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This handbook is a compilation of helpful resources and the step-by-step process staff at Puget
Sound Restoration Fund (PSRF) have used (with success!) to cultivate native Puget Sound kelp in
a nursery for the purpose of outplanting. This process has been primarily used for sugar kelp
(Saccharina latissima), particularly in New England and Europe, but PSRF has used it extensively

for bull kelp (Nereocystis luetkeana), and it can be applied to most kelp species of interest.
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READ THIS FIRST

Major Considerations and questions to ask yourself at the onset of kelp cultivation:

1.

Are you familiar with the rules, regulations and permits required by Washington state to
cultivate kelp/seaweed, including sourcing seed?
What are you setting this nursery up for? What will be the scale of cultivation?
In setting up your cultivation space/nursery how do you plan to maintain the following?
a. Temperature control (cold room or chilled water via recirculation or heat
exchange)
b. Light supply & control (irradiance, wavelength, photoperiod)
c. Aeration (maintain pH, nutrient cycling)
d. Sterile seawater production and storage
When selecting aquaria, first build a spool for your farm application, determine the
number of spools you will be seeding (think back to question 2) and then source aquaria
to accommodate those spool dimensions.

Lessons learned by PSRF (aka where are the ‘tricky’ spots in the process?):

Bull kelp sorus can be collected from rocky shore habitats (ex. Strait of Juan de Fuca)
year-round in most years where the adults can overwinter.
February is the best time to transfer cultivated bull kelp seed, if making benthic
deployments.
Sorus collected from 1 plant is sufficient to produce spore stock, however collecting
sorus from 10-20 plants is recommended to attempt to capture the genetic diversity
within wild populations.
In designing the layout of your cultivation space, ensure proper and efficient workflow
via easy access for cleaning tanks and moving materials/equipment around space (ex.
inserting/removing spools).
Spool preparation is a crucial step - see page 5.
Maximize spool number to media volume (little extra space) in cultivation aquaria, to be
efficient with media.
See Table 2.1 in Ocean Approved ‘Nursery Recommendations’ in Appendices. Note: PSRF
uses a combination of filtration and UV treatment to produce the large volumes of
sterile water.
Buy nutrient media kits (as opposed to making your own, though to do so check out
‘Nutrient Media Suggestions and Supplies Checklist’ from Connecticut Sea Grant and
Ocean Approved). PSRF recommends PES or Guillard’s F/2.

o Change media every 10-14 days unless contamination is occurring

o Provide nutrient media with 10 mL media stock /L sterile seawater
Batch sporulation - see the note in Step 9 of ‘Sorus prep & desiccation.’


https://wdfw.wa.gov/licenses/fishing/shellfish-import-transfer

e We do not recommend sporophyte cultures for seed transfer to be grown in the lab past

5 weeks; there is no benefit to lab culture beyond the initial observations of germling

sporophytes, which occurs around day 21. Naked eye evaluations of germling seed

distribution are possible around day 25-30.

® Sources of contamination - spore stock, people, media and aeration system.

O

o

Use chlorine bath outside of cultivation space for materials

Use Vortexx (disinfectant), microwave, autoclave, steam, filtration, UV light inside

cultivation space

Minimize people traffic and time spent in the cultivation space!

Nursery Cultivation Calendar

Before Starting: Purchase and set up nursery equipment, sterilize and wind spools, collect and filter seawater
Day 0 or 1: Collect Sorus Material just prior to the new or full moon - Bull Kelp (Jul-Jan), Sugar Kelp (Oct/Nov).
1 2 3 4 5 6 7
Sporulation Growth
Prepare and and Substrate |Sporophyte assessment &
Dessicate Sorus |inoculation (to |Culture (steps |Daily nursery [Daily nursery |Daily nursery |Daily nursery
Material step 7) 8-11) maintenance* |maintenance |maintenance [maintenance
8 9 10 11 12 13 14
Growth Growth
assessment & assessment &
Daily nursery Daily nursery |Media Change |Daily nursery |Daily nursery |Media Change |Daily nursery
maintenance maintenance |(if needed) maintenance |maintenance |(if needed) maintenance
15 16 17 18 19 20 21
Growth
Daily nursery Daily nursery |assessment & |Daily nursery |Daily nursery |Daily nursery |Daily nursery
maintenance maintenance [Media Change |maintenance |maintenance |maintenance [maintenance
22 23 24 25 26 27 28
Growth
assessment &
Daily nursery Daily nursery [Daily nursery |Daily nursery |Daily nursery [Media Change [Daily nursery
maintenance maintenance |[maintenance |maintenance |maintenance |[(if needed) maintenance
29 30 31 32 33 34 35
Growth
Daily nursery Daily nursery |assessment & |Daily nursery |Daily nursery |Daily nursery |Transfer to
maintenance maintenance [Media Change |maintenance |maintenance |maintenance |Ocean Site
* Daily nursery maintenance = check that everything is working (water levels, temperature, air flow, etc.)




PSRF Nursery Cultivation Su
Preparing and Sterilizing Spools

3-inch Sch-40 PVC cut 13 inches high
(round/notch edges for twine)
Pillowcases (large, natural fiber with
high thread count)

Warm freshwater
Biodegradable/castile soap & sponge
Surgical/exam gloves

Chlorine solution (100-200 ppm)

#15 of #18 nylon twine

Na,CO; solution (15g/gallon)

Buckets or other containers w/ known
volume

Preparing and Desiccating Sorus Material (Day
Oor1)-

Cooler w/ ice packs or chilled seawater
Working surface - cleaned with 90%
isopropyl alcohol

Surgical/exam gloves

Cutting board

Knife/Razors

Clean paper towels (at least six rolls)

4 to 5 sterilized 2 L wide mouth Nalgene
containers filled with chilled sterile
seawater (50°F/10°C)

1 sterilized 2 L wide mouth Nalgene
filled with 1 L solution of diluted
betadine (5 mL iodine / L seawater)
Tupperware or large plastic bag
Refrigerator

Sporulation, Substrate inoculation and
Cultivation (Day 2 - on) -

Surgical/exam gloves

4 sterile 1 L glass beakers

Sterile seawater

Aluminum/tin foil

Tongs/tweezers

Cheese cloth

Rubberbands

Clean Pasteur or plastic micropipettes
Plastic culture well plate

lies/Materials

Lugol’s solution

Microscope

Hemocytometer

Calculator

Cultivation room w/ environmental
controls

Slide stand & 8-10 test slides

Clean 20 L/5-gal buckets with lids or
settling aquaria

Deionized or distilled freshwater
Cultivation aquaria (ex. 60 L acrylic
tanks) w/ environmental controls (i.e.
cold room)

Clean air stones w/ tubing

Vortexx

Clean prepared nursery spools

Air pump

Mechanical timer

Culture nutrients: Provasoli-Enriched
Seawater (PES) or Guillard’s F/2,
Vitamins, Germanium Dioxide (Ge02)
Grow lights (ex. cool white T8) and
mechanical timer

Media change (as needed)

Vortexx solution

20 L/5 gal buckets (2)

Sponges

Nutrient media (10-20 ml/L Guillard’s
F/2 Part A and B)

Clean pipettes

Sterile seawater

Distilled freshwater

Handpump

Germanium Dioxide saturated solution
(0.02 to 0.2 mL/L cultivation tank
volume

Isopropyl alcohol

Clean air stones



Spool Preparation

1. Clean spools and pillowcases
a. 1 hour soak in warm freshwater & biodegradable/castile soap
b. Scrub with sponge or scour pad as needed to remove visible dirt/fouling
c. Rinse 3x with freshwater
2. Sanitize spools and pillowcases (*gloves on*)
a. Place in chlorine solution (100-200 ppm) for 12 hrs.
b. Rinse with freshwater 1x
c. Air dry spools and pillowcases for 10-12 hours (minimum)
i. Cover with cardboard, plastic, or paper towel to keep dust out
3. Build twine spool
a. #15 twine =300 Ft./spool; #18 twine = 230 Ft./spool
b. Store wrapped/ built spools in dust-free container
c. Use datasheet (next page) to track lot, label containers with lot information
4. Remove hydrophilic contaminants and dyes
a. Place twine spools in a distilled freshwater bath for 72 hours
i. Rinse 1 x with tap water
b. Repeat distilled bath for 48 hours (recommended)
i. Rinse 1x with tap water
5. Remove oils (*gloves on*)
a. Prepare NaCO;, solution (15g/gallon) in container(s)
i. Dissolve detergent in warm water, then add water to achieve total volume
b. Add spools, ensure all are sufficiently submerged
i. Soak spools 5-10 hrs. then rotate/agitate
ii. Soak spools and another 5-10 hrs.
c. Rinse clean spools 3x in freshwater
d. Soak in freshwater for 10-12 hrs.
e. Rinse 1x
6. Load clean (and still wet) spools into clean, dry pillow cases (*gloves on*)
a. Airdry 24-48 hours (rotate every 12 hrs); fan optional
b. Load clean & dry spools (in pillowcases) into clean & dry tote with lid for storage.
i. Option: store in freezer — but will need to re-dry after remove



TWINE SPOOL PREPARATION LOG

STEP 1: STEP 4:
STEP 2:
WARM STEP 3: |DISTILLE
SANITATION BATH
WATER & (100 PPM BUILD D STEP 5: SODIUM CARBONATE BATH STEP 6: PREPARED SPOOL ARE DRIED AND STORED FOR USE
SOAP SPOOLS | WATER
HYPOCHLORITE)
CLEANING BATH
AR | \wRraP
STAR | END [ DRY | prepARED PHASE FRESHWATER
SPOOL RINS PHASE 1 RINSE FINAL | LOAD PILLOW-
WASH T [TIM[101| spgo. | 72HRS 2 SOAK (10-12 AIR DRY STORE SPOOLS
BATCH E 3X START (3X) RINSE 1X CASE
TivE| E | 2 START HRS)
WITH
HRS | TwiINE




Step-by-Step: PSRF’s Nursery Cultivation of Kelp

Step Procedure Materials Time Notes

Sorus Collect ripe sorus and place in e Cooler with ice Dark chocolate brown and thickness
Collection cooler packs or chilled indicates ripeness
(DayOor1) seawater

When collecting wild sorus, look for
healthy plant material with minimal
grazing/fouling

Sorus prep &
desiccation
(Day O or 1)

Step 1

Trim sorus tissue to a size that
can fit comfortably on a section
of paper towel

e Working surface -
cleaned with 90%
isopropyl alcohol

e Gloves

e Knife

e Cutting Board

Remove any heavily fouled or grazed
sections of the sorus




Sorus prep &
desiccation
(Day Oor1)

Step 2

Mechanically clean each
trimmed sorus tissue with clean
paper towel

e Paper towels

Use light pressure to gently wipe
surface

£

Sorus prep & | Place soriin 2L wide-mouth 2L sterile Use multiple containers if necessary
desiccation Nalgene containing sterile wide-mouth
(Day O or 1) seawater Nalgene
Step 3 Sterile seawater
Sorus prep & | Move sori to new Nalgene 2L sterile 30 | Rinse no longer than 30 seconds
desiccation containing a 1L diluted betadine wide-mouth sec.
(Day Oor1) solution, cap and shake Nalgene
Step 4 vigorously 5mL Betadine
(10% iodine) in
5mL/L of sterile
seawater
Sorus prep & | Drain Betadine solution from Sterile seawater 30 | You can also remove the sorus
desiccation Nalgene, replace with sterile sec. | material from the betadine Nalgene
(Day Oor1) seawater and shake. Do 3 rounds bath | and rinse in a new Nalgene with
Step 5 of this rinse. sterile seawater




Sorus prep &

Place sori in sterile seawater

e 2L sterile

Cap Nalgene and sterilize the exterior

desiccation Nalgene wide-mouth of the bottle by quickly pouring
(Day Oor1) Nalgene boiling hot water around it.
Step 6 e Sterile seawater
*** At this stage, sori will be sterilized, and care should be taken to keep hands, tools, and surfaces sterilized ***

Sorus prep &
desiccation
(Day O or 1)

Step 7

Remove the sorus from seawater
one at a time and blot dry gently
before alternatively layering
paper towel and sorus tissue.

e Paper towels
® Gloves

Build a sorus 'lasagna”. See note in
step 10

Sorus prep &
desiccation
(Day O or 1)

Step 8

Place layers of sori and paper
towels in tupperware or large
plastic bag with one to two
pieces of paper towels
dampened with sterile seawater

e Sterile tupperware
or large plastic bag

Goal is to create conditions for mild
desiccation

Sorus prep &
desiccation
(DayOor1)

Step 9

Place tupperware/bag in
refrigerator/room (temperature
around 4-5°C)

e Refrigerator
® Gloves

1-24
hrs.

Length of desiccation required is
dependent on ripeness of sori, less
ripe (lighter in color) will take longer
to release spores

Option to “batch” sporulation by
desiccating ripest for ~4 hours,
attempting sporulation, leaving less




ripe sori longer and sporulating after
~24 hours (sugar kelp might take 48
hrs.)

Sporulation Remove tupperware/bag from e Gloves Peel back covering layer of paper
(Day 2) desiccation, check if ready to towel
Step 1 release spores
If ready to release spores, sorus will
leave a brown stain on paper towel
: S e
Sporulation Split sorus between two large e 21 Lsterile glass Group A: most ripe sorus
(Day 2) beakers of sterile seawater beakers Group B: less ripe
Step 2 e Sterile seawater
Sporulation Place clean tinfoil over beakers e Tinfoil 1-3 Room should be well illuminated
(Day 2) and place in cultivation room (set | ® Temperature hrs.
Step 3 to 10°-15°C) controlled room
Sporulation Visually assess spore release Good release will leave the water
(Day 2) cloudy
Step 4

10




Sporulation Remove sorus tissue from Gloves 30 You can discard sori at this time and
(Day 2) beakers using sterile forceps and Forceps min | should fully remove it from the
Step 5 allow mucilage to settle cultivation space

Sporulation Place new cheesecloth over the 2 1 L sterile glass Secure around edges using rubber
(Day 2) tops of 2 new clean beakers. beakers bands.

Step 6 Cheesecloth Make sure to leave them loose over
Rubberbands the top to allow for filtration of spore
solution

Sporulation Filter spore stock by decanting Wet cheese cloth slightly before
(Day 2) through cheesecloth into fresh pouring solution
Step 7 beakers

11




Sporulation

Using a sterile pipette, collect

Pipette

Move quickly to density and motility

(Day 2) two small volume samples of Culture well plate assessment as the longer the stock is
Step 8 spore stock from each spore Lugol’s solution in the well, the more spores will die
batch in a culture well plate for from exposure.
use in spore density
assessments. Use lugol’s solution to kill one sample
from each spore group.
Sporulation Using a sterile pipette, place a Pipette Hemocytometer density assessment -
(Day 2) drop of spore stock in the Hemocytometer done on lugols-killed sample
Step 9 hemocytometer well and use a Microscope 1. Count number of spores per

microscope to assess densities.

*See notes (right) or the Ocean
Approved ‘Counting Zoospores
and Calculating Stocking Density’
in the Appendices*

square in hemocytometer
a. Count 5 squaresin
each of 3 columns
b. Average these counts
together
c. Multiply by 25 (total
number of squares in
hemocytometer)
d. Multiply this by 10,000
to get an estimate of
spores per mL
Visually assess spore motility in
non-lugols sample
2. Estimate percent motility
a. More motile spores =
better
b. Nonmoving spores
may be dead but can
germinate

12




Multiply calculated spores per mL
(number in 1.d.) by percent motility
to get final estimate of spores per mL

Sporulation
(Day 2)
Step 10

Using spore density, calculate
total volume of spore solution
necessary to inoculate substrate
with a range of 1-5k spores/mL

***The next step should take place in a cold room that allows inoculation to occur at 10-12 °C***

Substrate Clean test slide stand and 8-10 e Slide stand “|Slides and stand
inoculation slides using standard glassware e 8-10slides can also be
(Day 2) cleaning procedure (detergent, e Rubber bands sterilized after
Step 1 water rinse, distilled water rinse) cleaning with
secure slides to stand via rubber steam, Vortexx
bands. or chlorine bath
(Vortexx 1mL/ or
100 ppm
chlorine for 12
hours, air dry)
Substrate Clean inoculation buckets by e Buckets (20 L/5
inoculation sponge with Vortexx, let stand gal) or Aquaria
(Day 2) for 2 minutes, then rinse with e \Vortexx (2mL/L)
Step 2 freshwater (x3), and then sterile e Freshwater
seawater (x3), before filling with e Sterile seawater
sterile seawater e Sponge
Substrate Set up air stones - ® Air stones
inoculation Connect tubing and place one e Tubing and bucket
(Day 2) stone in each bucket lids

13




Step 3

e Cultivation room

Substrate Add desired spore stock volume 5-10 | See sporulation steps 9 and 10
inoculation to the settling vessels. min
(Day 2) Let air stones agitate and aerate
Step 4 spore stock for several minutes
before dialing the air flow down
to a trickle.
Substrate Shut off air and hook up air Air pump Set timer to turn aeration on for 30
inoculation pump to outlet with mechanical Mechanical timer minutes at midnight
(Day 2) timer
Step 5
Substrate Place cleaned and dry spools in Clean prepared Place slide stand(s) with spools.
inoculation buckets or aquaria. Top off the nursery spools
(Day 2) volume with sterile seawater so Sterile seawater
Step 6 that spools are covered.
Substrate Secure lids on settling buckets 24
inoculation and/or shut off all lights and hrs.
(Day 2) allow spores to settle
Step 7
Sporophyte Fill cultivation aquaria with Aguaria Clean aquaria with the same process
Culture sterile seawater and add nutrient Sterile seawater as in Day 2, step 2.
(Day 3) media to achieve 10 ml/L Nutrient media Allow water in aquaria to reach
Step 8 (e.g. F2 algae around 10 C and allow nutrients to
food) mix in before transferring spools (~15

min)

14




Sporophyte Gently transfer spools and slides
Culture to cultivation aquaria
(Day 3)
Step 9
Sporophyte Plug lights into a mechanical e Grow lights For non bull kelp cultivation consider
Culture timer. Set timer for 16:8 e Mechanical timer using a 12:12 light:dark cycle, as
(Day 3) light:dark cycle recommended by other manuals.
Step 10
Irradiance recommendations:
25-50 pmoles m™s™ during weeks 1-2
80-100 pmoles m™s™® during weeks
3-4
Sporophyte Set air stones at either end of e Air stones . Air stones and tubing should NOT be
Culture aquaria, gently bubbling to days | making contact/bubbling directly on
(Day 3) circulate nutrients and water spools
Step 11 Air is left ON at all times during

cultivation

15




Once a week (or more) remove a slide from the slide stand, wipe top surface clean, and examine the underside under a
microscope to assess growth and culture cleanliness. ***|f diatoms and ciliates are observed, steps can be taken to
mitigate them - see media change section below***

Media change | Prepare sterile water 24 hours Allows water to achieve temperature
Step 1 prior to media change - PSRF uses cold room to regulate
seawater and media temperature

Media change | Prep materials - e \Vortexx solution (2 Prep materials in lab before entering
Step 2 1. Prep 10 L of Vortexx ml/L) cultivation room
solution in a clean 20 L e 20 L bucket (2)
bucket ® Sponges
2. Place sponges in Vortexx e Nutrient media
solution bucket and allow | e Pipet
to soak e Handpump

3. Gather nutrient media,
pipet and handpump

16




4. Prepareaclean20L
bucket to be filled with
sterile seawater (as
needed for gentle spool
rinse)

Media change
Step 3

Rinse temporary holding vessels
(clean aquaria or buckets)
thoroughly —

Freshwater rinse (3x),

Sterile seawater rinse (3x) —
before filling

e Aquaria or buckets
e Freshwater
e Sterile seawater

Fill container with sterile seawater
sufficient to cover spools

Media change
Step 4

Remove spools from a cultivation
tank #1 and place in temporary
holding container

Media change
Step 5

Drain cultivation tank #1
completely

Media change
Step 6

Thorough freshwater rinse 3x

Take care to remove any/all debris

Media change
Step 7

Scrub all cultivation tank surfaces
with Vortexx-soaked sponge

Make sure to scrub all corners, seams

and sides as well as lids

Wait a minimum of 2 minutes before

rinsing cultivation tank #1

Media change
Step 8

Rinse cultivation tank #1 with
freshwater 3x

17




Media change
Step 9

Begin filling cultivation tank #1
with sterile seawater for 30
seconds with drain open to rinse
out any residual freshwater

30
sec

Media change
Step 10

Close drain and fill cultivation
tank #1 with sterile seawater to
1-inch below minimum level,
including
1. Germanium Dioxide
saturated solution (0.02
to 0.2 mL/L cultivation
tank volume)
2. Nutrient media (0.13
mL/L, Guillard’s F/2 Part A
and B)

Sterile seawater
Germanium
Dioxide saturated
solution (0.02 to
0.2 mL/L
cultivation tank
volume)
Nutrient media
(such as 0.13
mL/L, Guillard’s
F/2 Part Aand B

Germanium solution is used as
needed to mitigate diatom growth -
see Shea & Chopin (2007) J. Appl
Phycol 19:27-32

Media change
Step 11

Sterilize air tubing (wipe exterior
with isopropyl alcohol) and
replace air stones with fresh
ones before setting aeration back

up

Isopropyl alcohol
Air stones

Clean stones by soaking in 200 ppm
chlorine bath and allowing to air dry
for 24 hours

Media change
Step 12

Move spools from holding tanks
into the prepared (cleaned &
media change) cultivation tank
#1.

Reverse spools orientation and
order (end/edge vs. middle) and
invert when replacing in
cultivation tank #1

Hygiene option (can mitigate ciliates):
Rinse each spool in 20 L bucket of
sterile seawater by gently plunging
and rotating.

18




Media change
Step 13

Repeat steps 4 to 12 as needed
until all cultivation tanks are
clean and prepared

Can also use a prepared cultivation
tank #1 to move tank #2 spools, then
drain, clean, and change media in
tank #2. Repeat until done, then
move tank #1 spools into the last
tank.

19
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Buckner et al. (in review) Building Capacity for Kelp Mariculture in the Salish Sea: Ecological Considerations and Initial Farm Design Guidance

Socio-ecological considerations for kelp species native to the Salish Sea.

Substrate
L o (O’Clair .
Scientific Distribution 2 . 3 . ‘e 4 Depth (O’Clair and
Name Common Name(s) (WA State)! Temperature Nitrate Salinity/Turbidity . and Lindstrom 2000)
Lindstrom
2000)
mortality, no
itment >18 .
Alaria Broad-winged kelp, recruttment 1-10 pmol/L; optimum mid-low intertidal,
marginata PS, SIDF, SJIT | °C (O’Clair and 10 pmol/L (Muth et al. rocky
Ribbon kel 3
1obon ke'p Lindstrom 2000; 2019) m
Muth et al. 2019)
mortality >20 °C,
no recruitment 1-10 umol/L; optimum
Costaria Five-ribbed kelp o y Ay rocky or low intertidal and
’ >18°C (O’Cl °
costata Seersucker kelp PS, 0C ' ( ar > pmol/L at 12°C woody upper subtidal, >3 m
and Lindstrom (Muth et al. 2019)
2000; Muth et al.
2019)
Three-ribbed kelp, SIDE. SII mortality 15-18
C),} m'athaere Triple rib, Whidbey Is °C (O’Clair and rocky low 1ntert1c.1al and
triplicata ¢ sid upper subtidal, >3 m
Fold-rib kelp (west side) Lindstrom 2000)
Hedophyllum | S¢a cabbage, SJDF, SII mortality >15°C " mid to low intertidal,
sessile (west side) (OClair and rocky 3m
Sweet konbu i
Lindstrom 2000)
Southern stiff-stiped kelp, . ) ]
Laminaria outer SJDF, 5-15°C optimal; 1-10 pmol/L; optimum extreme low
cehellii Split blade kelp, OC on most reproduction 10 umol/L (Muth et al. rocky intertidal and upper
sefehettit ) ) exposed areas 2019) subtidal, <10 m
Wild N. Pacific konbu inhibited >17 °C;




Buckner et al. (in review) Building Capacity for Kelp Mariculture in the Salish Sea: Ecological Considerations and Initial Farm Design Guidance

no recruitment
>18 °C (O’Clair

and Lindstrom
2000; Bartsch et
al. 2008; Muth et
al. 2019)

Flat pompom kelp, :
Lessoniopsis e ’ OC, outer o reertiment 1-10 pmol/L; optimum rocky, ve
littora lisp Strap kelp, S JD’F >18 °C (Muth et 5 umol/L (Muth et al. expo};’e d Y low intertidal, 3 m
Ocean ribbons al. 2019) 2019)
<16.3 °C optimal;
recruitment can . lower intertidal to
oceur at 18 °C 1-10 pmol/L; optimum  { ;. salinity poorly deep subtidal,
Macrocystis Giant kel SJDF (west of ) 10 pmol/L at 12°C tolerated at high rock '
pyrifera P Low Point) (OClair and (Luning 1991; Muth et temperatures (Mumford Y 5-30+ m (Schiel and
Lindstrom 2000; | 2015) g 2007) Foster 2006; Druchl
Schiel and Foster ) and Clarkson 2016)
2006; Muth et al.
2019)
10-15 °C optimal; range 26-31 0/00, but
1o recruitment 28-29 0/00 ideal; wide
Nereocustis Bull kelp, 1-10 pmol/L; optimum | salinity tolerance if cobble and | subtidal. 3-17 m
etk 4 ' PS, OC >18 °C (Vadas 10 umol/L (Muth et al. | sedimentation is low rock (Mum f(;r d42007)
wetteand Bullwhip kelp 1972: Maxell and | 2019) (Maxell and Miller Y
Miller 1996: 1996; Mumford 2007;
Muth et al. 2019) Lind 2016)
14-15 °C triggers
Pleurophycus | Broad-ribbed kelp, Straits, SIT, senescence: Low NO3'. leads to extreme low
s Whidbey Is blade loss; rocky intertidal and upper
gardneri mortality >15 °C

Sea spatula

(west side)

(O’Clair and
Lindstrom 2000;

nitrogen-limited (NO5’,
NH,") (O’Clair and

subtidal, <15 m
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Germann 2011; Lindstrom 2000;
Pfister and Germann 2011)
Betcher 2018)
Postelsia no recruitment 1-10 pmol/L; optimum high to mid
almaeformis Sea palm >18 °C (Muth et 10 pmol/L (Muth et al. rocky intertidal, <3 m
p al. 2019) 2019) (Luning 1991)
cobble and low intertidal to
SJDF, SJI; no recruitment rocky subtidal. 2-20 m
Pterygophor Woody-stemmed kelp, rare in central o 1-10 pmol/L (Muth et (Druehl .
a californica and southern | 18 C (Muthet 1 519y and (typically 10 m)
Old growth kelp : (Dayton 1985;
PS al. 2019) Clarkson Mumford 20 0’7
2016) umfor )
10-15 °C optimal;
mixed; ) )
. Sugar kelp mortality >19 °C | saturation at 10-20 26-.3.1 0/00; tolerates low rock, shell, lower intertidal and
Saccharina ’ . salinity regardless of . upper subtidal
. PS, OC (O’Clair and pmol/L (Simonson et debris, and ’
latissima Sugar wrack 12015 temperature (Mumford d
Lindstrom 2000; | ! ) 2007; Lind 2016) ceven san <30m
Simonson et al. in CA
2015)
(Continued)
Canopy
Form Life Cycle
Lo (Gabriels | (Sporophyt . .
Scientific . porophyte | sporophyte Ecological Adaptations & S
Name Wave Action O;()e(; 6%1. Phenology) Size Vulnerabilities Human Use(s)
Mumfor
d 2007)
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Food: wakame substitute

, fully sheltered to annual <3m fast-growing; mid-canopy species; Nutrition: source of vitamin A. vitamin B6
Alaria . . . . . : | ’ ’
marginata fully exposed prostrate | (Luning (Luning abundant in pools (Luning 1991; vitamin K, iodine, calcium, and potassium;

(Mumford 2007) 1991) 1991) Mumford 2007) contains more than 6% protein (O’Clair and
Lindstrom 2000; Mouritsen 2013)
annual or Food: palatable, but low caloric value
. fully sheltered to perennial 2 n’1 . opporF unistic; disturbed areas; . Medicine: anti-inflammatory; thalassotherapy
Costaria sy (O’Clair and | phys-iology depends on wave action;
fully exposed prostrate | (O’Clair and . . .
costata (Mumford 2007) Lindstrom Lindstrom may gain warm water tolerance Industry: previous source of potash salts
2000) 2000) (Dayton 1985; Muth et al. 2019) (O’Clair and Lindstrom 2000; Blasco 2012;
Mouritsen 2013)
annual 4m
Cymathaere moderately exposed rostrate gl:l/gondragon glr\l/{iondragon tattered by July (Mondragon and Food: generally considered unpalatable
triplicata (Mumford 2007) P Mondragon Mondragon Mondragon 2010) (Druehl and Clarkson 2016)
2010) 2010)
perennial )
moderate to full 150 cm competes poorly with other kelps; sea Food. palatable, but low caloric value
Hedophyllum , y (2-3 yr) (O’Clair and | urchins avoid but chiton graze heavily; | anmition: source of trace minerals. complex
) exposed (O’Clair and | prostrate (OClair and . . . : > p
sessile Lindstrom 2000) Lindstos Lindstrom wave action determines growth form carbohydrate and saccharides (OClair and
2000) 2000) (Mondragon and Mondragon 2010) Lindstrom 2000)
moderately sheltered perennial (up | 1.5m
Laminaria to fully exposed . to 14 yr.) (O’Clair and | possible gain in warm water tolerance ] . .
setchellii (O’Clair and stipitate (Germann Lindstrom (Muth et al. 2019) Food: kombu substitute (Jungwirth 2019)
Lindstrom 2000) 1986) 2000)
perennial 1-2m
Lessoniopsis ;zgiizzel}}; e;\f) Ose(rif (Q’Clair and (Q’Clair and wide holdfast (Mondragon and Nuirition: source of trace minerals and
. ropst T, fieavy Si stipitate | Lindstrom Lindstrom © noTdrast LV ondrago complex carbohydrates (Druehl and Clarkson
littoralis (O’Clair and 2000: 2000: Mondragon 2010) 2016)
Lindstrom 2000) Mondragon Mondragon
and and
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Mondragon Mondragon
2010) 2010)
fully exposed; wave
action with 2-4 cm/s . adapted for exploitative competition Nutrition: source of many vitamins and
. current speed per,enm.al up to 30 m for light/nutrients; susceptible to wave | Minerals; low in tannins
Macrocystis . (O’Clair and . . :
. enhances N uptake floating Lindst (Dayton stress and grazing disturbance; possible Industry: major source of alginate (O’Clair and
pyrifera (Schiel and Foster ) g(l) OS rom 1985) gain in warm water tolerance (Dayton Lindstrom 2000; Mondragon and Mondragon
2006; Mumford ) 1985; Muth et al. 2019) 2010) ’
2007)
opportunistic; frequent disturbed areas; Food: consumed pickled, or as a component of
fully sheltered to annual up to 36 m major source of carbon in inshore salsas, chips, soups, and other foods
fully exposed; (Dayton (Dayton intertidal communities; sensitive to Nutrition: source of iodine
Nereocystis withstands strong floatin 1985; 1985; grazing; possible loss in warm water o .
luetkeana currents (Mumford O8ME | OClair and O’Clair and | tolerance; vulnerable to exposure to Medicine: mucilage may help treat burns
2007; O’Clair and Lindstrom Lindstrom petroleum products (Dayton 1985; Industry: feed for mussels, filter feeders
Lindstrom 2000) 2000) 2000) O’Clair and Lindstrom 2000; Muth et (O’Clair and Lindstrom 2000, Mondragon and
al. 2019) Mondragon 2010; Mouritsen 2013)
perennial,
deciduous
strong currents (3_,6 yr.') ! n’1 . where amphipod infestation occurs, Food: potential kombu substitute; low caloric
Pleurophycus S (O’Clair and | (O’Clair and | warmer water temperatures may sy .
. (O’Clair and prostrate . . . . - value (Druehl 1980; O’Clair and Lindstrom
gardneri Lindstrom 2000) Lindstrom Lindstrom increase resilience to parasitism 2000)
2000; Pfister | 2000) (Pfister and Betcher 2018)
and Betcher
2018)
fully exposed;
adapted to extreme annual 60 cm forms dense stands; competes for space | fyod: eaten pickled, steamed or fresh
Postelsia wave shock (O’Clair .. (O’Clair and | (O’Clair and | with mussels; possible loss of warm
palmaeformis | and Lindstrom 2000; stipitate | 1 indstrom Lindstrom water tolerance (O’Clair and Lindstrom | Nutrition. source of fiber (Mondragon and
Mondragon and 2000) 2000) 2000; Muth et al. 2019) Mondragon 2010; Mouritsen 2013)
Mondragon 2010)
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perennial; <3m long-lived, slow-growing; may form
fully sheltered to (13-25 yr.) g-iived, Slow-growing, may
(Mondragon | dense stands; adapted to physical stress .
Pterygophor | moderately exposed, .. (Wantanabe . Art: stipes used by basket makers (Druehl and
oo stipitate and (wave action, surface exposure)
a californica | strong currents et al. 1992; Clarkson 2016)
(Mumford 2007) Germann Mondragon | (Dayton 1985; Mondragon and
2010) Mondragon 2010)
2011)
Food: commonly used in Asian cuisine;
erennial or kombu/haidai substitute
fully sheltered to p up to 3.5 m | Dusky Tegula snail and sea urchins are . . .
. annual Y Nutrition: source of vitamin C, iodine,
Saccharina fully exposed [ (O’Clair and | common grazers; young sporophytes . .
. A prostrate | (O’Clair and . ... s RN potassium, and calcium
latissima (O’Clair and Lindstrom Lindstrom sensitive to high light levels (O’Clair
Lindstrom 2000) 2000) 2000) and Lindstrom 2000) Industry: potential use for bioremediation (Ahn
et al. 1998; O’Clair and Lindstrom 2000;
Bruhn et al. 2016)
(Continued)
Scientific — p ; .5
Cultivation Method(s) Sorus Harvest Outplanting
Name
Source: wild sorus harvesting, sexual reproduction
Alaria Culture: culture tubes in nursery aquaria fall (Oct.) (Blasco
marginata 2012)
Farming: sporophytes outplanted to floating long-lines (5 m depth) (Blasco 2012). Blades also have
been grown in aerated tanks
Source: wild sorus harvesting, sexual reproduction
from summer (Jun.)
Costaria Culture: culture tubes in nursery aquaria through late fall (Dec.),
costata peak in Sept. (Maxell

Farming: sporophytes outplanted to floating long-lines (5 m depth) or floating raft; co-culture with N.

luetkeana (Fu et al. 2010; Blasco 2012)

and Miller 1996;
Blasco 2012)
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Cymathaere
triplicata
Hedophyllum
sessile
Laminaria
setchellii
Lessoniopsis
littoralis
Source: wild sorus harvesting (parent stock must be adapted to farm site exposure levels), sexual or
clonal reproduction
winter outplanting more
. Culture: inoculation lines in nursery aquaria summer (Gutierrez et successful than summer
Macrocystis . .
. al. 2006; Macchiavello | (Gutierrez et al. 2006;
pyrifera . . . :
Farming: sporophytes outplanted to floating long-line (1.5-5 m depth, depending on season and et al. 2010) Macchiavello et al.
epiphyte pressure); direct (free floating inoculation line) or indirect (nylon rope seeding); co-culture with 2010)
P. californica; avoid siting near high Fe and NH," levels (O’Clair and Lindstrom 2000; Gutierrez et al.
2006; Schiel and Foster 2006; Westermeier et al. 2006; Macchiavello et al. 2010)
Source: wild sorus harvesting, sexual reproduction
Culture: culture tubes in nursery aquaria Eﬁigﬂ?ilfl\(ﬁg\)] ),
N ti ith peak production i inter (Dec.-Feb.
ereocysts Farming: sporophytes directly transplanted to benthic substrate (e.g. rebar stakes); co-culture with C. with peak production in | winter (Dec.-Feb.)
luetkeana Y ,, . - i o late summer (Sept.) (Calloway 2020)
costata and S. latissima; siting near eelgrass beds may increase habitat benefits (Merrill and Gillingham (Maxell and Miller
1991; Maxell and Miller 1996; O’Clair and Linstrom 2000; Carney et al. 2005; Olson et al. 2019; 1996)
Calloway 2020)
S : wild sporophyte harvestin i
Pleurophycus ource. WILG sporoplty & spring (Mar.) through
ardneri fall (Oct./Nov.)
& Farming: sporophytes transplanted to floating long-lines (2.5 m depth) (Germann 2011) (Germann 2011)
Postelsia Source: wild sorus harvesting spores develop in late spores develop in late
palmaeformis

spring/early summer

spring and summer
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Farming: sori transplanted to cleared rocky substrate bounded by mussels; could be combined with (O’Clair and Lindstrom | (O’Clair and Lindstrom
intertidal mussel cultivation (Thompson et al. 2010; Druehl and Clarkson 2016; Calloway 2020) 2000; Thompson et al. 2000; Thompson et al.
2010) 2010)
Pterygophor . . . .
a californica Farming: co-culture with M. pyrifera, but may struggle to compete for light (Wantanabe et al. 1992)
Source: wild sorus harvesting, sexual reproduction
Culture: culture tubes in nursery aquaria
Saccharina fall (Oct.) (Blasco winter (Jan.) (PSRF
latissima Farming: sporophytes outplanted to floating long-lines (5 m depth); co-culture with N. luetkeana; farm | 2012) 2019)
in exposed or semi-exposed areas to minimize biofouling (Blasco 2012; Peteiro and Freire 2013; Bruhn
et al. 2016; PSRF 2019)
(Continued)

S(;g;tlleﬁc Peak Growth’ Sporophyte Harvest’ (Wild) Harvesting Recommendations®
Mlaria late spring (Jun), to prevent grazing from snail cut vegetative blades no closer than 4" from the
marlinata no discernable peak growth period (Blasco 2012) (Bleazf:)o 2%1 21)1 - Lo prevent £ & trom snatis base; leave reproductive sporophylls intact

& (O’Clair and Lindstrom 2000; Jungwirth 2019)

depending on grazing pressure and tattering, late

Costaria spring (Mar.-May) (Maxell and Miller 1996; Blasco spring (May) or mid-summer (June/July) (Maxell

costata 2012) and Miller 1996; O’Clair and Lindstrom 2000;
Blasco 2012)

Cymathaere late spring, after maximal blade development but

triplicata before tattering (O’Clair and Lindstrom 2000)

Hedophyllum cut fronds no closer than 6" from holdfast

sessile (Jungwirth 2019)
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Laminaria cut blades no closer than 2” from the base
setchellii (Jungwirth 2019)
g
Lessoniopsis harvest no more than 10% of individual plant
littoralis (Jungwirth 2019)
g
Macrocystis depends on outplanting time (perennial species) late spring, before biofouling becomes a problem
pyrifera (Gutierrez et al. 2006; Macchiavello et al. 2010) (Gutierrez et al. 2006)
. . . summer, to avoid epiphytes and blade erosion; only distal ends of blades (>12 from bulb)

. peak density and stipe growth in early summer (June); . . .
Nereocystis maximum blade growth in late summer (Aug./Sept.) fall (Oct.) to allow for re-growth (Maxell and should be removed if continued growth is
luetkeana (Maxell and Millir 1996) E/>ept. Miller 1996; O’Clair and Lindstrom 2000; desired (O’Clair and Lindstrom 2000; Luning

Luning and Mortensen 2015) and Mortensen 2015; Jungwirth 2019)
Pleurophycus | rapid growth in winter (Dec.) until peak growth rate is | balding/senescence occurs in summer (June) and :;Zéﬁ(;n?‘{;g;i r(i)rrll((iiij?d(:;e]sﬂllii:gs.zs;;o(gfgrll;r
gardneri reached in late spring (May) (Germann 2011) fall (Oct.) before regrowth (Germann 2011) and Lindstrom 2000; Pfister and Betcher 2018)
. . . cut blades at least 2” from base, leaving 1-3” of
Polstelsjzfar .| late winter/early spring (Thompson et al. 2010) :)I;rlilgs ((?Ef);imslzl 2?:6:28011%;6 production grooved blade for regrowth (Druehl and
patmacjormis & P ' Clarkson 2016; Jungwirth 2019)
Pterygophor

a californica

Saccharina
latissima

winter and spring; highest density reached in late
spring (May-June) (Maxell and Miller 1996; Blasco
2012)

spring (Apr.-May), to reduce loss to blade
erosion, ephiphytes, and grazers; timing affects
the proportion of sugars, proteins, minerals
(Blasco 2012; Peterio and Freire 2013; Luning
and Mortensen 2015; Bruhn et al. 2016; Sharma
et al. 2018)

boiling after harvest can reduce iodine levels,
which may be needed for use as food (Luning
and Mortensen 2015)

[1] Geographic distribution may need to be updated. Abbreviations: SIDF = Strait of Juan de Fuca, SJI = San Juan Islands, PS = Puget
Sound, OC = Outer Coast (Gabrielson et al. 2006; Mumford 2007)
[2] The same species may have different temperature tolerances between regions. Recruitment refers to sporophyte production.
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[3] Temperature is more limiting than nutrients (Muth et al 2019). Optimum refers to maximum sporophyte density.

[4] Very little species-specific information is available, but these are still crucial environmental factors to consider for sporophyte
success With the lack of numerical values, one might infer this information by observing nearby and use (for the possibility of
sediment and freshwater influx), local currents/water flow, and the species’ canopy form and depth.

[5] With the exception of a few commonly cultivated species, it is difficult to find species-specific human uses. Generally speaking,
most kelp species can be put to the following uses: food, nutrition, medicine, art, and industry (food additive, animal feed,
fertilizer, biofuel, etc.) (Tiwari and Troy 2015).

[6] Some species have not yet been commercially cultivated. When available, literature on restoration mariculture and experimental
transplants was consulted for species that have commercial potential.

[7] Limited species-specific information, especially for species that are not commercially cultivated.

[8] These are recommendations for wild harvesting, that world apply if and only if a self-perpetuating farm is desired and/or permitted
(as might be the case with restorative mariculture). Concerns about preserving wild genetic population diversity might, conversely,
require complete adult sporophyte removal prior to sorus/spore production

10



	PSRF Kelp Manual_FINAL.docx
	Kelp Appendices_final
	Socio-ecological considerations for kelp species native to the Salish Sea



