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Floating

Bull Kelp 
Life Cycle

• Primarily annual

• Two stages:

• Sporophyte (large)

• Gametophyte (microscopic)



Critical habitat

Primary production

KELP 



Forage Fish



Widespread interest in kelp - 
and concern



Mission:

Manage, sustain, and protect the health and productivity of 

Washington’s kelp forests and seagrass meadows to meet the 

needs of present and future generations.



Outline

• Kelp canopy surveys

• Floating kelp status & trends: 
Vital Sign Indicator

• Kelp resilience and loss study



Fixed-wing aircraft imagery

• Long-term monitoring

• Variability and persistence

• Change over time



Fixed-wing aircraft imagery

• High-resolution imagery
• Started 2022

• Large-scale monitoring
• ~760,000 acres/year

• 6-inch resolution

• 4 spectral bands
• Near-infrared

• Red

• Green

• Blue



Turn Island



Turn Island



Example classified imagery

Semi-automated clustering approach



• Site-level monitoring

• Super-fine resolution
• ~3-inch

• Multi-spectral imagery

UAS imagery classification
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DNR Kelp Kayak

• Annual monitoring

• Bed area, depth, density

• 13 core sites



• Variable trends

• 5 sites with total loss

• 1 site declining*

• 6 sites with no trend

• Losses prevalent 

• Local refugia



Status and Trends – Floating Kelp Indicator
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Developing the Floating Kelp Indicator

We wanted an indicator that could…

• Leverage existing data

• Incorporate multiple ways of knowing

• Have a high-level summary, but ability to drill down into detail

• Be highly collaborative and persist over time



The indicator tracks the portion of a 

kelp forest that floats on the surface



The primary statewide metric is 

floating kelp bed area

The “bed” is defined as the area encompassing kelp tissues floating 

on the water surface and small gaps between adjacent individuals. 

Ebey’s Landing
canopy areabed area



Indicator assesses 

long-term trends in bed 

area at 175 locations

Long-term trends

Increasing

No Trend

Decreasing

Total loss

Limited data

No floating kelp



Quantitative trends are woven together with other 

ways of knowing to determine sub-basin status.

Sub-basin status provides 

a rapid summary of the 

state of knowledge.

Sub-basin status

Stable

Concern of decline

Decline (substantial)

Insufficient data

No floating kelp



Why is bull kelp stable in some 

areas and declining in others?



Bull kelp 
resilience 
and loss 

study

Photo: Erica Bleke, DNR Photo: Helen Berry, DNR

Photo: Erica Bleke, DNR

HSIL-funded



Sampling methods

• Environmental data

• Monthly and continuous 

sampling

• Benthic community surveys

• Kelp canopy extent, condition, 

and performance

Bull kelp resilience and 
loss study

Map: Julia Ledbetter, DNR



Results

• Sporophyte size decreases from 

oceanic to estuarine waters

Bull kelp resilience and 
loss study

Bulb

diameter

Bulb

diameter



Environmental Conditions Benthic ConditionsResults

• Bull kelp are found across a 

range of environmental and 

benthic conditions

• No one stressor can explain 

losses

• Spatial and temporal trends 

can provide clues about 

specific drivers

Bull kelp resilience and 
loss study



Results

• Water temperature

• Declining/lost sites had 

warmer summer 

temperatures

• BUT kelp does persist at 

some warm sites

Bull kelp resilience and 
loss study



Results

• Water temperature

• Declining/lost sites had 

warmer summer 

temperatures

• BUT kelp does persist at 

some warm sites

• Maximum temperature is only 

part of the story
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lower summer nitrate 

concentrations
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Results

• Nitrate concentration

• Declining/Lost sites had 

lower summer nitrate 

concentrations

• Kelp does persist at some 

low-nutrient sites

• Tissue nitrogen is correlated 

with seawater nitrate 

concentration

• Ongoing questions about 

temporal thresholds 

Bull kelp resilience and 
loss study



• Multiple survey methods 
needed to accurately map kelp

• Indicator highlights areas of 
stability, loss, and major data 
gaps

• No single stressor seems to be 
driving kelp resilience vs. loss 

• Local refugia may provide a 
reprieve for floating kelp

• Other factors: genetics, 
plasticity, spore availability, and 
other human impacts 

In summary…



THANK YOU

Da n ie l l e.C la ar @ dn r.wa .gov



• How can we develop baselines 
and quantify status and trends 
for areas with insufficient data?

• Where are the ‘pinch points’ in 
canopy kelp life cycle 
persistence?

• If there’s no single ‘smoking 
gun’ how can we address 
stressors and understand 
dynamics of canopy kelps?

Next big questions…





Site environment: differences varied seasonally  
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Sites furthest from the ocean

Warmer tempsCooler temps
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waters
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Environmental data collection

Photo: Erica Bleke, DNR

Photo: Erica Bleke, DNR

Photo: Erica Bleke, DNR

Monthly water sampling (discrete):

• CTD casts

• Secchi depths

• Light attenuation

• TSS and POM

• Nutrients 

Benthic loggers (continuous):

• Temperature 

• PAR (light)

• Depth (pressure)

• Conductivity (salinity)

Photo: Ande Fieber, FHL



Blade count

& wet weight

Stipe length

Bulb

diameter
Sub-bulb diameter

Blade length

Blade width

Blade

thickness

Blade wet weight

Sporophyte data collection

Map: Julia Ledbetter, DNR



Nereocystis morphometrics: sub-bulb diameter

Sub-bulb diameter



Nereocystis morphometrics: sub-bulb diameter

Sub-bulb diameter



Nereocystis morphometrics: plant size and blade shape

Large sporophytesSmall sporophytes

Narrow, 

thick 

blades

Wide, 

thin 

blades

Blade shape

Sporophyte size



BNDVI threshold-based classification 

UAS imagery classification



* *

* *

*

• 5 sites with 
total loss



* * *

* *

*

• 5 sites with 
total loss

• 1 site 
declining*



Stable

Declining

Lost





• Losses prevalent 

• Local refugia

*

*

*

* *

*

* * *

* *

*



The percent of locations with different trends 

provides insight into sub-basin status.

Indicator assesses 

long-term trends in bed 

area at 175 locations



Point Caution





Figure 5-10.  The rate of carbon fixation as a function of the uptake of nitrate by bull kelp blades throughout the incubation 

(coefficient = 0.146, p = 0.013), and b. the relationship between percent tissue nitrogen and mean DIN concentration in M at the 

beginning of the incubation (coefficient, 0.025, p = 0.040, n = 7-14) The large circle represents the mean value at each site; small 

circles are individual kelp measurements. Colors follow Figure 5-1. Both analyses are linear mixed effects models with site as a 

random effect.




	Slide 1: Kelp Forest Monitoring in Washington State: challenges and opportunities
	Slide 2
	Slide 3: Washington: a kelp forest biodiversity hotspot
	Slide 4: Washington: a kelp forest biodiversity hotspot
	Slide 5: Washington: a kelp forest biodiversity hotspot
	Slide 6: Bull Kelp  Life Cycle
	Slide 7
	Slide 8
	Slide 9: Widespread interest in kelp - and concern
	Slide 10
	Slide 11: Outline
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: Example classified imagery
	Slide 17
	Slide 18
	Slide 19: DNR Kelp Kayak
	Slide 20
	Slide 21: Status and Trends – Floating Kelp Indicator
	Slide 22: Status and Trends – Floating Kelp Indicator
	Slide 23: Status and Trends – Floating Kelp Indicator
	Slide 24: Developing the Floating Kelp Indicator
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31: Bull kelp resilience and  loss study
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46: Environmental data collection
	Slide 47: Sporophyte data collection
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61

