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1. Introduction to Reef Check Restoration

Reef Check Foundation (RC) was founded in 1996 to lead an inclusive movement to protect our
oceans. In 2001, it became a registered 501(c)(3) nonprofit organization based in California.
Our mission is to empower people to save reefs and oceans through education, research, and
conservation. We work collaboratively at local, regional, national, and international levels to
implement environmentally sound and socially sustainable solutions that improve ocean
ecosystem management and conservation.

In 2006, Reef Check expanded its focus from monitoring tropical coral reefs to include
temperate rocky reefs by launching the Kelp Forest Monitoring program. The Reef Check Kelp
Forest Monitoring protocol, developed by marine scientists, leverages trained volunteer divers to
collect standardized data on kelp forest communities. This citizen science approach provides
dual benefits: generating high-quality monitoring data and increasing public engagement with
ocean conservation.

Originally designed to monitor ecosystem changes within California’s Marine Protected Areas
(MPAs), the Kelp Forest Monitoring program has since expanded beyond state borders. Thanks
to its reputation for rigorous training and reliable data collection, the Reef Check Kelp Forest
Program now operates in Baja California, California, Oregon, Washington, and British Columbia,
where its data are widely used to support marine management and conservation.

The program has two primary goals:

1. To produce data that informs the management and conservation of kelp forests and
rocky reefs.

2. To involve the public in the scientific process, fostering an informed and engaged
community supportive of science-based ocean stewardship.

Following the 2014 marine heatwave, Reef Check staff and volunteer divers observed
widespread kelp declines along the West Coast. Reef Check data have been instrumental in
guiding some of the earliest kelp forest restoration projects in Northern California (e.g., Ward et
al., 2022). In response, the Reef Check Restoration Program was launched and has since
supported monitoring and urchin removal efforts across the region.

The key priority in developing restoration-specific protocols has been the ability to evaluate
specific restoration actions while maintaining a simple and accessible protocol that remains
practical for citizen science divers. This monitoring protocol prioritizes essential data to
efficiently evaluate restoration success, enabling reliable data collection while preserving
citizen-science diver safety and engagement.

Drawing from years of monitoring restoration sites across California, Oregon, and Washington,
this document compiles key insights and presents a protocol for monitoring kelp forest
restoration using citizen science. The following protocols, developed in collaboration with kelp



restoration program partners, are used at sites named as restoration sites to enhance the
effectiveness of Reef Check’s monitoring protocol for kelp forest restoration.

2. Restoration Monitoring Protocol

2.1 Purpose and Scope

The Restoration Monitoring Protocol (RMP) is a modified version of Reef Check’s standard
long-term monitoring protocol (KFMP) described in the Reef Check Kelp Forest Monitoring
Manual’, and should be used in conjunction with this protocol.

While the KFMP is designed to track long-term ecosystem trends, the RMP is designed to
evaluate the effectiveness of specific restoration interventions (e.g., urchin removal, kelp
enhancement). At the same time, it is important to maintain a protocol that is simple, efficient,
and appropriate for citizen science divers. To achieve this, the RMP prioritizes essential data
needed to assess restoration success, balancing scientific rigor with diver safety, feasibility, and
engagement.

In order for volunteers to collect restoration data, additional training in the following protocols is
required.

2.2 Monitoring Terminology

The following nomenclature is used consistently throughout Reef Check monitoring programs,
including the RMP:

e Transect type: The data collected along a transect, i.e., fish, invertebrates, kelp, uniform
point contact (UPC). Note that several data types may be collected along a single
transect.

e Transect: One 30-meter by 2-meter transect line. Transects can be of a single transect
type (e.g., Fish-Only-Transects) or multiple transect types (e.g., Core transects including
fish, invertebrates, kelp, and UPC).

e Survey: All transects that are completed during a sampling event at one site.

2.3 Restoration Transects

To support restoration monitoring objectives, additional transect types have been developed
alongside the KFMP. The standard KFMP uses Core Transects, in which fish, invertebrates,
kelp, and UPC are counted, and Fish-Only-Transects, which focus on just fish. Restoration

"Freiwald, J., Abbott, D., and Selbitschka, J. (2026). Reef Check Kelp Forest Monitoring
Manual. 11th Edition. Reef Check Foundation, Westlake Village, CA, USA.



surveys can include different combinations of transect types, depending on the available time
for surveys, site size, and project goals.

The following four transect types used in Reef Check Restoration monitoring are defined below:

Restoration Core Transects: Similar to KFMP Core transects, but the species list and
subsampling procedure are modified to evaluate restoration outcomes (see Section 2.8
for a summary of modifications to species protocol).

Targeted Transects: Focus exclusively on kelp and urchins. Targeted transects include
all modified protocols for these species (see Section 2.8).

Fish and Targeted Transects (F&T): Transects in which only fish, kelp, and urchin
species are counted using the modified protocols (see Section 2.8).

Quality Control (QC) Transects: Only urchins are counted according to the modified
protocols to assess the effectiveness of removal intervention techniques.

2.4 Survey Types for Evaluating Restoration Outcomes

The different transect types are combined into the following surveys. The different survey types
are used to evaluate restoration outcomes, species’ responses to specific restoration actions,
and to monitor the effectiveness of restoration activities:

1.

Restoration Survey: These are the most comprehensive surveys and assess species’
and ecosystem responses to restoration activities to evaluate restoration outcomes. This
survey type includes Restoration Core Transects, F&Ts, and Targeted Transects.

Targeted Surveys: These surveys evaluate species’ responses to restoration activities.
They are focused on the key species expected to show a rapid and direct response to
restoration. These transects help determine the efficiency of urchin removal and kelp
response to urchin removal and/or kelp enhancement methods. These can be used
when time or funding is limited. This survey type is comprised solely of Targeted
Transects.

Quality Control (QC) Surveys: These are done immediately following urchin removals
to evaluate the effectiveness of removals and guide further removal activities to reach
the targeted threshold of urchin densities. This survey type is comprised solely of QC
Transects.

A summary of these survey types can be found in Table 1. In some cases, several survey types
can be conducted simultaneously. For example, QC Surveys and Restoration Surveys can be
combined to monitor species’ responses and guide urchin removal efforts during the same
monitoring event. An example layout for a Restoration Survey, using combined transect types,
is shown in Figure 1.



Table 1. Survey types and respective transects used by Reef Check to monitor sites.

# of
Survey Transects Transects Transect type(s) Frequency of survey
Standard Kelp 6 Core Transect Fish, invert, kelp, UPC  gnce a year
Forest Monitoring <1 Fish-Only-Transect Fish a?pproximately at the same
Survey S (FOT) time each year.
6 Restoration Core e, invert, kelp, UPC
Transect At least once a year,
Restoration : preferably in the summer.
Fish-and Targeted _. .
Survey 0-12 (F&T) g Fish, urchins, and kelp  Seasonal surveys, if
. | | _possible.
0-12 Targeted Transects Urchins and kelp

'Two to three times a year, '
Targeted Survey 6-18 Targeted Transects Urchins and kelp seasonally (spring,
summer, fall).

Quality Control . . As needed after urchin
Varies QC Transects Urchins
(QC) Survey removals.
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Figure 1. Example of a Restoration Survey that includes both Restoration Core Transects
(labeled here as ‘Core’) and Targeted Transects conducted within the same survey. The top and
bottom permanent lead lines are secured with bolts every 10 meters.



2.5 Transect Replication & Seasonal Surveys

Urchin and kelp distributions are often highly variable and spatially patchy. At many restoration
sites, the standard six replicate transects used in the KFMP may not adequately capture this
variability. To improve statistical power and better detect restoration-driven change, additional
transect replication of 6-12 transects is recommended (for a total of up to 18 transects per
survey). However, the final number of transects should be determined based on the site size,
project objectives, time, and budget. An example showing the differences between KFMP and
RMP transect replication can be found in Figure 2.

Figure 2. Comparison of transect replication approaches. (Left) Standard KFMP transect
replication designed for long-term ecosystem monitoring. (Right) Increased transect replication
under the RMP, providing improved resolution of spatial variability within an active restoration
area (purple polygon).

Seasonal Surveys

Seasonal surveys should be completed, preferably in spring, summer, and fall. The summer and
fall seasons are most important because of fish distribution (e.g., Young-of-the-Year Rockfish)
and fall typically records the highest kelp density.

Spring surveys are valuable for evaluating the results of last year’s restoration activities and
how the site has fared over the winter season, when, in most cases, no restoration activities
take place. These surveys also help with planning for the field season. Therefore, it is often
sufficient to conduct Targeted Surveys in the spring and Restoration Surveys in the later
seasons.



2.6 Transect Placement

Standard KFMP surveys use non-permanent transects, placed haphazardly with standardized
headings to ensure broad site coverage. While this approach is effective for long-term
ecosystem monitoring, restoration monitoring benefits from increased spatial consistency.

Where feasible, permanent or semi-permanent transects are preferred for Restoration Surveys,
as they are more effective at detecting short-term changes at specific locations than randomly
placed transects. Permanent transects may include the use of bolts and lead lines; however,
these methods require substantial time and resources to install and maintain.

Lead lines can greatly improve diver navigation and survey efficiency, but they must be
adequately secured (with bolts placed every 5-10 m) and regularly maintained to remove kelp
growth and prevent line degradation. Alternatively, weighted lines or transect tapes can be
deployed temporarily in the exact same location using a GPS point and/or fixed marker on the
substrate before each survey event. An example of a grid used for restoration, removal, and
sampling is shown in Figure 1.

2.7 Alternate Search Area & Subsampling Protocol

Due to their importance for evaluating restoration and the potential for patchy distributions in
restoration areas, key species of urchins and kelp should be sampled in the full 2 m x 30 m (60
m?) on all transects. However, in areas of high species density, collecting data over such a large
area may not be possible given time and financial constraints.

To address this, the following modified protocols may be used when necessary.

Alternate Search Area Protocol (1 m Wide Swath)

Under this modification, divers survey a 1 x 30 m swath (30 m?) along one side of the transect
line (see Figure 3 below). This allows for greater distance to be covered, helps incorporate
patchy distributions, and cuts the workload down by half. Additional benefits include providing
safer diving practices by allowing divers to stay together while conducting different transect
types.

Use of the alternate search area must:

e Be approved by a Reef Check Instructor or staff, and
e Be decided prior to the survey.

Exception: A two-meter-wide transect must always be used for adult Giant Kelp and Bull Kelp.

Important: This protocol can only be used for individual species. The 2 m swath protocol still
needs to be used for less prevalent species.



Normal Search Area:
Band transect two meters wide and 30 meters long (60 m?)
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Figure 3: (Top) Search area used by the KFMP and RMP. (Bottom) Alternative search area to
be used ONLY in areas of high species density, causing data collection to be increasingly
difficult, given time and financial constraints.

Standard KFMP Subsampling

If species densities are still so high that they prevent completing data collection within the
available time and resources, divers may use the standard KFMP subsampling method. In this
method, the diver counts only a portion of the band transect and records the number of the
species and the area surveyed on their datasheet.

For instance, a diver might encounter a transect with a hyper-density of juvenile stipate kelp and
realize during the survey that they don’t have enough time to count the entire 30 m transect. In
that case, they can stop counting a species after 50 individuals and record the distance along
the transect where they stopped counting that species. They should, however, try to count at
least 10 m2. This would be at least:

e 5 meters along a 2-meter-wide transect or
e 10 meters along a 1-meter-wide transect (e.g., 564 juvenile stipitates at 10 m x 1 m).

This protocol should only be used in extreme cases.



2.8 Additional Species to Monitor on Restoration Transects

Restoration surveys are conducted per the KFMP for the respective region, except for the
following modifications to the Restoration Transects. These modifications were added to capture
information about additional species and more details on some of the species of particular
importance to restoration.

In this modified protocol, both adult and juvenile kelps and urchins are included. Kelp size

ranges for identification purposes can be found in Figure 4.

Table 2: Summarizes additional species monitored and protocol modifications to be included
alongside species stated in the Reef Check Kelp Forest Monitoring Manual.

giant kelp <1 m (GK-)

Transect type Modification Region Rationale
Urchin densities are highly variable,
NO subsampling of even within a relatively small area
Invertebrates purple and red urchin All (transect). To accurately represent
urchin densities, it was decided not to
subsample.
ADD: Size classes of RC KFMP only counts urchins 22.5 cm
urchins (2.5 cm and in size. Here, separate urchins into two
Invertebrates All : . -, .
<2.5 cm) for purple and size bins to compare densities with
red urchins regular long-term monitoring sites.
ALWAYS conduct
Invertebrates urchin size frequency, Al Assess changes in urchin sizes over
at least 100 of each time.
purple and red urchin
N ADD: Sze cass for bull | | o ot
gae kelp <30 cm (BK-) orkelp P
juvenile canopy kelp.
Algae densities are highly variable, even
within a relatively small area (transect).
T tel t al iti
NO subsampling of any . o] accura.e y represent algae densities,
. it was decided to no longer subsample.
Algae kelp species All
In areas of high densities, an alternate
search area has been provided (see
section 2.2).
ADD: Size class of Critical to gssess the early staggs of
Algae All kelp recruitment and survivorship of

juvenile canopy kelp.
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ADD: Juvenile
Stipitates (size 10 cm-
30 cm) Record only

Critical to assess the early stages of
kelp recruitment and survivorship of

Algae Pterygophora Al other kelp, not able to be detected by

californica and other surveys (e.g., satellite).

Laminaria setchellii.

ADD: Kelp recruit (RT)

any species, including

Juven|lg st|Ip|tates .>.2'5 i Critical to assess the early stages of

10 cm in size, until it . . .
Algae . All kelp recruitment and the survivorship of

can be recorded in other kel

another category (BK-, P-

GK- or Juvenile

Stipitates).

ADD: Net-of-cords

(Dictyoneurum . _ _

reticulatum, Identified as a possible successional
Algae Dictyoneurum Tankers | species.

californicum & only

Dictoneuropsis

reticulata) (DN) >10 cm

ADD: Chain Bladder
Al Kelp (Stephanocystis Tankers | Identified as a possible successional

gae osmundacea) (CB) >10 | only species.

cm

ADD: Drift kelp. If any

part of detached brown | pcOR | An indicator of a healthy kelp forest, and
UPC algae is lyingon a UPC | . .

sites only | a food source for urchins

point, mark it as a
superlayer.
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Giant Kelp Bull Woody Torn
Kelp Kelp Kelp
Ocm
Don’t count
2.5cm
Kelp Recruit (RT)
TO EM [
BK- Juvenile Stipitate
(JS)
30 cm GK-
Tm BK WD N
GK

Figure 4. Summary of additional kelp size ranges incorporated into the RMP for identification
purposes.

3.0 Urchin Size Frequency and Dissection Protocol

3.1 Size Frequency Protocol

There are no changes to the urchin size frequency protocol listed in the standard KFMP. In
restoration monitoring, they should be prioritized and incorporated into the overall monitoring
task loads.

3.2 Urchin Dissections

Dissecting urchins allows us to collect valuable insight into changes in ecosystem health. It also
helps understand how urchins are behaving, eating, and reproducing. In urchin barrens, disease
presence can be high, and the gonad index can be low, but in a recovering ecosystem, the
urchin index can increase. Ensure that urchins selected for dissection are chosen at random,
and ideally not all in the same location. For ease of collection and dissection, urchins >2.5 cm
should be collected.
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(Left) healthy urchin gonads, (right) starved urchin found in an urchin barren.

At sites where urchins are being culled or removed, we recommend collecting at least 30
urchins, once per year (both at control and experimental areas).

Data to record:

Date

Location of the urchin
Depth collected

Test diameter

Test height

Wet weight of the urchin
Time of collection

Time of dissection

Gonad weight

Disease Present/Absence.

Storage:
Noting that there may be time between collection and dissection, store urchins in a wet space,
such as a bucket, until they can be dissected.

Dissection Protocol:

1.
2.
3.

Record test diameter, test height, and wet weight of the urchin.

Identify if there is any disease present- Black Spot or Wasting Disease.

Use a knife or other sharp hand tool and carefully break open the top section of the
urchin.

Scoop out the gonads (yellow) using a teaspoon, and place them into a bowl for weight
measurements. Be sure to zero the bowl on a scale prior to measuring wet weight.

13



Wasting Disease
Wasting disease can be identified by shortened spines or the loss of spines. The disease
impacts the urchin uniformly (see image below).

Black Spot Disease
Black spot disease has characteristic black lesions with localized spine loss (see image below).
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