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September is jellyfish season!

Mattie Michalek Sunny, warm, and dry conditions with low river flows.

p. 7
Lower oxygen was observed in southern Puget Sound in August.

Water in coastal bays was saltier due to lack of rain.

Skip Albertson

p.11
Large jellyfish aggregations in South Sound. Red-brownand

green-brown blooms were widespread in many bays across
Puget Sound and the San Juanlslands. Incontrast, Central Sound
had clear water with little algal activity.

Dr. Christopher
Krembs (Editor)

p.35
Algal concentrations are decreasing across Central Basin with

some short-term growth in mid-September.

Julia Bos
Suzan Pool

p.37
In August, many streams had slipped back to below-normal

flows. Precipitation events in September improved Puget Sound
streamflows.

LONG-TERM MARINE MONITORING UNIT

Editorial assistance provided by: Suzan Pool, Carol Maloy


http://www.ecy.wa.gov/programs/eap/mar_wat/surface.html
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Critter of the Month — The Sweet Potato Sea Cucumber

|' Molpadia intermedia Fun Facts!
This critter sounds like a vegetable ¢ Their skeleton is composed of
and looks a bit like a breakfast tiny particles called ossicles.
sausage, but the structures in its skin _ _
make it special! Find out what * They eat upside down with
makes this plump mud-dweller an their faces buried in the mud.
important part of Puget Sound .
benthic communities. e They are smooth and shiny

because they lack tube feet.
Angela Eagleston & Dany Burgess Y

Marine Sediment Monitoring Team

skin cssichas of
fdoipadia intermenia



http://ecologywa.blogspot.com/2016/05/eyes-under-puget-sound-critter-of-month.html
http://ecologywa.blogspot.com/2016/10/eyes-under-puget-sound-critter-of-month.html
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Our WCC intern, Mattie Michalek, presented a project on the large jellyfish
masses we have been seeing in Budd Inlet. Mattie analyzed photos from monthly
EOPS flights over the last 6 years. She assigned jellyfish images to 5 categories to
indicate how abundant the jellyfish mass aggregations (smacks) were.

Greatest jellyfish abundance occurs in the late summer

and early fall
Jellyfish biomass reached

record levels in Budd Inlet | I | I I ‘ |
Mattie presented her study

and other finger inlets of

South Puget Sound in the results at the 2016 South Sound

fall of 2014 and summer of , s 6 7 s Science Symposium: ”DO_
salinity and temperaturein

2015, coinciding with ‘the Month
The median (blue line) and interquartile range (green bar indicating 25- Budd Inlet drlvejellyf|sh mass

’
Blob’ of u nu§ually Lol 75% of observations) of categories of jellyfish aggregation sizes, ageregations?”
water and with the d rought. grouped by month (2011-2016), derived from aerial photography. geree : iew poste

Jellyfish Mass Category



https://fortress.wa.gov/ecy/publications/SummaryPages/1603037.html
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.ecy.wa.gov/wcc/&ei=sh0DVaaPNoLVoASymYDwBQ&bvm=bv.88198703,d.cGU&psig=AFQjCNGx4r5jUkDcel3R_w_4x6BUa89fyw&ust=1426353963956216
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.ecy.wa.gov/wcc/&ei=sh0DVaaPNoLVoASymYDwBQ&bvm=bv.88198703,d.cGU&psig=AFQjCNGx4r5jUkDcel3R_w_4x6BUa89fyw&ust=1426353963956216
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AP \What was the visibility in the water for divers? “

EBest /Depth Least /Depth

August Find depths with high and low visibility

1) 10125 {J) 61 3

) *",%T.f 2) 25182@D 6120 ALY was about 35 feet or more
WA . 0@ v around Seacrest Park in Elliott Bay.

9 srs1 @ 7110 occurred in many places of
= 5 mrer @ wie Puget Sound within the first 10 feet of the
surface.
6) 22184 ) 101 8
o ' 7 3614 @ 16110 In August, visibility took a downturn
o : perhaps in response to abundant sunshine
3 e i 2 N and resultant planktonic blooms.
S 9) 21798 {) 1817 16
5

Elliott Bay decreased visibility from 42 ft to
36 ft since July.
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This isa newfeatureandwearesoliciting feedback (salb46 1@ecy.wa.gov).
Eventuallywe will featurethe mostrecent data.



mailto:salb461@ecy.wa.gov
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http://www.ecy.wa.gov/programs/eap/mar_wat/weather.html

Our long-term marine monitoring stations in Washington A

Field log

Stations:

ADMOO2
PTHOOS
ADMO01
HCBO10
HCBOO3
HCBOO7
HCBO04
CSEDD1
OAKO004
GYS004
GYS5016
GYS5008
WPADO3
WPADDS
WPA113
WPADOL
WPADOG

Climate

MarthSound /SanJuan Isl.
CentralSound

Whidbey Basin

Hood Canal

South Sound

Grays Harbor & Willapa Bay

Water column

Aerial photos

Station network of abmient
water quality monitoring stations

Continuous monitoring

Streams

GRGO02
We usea boatand
a chartered float plane
equipped with a CTD
package
to access our monthly
monitoring stations.

We communicate data
and environmental
marine conditions using:

BLLOO9
RSRE837
SIF000
SIF001
SKG003
SIF002
SAROD3
P55019
ADMOO2
PSBOO3
ELB0O1S
SINOOL
EAPOOL

1. Marine Water
Condition Index
(MWCI)

CMBOO3
CRROO1

GOR001
N50Q002

2. Eyes OverPuget
Sound (EOPS)

DNADDL
BUDOOS

3. Anomaliesand
source data



http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/stationinfo.html
http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/stationinfo.html
http://www.ecy.wa.gov/programs/eap/mar_wat/surface.html
http://www.ecy.wa.gov/programs/eap/mar_wat/surface.html
http://www.ecy.wa.gov/programs/eap/mar_wat/mwci.html
http://www.ecy.wa.gov/programs/eap/mar_wat/mwci.html
http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/data.zip
http://www.ecy.wa.gov/programs/eap/mar_wat/pdf/data.zip
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Year 2016 continues to have record-breaking global temperatures. Inour region, the Fraser River flow has plummeted.
Estuarine circulationis important because water temperatures in Puget Sound are still warmer than normal! The Fraser
Riveris the largest freshwater source for the Salish Sea, significantly affecting and driving estuarine circulation.

Fraser River Flow

12000 q q

10000 B¥l 50 Inwinter and spring 2016, the Fraser
K W Higher thannormal River and other rivers discharged prematurely. This
E 8000 Bl Lowerthannormal ) )
s 6000 = Expected year’s Fraser River summer flow has been extremely
E um low in response to warm winter temperatures and
R lack of snowpackinBC. Verylow summer flows

0 inhibit the renewal of water in Puget Sound. The

QI YTIII IS I I q O gun gy gnese o g ee oo lizi
I L I e I T OW IS NOW normalizing.
Vo ol 20852 5 glLlOVs Pl 2085335 0 Roves ol 2m53 35 0
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Source: http://wateroffice.ec.gc.ca/index_e.html

Long surface water residence time reduced snowpack : :
Very low Fraser River flow this

summer meant stagnant
Vietoria ' Seattle low river N water in the Salish Sea and
_San Juan Isfan: [z s reduced exchange with
coastal water.

Coastal Upwelling

Higher WWTP burden As a consequence, water
Low estuarine per parcel of water warmed and pollution had a
circulation chance to accumulate.

Credit: Christopher Krembs



eltlad  Physical conditions tracked in historical context @

T Washing

Field log Climate Water column Aerial photos Continuous monitoring Streams
L
¥ | Afternearly 2 years of record-breaking water temperatures, Puget Sound temperatures and salinity are not
é ™ quite to expected ranges in August. Lower oxygen conditions continue in southern Puget Sound. At the
' " coast, salinity is higher due to very low river flows (QIXERE
a BT Salinity higher Oxygen lower
Region 2015 2016 2015 2016 2015 2016
GraVSHarbor éS Qiiél234;67891011121;345&78 iB 9::é1234§67891011121;345;78 és 9::é1234;6789101112 1;345é78
= | = | = | |
Willapa Bay | | . m | -
L | | [ [ | H | [ | | H_ B || | |
-= ---= -= ---= -= ---=
] H B L[] [ [ ] H H = H . [ [ | [ [ | H H = H [ [ HE . | |
B e =TT " "= "= = T .r.a "= "= i
] L ] o H ] o [ [ ] || H . o ] [ [ | ] H = ]
[ L[] H H . ] L [ [ | || [ [ ] H L | | ] [ | H
| H | ] u | | u [ | [ ] [ | H
North Sound | ] ] ] | ] H = ] | ] | ]
il H . | | | H EH B Hl HEE .
, - e - — m =" - — o . -
Explore profiles - - - = - = - - - - - ==
c WhidbeyBasin | | | | | | | | | | | |
at all stations == = = = == = = = == = = ]
i [ [ | [ [ ]
il | | HEE
o H ]
Hood Canal | | [ |
= = =
| || || || u || | | | | | |
| u [ | |
o [ | ]
| | [ | |
| [ | [ |
o [ | [ ]
Central Sound = = = - = =
H [ | [ ] |
| [ | |
o | [ | | ] |
H o [ | [ |
| [ | [ | |
H [ | [ |
Il | | | il |
il | | | |
o [ | [ ] |
South Sound - | -
il il il |
HE [ ] [ [ |
| [ | [ | |
o H [ ||
H [ | [ ]

B = higher than expected (>IQR, n=13) [} = expected (=IQR, n=13) B = lower than expected (<IQR, n=13)

B = higher than previous measurements = no data B = lower than previous measurements


http://www.ecy.wa.gov/programs/eap/mar_wat/anomaly_frame.html
http://www.ecy.wa.gov/programs/eap/mar_wat/anomaly_frame.html
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a) Pacific Decadal Oscillation Index (PDO, temperature) (explanation)
b) Upwelling Index (anomalies) (Upwelling, low oxygen)  (explanation)

c) North Pacific Gyre Oscillation Index (NPGO, productivity) (explanation)

Three-year running average of PDO, Upwelling, and NPGO indices scores
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1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Ocean boundary conditions long-term variability: (a) water isstillwarm (PDO), (b) upwelling of low
oxygen and high nutrient ocean water are normal (Upwelling Index anomaly), and (c) surface productivity
alongthe coastis normalizing (NPGO).


http://en.wikipedia.org/wiki/Pacific_decadal_oscillation
http://www.pfeg.noaa.gov/products/PFEL/modeled/indices/upwelling/NA/data_download.html
http://www.o3d.org/npgo/
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Large jellyfish aggregations were in finger Inlets of South Sound. Red-brown and green-brown blooms
were widespread in many bays across Puget Sound and around the San Juan Islands. Incontrast,

Central Sound had clear water with lower algal activity.
Start here 3w
Mixing and Fronts:

Many and large tidal eddies outlined by blooms of different
colors.

Jellyfish:
Very numerous in Budd, Eld, and Totten Inlets. Not seen in

other inlets.

Suspended sediment:
Near shore suspended sediments mostly due to strong tidal
activity. Some regional river input of suspended sediment.

]

S
=
o

SinclairInlet with red-brown bloom

) Visible blooms:

Strong red-brown blooms in South Sound and in Sinclair,
Liberty, and Samish Bays. Brown-green blooms seen around
tidal eddies. InTotten, Eld, and Dyes Inlets.

Bloom

Debris:
Large organic debris rafts in Budd and Case Inlets and
Nisqually Reach.
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Continuous monitoring Streams

O
Aerial photography

and navigation guide
Date: 9-26-2016

Tide data(Seattle):
Time

0129 AM

0802 AM
0329PM

0927 PM

Height (ft) High/Low
9.13 H
0.75 L
1094 H
4.55 L

Flight Information:

Sunny, very good visibility

Flight route

Observation Maps:

Central and North Sound

South Sound


https://tidesandcurrents.noaa.gov/noaatidepredictions/NOAATidesFacade.jsp?Stationid=9447130
https://tidesandcurrents.noaa.gov/noaatidepredictions/NOAATidesFacade.jsp?Stationid=9447130
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Strong red-brown bloom, jellyfish patches, and organic debris at surface.
Location: NearBig Tykle Cove, Budd Inlet (South Sound), 12:28 PM.



DEPARTMENT OF

Aerial photography 9-26-2016 @

Field log Climate Water column Aerial photos Continuous monitoring Streams

jellyfish

=
- S jellyfish
jellyfish [ & y)
jellyfish f e
jellyfish
l jellyfish
jellyfish l jellyfish
. - e
boat | jellyfish -

l e

Two differently colored red-brown blooms and abundant jellyfish patches.
Location: Across Butler Cove, Budd Inlet (South Sound), 12:31 PM.
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—— =

| S—

jellyfish

jellyfish jellyfish jellyfish

| | |

Bloom

jellyfish

jellyfish ]_ jellyfish

Strong red-brown bloom and abundant jellyfish patches. Tidal eddy.
Location: YoungCove, Eld Inlet (South Sound), 12:35 PM.

oy
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A. Red-brown and green blooms around tidal eddy during incoming tide. B. Large patch of organic debris.
Location: A. Eld Inlet, B. Budd Inlet (South Sound), 12:37 PM.



MOESE  Aerial photography 9-26-2016  {4)

State of Washington

Tidal currents and eddies with different colored blooms (green and red-brown) during incoming tide.
Location: A. Carlyon Beach, Totten Inlet, B. Hope Island (South Sound), 12:39 PM.
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Strong red-brown bloom and abundant jellyfish patches.
Location: Henderson Bay and Burley Lagoon, Carr Inlet (South Sound), 12:49 PM.
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State of Washington

Aerial photos

Tidal currents and eddies with different colored blooms (green and red-brown) during incoming tide.
Location: Dyes Inlet (Central Sound), 12:57 PM.
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Red-brown bloom in shallow embayment near Keyport.
Location: Keyport, entranceto Liberty Bay (Central Sound), 1:00 PM.
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Large tidal eddy and water with different colored blooms.
Location: Liberty Bay (Central Sound), 1:01 PM.
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Red-brown bloom with adjacent river plume.
Location: Liberty Bay (Central Sound), 1:02 PM.
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Red-brown bloom and flood tide setting off eddy. River plume with suspended sediment on eastern shore.
Location: Port Gamble (Hood Canal), 1:06 PM.
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NN ———
A. ' '

B. suspended sediment

Samish sland=-

A. Red-brown bloom and suspended sediment next to Samish Island. B. Ship slowed by tug reveals that
bloom is only at surface. Location: Samish Bay (North Sound), 1:31 PM.
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Jet from Samish Bay flowing north alongside Lummi Island. Fraser River plume/bloom and front.
Location: Lummilsland, Rosario Strait (North Sound), 1:36 PM.
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Fraser River plume/bloom meeting flood tide which causes turbulent mixing.
Location: Rosario Strait (North Sound), 1:39 PM.
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eddy

R g “l_ m

Fraser River plume/bloom mixing into eddy in Lopez Sound.
Location: Mud Bay, Lopez Sound (North Sound), 1:47 PM.
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Red-brown bloom and suspended sediment.
Location: Mud Bay, Lopez Sound (North Sound), 1:47 PM.
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Strong red-brown filling Discovery Bay and extending to the bay entrance.
Location: A. West Side, B. East Side Discovery Bay (North Sound), 2:01 PM.
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-

Greenand red-brown blooms show how patchy blooms can be.
Location: Quartermaster Harbor (Central Sound), 2:30 PM.



Green-brown bloom leaving Carr Inlet in a meandering ribbon between McNeil and Fox Islands.
Location: Carrlinlet (South Sound), 2:39 PM.
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A. Large organic debris patch and B. Plume/b/oom trapped in Oro Bay.
Location: Andersonlsland (South Sound), 2:43 PM.



DEFARTMENT OF

ke Qualitative aerial observer map during transit ()

Field log Climate Water column Aerial photos Continuous monitoring NIGCEINS

Date: 9-26-2016

North Sound Central Sound
i I.._'.' N1 Z — I —
{ !Iu 5 20 Klamaters &
| B L ] I s | N -2 !

4T 826" N
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Numbers on map refer to picture numbers for spatial reference
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Date: 9-26-2016

South Sound

| Fiyer Name:{ b erF hav Wb
Date:  4-2L-2oll
Departure (KEN [ ], OLY [gd) — Time:

Arrival (KEM [ ], OLY jg]) — Time:
Route (1 ). 2 &1
Altitude: 3590 44

| Wind Direction: =

fl Waves (White Caps [ |, Ripples | |

i Calm fo]. Mixed [ )

! Clouds {Owercast [ |, Partly Cloud [ ], Clear ])
Precipitation (Heawy [ ], Light [ ], None |#])
Visicility (High B, Intermediate [ ], Limited [ ]] |

~ Colors (Plume [4, Bloom ). Front (m], Debris )

| Comment:

47.25° N 47.375° N

47.125° N

122.875° W 122.75° W 122.625° W 122.5° W
Numbers on map refer to picture numbers for spatial reference
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Summary of Victoria Clipper IV ferry data:
Water temperatures continue to be warm, and Central Basin is still warmer than the Juan
de Fuca Strait. Algal concentrations are decreasingacross Central Basin with some short- _ s
term growth in mid-September. Turbidity is slightly higher in the Strait than Puget Sound,

likely caused by Fraser River sediment outflow.
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The Victoria
Clipper IV carries
sensorsin its
sea chest. The
sensors allow us
to plot transects
of:

A. Temperature
B. Chlorophyll
C. Turbidity

Over time,

we see the
dynamics of
these variables
in surface water
between Seattle
and Victoria, BC.


http://www.nanoos.org/
http://www.nanoos.org/
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Figures show daily data from
sensors installed on the ferry
which measure near-surface
waters at 5-sec intervals while
the Victoria Clipper IV transits
between Seattle and Victoria,
BC.
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A. Sea Surface Temperature:
Wateris warmer in Central
Basin than the Strait.

AA0 -T2 EE 1F3200

180 12325 1230
Longitud

Longitude [~
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http://www.nanoos.org/
http://www.nanoos.org/
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In August, many stream flows were below-normal from drier and warmer conditions.

Jim Shedd,  Precipitation in September improved streamflows in Puget Sound .
Ecology

C.

Last 45 Days

Washinglen - Precipitatian

Fugust 318 Precant ol 115010 Horsal B ac T ) S 100 Washington [122 sites]

Percentage of streamgages
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st [CIESEEE
. I 0

A. Well below normal precipitation in the ! 3 ; . s #20 [me | 2 Pt ™ ™

declining streamflows after conditions | were below normal for most of the month.
temporarily had improved in July.

In September, streamflows increased over
B. Particularly low river flows occurred in the July 2016 Monthly Flow Summary the second half of the month. Currently

Explinaton - Fazenmk dasses

Olympics and north Cascades in August. (See PR — about 75% of the state’s streamflows are

Pran] 220 | mew | 2 Petaon

page 9 inceasing salinity in coastal bays) within the normal range.




Get data from Ecology’s Marine Monitoring Programs
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Long-Term O

Monitoring Network

Access core

monitoring data:
https://fortress.wa.gov/ec
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Continuous monitoring

NIGEINS

Real-Time
Sensor Network

Access mooring
data:

ftp://www.ecy.wa.gov/ea
p/Mooring Raw/Puget S

ound/



ftp://www.ecy.wa.gov/eap/Mooring_Raw/Puget_Sound/
mailto:spoo461@ecy.wa.gov
https://fortress.wa.gov/ecy/eap/marinewq/mwdataset.asp
mailto:ckre461@ecy.wa.gov
http://www.ecy.wa.gov/programs/eap/fw_riv/rv_main.html

You may subscribe or unsubscribe to the Eyes Over Puget Sound email listserv by going to: @
listserv.wa.gov/cgi-bin/wa?A0=ECOLOGY-EYES-OVER-PUGET-SOUND '

We are looking for feedback to improve our products.

Dr. Christopher Krembs
christopher.krembs@ecy.wa.gov

Marine Monitoring Unit
Environmental Assessment Program
WA Department of Ecology

DEPARTMENT OF

ECOLOGY Many thanks to our business partners: Clipper Navigation, Swantown Marina, and Kenmore Air.

State of Washington
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	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	  
	  
	  
	  
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	                      Qualitative aerial observer map during transit
	                      Qualitative aerial observer map during transit
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39

