -117.15336  45.06233 BAKER  Western Mountains 10-20 16.4
NLA06608)290 Junipers Reservoir ~ -120.52569  42.19565 LAKE Western Mountains 50- 100 4.0
NLAO6608306 Moon Reservoir -119.41335  43.41788  HARNEY Xeric >100 4.1
NLA06608402 Powers Pond -124.07809  42.88975 CO0S Western Mountains 4-10 168.5
NLA06608406 Clear Lake -121.70443  45.18038 WASCO  Western Mountains >100 4.4
NLAO6608614 Cooper Creek Reservo -123.26862  43.37864 DOUGLAS Western Mountains 50-100 4.0
NLAO6608625 Van Patten Lake -118.18599  44.95429 BAKER  Western Mountains 4-10 168.5
NLA06608)658 Clear Lake -124.07961  44.02384 LANE Western Mounains 50-100 4.0
NLAOG6608677 Mann Lake -118.44684 42.77239 HARNEY Xeric 50-100 3.7
NLAO6608)678 Hosmer Lake -121.78048  43.96359 DESCHUTE Western Mountains >100 4.4
NLAO6608)870 Smith Reservoir -122.04638  44.31669 LINN Western Mountains 50- 100 4.0
NLAO06608881 Phillips Reservoir -118.04564  44.68030 BAKER  Western Mountains >100 4.4
NLA06608933 Beulah Reservoir -118.15043  43.92763 MALHEUR Western Mountains >100 4.4
NLA06608)934 Waldo Lake -122.03825  43.73613 LANE Western Mountains >100 1.8
NLAO6608L058 Lake of the Woods -122.21421  42.36492 KLAMATH Western Mountains >100 4.4
NLAO6608L073 Ice Lake -117.27237 4522936 WALLOWA Western Mountains 20-50 10.8
NLAO6608L190 Fern Ridge Lake -123.30008  44.08794 LANE Western Mountains >100 4.4
NLA066081266 Lucky Reservoir -119.99761  42.11998 LAKE Xeric 10-20 15.2
NLAO6608L426 Horsfall Lake -124.24600 43.45220 COO0S Western Mountains >100 4.4
NLAO6608L445 Baca Lake -118.85217 42.91835 HARNEY Xeric >100 4.1
NLAO066081446 Torrey Lake -122.0154 43.79630 LANE Western Mountains 20-50 10.8
NLAO0O6608L638 Big Lake -121.87321  44.37178 LINN Western Mountains 50-100 4.0
NLAO6608L894 Sparks Lake -121.74563  44.02665 DESCHUTE Western Mountains 20-50 10.8
NLAO6608L958 Hills Creek Reservoir -122.42161 43.66298 LANE Western Mountains >100 1.8
NLAO6608082 Emigrant Lake -122.60082 42.15140 JACKSON Western Mountains >100 4.4
NLA0O6608438 Piute Reservoir -119.56340 42.06681 LAKE Xeric 20-50 10.0
NLA0O6608&450 Lake Edna -124.17904  43.63164 DOWGLAS Western Mountains 10-20 16.4
NLAO6608481 Officers Reservoir -119.39276  43.98863 GRANT  Western Mountains 4-10 168.5
NLAO6608673 Strawberry Lake -118.68504  44.30658 GRANT  Western Mountains 10- 20 16.4
NLAO660&726 South Twin Lake -121.76654  43.71379 DESCHUTE Western Mountains 20-50 10.8
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