Appendix F: Kelp and Macroalgae Restoration Monitoring Methods and Metrics

Monitoring Overview
This appendix describes some metrics specific to kelp; they are most applicable to large, fleshy algae such as giant kelp (Macrocystis) and bull kelp (Nereocystis) rather than filamentous algae. They focus on key biophysical parameters (kelp density and cover), with one metric reflecting food web dynamics (urchin density), which are expected to be broadly useful for understanding this ecosystem’s ability to persist and continue to provide ecosystem services. See Core Metrics by NBS for the list of required metrics per NBS type.
This appendix gives very general guidance on kelp metrics and methods; for details, see the Reef Check Manual (Freiwald, et al., 2021) and the other sources cited below.
General guidance on area to be monitored 
· In your monitoring plan, state whether the project area is being monitored completely or sampled, and describe your plan for any sampling, including any randomization, stratification, etc.
· On the data reporting template, briefly summarize this information in the fields provided.

Kelp Stipe Density
Intent: Stipe density can help evaluate kelp outplant establishment, recruitment, settlement, and growth. 
· Measure the entire restored area, if this is practical for your project site. 
· Otherwise, sample the area using 30 m x 2 m transects.
· Measure stipe density by diving. 
· Survey monitored site for target kelp species and invasive kelp, if applicable. 
· Report kelp density in stipes/m2.
· If your restoration includes outplanting, with a design that plans for expected mortality before establishment, enter the outplant density and target post-establishment density in the data form. 

Urchin Density
Intent: Urchin density is an indicator of the effectiveness of urchin removal efforts, the intensity of herbivory, and the kelp’s ability to persist.
· Measure the entire restored area, if this is practical for your project site. 
· Otherwise, sample the area using 30 m x 2 m transects.
· Measure urchin density by diving. 
· If using transects, count urchins within the full 30 m x 2 m transect area. 
· Report urchin density in urchins/m2.

Kelp canopy cover 
Intent: Canopy cover is an indicator of the surface area and biomass of canopy-forming kelps such as Macrocystis and Nereocystis and therefore an indicator of their ability to persist and provide ecosystem services.

Make sure to specify your sampling plan in your monitoring plan and on the data reporting form.

Kelp canopy cover method 1: Satellite-, UAS-, or Piloted-Aircraft-based remote sensing methods
· Use remotely sensed data such as LANDSAT or UAS (drone) imagery to identify floating surface canopy cover.
· These methods may be visually interpretable or may require technical analysis to quantify canopy cover. They may not be able to distinguish kelp species. 
· Report the total canopy area within the restoration site.

Kelp canopy cover method 2:
· Sample canopy area three-sided quadrat or constant swath width from a kayak or other small boat as described in in Ledbetter and Berry (2023), “2.5 Floating Kelp Density and Percent Cover.”
· Report the canopy cover percentage within the restoration site.
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