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1 Introduction

The Lake Padden monitoring project was initiated in 201 1H&yditizens group,
People for Lake Padden (P4LP), to provide an intensive waiality study of

Lake Padden. Water samples were collected between Junesmediber 2011 by
Andrew Majeske, a student intern working with the Institiote/Natershed Studies
(IWS) and the Nooksack Salmon Enhancement Association ) SEe results

from this project were summarized by Majeske et al. (2012)e Water quality

monitoring was funded for a second year by P4LP, which pexiflinding for

IWS student intern Laura Junge. Additional funding was pted by the City of

Bellingham to identify the types of algae that were most camnm the lake and
to test for the presence of microcystin, an algal toxin poeduby certain strains
of blue-green algae (Cyanobacteria). Although not parthef ariginal funded

scope of work, detailed settled algae counts were provigeR.bMatthews to

supplement the algae and microcystin data collected byrngeu

This report covers the water quality data collected fromeJ@011 through
October 2012 and algae data collected May through Noven@i2.2The water
quality data are summarized using annotated tables ance§igbeginning on
page 5; the raw water quality data are included in Appendixh4 the quality
control results are included in Appendix B. Algal data arsnmarized in Table
1 and Figures 14-18 (pages 1 and 19-26). Additional algaeatatincluded in
Appendix C, which contains algae counts from preserved levhater samples
(Appendix C.1), a list of the algae present in live sampldkected concurrently
with the microcystin samples (Appendix C.2), and photogsapf the major taxa
in the lake (Appendix C.3).
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2 Methods

2.1 Water Quality Samples

The water quality samples were collected from June 2011utiirdSeptember
2012 at two sites located at opposite ends of the lake frorkdextending out
from the shoreline (Figure 1). The eastern site was locabedita50 m from a
small tributary; the western site was about 40 m from the owtihto Padden
Creek. The water samples were collected 0.3 m below the lakace and
approximately 30 m from the shoreline. The samples wereec@ti monthly
during the winter and every two weeks during the spring amadrsar.

Water temperature was measured at each site using a cadibifrmometer.
Dissolved oxygen samples were collected at each site ancegsed in the
laboratory using the Winkler method (Table A, [age 27). Watemples were
collected in an acid washed 1-liter bottle and transporteate to the laboratory
to be processed for pH, conductivity, nitrogen (total,atgfnitrite, ammonium),
and phosphorus (total and soluble). Chlorophyll sample®wellected in a 1-
liter opaque bottle and transported on ice to the laboratory

Depth profiles were collected in August and November 2011 Aanglust 2012
from the deepest area of the lake using a small boat (FigureThe depth
profiles were constructed using a YSI-meter, calibratedhénfield prior to use,
to measure temperature and dissolved oxygen. Additiontdnveauality samples
were collected in 2011 from 0.3 m and 9 m depths and analyzethéosame
parameters listed above, excluding chlorophyll (see Ma&jes al. 2012).

All analysis were performed following the analytical matisdisted in Table A.
The water quality data are included in Appendix A. To enswraity control, ten
percent of water samples were collected in duplicate tonedé variation between
samples collected at the same location, depth, and timel dieplicates); ten
percent of all laboratory samples were duplicated to es@ranalytical variation
for samples from the same bottle (lab duplicates). Laboyabtanks, matrix
spikes, and laboratory control/check samples were indwdi¢h all analytical
runs to estimate background noise and recovery of knownesdrations of each
analyte. The quality control results are listed in ApperBlixThe IWS laboratory
is accredited by the Department of Ecology. For additionfdrimation, contact
Dr. Robin Matthews, Director or Ms. Joan Vandersypen, Latmyy Supervisor.
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Algae Samples

Algae and microcystin samples were collected every two wekking June and
July 2012, and weekly from August through November 2012@atbstern water
quality site (outlet), near the off-lease dog park, and fittve main swimming
beach area (Figure 1, page 6).

The microcystin samples were collected in 125-mL glasslémtuith Teflor©
lids and transported to the laboratory on ice. The samplege stred at 4
C and analyzed within 1 week. Microcystin levels were meaguising a
Quanitiplate Kit for Microcystins (Cat. No. EP022) made bwyviEoLogix in
Portland, Maine. This kit has a quantitation range from Gd.@.5 pg/L. This
method is a competitive Enzyme-Linked ImmunoSorbent AJ§4ySA) that
selects for the microcystin toxin. As recommended by the ufeturer, all
samples were analyzed in duplicate and the average waseérit¢o the data
set (EnviroLogix, 2010).

Concentrated, unpreserved (live) algae samples werectadleoncurrently using
a 20 um mesh plankton net. The live algae samples were used tondater
which types of algae were dominant at the time the microoysaimples were
collected. Unconcentrated algae samples were collectedragius near-shore
locations to provide a general taxonomic record of the algadrsity in the lake.

The unconcentrated algae samples were preserved usingidiogiine solution

and counted using the settling chamber method (Table A).
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4 Annotated Figures and Tables



Lake Padden 2012 Report Page6

48th St,

- \
<]
£l .
g
Wilkin St. Samish Way & -

swimming area deep site
(profiles)

outlet

launch ramp

. Water quality site

. Algae/microcystin site

11/20/12

- srf -

wwu

Figure 1: Lake Padden 2011-2012 water quality and algaelsajgites. Base
map created by S. Freelan, GIS Specialist, Huxley Collegh®Environment,

Western Washington University, WA.
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Figure 2: Lake Padden 2011-2012 water temperature reS\Mtter temperature
followed typical seasonal patterns, with warmer tempeestiduring summer
and cooler temperatures during winter. Based on the suvfater standards in
WAC 173-201A-200, the near-shore water temperatures dgdgbe maximum
level required for providing summer habitat for salmonids {) and for rearing
indigenous warm-water fishes—). Water temperatures might be cooler in the
other regions of the lake, but the depth profiles showed thainser water
temperatures exceeded20in portions of the water column (Figure 4, page 9).
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Figure 3: Lake Padden 2011-2012 dissolved oxygen resulssoed oxygen
concentrations were generally above 8 mg/L, with lower eotr@tions during
the summer and higher concentrations during the winted(a@iter holds more
oxygen than warm water). Based on the surface water stasdaM/AC 173—

201A-200, the near-shore dissolved oxygen concentrati@ns lower than the
minimum level required for providing summer habitat formsahids ¢ - -), but

were above the minimum level required for rearing indigenaarm-water fishes
(—). The depth profiles showed that summer dissolved oxygezidevere too
low near the bottom of the lake to provide suitable fish haljiegure 4, page 9).
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Figure 4: Lake Padden 2011-2012 temperature and dissokyagkn profiles.
Lake Padden stratifies during the summer due to densityreifees between
the warm, less dense surface watmil{mnion) and colder, denser bottom water
(hypolimnion). The epilimnion and hypolimnion remain separated ung! ldke
cools in the fall, when the entire water column mixes. Wheatsted, the bottom
of the lake is isolated from the atmosphere; if the water mwlicontains large
amounts of organic material, bacteria and other microosgas can use up the
hypolimnion dissolved oxygen, causing the lake to becamic. Anoxia has
many unpleasant features (e.g., loss of fish habitat) arsksalant nutrients (e.qg.,
phosphorus) to become more readily available to algae. Xygem profiles show
that Lake Padden becomes anoxic during summer stratificatio
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Figure 5: Lake Padden 2011-2012 pH results. The pH in watdetsrmined

by the concentrations of Hions. During photosynthesis, algae remove dissolved
CO,, which can temporally raise pH by reducing the concentnatibdissolved
carbonic acid, which is formed when GQ@eacts with water: KO + CO,
H,CGOs (carbonic acid). The influence of photosynthesis is illtgtd by the Lake
Padden pH values, which were higher in the summer comparedl smd winter.
Except in July 2011, the pH values of Lake Padden fell withie tange needed
to sustain salmonid and indigenous warm-water fishes (WAE-201A-200).
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Figure 6: Lake Padden 2011-2012 specific conductance (ctwitly) results.

Conductivity is influenced by the type and amount of dissbhems in the water.
The soil type and land use in the watershed influence the anudutissolved

ions entering the lake via surface runoff and groundwatenloBical activity

and chemical interactions determine whether dissolved remain in the water
column. The conductivity values in Lake Padden were coasilst low (<105

1Slcm), but increased slightly during late summer and falbndlctivity can

be influenced by in-lake factors such as decomposition, betmost likely

factor is precipitation. Heavy rainfall usually lowers cluctivity by diluting

the concentration of dissolved ions; however, rain evendy mlso increase
conductivity by transporting dissolved ions from the wakexd into the lake.
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Figure 7: Lake Padden 2011-2012 total phosphorus resutital phosphorus
includes phosphorus bound in organic matter (algae and atieobiota) and
dissolved or soluble phosphate. Phosphorus is usuallyutrgent that limits the
amount of algae in a lake. The Lake Padden total phospholusssaccasionally
exceeded the 2pg-P/L action level described in WAC 173-201A-230. Lakes
with total phosphorus values above the action level do noessarily pose a
threat to human health or aquatic life, but may be assocvaitéxchigh chlorophyll
concentrations and algae blooms. Total phosphorus lewskswghest during late
fall and winter due to destratification and mixing, and lotshsring the summer
due to algal uptake. Approximately 30% of the samples wel@\bthe analytical
detection limit (5ug-P/L).



Soluble Phosphate (ug-P/L)

Lake Padden 2012 Report Pagel3

—4— Launch Ramp
-¥- Outlet Dock

12
I

10
l

detection limit

I I I I I
08/11 11/11 03/12 06/12 09/12

Figure 8: Lake Padden 2011-2012 soluble phosphate reSdtsble phosphate
is the soluble inorganic portion of total phosphorus, anceedily available to
algae and other microbiota. Soluble phosphate concemsatire usually low in
the water column due to rapid uptake by biota. The solublsphate levels were
highest during late fall and winter due to destratificatiod anixing, and lowest
during the summer due to algal uptake. Approximately 40%efdamples were
below the analytical detection limit (3g-P/L).
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Figure 9: Lake Padden 2011-2012 total nitrogen resultsal Totrogen includes
nitrogen bound in organic matter (algae and other micrapiand dissolved
inorganic nitrogen (nitrate, nitrite, and ammonium). le tiinter, much of the
total nitrogen in the water column will be in the form of ntea During the
summer, however, algae take up dissolved inorganic nitrogehis can cause
the total nitrogen levels to decrease, or the inorganiogén fractions may be
replaced by organic nitrogen from algae and decomposinig.bibake Padden
had its highest total nitrogen concentrations during theteviand spring, with
very low levels during the summer. This follows the seasqadterns seen in
the nitrate/nitrite concentrations (Figure 10, page 15)n&lof the samples were
below the analytical detection limit (10g-N/L).
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Figure 10: Lake Padden 2011-2012 nitrate/nitrite result®litrate/nitrite
(NO3/NO,) were measured together because nitrite concentratiensisarally
negligible. Nitrate/nitrite is often the major componetitdissolved inorganic
nitrogen, which also includes ammonium (INH Dissolved inorganic nitrogen
is an important nutrient for most algae. When dissolvedgaorc nitrogen
concentrations are low, conditions favor cyanobacteriabloe-green algae
because cyanobacteria can use dissolved which is replenished from the
atmosphere. During the summer and fall, Lake Padden nitratte levels were
very low, indicating cyanobacteria blooms are likely to wcc Cyanobacteria
blooms can be a nuisance, sometimes producing foul odorsewasl toxins.
Approximately 50% of the samples were below the analytied¢ction limit (10

1g-N/L).
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Figure 11: Lake Padden 2011-2012 ammonium results. Ammoniu
concentrations are usually very low in oxygenated water arel typically
associated with anaerobic conditions at the bottom of tke. [é&n Lake Padden,
ammonium levels were near or below the IWS analytical deteclimit in
summer but elevated during the fall and winter. The ammonprobably
originates from the anoxic hypolimnion and lake sedimeats] is introduced
into the water column when the lake destratifies (see theiséson of anoxia and
destratification in the caption for Figure 4, page 9). Appmately 75% of the
samples were below the analytical detection limit (ION/L).
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Figure 12: Lake Padden 2011-2012 chlorophyll results. ©@playll is the

primary photosynthetic pigment in algae and is the bestlsimglicator of the
amount of algae present. Lake Padden has periodic chloifgqaaks throughout
most of the year, with the highest peaks occurring duringreamand fall. The
late summer and fall chlorophyll peaks occurred when thealied inorganic
nitrogen concentrations were very low (Figures 10 and 13ep4dl5), which
means that these peaks were most likely blooms of cyanaimcte
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Figure 13: Carlson’s Trophic State Index for Lake Padde12@012. Carlson’s
Trophic State Index is a tool used to classify the trophitestd lake based on
the chlorophyll concentrations during peak algal growtbn@grally late summer
and early fall). Lakes with low concentrations of chloroptare biologically
unproductive or oligotrophic (TSl <30); lakes that have high chlorophyll
concentrations are biologically productive or eutropfiSk,;, >50); lakes that
fall between these concentrations are moderately produar mesotrophic
(TSl4y 40-50) or oligomesotrophic (Tgl 30-40). The median T3} was 45
(mesotrophic), but some of the summer and fall values wettesieutrophic range.
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Location Date Microcystin - Major Algae (Table 1)

Swimming area Sept5 0.18/L  Anabaena, diatoms
Oct25 0.18:g/L  Aphanizomenon, Anabaena
Nov1l  0.16ug/L  diatomsAphanizomenon
Lake outlet Nov 8 0.1g/L  diatoms,Anabaena

Figure 14: Lake Padden 2012 microcystin results. Micranyist a type of
liver toxin produced by some species of cyanobacteriaudiof Anabaena and
Microcystis, both of which are common in Lake Padden. Not all species of
cyanobacteria produce toxins, and even within the spetaég€an produce toxins,
some strains do not appear to be able to produce toxins. Ewengthe toxin-
producing strains, the algae may not produce toxins, ordiiel$ may be too
low to detect. The Lake Padden microcystin levels weel6 ;.g/L (analytical
detection limit) except the samples listed above. All saaplere were<6 ug/L,
which is the provisional limit for swimming areas (DOH, 2008
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Table 1: Dominant and sub-dominant algae collected at tleeomystin sampling sites
using a 20um plankton net. Dominant algae were defined as the most conspecries
present in the sample; sub-dominant algae were listed wilesr oommon species were
observed in the sample. See Appendix C.2, beginning on p@gmBa complete list of
algae present in these samples.

Outlet Dog Park Beach

May 23

Dominant Dinobryon, diatoms  Dinobryon, diatoms  Dinobryon, diatoms

Sub-dominant na na na

June 7

Dominant diatoms diatoms diatoms

Sub-dominant Anabaena, Volvox na na

June 26

Dominant Aphanocapsa, Aphanocapsa, diatoms
Aphanothece, diatoms Aphanothece, diatoms

July 3

Dominant diatoms diatoms diatoms

Sub-dominant Aphanocapsa, Aphanocapsa, Aphanocapsa,
Aphanothece Aphanothece Aphanothece

July 25

Dominant diatoms diatoms diatoms

Sub-dominant Anabaena Aphanocapsa, single cell greens

Aphanothece

August 1

Dominant diatoms diatoms diatoms

Sub-dominant Aphanocapsa, Aphanocapsa, Aphanocapsa,
Aphanothece Aphanothece Aphanothece

continued on next page
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Table 1. Dominant algae at the microcystin sites, continued

Outlet Dog Park Beach
August 8
Dominant diatoms Dinobryon Dinobryon
Sub-dominant Aphanocapsa, diatoms diatoms
Aphanothece
August 15
Dominant Anabaena diatoms diatoms
Sub-dominant Botryococcus Anabaena Anabaena,
Botryococcus
August 22
Dominant diatoms Aphanizomenon diatoms

Sub-dominant single cell greens
August 29

Dominant Aphanizomenon

Sub-dominant diatoms
September 5
Dominant Anabaena, diatoms

Sub-dominant na

September 12
Dominant Anabaena
Sub-dominant Ceratium

September 19
Dominant Ceratium
Sub-dominant Anabaena

September 26
Dominant Anabaena
Sub-dominant na

diatoms

Aphanizomenon
na

diatoms
Anabaena

Anabaena
diatoms

Anabaena
single cell greens

Anabaena
na

Aphanizomenon

Aphanizomenon
na

Anabaena
diatoms

Anabaena
Ceratium

Anabaena
Ceratium

Anabaena
diatoms

continued on next page
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Table 1. Dominant algae at the microcystin sites, continued

Outlet Dog Park Beach
October 2
Dominant Anabaena Anabaena Anabaena
Sub-dominant Mallomonas na na
October 11
Dominant Anabaena Anabaena Anabaena
Sub-dominant diatoms diatoms diatoms, fil. greens
October 18
Dominant Anabaena diatoms Anabaena
Sub-dominant diatoms Anabaena, Aphanizomenon

October 25
Dominant Anabaena
Sub-dominant diatoms

November 1
Dominant diatoms
Sub-dominant fil. greens

November 8

Dominant diatoms

Sub-dominant Aphanizomenon,

fil. greens

November 15

Dominant Aphanizomenon

Sub-dominant Anabaena,
Woronichinia

Aphanizomenon

Anabaena
Aphanizomenon

diatoms
fil. greer§nura

Anabaena
fil. greens

Aphanizomenon
diatoms, fil. greens

Aphanizomenon
Anabaena

diatoms
fil. greens,
Aphanizomenon

fil. greens
Aphanizomenon,
diatoms

Aphanizomenon
Anabaena,
Woronichinia
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Figure 15: Lake Padden 2012 settled algae counts. The Sty to estimate
algal density in a lake is to measure chlorophyll concelatngt in the water

column (see Figure 12, page 17). But chlorophyll doesn’instdat kinds of

algae are present or give an estimate of the number of celleisample. Algae
can be counted and identified by collecting a sample usingakpdn net (see
Table 1, page 20; Appendix C.2), but this method underestisntne density of
small algae. The traditional method involves preserving@concentrated water
sample using Lugol’s iodine solution, allowing the algaeséttle slowly into a

counting chamber, then counting the individual cells undgh magnification.

This figure shows the total number of algae cells in Lake Paddeples collected
between May and November 2012. Algae counts are usuallepted using a
log;, scale because of the large range.
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Figure 16: Lake PaddeAphanocapsa/Aphanothece counts. Aphanocapsa and
Aphanothece are common (nontoxic) cyanobacteria (blue-green algas )féinm
dense colonies containing hundreds to thousands of tiaylynedistinguishable
cells. Because the cells are so tiny, even large numbers I @y not
cause an increase in biomass measurements like chloropghyllake Padden,
Aphanocapsa and Aphanothece dominated the algae cell count throughout most
of the summer. As a result, the total counts were highly ¢ated with
Aphanocapsa/Aphanothece (Kendall's 7 correlation coefficient = 0.933; p-value
<0.0001). While this is an interesting feature, it isn’t th@yoalgae pattern that
we want to examine. In order to look at the remaining algalgoas, the data in
Figures 17-18, (pages 25-26) do not inclégdanocapsa and Aphanothece.
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Figure 17: Lake Padden 2012 settled algae counts for cyaterim
(excluding Aphanocapsa/Aphanothece), green algae, and chrysophytes. Even
without Aphanocapsa/Aphanothece counts, the Lake Padden algal populations
were usually dominated by cyanobacteria. The most commga, tafter
Aphanocapsa/Aphanothece were Anabaena, Aphanizomenon, and Showella
(Appendix C.1). The second most abundant group were chhysep, dominated
by Dinobryon, Epipyxis, Gloeobotrys, Mallomonas, and many different types of
diatoms. Green algae usually had lower cell counts than tiver groups. The
most common green taxa weBetryococcus, Eudorina, andSphaerocystis. Note
that the cell count in the above figure is presented usingg kmgle.
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Figure 18: Lake Padden 2012 settled algae percents (ergludi
Aphanocapsa/Aphanothece). The percent of each algal group shows which
types of algae dominated the settled counts. As expecteshobyacteria made
up most of the total count, even after removing Ahanocapsa/Aphanothece
counts. Chrysophytes, which often bloom during springmied one significant
bloom on July 3. The bloom was dominated by diatoms (espgggtlotella and
Fragilaria) and coincided with a very low densities of any type of cyaauibria
other thanAphanocapsa/Aphanothece.



Lake Padden 2012 Report

A Water Quality Data

Page27

Table 2: Summary of analytical methods used by the Institote/Vatershed
Studies in the Lake Padden monitoring project.

Det. Limit/
Analyte Abbr. Method Sensitivity
Dissolved oxygen-Winkler DO.lab  4500-O C azide +0.1 mg/L
Dissolved oxygen-YSI DO.field 4500-O G field meter  4+0.1 mg/L
Temperature-YSI Temp 2550 field meter +0.1C
pH pH 4500-H lab metér +0.1 units
Conductivity Cond 2510 lab meter +0.1 units
Ammonium NH3 4500-NH3 H phenate 10 pug-N/L
Total nitrogen TN 4500-NO3 | and 4500-P J10 pg-N/L
Nitrate/nitrite NO3 4500-NO3 | Cd reductién 10 ;g-N/L
Total phosphorus TP 4500-P G and 4500-P J 5 ug-P/L
Orthophosphate SRP 4500-P G 3 ug-P/L
Algae counts - 10200 C sedimentafion NA
Chlorophyll Chl 10200 H +0.1 mg/nt
Microcystin Micro EnviroLogix 0.16u9/L

TAPHA 2012;*EnviroLogix 2010
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Table 3: Water quality data collected at the Lake Padderep(figure 1, page 6). See
Table A (page 27) for analytical methods, abbreviationd,@tection limits.

Date NH3 TN NO3 SRP TP Chl Cond pH Temp DO.lab
6/13/2011 111 486 216 34 10.0 34 980 NA NA 9.1
6/27/2011 115 402 144 33 <5 45 984 82 190 9.5
7/11/2011 <10 337 67 3.0 <5 47 989 86 222 9.4
7/25/2011 <10 328 NA <3 <5 55 983 86 205 9.2
8/8/2011 <10 302 <10 <3 <5 3.0 990 8.0 212 8.9
8/22/2011 <10 297 <10 <3 50 3.1 100.2 80 211 8.5
9/7/2011 106 268 <10 <3 <5 2.0 1008 79 215 8.6
9/19/2011 <10 392 <10 48 9.8 118 1016 7.6 184 8.2
10/3/2011 20.8 268 <10 6.0 145 59 1020 7.6 16.5 8.5
10/27/2011 169 270<10 6.4 199 7.3 103.1 74 144 8.7
10/31/2011 24.9 347 <10 8.7 242 108 1029 75 120 9.6
11/14/2011 <10 288 <10 35 186 7.8 1030 75 9.2 10.5
11/28/2011 <10 285 19 50 11.3 28 1031 75 7.0 10.9
12/15/2011 30.1 300 32 7.1 124 22 1044 73 49 10.5
1/26/2012 305 456 147 7.3 205 3.6 1042 7.3 3.8 12.0
2/16/2012 <10 506 193 53 154 52 1049 73 52 12.0
3/15/2012 <10 585 298 52 129 NA 989 7.2 56 11.8
4/3/2012 <10 566 276 <3 154 6.8 981 70 7.1 11.6
4/17/2012 <10 540 249 33 92 47 974 73 116 113
5/1/2012 <10 473 201 <3 117 47 976 74 125 106
5/15/2012 <10 457 194 46 139 24 971 7.7 NA 9.9
6/12/2012 <10 360 92 <3 <5 46 991 80 175 9.8
6/26/2012 <10 351 14 <3 82 88 968 83 17.0 9.7
7/5/2012 <10 317 <10 <3 6.8 31 984 8.2 180 9.7
7/24/2012 <10 265 <10 <3 <5 2.7 998 8.0 20.0 8.7
8/7/2012 <10 285 <10 <3 <5 16 1010 7.9 225 8.6
8/21/2012 <10 289 <10 39 58 21 1014 79 215 8.4
9/12/2012 <10 257 <10 9.0 <5 13 1027 7.6 19.6 8.4
9/25/2012 <10 265 <10 3.6 7.0 10.7 1029 7.6 135 8.2
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Table 4: Water quality data collected at the Lake Padden laoach (Figure 1, page 6).
See Table A (page 27) for analytical methods, abbreviatiemd detection limits.

Date NH3 TN NO3 SRP TP Chl Cond pH Temp DO.lab
6/13/2011 12.4 508 208 <3 13.6 4.6 100.0 NA NA 9.0
6/27/2011 <10 434 142 47 <5 56 983 82 190 9.5
7/11/2011 <10 346 66 <3 <5 59 993 86 215 9.5
7/25/2011 <10 350 NA <3 <5 58 986 85 205 9.2
8/8/2011 <10 307 <10 <3 53 35 986 81 215 9.0
8/22/2011 <10 299 <10 <3 <5 2.8 1000 79 210 8.5
9/7/2011 <10 282 <10 <3 56 26 1011 7.8 220 8.6
9/19/2011 <10 333 <10 7.1 6.8 39 1020 75 18.2 8.0
10/3/2011 106 265<10 55 165 73 1022 75 16.8 8.3
10/17/2011 194 253 <10 7.7 188 48 1043 7.3 15.0 8.7
10/31/2011 14.7 321 <10 10.7 233 94 1033 75 120 9.5
11/14/2011 <10 287 <10 49 16.7 79 1026 75 94 10.5
11/28/2011 21.3 281 20 48 109 19 1032 74 74 10.8
12/15/2011 24.7 294 34 78 116 19 1045 7.1 50 10.2
1/26/2012 275 433 148 7.3 20.7 34 1052 74 38 12.0
2/16/2012 <10 466 192 59 156 51 1052 74 52 12.0
3/15/2012 <10 573 303 50 166 NA 994 71 56 11.7
4/3/2012 <10 568 291 33 150 71 976 7.0 75 11.5
4/17/2012 <10 545 254 50 112 75 974 7.2 115 114
5/1/2012 <10 484 207 <3 119 51 975 75 125 10.8
5/15/2012 <10 441 193 <3 11.7 31 975 7.7 150 9.8
6/12/2012 <10 350 92 <3 6.3 34 990 80 175 9.7
6/26/2012 <10 364 19 <3 128 89 985 83 175 9.7
7/5/2012 <10 297 <10 <3 63 44 0985 80 175 9.5
7/24/2012 <10 297 <10 <3 <5 41 100.1 8.0 195 8.7
8/7/2012 <10 259 <10 <3 <5 15 1011 81 225 8.5
8/21/2012 <10 274 <10 48 52 20 1015 79 220 8.3
9/12/2012 <10 248 <10 68 <5 24 1029 7.6 195 8.6
9/25/2012 <10 254 <10 48 84 36 103.0 7.5 140 8.0
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Table 5: Water quality profiles collected at the Lake Paddasapdvater site (Figure 1, page
6). See Table A (page 27) for analytical methods, abbrenatiand detection limits.

Depth NH3 TN NO3 SRP TP Cond pH Temp DO.field
August 29, 2011

<10 287 <10 <3 56 100.1 81 209 9.2
NA NA NA NA NA NA NA 209 9.2
NA NA NA NA NA NA NA 208 9.2
NA NA NA NA NA NA NA 209 9.2
NA NA NA NA NA NA NA 2038 9.2
NA NA NA NA NA NA NA 202 8.9
NA NA NA NA NA NA NA 197 7.9
NA NA NA NA NA NA NA 165 0.9
NA NA NA NA NA NA NA 137 0.0
107.8 385 <10 7.7 26,5 1129 6.8 12.2 0.0

©Coo~NOoOUlh~ WNPEO

Depth NH3 TN NO3 SRP TP Cond pH Temp DO.field
November 7, 2011
16.3 273 <10 74 212 1024 75 9.9 10.3
NA NA NA NA NA NA NA 0938 10.3
NA NA NA NA NA NA NA 99 10.2
NA NA NA NA NA NA NA 99 10.2
NA NA NA NA NA NA NA 99 10.2
NA NA NA NA NA NA NA 99 10.1
NA NA NA NA NA NA NA 99 10.1
NA NA NA NA NA NA NA 99 10.1
NA NA NA NA NA NA NA 99 10.1
<10 303 <10 53 214 1031 75 99 10.1
NA NA NA NA NA NA NA 99 10.1
continued on next page
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Table 5: Lake Padden deep water site, continued
Depth NH3 TN NO3 SRP TP Cond pH Temp DO.field
August 7, 2012
0.3 NA NA NA NA NA NA NA 220 NA
1 NA NA NA NA NA NA NA 220 9.1
2 NA NA NA NA NA NA NA 219 9.1
3 NA NA NA NA NA NA NA 216 9.1
4 NA NA NA NA NA NA NA 213 9.1
5 NA NA NA NA NA NA NA 201 8.7
6 NA NA NA NA NA NA NA 195 7.9
7 NA NA NA NA NA NA NA 151 0.4
8 NA NA NA NA NA NA NA 11.2 0.1
9 NA NA NA NA NA NA NA 99 0.0
10 NA NA NA NA NA NA NA 94 0.0




Lake Padden 2012 Report

B Quality Control Data

Page32

Table 6: Lake Padden quality control data. See Table A (p&@y4o? analytical
methods, abbreviations, and detection limits.

Site Date NH3 TN NO3 SRP TP Chl Cond pH
Launchramp  July112011 <10 346 66 <3 <5 59 0993 8.6
Field duplicate <10 376 NA NA <5 NA 99.2 8.6
Launchramp  Oct 32011 10.6 265<10 55 165 7.3 1022 7.5
Field duplicate 13.6 311<10 5.1 16.3 NA 1026 7.5
Launchramp Jan262012 275 433 148 7.3 20.7 34 1052 74
Field duplicate 26.3 430 145 7.2 191 NA 1051 7.4
Launchramp  Apr32012 <10 568 291 33 150 7.1 976 7.0
Field duplicate <10 577 291 6.3 13.7 NA 98.0 6.9
Launchramp  July52012 <10 297 <10 <3 6.3 44 985 80
Field duplicate <10 301 <10 <3 <5 NA 0984 8.0
Lake outlet Aug 22 2011 <10 297 <10 <3 5.0 3.1 100.2 8.0
Field duplicate <10 297 <10 <3 <5 NA 100.1 8.0
Lake outlet Nov 14 2011 <10 288 <10 3.5 186 7.8 1030 7.5
Field duplicate <10 295 <10 4.2 21.7 NA 1032 7.6
Lake outlet May 152012 <10 457 194 4.6 139 24 971 7.7
Field duplicate <10 460 187 <3 118 NA 971 7.7
Lake outlet Aug 212012 <10 289 <10 39 58 21 1014 79
Field duplicate <10 306 <10 <3 <5 NA 1015 7.9
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Table 7: Lake Padden settled algae counts (cells/mL) frowlevivater samples preserved
with Lugol’s iodine solution See Table A (page 27) for a sumyrd the settling methods.

Jun?7 Jun 26 Jul3 Jul25 Augl Aug8
Anabaena 199 2974 111 1345 314 270
Aphanizomenon 50 400 0 0 500 400
Aphanocapsa, Aphanothece 26831 56065 59468 58468 9911 29634
Chroococcus, Eucapsis 0 0 9 9 0 0
Cyanodictyon 0 0 0 100 0 250
Pseudanabaena 0 0 0 200 100 0
Showella 0 0 0O 1601 1601 2403
Woronichinia 801 1602 0 0 0 0
Bitrichia 0 0 0 0 0 4
Dinobryon 44 0 9 18 9 40
Epipyxis 0 0 0 0 18 0
Gloeobotrys 0 655 0 71 0 0
Mallomonas acaroides 0 0 9 4 0 4
Mallomonas akrokomos 0 0 0 0 0 0
Mallomonas caudata 4 0 0 0 0 0
Mallomonas tonsurata 0 0 0 0 0 0
Synura 0 0 0 0 71 0
Cryptomonad - large 35 53 18 9 18 13
Cryptomonad - small 80 124 115 301 274 173
Cosmarium 0 0 0 0 0 0
Cosmocladium 0 0 0 0 4 0
Achnanthes 97 0 0 0 13 44
Asterionella 0 71 35 0 35 0
Aulacoseira 0 0 0 0 0 0
Cocconels shape 0 0 0 4 0 4
Cyclotella 49 248 257 75 9 35

continued on next page
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Table 7. Lake Padden settled algae counts, continued

Jun7 Jun 26 Jul3 Jul25 Augl Aug8

Cymbella shape
Fragilaria
Navicula shape
Stephanodiscus
Synedra
Tabellaria

Unk fil diatom
Unk nonfil diatom
Ceratium
Gymnodinium
Peridinium
Euglena
Trachelomonas
Actinastrum
Ankistrodesmus
Ankyra, Monoraph., Schroederia
Asterococcus, Planktosphaeria
Botryococcus
Chlamydomonas
Dictyosphaerium
Elakatothrix
Eudorina
Mougeotia
Oocystis
Quadrigula
Sohaerocystis
Tetraedron

9 0 0 0 0 0
4 274 283 0 0 0
27 0 4 0 0 0
0 0 0 0 0 0
9 18 4 0 9 0
4 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0
0 0 0 0 0 0
9 0 9 0 0 22
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 35 0 0 0 0
0 0 0 0 0 0
0 0 0 4 0 0
0 0 0 801 0 0
0 0 0 0 4 0
0 0 0 0 0 0
4 0 0 0 0 53
0 0 0 0 142 0
0 0 0 0 0 0
0 0 0 0 0 18
0 0 0 0 0 0
0 142 0 0 35 0
0 0 0 4 0 0

continued on next page
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Table 7. Lake Padden settled algae counts, continued

Aug 15 Aug?22 Aug29 Sepl2 Sepl5 Sepl9

Anabaena 181 288 119 221 438 1522
Aphanizomenon 300 4475 2853 0 258 0
Aphanocapsa, Aphanothece 19222 22025 14817 9210 13415 7508
Chroococcus, Eucapsis 0 0 0 0 0 0
Cyanodictyon 250 300 0 250 0 0
Pseudanabaena 0 0 0 50 150 149
Showella 3403 3303 200 800 1601 100
Woronichinia 0 0 0 0 200 0
Bitrichia 0 0 0 0 0 0
Dinobryon 27 66 89 128 97 13
Epipyxis 0 0 164 97 111 0
Gloeobotrys 0 0 0 0 0 0
Mallomonas acaroides 4 4 0 13 0 0
Mallomonas akrokomos 0 0 0 31 0 58
Mallomonas caudata 4 4 4 4 0 0
Mallomonas tonsurata 0 0 22 0 0 71
Synura 0 0 142 0 0 0
Cryptomonad - large 53 106 66 40 13 4
Cryptomonad - small 93 319 97 438 425 181
Cosmarium 0 0 0 0 0 0
Cosmocladium 0 0 0 9 0 0
Achnanthes 22 13 40 0 31 18
Asterionella 0 4 0 0 4 0
Aulacoseira 13 0 22 0 49 0
Cocconeis shape 0 0 9 0 0 4
Cyclotella 18 18 4 13 4 9
Cymbella shape 0 0 0 0 0 0
Fragilaria 71 0 80 0 168 0
Navicula shape 13 0 22 0 4 4
Stephanodiscus 0 0 0 0 0 0
Synedra 0 0 31 4 0 9
Tabellaria 0 0 0 0 0 0
Unk fil diatom 0 0 190 0 0 0
Unk nonfil diatom 0 0 0 0 4 4

continued on next page
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Table 7. Lake Padden settled algae counts, continued

Aug 15 Aug?22 Aug29 Sepl2 Sepl5 Sepl9

Ceratium 0 9 0 0 4 0

Gymnodinium 4 13 4 9 0 9

Peridinium 4 0 4 0 0 0

Euglena 0 13 0 0 0 0

Trachelomonas 4 9 0 0 0 0

Actinastrum 0 0 0 18 0 0

Ankistrodesmus 0 0 0 0 0 0

Ankyra, Monoraph., Schroederia 0 0 0 0 0 0

Asterococcus, Planktosphaeria 0 0 0 0 0 0

Botryococcus 0 0 0 0 0 0

Chlamydomonas 0 0 4 0 0 0

Dictyosphaerium 0 0 0 0 0 0

Elakatothrix 0 0 0 9 0 0

Eudorina 49 190 0 0 0 0

Mougeotia 0 0 0 0 0 27

Oocystis 0 0 0 0 0 0

Quadrigula 0 0 0 44 27 0

Sohaerocystis 0 0 0 0 0 0

Tetraedron 0 0 0 0 0 0
Sep26 Octll Octl8 Nov3

Anabaena 659 960 257 137

Aphanizomenon 0 1351 375 2252

Aphanocapsa, Aphanothece 6207 7809 1801 1050

Chroococcus, Eucapsis 0 0 0 0

Cyanodictyon 0 0 0 0

Pseudanabaena 0 0 100 0

Showella 100 400 400 0

Wbronichinia 0 0 0 0

Bitrichia 0 0 0 0

Dinobryon 40 13 13 4

Epipyxis 22 0 0 0

continued on next page
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Table 7. Lake Padden settled algae counts, continued

Sep26 Octll Octl8 Nov3

Gloeobotrys 0 0 0 0
Mallomonas acaroides 35 4 13 18
Mallomonas akrokomos 119 155 31 27
Mallomonas caudata 0 0 0 0
Mallomonas tonsurata 0 0 0 0
Synura 0 0 0 142
Cryptomonad - large 115 66 75 137
Cryptomonad - small 398 314 991 469
Cosmarium 9 4 0 0
Cosmocladium 0 0 0 0
Achnanthes 4 0 9 9
Asteriondlla 0 44 155 9
Aulacoseira 35 0 181 314
Cocconeis shape 0 4 0 0
Cyclotella 4 4 9 9
Cymbella shape 0 0 0 0
Fragilaria 0 0 0 0
Navicula shape 0 4 0 0
Stephanodiscus 4 0 0 0
Synedra 0 0 4 13
Tabellaria 0 0 0 0
Unk fil diatom 0 0 0 0
Unk nonfil diatom 0 0 0 0
Ceratium 0 0 0 0
Gymnodinium 0 4 0 0
Peridinium 0 0 0 0
Euglena 0 0 0 4
Trachelomonas 0 9 9 0
Actinastrum 0 0 0 0
Ankistrodesmus 0 0 0 0

continued on next page
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Table 7. Lake Padden settled algae counts, continued

Sep26 Octll Octl8 Nov3

Ankyra, Monoraph., Schroederia 9 0 22 0
Asterococcus, Planktosphaeria 4 0 0 0
Botryococcus 0 0 0 0
Chlamydomonas 0 0 4 0
Dictyosphaerium 0 71 0 0
Elakatothrix 0 0 0 0
Eudorina 0 0 27 0
Mougeotia 0 0 0 0
Oocystis 0 0 0 0
Quadrigula 0 0 0 0
Sohaerocystis 35 0 0 0
Tetraedron 0 0 0 0
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C.2 Algae Dominance at Microcystin Sampling Sites

Table 8: Dominant (D) and sub-dominant (CD) algae colleatdtie microcystin sampling
sites using a 2Qum plankton net. Dominant algae were defined as the most common
species present in the sample; sub-dominant algae wezd Widten other common species
were observed in the sample. Algae that were present (*)eisémple or absent (-) in the
sample, but present in other samples, are also listed.

May 23, 2012 June 7, 2012

Site Outlet Dog Park BeachOutlet Dog Park Beach
Anabaena * * * SD * *
Aphanizomenon * * * - * *
Aphanocapsa, Aphanothece * * * * * *
Gloeotrichia - - - - - -
Microcystis - - - - - -
Nostoc - - — - - —
Oscillatoria, Phormidium - - - - - —
Sowella - - - - - -
Woronichinia * * * * * *
Diatoms D D D D D D
Dinobryon D D D * * *
Epipyxis - - - — -
Gloeobotrys - — - * * *
Mallomonas * * * * * *
Single Cell Chrysophytes * * * - — -
Synura * * * * * *
Uroglena * * * * * —
Ankistrodesmus - - - - - _
Botryococcus - - - - -
Single Cell Greens * * * * * *
Coelastrum - - - - - —
Desmids * * * * - *
Dictyosphaerium - — — — - —
Elakatothrix - - - - * —
Eudorina * * * * * *
Filamentous Greens * * * * * *

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

Site

Outlet

May 23, 2012
Dog Park Beac

June 7, 2012

Oocystis
Pandorina
Pediastrum
Quadrigula
Sohaerocystis
Tetraspora
\olvox
Cryptomonads
Ceratium
Gymnodinium
Peridinium
Euglena
Phacus
Trachelomonas

hOutlet Dog Park Beach

* *

*

*
*

Site

Outlet

June 26, 2012
Beac

July 3, 2012
hOQutlet

Anabaena
Aphanizomenon
Aphanocapsa, Aphanothece
Gloeotrichia

Microcystis

Nostoc

Oscillatoria, Phormidium
Showella

Woronichinia

Diatoms

Dinobryon

Epipyxis

Gloeobotrys

Mallomonas

*

D

*

Dog Park
*

*

Dog Park Beach
*

* *

*

SD SD SD

* O x|
*U*l
O

*
*

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

Site

June 26, 2012
Outlet

Dog Park Beac

July 3, 2012

hOutlet Dog Park Beach

Single Cell Chrysophytes

Synura

Uroglena
Ankistrodesmus
Botryococcus
Single Cell Greens
Coelastrum
Desmids
Dictyosphaerium
Elakatothrix
Eudorina
Filamentous Greens
Oocystis
Pandorina
Pediastrum
Quadrigula
Sohaerocystis
Tetraspora
\olvox
Cryptomonads
Ceratium
Gymnodinium
Peridinium
Euglena

Phacus
Trachelomonas

* *
* *
_ *

* *

* *
* *

_ *

_ *

_ *
* —

* *

* —

* *

*

* *
_ *
* *
_ *
* *
* *
_ *
_ *
* —
* —
* *
* —
* *
_ *
* *

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

Site

July 25, 2012
Dog Park Beac

Outlet

hOutlet

August 1, 2012

Dog Park Beach

Anabaena
Aphanizomenon
Aphanocapsa, Aphanothece
Gloeotrichia
Microcystis

Nostoc

Oscillatoria, Phormidium
Showella
Woronichinia
Diatoms

Dinobryon

Epipyxis

Gloeobotrys
Mallomonas

Single Cell Chrysophytes
Synura

Uroglena
Ankistrodesmus
Botryococcus

Single Cell Greens
Coelastrum

Desmids
Dictyosphaerium
Elakatothrix
Eudorina
Filamentous Greens
Oocystis

Pandorina
Pediastrum
Quadrigula
Sohaerocystis
Tetraspora

\olvox

SD

*

*

* 1|

*

*

*

*

SD

I * 0O * |

*

*

SD

*

SD

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

July 25, 2012 August 1, 2012

Site Outlet Dog Park BeachOutlet Dog Park Beach
Cryptomonads - - - - - -
Ceratium - * * - - *
Gymnodinium - * * * * *
Peridinium - - - - - -
Euglena - * * - * -
Phacus - - - - - -
Trachelomonas - - - - - -

August 12, 2012 August 15, 2012
Site Outlet Dog Park BeachOutlet Dog Park Beach
Anabaena * * * D SD SD
Aphanizomenon - * * * * *
Aphanocapsa, Aphanothece  SD * * * * *
Gloeotrichia - - - - - -
Microcystis * - — * * *
Nostoc - — - - - -
Oscillatoria, Phormidium - - - * - -
Showella - - - - - -
Woronichinia * * * * * *
Diatoms D SD SD * D D
Dinobryon * D D * * *
Epipyxis - - - - - -
Gloeobotrys * * - * * *
Mallomonas * - - * - *
Single Cell Chrysophytes - - — * * -
Synura - - - - - -
Uroglena * * - * * *
Ankistrodesmus - - - - - -
Botryococcus - - - SD - SD
Single Cell Greens * * * * - *
Coelastrum - - - - - -

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

Site

August 12, 2012

Outlet

Beac

hOutlet

August 15, 2012

Desmids
Dictyosphaerium
Elakatothrix
Eudorina
Filamentous Greens
Oocystis
Pandorina
Pediastrum
Quadrigula
Sohaerocystis
Tetraspora
\olvox
Cryptomonads
Ceratium
Gymnodinium
Peridinium
Euglena

Phacus
Trachelomonas

*

Dog Park
*

*

*

* ok |

Dog Park
*

* ¥ X |

Beach
*

*

*

Site

August 22, 2012

Outlet

Beac

hOQutlet

August 29, 2012

Beach

Anabaena

Aphanizomenon
Aphanocapsa, Aphanothece
Gloeotrichia

Microcystis

Nostoc

Oscillatoria, Phormidium
Showella

Woronichinia

Dog Park
*

*

SD

*

Dog Park
*

*

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

August 22, 2012 August 29, 2012
Site Outlet Dog Park BeachOutlet Dog Park Beach
Diatoms D SD D SD * *
Dinobryon * - — * * *
Epipyxis - - - - - -
Gloeobotrys * - — - - -
Mallomonas * - * * *
Single Cell Chrysophytes * - - - * *
*
*

Synura - - - -

Uroglena - — — — —
Ankistrodesmus - - - - - _
Botryococcus - - - * - *
Single Cell Greens SD * * * - *
Coelastrum - - -
Desmids * * *
Dictyosphaerium - - -
Elakatothrix * *

Eudorina * * *
Filamentous Greens * * *
Oocystis * - *
Pandorina - - -
Pediastrum - - -
Quadrigula - - -
Sohaerocystis * * -
Tetraspora * * * —
\olvox - - - - - _
Cryptomonads * - * - - _
Ceratium * * * * * *
Gymnodinium * - — * - *
Peridinium - - - - - _
Euglena — * * * - *
Phacus - - - - - —
Trachelomonas - * * - - *

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

September 5, 2012

September 12, 2012

Site Outlet Dog Park BeachOutlet Dog Park Beach
Anabaena D SD D D D D
Aphanizomenon - * * * * *
Aphanocapsa, Aphanothece  * * * * * *
Gloeotrichia - - _ _ * _
Microcystis * - * - _ *
Nostoc * - - - - -
Oscillatoria, Phormidium - * * * _ *
Showella * * * * * *
Woronichinia * * * * * *
Diatoms D D SD * SD *
Dinobryon - * * * * *
Epipyxis - - - * _ *
Gloeobotrys - — - — - —
Mallomonas - — - * * *
Single Cell Chrysophytes - - * - *
Synura - - - * _ _
Uroglena - * * * _ *
Ankistrodesmus - - - _ _ *
Botryococcus * - * * * *
Single Cell Greens * * - * * *
Coelastrum - - - _ _ *
Desmids * * * * * *
Dictyosphaerium - - — * * _
Elakatothrix * * * - - _
Eudorina * * * * * *
Filamentous Greens * * * * *
Oocystis * - — * * _
Pandorina - - - * _ _
Pediastrum - - - _ _ *
Quadrigula * * * * * *
Sphaerocystis * * * * *
Tetraspora * - — * * *
\olvox - - - * _ *

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

September 5, 2012

September 12, 2012

Site Outlet Dog Park BeachOutlet Dog Park Beach
Cryptomonads * * * * - *
Ceratium - - - SD * SD
Gymnodinium * * - * * *
Peridinium - - - - - -
Euglena _ * * * * *
Phacus * - - - -
Trachelomonas - * * * * *
September 19, 2012 September 26, 2012
Site Outlet Dog Park BeachOutlet Dog Park Beach
Anabaena SD D D D D D
Aphanizomenon * - * * * *
Aphanocapsa, Aphanothece * * * * * *
Gloeotrichia - * — - - -
Microcystis * * - * * -
Nostoc - — - - - -
Oscillatoria, Phormidium - - - * -
Sowella * * * * *
Woronichinia * * * * * *
Diatoms * * * * * SD
Dinobryon - - - * * *
Epipyxis - - - * * *
Gloeobotrys - * - - - -
Mallomonas * * * * * -
Single Cell Chrysophytes * * * - - -
Synura - - - * - *
Uroglena - - - - - -
Ankistrodesmus - - - - - -
Botryococcus * * * * * *
Single Cell Greens * SD * * * *
Coelastrum - - - - - -

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

Site

September 19, 2012

Outlet

Beac

September 26, 2012

hOutlet

Beach

Desmids
Dictyosphaerium
Elakatothrix
Eudorina
Filamentous Greens
Oocystis
Pandorina
Pediastrum
Quadrigula
Sohaerocystis
Tetraspora
\olvox
Cryptomonads
Ceratium
Gymnodinium
Peridinium
Euglena

Phacus
Trachelomonas

*

Dog Park
*

*

*

| % * % * *

*

L N | *

*

Dog Park
*

*

*

* * * I

[ |

*

* * * |

* |

Site

October 2, 2012

Outlet

Dog Park

Beac

October 11, 2012

hOQutlet

Dog Park Beach

Anabaena

Aphanizomenon
Aphanocapsa, Aphanothece
Gloeotrichia

Microcystis

Nostoc

Oscillatoria, Phormidium
Showella

Woronichinia

D

I *

* ¥ s

D

*

D

D

*

*
*

*

D

*

*

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

October 2, 2012

October 11, 2012

Site Outlet Dog Park BeachOutlet Dog Park Beach
Diatoms * * * SD SD SD
Dinobryon * * * * * *
Epipyxis * * * * - —
Gloeobotrys - — - — - —
Mallomonas SD * - * *
Single Cell Chrysophytes * * * * * *
Synura * - — - - _
Uroglena * — — — - —
Ankistrodesmus - - - - - —
Botryococcus * * * * * *
Single Cell Greens * * * * * *
Coelastrum - - - - - -
Desmids * * * * * *
Dictyosphaerium * * - * * *
Elakatothrix * - — - - -
Eudorina * * * * * *
Filamentous Greens — * - * * SD
Oocystis * * * * * *
Pandorina - — - — - —
Pediastrum - - - - - -
Quadrigula - - - - - -
Sohaerocystis * * - * * *
Tetraspora - * — * * *
\olvox * — _ * * .
Cryptomonads * * - _ * *
Ceratium - - - _ _ *
Gymnodinium * - - - - _
Peridinium - - - - —
Euglena - — — * * —
Phacus - — - - - —
Trachelomonas - * — * * *

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

October 18, 2012 October 25, 2012
Site Outlet Dog Park BeachOutlet Dog Park Beach
Anabaena D SD D D D SD
Aphanizomenon * SD SD - SD D
Aphanocapsa, Aphanothece  * * * — * *
Gloeotrichia - - - - - —
Microcystis * * * * * *
Nostoc - - - — - -
Oscillatoria, Phormidium - * * - - —
Showella * * - —
Woronichinia * * * * * *
Diatoms SD D * SD * *
Dinobryon * * - * * -
Epipyxis * - — * - —
Gloeobotrys - — - — - —
Mallomonas - - - - * *
Single Cell Chrysophytes - - — - — -
Synura - * - - * -
Uroglena * - — - - -
Ankistrodesmus - - - - - _
Botryococcus * * * * - *
Single Cell Greens * * * * * -
Coelastrum - - - - - -
Desmids * * * * * *
Dictyosphaerium * * * — * —
Elakatothrix - - - - - _
Eudorina * * - * *
Filamentous Greens * * * * * *
Oocystis * * * _ * *
Pandorina - * _ _ * _
Pediastrum - - - - - _
Quadrigula - — - — - —
Sphaerocystis * - — - * —
Tetraspora * - — - * *
\olvox * - — - - -

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

Site

October 18, 2012

Outlet

October 25, 2012

Cryptomonads
Ceratium
Gymnodinium
Peridinium
Euglena
Phacus
Trachelomonas

*

* ok ok k|

Dog Park BeachOutlet Dog Park Beach
* *

B I

*

* % % |
* * * |

*
*
*

Site

November 1, 2012

Outlet

Dog Park

November 8, 2012

BeachOutlet Dog Park Beach

Anabaena
Aphanizomenon
Aphanocapsa, Aphanothece
Gloeotrichia

Microcystis

Nostoc

Oscillatoria, Phormidium
Sowella

Woronichinia

Diatoms

Dinobryon

Epipyxis

Gloeobotrys

Mallomonas

Single Cell Chrysophytes
Synura

Uroglena
Ankistrodesmus
Botryococcus

Single Cell Greens
Coelastrum

*

*

*

*

SD

*

*

* D *
SD * SD
*

* *

*

I O * x|
I
I

* %k kx|

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

November 1, 2012 November 8, 2012
Site Outlet Dog Park BeachOutlet Dog Park Beach
Desmids * * * * * -
Dictyosphaerium * * * - * —
Elakatothrix - - - - - -
Eudorina * - * * * *
Filamentous Greens SD SD SDh SD SD D
Oocystis * * - - * -
Pandorina * * - - - -
Pediastrum - - - - - -
Quadrigula - - - - - -
Sohaerocystis * * - - - -
Tetraspora - - - - - -
\olvox - — * * - -
Cryptomonads - * * * * *
Ceratium - - - - - -
Gymnodinium - - * - * -
Peridinium - — - - — -
Euglena * * * * * _
Phacus - — — - — —
Trachelomonas - * * * - -

November 15, 2012
Site Outlet Dog Park Beach
Anabaena SD * SD
Aphanizomenon D D D
Aphanocapsa, Aphanothece * * -
Gloeotrichia - - -
Microcystis * * *
Nostoc - - -
Oscillatoria, Phormidium - — -
Showella - * -
Woronichinia SD * SD

continued on next page
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Table 8: Dominant algae at the microcystin sites, continued

Site

Outlet

November 15, 2012

Dog Park Beac

=

Diatoms
Dinobryon
Epipyxis
Gloeobotrys
Mallomonas

Single Cell Chrysophytes

Synura

Uroglena
Ankistrodesmus
Botryococcus
Single Cell Greens
Coelastrum
Desmids
Dictyosphaerium
Elakatothrix
Eudorina
Filamentous Greens
Oocystis
Pandorina
Pediastrum
Quadrigula
Sohaerocystis
Tetraspora
\olvox
Cryptomonads
Ceratium
Gymnodinium
Peridinium
Euglena

Phacus
Trachelomonas

* SD *
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C.3 Algae Images

This appendix contains high resolution digital images of tommon algae
collected in plankton samples and along the shoreline okelLR&dden. The
purpose of the appendix is to provide a photographic recbittkanames assigned
to the algal taxa identified in Tables 1, 7, and 8.

Some types of algae are difficult or impossible to distingunsporeserved samples
using conventional light microscopy. For the Lake Paddadystsome taxa were
grouped into categories based on similar structure anckdigee. For example,
Asterococcus and Planktosphaeria are both non-motile, single-cell green algae,
so these two taxa were placed into a single group.

All taxonomic identifications in this appendix were prowidey Dr. R. Matthews
and represent my best effort to provide accurate classditatfollowing

the nomenclature in AlgaeBase (http://www.algaebasg.aging conventional
taxonomic sources. All images were photographed by Dr. Rbztthews using
a Nikon Eclipse 80i microscope with phase contrast or NoknéitdC) objectives
and a QImaging digital camera. These images may be used f@onunercial
purposes under the copyright license described at htipu/wwu.edu/iws, with
appropriate credit given to Dr. Matthews and Western Waghim University.
Comments, suggestions, or requests for copies of the Wigi@ges may be
directed to the Institute for Watershed Studies, Westershikigton University,
516 High Street, Bellingham, WA, 98225.
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Figure 19: ChrysophytesBitrichia. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Whatcom); lower image showpreserved algae
(Lake Whatcom).
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Figure 20: ChrysophytesDinobryon. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgreserved algae
(Lake Padden).
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Figure 21: ChrysophytesEpipyxis. Both images shows algae preserved in
Lugol’s iodine solution (Lake Padden).
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Figure 22: ChrysophytesGloeobotrys. Upper image shows algae preserved in
Lugol’s iodine solution (Judy Reservoir); lower image slsawpreserved algae
(Lake Padden).
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Figure 23: Chrysophytes:Mallomonas acaroides (upper) andMallomonas
akrokomos (lower). Upper image shows unpreserved algae (Lake Padiderer
image shows algae preserved in Lugol’s iodine solution éLR&dden).
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Figure 24: Chrysophytes:Mallomonas caudata (upper) andMallomonas
tonsurata (lower). Both images show algae preserved in Lugol’s iodiokition
(Lake Padden).
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Figure 25: ChrysophyteSynura. Upper image shows algae preserved in Lugol’'s
iodine solution (Lake Padden); lower image shows unpreskalgae (Lake
Padden).
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Figure 26: Chrysophyte&iroglena. Both images show unpreserved algae (upper
= Toad Lake; lower = Lake Padden).
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Figure 27: Diatoms: Achnanthes/Achnanthidium. Both images show algae
preserved in Lugol’s iodine solution (Lake Padden).
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Figure 28: Chrysophytes (diatomdAsterionella. Upper image shows algae
preserved in Lugol's iodine solution (Lake Padden); lowerage shows
unpreserved algae (Lake Whatcom).
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Figure 29: Chrysophytes (diatomsfulacoseira. Upper image shows algae
preserved in Lugol’'s iodine solution (Lake Whatcom); lowierage shows
unpreserved algae (Fazon Lake).
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Figure 30: Chrysophytes (diatomsfocconeis type. Both images show algae
preserved in Lugol’s iodine solution (Lake Padden).
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Figure 31: Chrysophytes (diatoms)Cyclotella. Upper image shows algae
preserved in Lugol's iodine solution (Lake Padden); lowerage shows
unpreserved algae (Lake Padden).



Lake Padden 2012 Report Page68

Figure 32: Chrysophytes (diatoms)Cymbella type. Upper image shows
algae preserved in Lugol’s iodine solution (Lake Paddemner image shows
unpreserved algae (Lake Padden).



Lake Padden 2012 Report Paget9

Figure 33: Chrysophytes (diatoms¥ragilaria. Upper image shows algae
preserved in Lugol's iodine solution (Lake Padden); lowerage shows
unpreserved algae (Lake Whatcom).
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Figure 34: Chrysophytes (diatomsjsomphonema type. Both images show
unpreserved algae (Lake Padden).
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Figure 35: Chrysophytes (diatoms)Melosira. Upper image shows algae
preserved in Lugol's iodine solution (Lake Padden); lowerage shows
unpreserved algae (Lake Padden).
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Figure 36: Chrysophytes (diatomsfauroneis. Upper image shows algae
preserved in Lugol's iodine solution (Lake Padden); lowerage shows
unpreserved algae (Lake Whatcom).
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Figure 37: Chrysophytes (diatoms)Sephanodiscus. Both images show
unpreserved algae (upper = Lake Whatcom; lower = Lake Padden
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Figure 38: Chrysophytes (diatom$&ynedra. Both images show algae preserved
in Lugol’s iodine solution (upper = Lake Padden; lower = Lakbatcom).
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Figure 39: Chrysophytes (diatoms)fabellaria. Upper image shows algae
preserved in Lugol’'s iodine solution (Lake Whatcom); lowierage shows
unpreserved algae (Lake Whatcom).
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Figure 40: CyanobacteriaAnabaena. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgraserved algae
(Lake Padden).
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Figure 41: Cyanobacteri@phanizomenon. Both images show algae preserved in
Lugol’s iodine solution (Lake Padden).
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Figure 42: Cyanobacteriaddphanocapsa/Aphanothece (may include other taxa).
Upper image shows algae preserved in Lugol’s iodine saiuti@ke Padden);
lower image shows unpreserved algae (Lake Padden).
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Figure 43: Cyanobacteridhroococcus. Upper image shows algae preserved in
Lugol’s iodine solution (Judy Reservoir); lower image slsawpreserved algae
(Lake Padden).
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Cyanodictyon

Figure 44: Cyanobacteria&Cyanodictyon. Both images show algae preserved in
Lugol’s iodine solution (upper = Lake Padden; lower = Lakeatdom).



Lake Padden 2012 Report Page81

N
)

§ 2
T S I N &\ B
R AN
)“ ’,‘ \ ' ‘,s\ L
. £ -
Y - 2
! e
) h‘ \ \
’

Figure 45: CyanobacteriaGloeotrichia. Both images show unpreserved algae
(upper = Big Lake; lower = Cranberry Lake).
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Figure 46: Cyanobacteridvlerismopedia. Both images show unpreserved algae
(Lake Padden).
S
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Figure 47: CyanobacteriaMicrocystis. Both images show unpreserved algae
(Lake Whatcom).
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Figure 48: Cyanobacteriddscillatoria. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgreserved algae
(Lake Padden).
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Figure 49: CyanobacterigPhormidium. Both images show unpreserved algae
(upper = Geneva Pond; lower = Lake Padden).
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Figure 50: Cyanobacteri®@seudanabaena. Both images show unpreserved algae
(Lake Padden).
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Figure 51: CyanobacteriaShowella. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgraserved algae
(Lake Whatcom).



Lake Padden 2012 Report Page88

Figure 52: Cyanobacterialbronichinia. Both images show algae preserved in
Lugol’s iodine solution (Lake Padden).
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Figure 53: Green algaeActinastrum. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgreserved algae
(Fazon Lake).
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Figure 54: Green algaéAnkistrodesmus. Both images show algae preserved in
Lugol’s iodine solution (Lake Padden).
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Figure 55: Green algaéinkyra/MonoraphidiunvSchroederia. Both images show
algae preserved in Lugol’s iodine solution (Lake Padden).
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Figure 56: Green algaeAsterococcus/Planktosphaeria. Upper image shows
algae preserved in Lugol’s iodine solution (Lake Paddemner image shows
unpreserved algae (Lake Padden).
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Figure 57: Green algaeBotryococcus. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgreserved algae
(Lake Padden).
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Figure 58: Green algaeBulbochaete. Both images show unpreserved algae
(upper = Lake Padden; lower = Big Lake).
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Figure 59: Green algaeChlamydomonas. Upper image shows algae preserved
in Lugol’s iodine solution (Lake Padden); lower image shawpreserved algae
(Lake Padden).
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Figure 60: Green algaeCoelastrum. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Campbell); lower image shawgpreserved algae
(Lake Whatcom).
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Figure 61: Green algadictyosphaerium. Upper image shows algae preserved
in Lugol’s iodine solution (Lake Padden); lower image shawpreserved algae
(Lake Padden).
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Figure 62: Green algaeElakatothrix. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgraserved algae
(Lake Padden).
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Figure 63: Green algaeEudorina. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgreserved algae
(Lake Padden).
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Figure 64: Green alga&eminella. Both images show unpreserved algae (Lake
Padden).
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Figure 65: Green alga&loeocystis. Both images show unpreserved algae (upper
= Ki Lake; lower = Lake Padden).
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Figure 66: Green algaeMougeotia. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgraserved algae
(Lake Padden).
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Figure 67: Green alga®ocystis. Upper image shows algae preserved in Lugol’s
iodine solution (Lake Padden); lower image shows unpreskalgae (Lake
Padden).
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Figure 68: Green algaePandorina. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgraserved algae
(Judy Reservoir).
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Figure 69: Green algaePediastrum. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Campbell); lower image shawgpreserved algae
(Lake Whatcom).
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Figure 70: Green algaeQuadrigula. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgraserved algae
(Lake Padden).
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Figure 71: Green algae€phaerocystis. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Padden); lower image showgraserved algae
(Lake Whatcom).
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Figure 72: Green algaeTetraedron. Upper image shows algae preserved in
Lugol’s iodine solution (Lake Campbell); lower image shawgpreserved algae
(Lake Whatcom).
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Figure 73: Green algadetraspora. Both images show unpreserved algae (Lake
Padden).
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Figure 74: Green algaevolvox. Both images show unpreserved algae (Lone
Lake).
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Figure 75: Green algae (desmidsfosmarium. Upper image shows algae
preserved in Lugol's iodine solution (Lake Whatcom); lowerage shows
unpreserved algae (Lake Whatcom).
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Figure 76: Green algae (desmids)osmocladium. Upper image shows
algae preserved in Lugol’s iodine solution (Lake Paddemner image shows
unpreserved algae (Lake Padden).
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Figure 77: Green algae (desmid§pirotaenia. Both images show unpreserved
algae (Lake Padden).
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Figure 78: Other algae (cryptomonads). Both images shoaeageserved in
Lugol’s iodine solution (Lake Padden).
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Figure 79: Other algae (dinoflagellateseratium. Both images show algae
preserved in Lugol’s iodine solution (upper = Lake Paddemyer = Lake
Whatcom).
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Figure 80: Other algae (dinoflagellatesgymnodinium. Upper image shows
algae preserved in Lugol’s iodine solution (Lake Paddemper image shows
unpreserved algae (Lake Padden).
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Figure 81: Other algae (dinoflagellatesPeridinium. Upper image shows
algae preserved in Lugol’s iodine solution (Lake Paddemner image shows
unpreserved algae (Lake Whatcom).
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Figure 82: Other algae (euglenoidsfuglena. Upper image shows algae
preserved in Lugol's iodine solution (Lake Padden); lowerage shows
unpreserved algae (Geneva Pond).



Lake Padden 2012 Report Pagel19

Figure 83: Other algae (euglenoidPhacus. Upper image shows algae preserved
in Lugol’s iodine solution (Lake Padden); lower image shawpreserved algae
(Lake Padden).
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Figure 84: Other algae (euglenoidsYrachelomonas. Upper image shows
algae preserved in Lugol’s iodine solution (Lake Paddemper image shows
unpreserved algae (Lake Campbell).



