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EXECUTIVE SUMMARY 

Canopy forming kelp forests are iconic, highly productive ecosystems on the western coast of 

North America. In Southern California, they provide habitat for numerous commercial and 

recreational fisheries species and are the basis for tourism industries such as SCUBA and skin 

diving. These habitats have declined as much as 80% in the last century, with forest sometimes 

shifting to urchin barrens in response to overfishing of urchin predators. Barrens are relatively 

un-productive systems that are both low in biodiversity and economic value when compared to 

kelp forest habitat, and kelp forest restoration in Southern California often revolves around 

removing urchins to allow kelp to re-establish. However, restored sites can lapse back into urchin 

barrens in the long term if restoration maintenance is not performed. 

This study seeks to improve restoration site longevity and reduce the necessary frequency of 

maintenance by using preferable habitat for the California spiny lobster (Panulirus interruptus) 

to prioritize kelp forest restoration site selection. The spiny lobster is an urchin predator, and 

while it cannot be relied upon to clear barrens on its own, it may have potential to delay or 

prevent phase shifts back to the barren condition after a restoration has been completed. 

Therefore, a restoration site in proximity to large amounts of preferable spiny lobster habitat may 

be a better investment of restoration funding than one that is not. 

This study developed a novel method of lobster habitat modeling based upon data from the 

Channel Islands National Park Service (CINPS) Kelp Forest Monitoring program (KFM). This 

model was applied to bathymetry around the Palos Verdes peninsula - an area of historic, 

ongoing and future kelp forest restoration - in order to predict lobster habitat around existing 

urchin barrens. Predictions were then used to rank barrens by the quality and quantity of 

proximal lobster habitat. These methods required the development of a GIS tool for CINPS that 

merged 30 years of their survey data with new, 15 cm resolution bathymetry. This project was 

both a ranking of potential restoration sites and a demonstration of how the KFM dataset can be 

used to answer conservation problems in Southern California. 

Section 1 provides background information about kelp forest, sea urchin and lobster ecology, as 

well as their relationship with kelp forest restoration. This section also explains why the 

California spiny lobster was selected for this study instead of other urchin predators. Section 2 

gives a brief project overview and introduces the data sources used in the various steps of this 

study. Section 3 outlines the design and function of the Transect Builder Tool and how the tool 

interfaces with CINPS survey data. Outputs from this tool serve as the foundation for modeling 

and prediction steps. Section 4 describes the methods used to develop the lobster habitat model, 

including characterization of training sites, exploratory statistics and the results of two different 

modeling approaches. Section 5 details how the selected lobster habitat model was applied to the 

Palos Verdes region to predict preferable habitat and rank existing urchin barrens. Section 6 

provides the results of the barren rankings, including different versions to account for variability 

in spiny lobster foraging ranges. This section also provides the results of a model validation 

using data from the La Jolla Ecological Reserve in San Diego and a pre-existing habitat model 

developed by Dr. Kevin Hovel. Section 7 describes the limitations of this project, potential 



future studies as well as findings and recommendations for lobster habitat modeling and benthic 

data collection. 

Findings and recommendations regarding kelp forest restoration site selection: 

 Urchin barrens around the northern-most Palos Verdes peninsula are adjacent to large 

quantities of preferable lobster habitat. 

 Variability in lobster foraging range did not greatly influence the restoration prioritization 

of urchin barrens around Palos Verdes.  

 Kelp forests restored around Palos Verdes should be monitored for lobster abundance and 

the frequency of necessary restoration maintenance so that sites with differing amounts of 

proximal lobster habitat can be compared. 

 Mapping of surfgrass distributions as well as increasing the inshore extent of Palos 

Verdes bathymetry would likely improve the accuracy of lobster habitat modeling, as 

well as barren ranking. 

 Resolution mismatch between bathymetry at model training and prediction sites is likely 

a significant source of error preventing the full benefits of fine scale multibeam surveys 

from being realized. Studies investigating methods to correct for mismatch would 

improve the utility of many existing datasets. 

Findings and recommendations regarding the CINPS KFM dataset: 

 Spiny lobster abundance at black Sea Bass Reef and Potato Pasture is positively 

correlated with percent coverage of highly sloped, overhang-forming features. 

 Spiny lobster may be disproportionally attracted to coverage of continuous ridgeline 

features. Features forming a concave formation when viewed from above may be 

especially attractive. 

 With input from experienced KFM divers, biological survey resolution of the KFM 

dataset can, at least for some species, be improved from the quadrat dimensions the 

dataset was designed with. 

 The absence of complete bathymetric datasets at key reserve sites hampers attempts at 

benthic habitat modeling. Completing the maps at Cathedral Cove, Landing Cove and 

Cavern Point would double the reserve sample size and improve the diversity and 

replication of geological bottom types. 
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SECTION 1: Kelp Forests, Urchin Barrens and Spiny Lobster in Southern California 

Canopy forming kelp forests are iconic, highly productive ecosystems on the western 

coast of North America from, Baja California to the Aleutian Islands. In the subtropical regions 

of Southern California, the dominant canopy forming species is giant kelp (Macrocystis 

pyrifera). This kelp can grow as tall as 50 meters as it structures associated communities by 

shading, buffering currents and providing shelter and food. M. pyrifera is a perennial kelp and 

can persist for multiple years until wave action eventually rips it from the substrate (Seymour et 

al. 1989, Tegner et al. 1997). M. pyrifera contribute significantly to primary production because 

of their accelerated growth, which can reach two feet per day under optimal conditions. The 

propensity for giant kelp to lose fronds or blades to wave action means it provides carbon 

subsidies to communities beyond forest boundaries, such as sandy beaches, rocky intertidal and 

submarine canyons (Koop et al. 1982, Kaehler et al. 2006). Combined with its perennial nature, 

potential for primary productivity, large size, complex shape and ability to structure 

communities, giant kelp is considered a critical subtidal foundational species in Southern 

California. The kelp forest ecosystem provides habitat for numerous commercial and recreational 

fisheries species and is the basis for tourism industries such as SCUBA and skin diving (Bedford 

and O’Brien, 2002). 

M. pyrifera forests exhibit seasonal fluctuations in accordance with warm water and 

storms. Their distributions are also mediated by biological interactions, notably a top down 

relationship with the purple sea urchin (Stronglyocentrotus purpuratus), a kelp herbivore (Tegner 

and Dayton, 1991). The normal behavior for S. purpuratus is cryptic; the urchin prefers to 

remain in hard substrate crevices and depressions, using its spines to grab detached kelp blades. 

When urchin predators are overfished, S. purpuratus populations can boom, emerging from 

hiding to feed directly on macrophytes. Foraging urchins tend to feed on the kelp holdfast or 

stipe base, which are the most readily accessible parts of the kelp plant for creatures on the 

benthos (Claisse et al. 2013). This type of feeding can quickly denude a kelp forest, as holdfasts 

and the stipe bases are the substrate attachment points for M. pyrifera and severance of either is 

non-recoverable. After urchins have exhausted available giant kelp, they will graze on understory 

algae and even sessile invertebrates, eventually reducing the reef to bare rock. This shift of phase 

is termed an “urchin barren” and is often characterized by an urchin density of greater than 



30/m2, compared to 2/m2 in a typical kelp forest (Claisse et al. 2013).  Urchin barrens can be 

considered alternate stable states and are often not self-correcting because juvenile urchins will 

continue to settle from the plankton and can grow by consuming biofilms. Adult urchins can 

persist in barrens for long periods (Claisse et al. 2013), possibly by consuming drift kelp from 

nearby forests and juvenile kelp that manages to recruit. Interestingly, urchins in barrens have 

small or non-existent gonads, and this lack of gonad tissue makes the urchins less desirable to 

predators, whom prefer urchins with larger gonads from healthy kelp forests (Eurich et al. 2014). 

Uni (urchin gonad) is considered the edible part of the creature by humans, and as a result, 

urchin fisheries in Southern California avoid harvesting individuals from barrens (Claisse et al. 

2013).  Due to their resistance to phase shift by natural disturbance, predation, or fishery 

extraction, barrens can persist for many decades unless humans directly intervene. 

In comparison to kelp forest habitat, barrens are relatively un-productive systems that are 

low in biodiversity and economic value (Claisse et al. 2013). For this reason, private kelp 

harvesting industry, the Department of Fish and Wildlife, California Technical Institute and most 

recently, NGOs such as the Bay Foundation have restored forests of M. pyrifera since the 1960s  

(MBC Environmental Sciences, 2011). Contemporary M. pyrifera restoration usually consists of 

kelp transplants, sporophyte seeding, urchin control or a combination of all three methods. 

Urchin control methods must precede habitat conversion from urchin barren to kelp forest 

because any giant kelp juveniles that settle in an urchin barren will be immediately grazed 

(Wilson and North, 1983). If the barren is surrounded by healthy kelp forest, urchin removal will 

likely be the only restoration method necessary (personal communication, Tom Ford, The Bay 

Foundation). However, unless policy measures that remove fishing pressure from urchin 

predators are instituted post-restoration, it is likely that urchin control maintenance will be 

needed periodically to prevent the restoration site from lapsing back into an urchin barren 

(Personal communication, Tom Ford, The Bay Foundation). Periodic urchin removal is costly 

and requires many dive hours to complete, so restoration planning should attempt to minimize 

the need for maintenance when practical. One potential method is to select restoration sites that 

encompass preferable habitat for urchin predators, such as the California Spiny Lobster, 

Panulirus interruptus (Levin and Tegner, 1983). Predators such as P. interruptus cannot be 

relied upon to clear barrens on their own, but they have potential to delay or prevent phase shifts 

back to the barren condition after a restoration has been completed (Eurich et al. 2014).    



Panulirus interruptus is a long-lived crustacean that inhabits waters on the western coast 

of the United States from Baja California to Point Conception.  Spiny Lobster are generalist, 

nocturnal predators that exert top down influence on urchins and prefer the barren-forming S. 

purpuratus over the longer-spined S. fransiscanus (Levin and Tegner, 1983). Lobster are nearly 

always found in shelters during the day and are often gregarious, sharing shelters with 

conspecifics for associational defense (Lavalli and Herrnkind, 2009). Lobster have potential to 

be used in restoration site selection because they seek refuge in specific hard substrate features 

(Mai and Hovel, 2007) and make habitat selections that are independent of kelp forest 

presence/absence (Personal communication, Jonathan Williams, Vantuna Research Group and 

Hunter Lenihan, University of California Santa Barbara). The hard substrate features inhabited 

by lobster include ledges, low overhangs, holes, and cracks and fissures in rock (Withy-Allen, 

2010, Hovel and Lowe, 2007). Ledges and overhangs promote homing behavior in lobster (Mai 

and Hovel, 2007) and are visible in fine scale bathymetric maps, creating potential for predictive 

mapping. Furthermore, P. interruptus is strongly associated with eelgrass (Zostera marina) and 

surfgrass (Phyllospadix scouleri), which juvenile lobsters recruit into and adults use to forage 

(Mai and Hovel 2007).  

SECTION 2: Project Overview 

 The primary objective of this project is to develop a predictive lobster habitat model to 

help inform kelp forest site selection around the Palo Verdes peninsula, California. Palos Verdes 

is a relevant region for predictive modeling because it is a site of historical and ongoing kelp 

forest restoration (MBC Applied Environmental Sciences, 2011, Burdick et al. 2015) and also 

contributes 2-4% of the annual commercial lobster catch (Hovel et al. 2015).  The secondary 

objective of this project is to develop a GIS tool for the Channel Islands National Park Service 

(CINPS) that can be used to link biological survey data with bathymetric mapping. The lobster 

habitat model required the development of this tool, and the tool is also designed for use with 

other organisms surveyed by CINPS. This study culminates with a review of existing urchin 

barrens around Palos Verdes and their viability as kelp forest restoration sites, evaluated by 

proximity to preferable lobster habitat. This project integrates data from several different 

sources, including: 



1: Annual survey data and bathymetric maps from the CINPS Kelp Forest Monitoring (KFM) 

project: Relevant survey data includes counts of lobster abundance at 13 survey locations around 

Anacapa and Santa Cruz islands, with data for some sites spanning 30 years. CINPS bathymetric 

maps were recorded at the same sites as the 13 survey locations mentioned previously. Data 

layers for depth, complexity and slope are available at the 10 and 15 cm scale and have been 

processed using the NOAA benthic terrain modeler. The data is used in this study to develop the 

lobster habitat model, otherwise referred to as the training dataset. 

2: Bathymetric maps of the north and south Palos Verdes area provided by the California State 

University Monterey Bay Seafloor Mapping Lab: Bathymetric layers for depth, complexity and 

slope are available at the 2 m scale and have been processed using the NOAA benthic terrain 

modeler. This data is used as a predictive surface for the lobster habitat model and is used in this 

study to rank restoration sites. 

3: Polygon shapefiles of eelgrass in Southern California provided by NOAA: Eelgrass maps can 

also be found in report format (Bernstein et al. 2011, Santa Barbara Channelkeeper Final Report 

2009-2010). This data is used in the model design and restoration site evaluation stage. 

4: Point shapefiles of urchin barren centroids around the PV area produced by The Bay 

Foundation: Centroids are used in this study to help rank restoration sites. 

5: Bathymetric maps of the La Jolla ecological reserve provided by the California State 

University Monterey Bay Seafloor Mapping Lab: Bathymetric layers for depth, complexity and 

slope are available at the 2 m scale and have been produced using the NOAA benthic terrain 

modeler. This data is used in validation of the lobster habitat model designed in this study. 

SECTION 3: The CINPS Kelp Forest Monitoring Dataset and the Transect Builder Tool 

 This project uses the CINPS KFM dataset and associated Transect Builder Tool as the 

foundation for lobster habitat modeling. The processes used to analyze P. interruptus records can 

be applied to dozens of other species surveyed by CINPS. The tool development represents a 

significant portion of this project and for this reason, the KFM dataset and Transect Builder tool 

will be discussed in detail in this section.  

KFM Dataset Design 



 The KFM dataset consists of biological survey records for 37 100 m transects positioned 

around Santa Barbara, Santa Cruz, Santa Rosa, San Miguel and Anacapa islands in the Southern 

California Bight. Half of these transects have been monitored by CINPS since the early 80's; 

some transects are within marine protected areas (MPAs) and in certain cases, monitoring 

records provide a biological record of areas before and after they were incorporated into the 

marine reserve system. Sites are surveyed annually during summer months by CINPS SCUBA 

divers whom collect count and percent coverage data for ~100 different species and life stages. 

While the 100-meter site transects act as a survey baseline, individual species and coverage 

counts are collected through a number of different quadrat types that are projected on or across 

various areas of the main site transect.  Different species are surveyed using different quadrat 

types: 2 m2 quadrats for slow benthic and sessile species, 10 m2 quadrats for macroalgae, 2.7 m2 

quadrats (RPCs) for percent coverage of algae and sessile species and 60 m2 quadrats (band 

transects) for mobile benthic species such as spiny lobster. Some quadrat types are deployed 

using a random systematic method that places them on different parts of the site transect from 

year-to-year. For instance, the band transect surveys start by choosing a random meter number 

from the first seven meters of the main site transect, and then centering the band transect 

perpendicularly on the given meter number. Divers then swim the length of the band transect (20 

m) and record counts of any lobsters that they find within 1.5 m of either side of the band 

transect centerline. Divers do not record the exact locations of lobsters that they find, which 

means that any counts recorded for a band transect can, at best, be attributed to the 60 m2 search 

area of a band transect. Once this first band has been surveyed, a second band transect is placed 

8.33 m ahead (rounding to the nearest meter) on the main site transect. For instance, if meter 

number six had been randomly selected for the first band, the second band would be centered 

perpendicularly on meter number 14.  A total of 12 band transects are placed annually on each 

site in this fashion (Figure 1). Species counts are stored in Microsoft Access in rows that include 

the site number, species number, transect number and meter number. For more information on 

how CINPS collects its KFM data, please see the agency's Kelp Forest Monitoring Handbook. 

 CINPS recently supplemented its KFM monitoring dataset with fine scale (10 and 15 cm 

resolution) multibeam surveys of 13 sites around Anacapa and Santa Cruz islands, including 

slope and surface ratio layers. The multibeam surveys have ostensibly been designed to overlap 

with site transects, creating the potential for fine scale bathymetric analysis of KFM biological 



surveys as well as a means to model preferred lobster habitat. As of 2015, CINPS personnel 

lacked the geostatistical tools to link years of biological survey data with the spatially 

appropriate bathymetry, making the development of the Transect Builder Tool necessary. 

 

FIGURE 1: The position of the 100-meter transect (red) crossed by the band transect centerlines (blue) 

deployed in 2005 on Black Seabass Reef. Band transects are numbered in the order they were deployed for 

that year. 

Transect Builder Tool Design 

 The primary purpose of the Transect Builder Tool is to convert CINPS biological survey 

spreadsheets into GIS shapefiles that project individual quadrats as polygons. Furthermore, the 

polygons are built with extracted bathymetric statistics from the underlying multibeam data as 

well as species counts, making it possible to use polygon attribute tables in regressions and linear 

models. A data visualization feature that builds raster density maps of polygons and the 

associated biological counts is also included, allowing for CINPS personnel to quickly appraise 

spatial densities of selected species. The tool is capable of building quadrats, band transects and 



RPCs and is designed to integrate future years of survey data as well as additional bathymetric 

rasters, should CINPS desire to collect them. The tool is designed for users with minimal training 

in ArcMap. For more information on how to operate the tool, please see the tool "Readme" in 

Appendix I. 

 Integral to the operation of the Transect Builder tool is conversion 100 m site transect 

shapefiles into route layers that have a starting point, ending point and scale of measurement. 

Site transect shapefiles were provided by CINPS personnel and were hand digitized by David 

Kushner, the KFM program manager. CINPS is very confident of the location of the transect 

centerlines' accuracy.  It must be noted that the shapefile's latitude and longitude coordinates 

were not collected with the aid of any GPS system and that centerline lengths were sometimes 1-

4 meters too short. This means that centerline lengths do not always match up with meter 

numbers in CINPS biological spreadsheets. Centerlines were converted into routes and 

lengthened (where necessary) with CINPS consultation. This was required for identification of 

proper starting and ending locations. The tool then coverts a survey spreadsheet for a species of 

the user’s choice into a route event layer, with point locations representing the horizontal extent 

of individual quadrats projected on to each route centerline, according to the quadrat's meter 

number (Figure 2). Points are offset according to the quadrat type; for example, a band transect's 

points would be offset 10 meters on either side of the site transect, corresponding to the standard 

dimensions laid out in the CINPS Kelp Forest Monitoring Handbook. Offset points are then 

connected to one another, creating centerlines for each band transect (Figure 2). In order for a 

pair of points to be converted to a line, they are assigned an “address number”, which is a 

combination of the site number, survey year and transect number for each quadrat entry. This not 

only permits a point to line conversion, but also creates an identification scheme that CINPS 

personnel can use to search for specific quadrat polygons. After the quadrat centerlines are 

created, the tool buffers the centerlines to create polygons representative of the search area 

associated with each quadrat (Figure 2). For instance, the standard buffer distance for the band 

transect type would be 3 m (1.5 m on either side of the centerline) for the standard dimensions 

listed in the CINPS Kelp Forest Monitoring Handbook. The user can modify both the quadrat 

centerline length and the buffer distance by specifying dimensions smaller or larger than the 



FIGURE 2: The basic processing steps of the Transect Builder tool for data from one year and one site. (Top) 

Points are offset on either side of the 100-meter transect, representing the horizontal extent of the survey 

area. Meter numbers are shown under each point. (Center) Points are connected together with lines, 

representing the band transect centerlines. (Bottom) Centerlines are buffered, creating polygons representing 

the survey area of each band transect. Statistics from underlying bathymetry are extracted to these polygons. 



handbook standard. This functionality is included because there is approximately 1 m of 

variability from year to year in the position of the 100 m site transects due to error when divers 

layout transect tape. One way to compensate for this error is to make quadrats 1 m larger in the x 

and y planes.  

After quadrat polygons are created, statistics from underlying bathymetric rasters are 

extracted to each polygon using an ESRI supplemental tool (Zonal Statistics as Table 21). This is 

necessary because when records from all years are processed there are many overlapping 

quadrats and the basic Zonal Statistics tool in ArcMap will not function properly on shapefiles 

with overlapping features. Statistics extracted to each quadrat polygon include the mean, 

maximum, minimum, range and standard deviation for depth, slope (measured in degrees), and 

surface ratio (a measure of complexity). It should be noted that smaller quadrat types such as the 

2 m2 quadrat will yield much finer scale bathymetric statistics than the larger band transect 

because metrics must be aggregated over the total area of each polygon. Attribute tables from the 

resulting shapefile can then be exported to a .csv and used to correlate biological counts or 

coverage with related bathymetric statistics. While the quadrat polygons are suitable for 

geostatistical analysis, they are not optimal for data visualization such as displaying densities of 

biological phenomena over several decades or quickly ascertaining where the greatest number of 

a particular species can be found on a given site transect. This is due to the tendency for 

polygons from multiple survey years to overlap and mask one another when being viewed in 

ArcMap. For this reason the Heat Map Builder tool was developed alongside Transect Builder 

explicitly for visualization purposes. The Heat Map Builder converts quadrat polygons into a 

raster format, aggregating the species counts from overlapping polygons. For each polygon 

shapefile input, the Heat Map tool produces 5 raster layers; the sum, mean, median, range and 

standard deviation of overlapping polygons (Figure 3). Combined, these layers can give the user 

an idea of wherethe greatest number of species have been recorded, as well as whether high or 

low measures of central tendency were the result of recordings from single survey years. The 

layers can also be compared with bathymetric rasters to casually investigate species correlation 

with particular benthic features (Figure 4). The script for the Transect Builder and Heat Map 

Builder tools can be found in Appendix II and III.  

                                                           
1 This is the full name of an ArcMap GIS tool and does not refer to a table in this document. 



    FIGURE 3: Layers produced by the Heat Map Builder tool for Site 33 (Black Sea Bass reef). 

 



 

FIGURE 4: Demonstration of Heat Map Builder data visualization outputs being used to casually compare 

historical abundance with basic bathymetric statistics. 

 



SECTION 4: Model Training Methods 

Site Selection 

 Though the Transect builder provides a means of identifying lobster habitat in the 

Channel Islands, certain trends in lobster abundance and limitations in KFM data constrain the 

number of sites viable for model training. Firstly, lobster abundance among the 13 

bathymetrically mapped sites is greatly skewed toward sites within marine reserves, with sites 

outside the reserve having little or no lobster abundance despite encompassing viable hard 

substrate for lobster (Figure 5). CINPS personnel suspect that this trend is due to commercial and 

recreational lobster fishing, which is only permitted outside of the reserve system. Therefore, 

analysis within this study is limited only to sites within reserves, as including non-reserve sites in 

analysis would dramatically decrease the power of a model to identify lobster habitat on a 

bathymetric basis. Secondly, the temporal distribution of lobster, even in reserve sites, was quite 

low before the year 2005. An average of only 40 lobster were found per year across all 13 sites 

before 2005, while an average of 114 were found after 2005. The reasons for this are unclear, but 

could be related to habitat succession or a lag in recruitment to the sites after they were 

incorporated into the marine reserve system in the 1980s. P. interruptus is a heavily exploited 

species, so recruitment into a new marine reserve may not be rapid. It is possible that the 

bathymetry of the sites changed significantly between the 1980s and is the reason for the 

temporal shift in lobster abundance. However, CINPS personnel believe that benthic features 

have remained relatively constant over the 30-year monitoring period. Therefore, analysis is also 

limited to data from after the year 2004 for the same reason that non-reserve sites were removed 

from analysis. Lastly, the multibeam surveys conducted by Fugro Pelagos on several of the 

oldest reserve sites missed the 100-meter site transects, making any kind of bathymetric analysis 

impossible. Unfortunately, this error encompasses sites that exhibit the second and third greatest 

lobster abundances. In summary, out of the 13 KFM sites with existing bathymetric data, only 3 

are suitable for use in modeling; Black Seabass Reef, Scorpion Anchorage and Potato Pasture. 



FIGURE 5: Locations of the 13 KFM sites available for this study with site numbers shown. Only Sites 9, 27 

and 33 were viable for modeling. 

Site Characterization 

 The three sites viable for use in model training encompass considerably different 

geology, physical structure, rugosity and lobster abundance. This section will provide an 

overview of the characteristics of each site. 

Black Seabass Reef (Site 33, 34.013, -119.389) is the site with greatest historical 

abundance of P. interruptus not just within the training dataset, but of all 13 sites with available 

bathymetry. The site has an average depth of 16.20 m, with average depths for band transects 

ranging from 15.26 m to 16.97 m. When compared to the other two training sites it is the least 

structurally complex and is of a lower relief (Table 1). Bathymetric maps and video transects 

recorded by CINPS survey divers indicate that the site is primarily composed of flat slabs of 

bedrock that occasionally shear to form long, continuous ledges and overhangs, much like a 

benthic ridgeline (Figure 6). In some areas, ledges closely parallel one another, forming a 

structure akin to a multi-stepped terrace. Complex features in between these ledges are 

uncommon, with boulder, pinnacle and cobble coverage very sparse or absent altogether. Heat 



maps overlaid on the site’s bathymetry indicate that quadrats encompassing these distinct ledge 

formations consistently have high abundance of P. interruptus. There are few other features 

capable of providing lobster with shelter within the band transect boundaries and CINPS 

FIGURE 6: Lobster abundance from 2005 – 2014 overlaid on a bathymetric slope layer for Site 33.  

personnel have confirmed that the ledge lines are the focal point for lobster abundance at this site 

(Personal communication, Joshua Sprague, CINPS). It is important to note all CINPS diver 

surveys are conducted during daytime, and that P. interruptus exhibits distinct diurnal behavior 

whereas individuals remain in shelter well removed from exposed areas during daylight hours 

(Mai and Hovel, 2007). Considering this well documented behavior and consultation with 

CINPS, it is reasonable to assume that lobsters identified during surveys are not found on flat 

bedrock sections of the band transects. 

Potato Pasture (Site 27, 34.052, -119.582) has the lowest lobster abundance out of the 

training dataset, and has an average depth of 11.28 meters, with average depths for band 



transects ranging from 9.04 m to 13.27 m. This site has a diversity of hard substrate structure that 

includes a wall-like feature, boulders, cobble and sand-swept bedrock. Bathymetry and video 

transects indicate that the site is predominated by formations of very large boulders (4 – 7 meter 

diameter), that are stacked on one another and sitting on a bedrock plateau. The boulders 

FIGURE 7: Lobster abundance from 2005 – 2014 overlaid on a bathymetric slope layer for Site 27.  

themselves are relatively smooth but their size allows for the creation of overhangs around their 

edges that are large enough for lobsters to shelter in. In addition, the stacked formations create 

cracks and crevices between boulders that could be suitable lobster shelters. Due to the overall 

complexity and abundance of features within band transect polygons, it is more difficult to 

attribute high densities with individual features at this site. Density maps hint at a general 

preference for several areas that include particularly large boulders or clusters of boulders 

(Figure 7).  



Scorpion Anchorage (Site 9, 34.048, -119.551) has the second greatest lobster abundance 

out of the training dataset and has an average depth of 4.79 meters, with average values for band 

transects ranging from 5.39 m to 4.39 m. Like Potato Pasture, this site is predominantly a boulder 

reef.  The boulders are typically much smaller in diameter than at Potato Pasture and there is less 

sediment coverage on the underlying bedrock. Benthic features are relatively homogenous 

compared to the other two training sites, making it difficult to form a hypothesis predicting 

lobster abundance by looking at density heat maps (Figure 8).  An exception is a large boulder 

feature on the western end of the site that overlaps with a relatively high density series 

FIGURE 8: Lobster abundance from 2005 – 2014 overlaid on a bathymetric slope layer for Site 9. 

of polygons. Video transect data indicates this boulder forms distinct ledge and overhang habitat 

due to sediment being scoured from around the edges of the boulder’s base. 

 



      TABLE 1: Kelp Forest Management Reserve Site Characteristics 

Site 
Number 

Lobster Abundance 
2005 - 2015 

Average Slope 
(Degrees) 

Average 
Surface Ratio 

Average 
Depth 

9 112 26.59 1.31 4.79 

27 67 26.36 1.49 11.05 

33 334 15.06 1.13 16.02 

Exploratory Statistics 

 The individual band transect area (60 m2) is not an ideal resolution for lobster. P. 

interruptus chooses shelter features that are much smaller than 60 m2, so statistics such as mean 

slope or mean surface ratio averaged over an individual polygon area may not consistently 

characterize the actual shelters being used. Despite this, an initial general linear model (GLM)2 

was run with the default aggregated statistics for two reasons: 1) to investigate whether metrics 

aggregated at this scale could still correlate strongly with lobster abundance and 2) to provide 

insight into what other types of bathymetric metrics could be more useful than aggregated 

statistics, particularly in the context of a dataset that is capable of detecting ledges and 

overhangs. A poisson-type GLM was chosen for this step, as surveys were in the form of count 

data (numbers of individual lobster) whose distribution would not be approximately normal.  

 Initial results revealed several trends (Table 2). When all reserve sites were analyzed 

together, Site 33 drove correlation for some variables in counter intuitive directions. This was 

seen particularly with surface ratio (a measurement of benthic complexity), with results showing 

that increasing complexity counter indicated lobster abundance. This is due to large areas of flat, 

low-sloping slabs of bedrock on Site 33 and the fact that it also has the highest lobster 

abundances. This site's isolated complex features, primarily its long, terraced ledges, were 

masked by the aggregated polygon statistics. Furthermore, the GLM indicated the potential 

importance of depth, which was very important relative to other variables when analyzed with 

Akaike information criterion (AIC). The significant correlation indicated that lobster abundance 

increased with depth (mean depth and max depth), but this relationship was also being driven by 

Site 33, as it is the deepest site (17m). There is other evidence that depth is an important factor 

for lobster distributions, but this evidence generally suggests a negative correlation; Hovel et al. 

2015 concluded that P. interruptus abundance drops off significantly below a depth of 20 meters 

                                                           
2 All statistical operations for this study were performed in the open source program R. 



regardless of the availability of suitable benthic habitat.  Furthermore, P. interruptus is known to 

utilize shallow nearshore habitat for foraging, such as mussel beds (Robles et al. 1990) and 

surfgrass/seagrass, creating an incentive for lobsters to shelter in shallow water near forage 

sources. Therefore, it is unclear whether GLM results in this study were detecting a real 

preference for depth or were tracking other factors attractive about Site 33. Unfortunately, the 

available KFM survey sites did not encompass a wide range of depths, so the importance of this 

variable could not be further investigated. 

       TABLE 2: Training Site Exploratory Statistics 

Aggregated Statistics AIC 
Null 

Deviance 
Residual 
Deviance 

P-Value Correlation 

Maximum Slope 1642.4 1189 1176.8 < 0.001 Positive 

Mean Slope 1654 1189 1188.9 0.74 N/A 

Standard Deviation of Slope 1639.1 1189 1173.6 < 0.001 Positive 

Sum of Slope 1653.7 1189 1188.2 0.36 N/A 

Mean Depth 1556.7 1189 1091.2 < 2E-16 Positive 

Standard Deviation of Depth 1623.8 1189 1158.3 < 2E-08 Positive 

Maximum Depth 1570.5 1189 1105 < 2E-16 Positive 

Mean Surface Ratio 1647.8 1189 1182.3 < 0.012 Negative 

Maximum Surface Ratio 1642 1189 1176.5 < 0.001 Negative 

Standard Deviation of Surface Ratio 1647.9 1189 1182.4 0.13 N/A 

Sum of Surface Ratio 1654 1189 1188.5 0.48 N/A 

Several measurements of slope had AIC results and correlations that suggested the metric 

was viable for modeling. Specifically, maximum slope was significant (p < 0.001) and suggested 

positive correlation between lobster abundance and maximum slope. Max slope can indicate 

shear and shelving features such as ledges and overhangs, and its statistical significance when 

analyzing all three sites together implied applicability when predicting lobster shelters across 

differing habitat types. An additional GLM was run using only data from Site 33, suggesting that 

maximum slope was explanatory for this high-abundance site (P = 1.18e-6, Null Deviance = 

582.14, Residual Deviance = 424.75, corresponds to an 8.5% increase in lobster abundance for 

every 1° increase in maximum slope). Despite these results, max slope alone is not a suitable 

means of modeling lobster habitat as the metric only indicates a single cell (225cm2) within a 

band polygon (60 m2) and can point to features other than ledges and overhangs, such as 

pinnacles or walls. In addition, lobsters may be sensitive to the coverage or area of ledge habitat, 

which cannot be derived from max slope. Good AIC scores also revealed potential importance of 



standard deviations for slope and depth. These results suggest that areas with varying 

bathymetric features may be important to lobster.  

 The previous results confirmed that survey resolution would need to be improved from 

60 m2 if a viable model was to be produced. To this end, CINPS survey personnel (KFM survey 

divers) were contacted and provided detailed printouts of bathymetric maps with lobster density 

overlays for the three training sites. The divers were asked to indicate from their memory 

locations within band transects where lobsters were consistently recorded during surveys. The 

divers returned the maps showing areas of consistent lobster presence (hand drawn circles) 

which were processed using ArcMap in the following steps: 

1: Circled areas were converted to polygons using the editor toolbar. Digitization was by hand 

and was performed in a way that outlined continuous features or clusters of features within each 

circle, rather than simply digitizing the circle themselves (Figure 9). This was done because 

circles were rough indications drawn using a freehand drawing program that partially included 

unintended habitat, such as bare sand, which lobster cannot use as a shelter. 

2: A clip operation was performed on the band transect polygons using the polygons digitized 

above. Aggregated bathymetric statistics from underlying 15 cm rasters were then re-extracted to 

the result. 

Plots of bathymetric statistics from the clipped polygons were visually compared to plots 

from the full band transects. Maximum slope was consistently similar or the same between both 

datasets and clipped regions encompassed most of the lobster abundance (~74%) from the full 

band transects polygons while excluding most counts of 0 (Figure 10). In addition, plots 

indicated a possible lower boundary of slope where higher lobster abundances were occurring. 

This threshold was different depending on the site in question (Figure 10).  It is unclear whether 

this was driven by varying preferences by lobster or differing geology between sites. The 

investigation reinforced the idea that P. interruptus shelters in overhangs and ledges 

characterized by a high slope degree. For Site 33, results confirmed that extremely high lobster 

abundances were concentrated on the terraced, ridgeline features. For Site 27, several large 

boulder clusters were focal points for abundance. For Site 9, it was difficult to characterize a 

similar degree of shelter preference due to the site’s homogenous structure. 



FIGURE 9: CINPS diver-identified features after being digitized and clipped to band transect polygons. Site 

9 (Top), Site 27 (Middle), Site 33 (Bottom). 



 

FIGURE 10: Comparison plots of lobster abundance and maximum slope between full band polygons (left) 

and features within sites identified by CINPS dive personnel as having consistently high lobster counts 

(right). 



Model Design and Selection 

 While the KFM dataset includes survey counts for many species that could be relevant to 

lobster abundance such as predator, prey species and understory algae, a model including 

biological covariates would not be useful in the context of kelp forest restoration site selection. 

Kelp forest restoration is assumed to modify the distributions of many species with which lobster 

interact. Because it is difficult to predict fine scale community structures of restored kelp forests 

as well as accompanying trophic interactions, it was practical for the habitat model to account for 

bathymetric features only. An exception was the use of nearby biological communities important 

to lobster that are not strongly influenced by barren conversion, such as surfgrass and eelgrass 

beds. A review of two current eelgrass maps suggested that this species is not currently found 

near the training sites. While surfgrass is present in at least some embayments around the 

Channel Islands (personal observation), maps of their distribution and abundance were not 

available. Therefore, eelgrass and surfgrass could not be included as covariates in this model.   

Exploratory statistics suggested that a model could be based on the proportion of cells of 

a certain slope threshold within a given band transect polygon. Clipped band transect polygons 

(Figure 9) derived from NPS diver consultation were used to select appropriate thresholds, and 

included the following degrees: slope > 50°, slope > 64°, slope > 68°, slope > 75° and slope > 

80°. These thresholds were chosen because they formed natural thresholds when slope was 

plotted against lobster abundance for individual training sites (Figure 10). Upper bounds were 

not specified because ledges and overhangs must encompass 90° (the maximum slope possible) 

somewhere on their structure. These thresholds were extracted to band transect polygons in 

ArcMap using the following steps: 

1: The Con tool was used to identify areas on the bathymetric maps of each training site where 

slope met or exceeded a selected threshold. This was performed on each site and a separate 

binary raster (value of 1 for cells encompassing the threshold, value of 0 for all other cells) was 

produced for each slope threshold listed above (Figure 11). 



FIGURE 11: Slope thresholds selected with the Con tool shown with site centerlines (red) and site survey 

boundaries (blue). 



2: The slope rasters were extracted to the original band transect polygons with Zonal Statistics as 

Table 2. Results were converted into proportional coverage of a given band transect for each 

slope threshold. Two sets of band transect polygons were produced; one using the standard band 

transect dimensions described in the KFM handbook and another using larger dimensions to 

compensate for diver error when laying out the survey transects. This error correction expanded 

individual band transect dimensions to 5x22 meters. 

3: The procedure outlined in step 2 was also done for thresholds of slope > 40°, slope > 20° and 

slope > 10°. 

 A new poisson GLM was run using the slope threshold coverage data. When all sites 

were modeled together, AIC comparisons showed no real difference between models using the 

standard band transect dimension and those compensating for diver error. In addition, AIC 

narrowly indicated that maximum slope was performing as a better single variable predictor than 

slope threshold coverage. All models tested were overdispersed (overdispersion parameters were 

3 or greater) and when a quasi-poisson GLM was used, no slope thresholds were statistically 

significant predictors of lobster abundance. When overdispersion was ignored, any significant 

slope coverage thresholds actually counter-indicated lobster presence. As with exploratory 

statistics, these results were driven by Site 33 and its relatively flat aspect and very high lobster 

abundance.  

 In contrast, when analyzed on a site-by-site basis, AIC analysis indicated that slope 

coverage was a better predictor of lobster abundance than max slope for Site 33 and 27 (Table 3), 

and that the polygons accounting for diver error explained the data better. AIC also suggested 

that particular slope coverages were superior explainers of lobster abundance, though the exact 

thresholds differed depending on the site in question. For instance, slope > 50° had the best AIC 

for Site 33 and slope > 68° had the best AIC for Site 27. Again, it is unclear whether this 

difference was due to lobster preference or site geology. Importantly, the two aforementioned 

thresholds had a better AIC than slope thresholds of > 40°, > 20° and > 10°. These additional 

thresholds were included arbitrarily and suggested that models attempting to correlate lobster 

abundance with general complexity were not superior to specific thresholds. Additionally, slope 

coverages retained significance when correcting for overdispersion and predicted that increasing 

coverage was positively correlated with lobster abundance. It is important to remember that the 



slope thresholds of > 50° and > 68° were optimal only in that they were the most explanatory 

thresholds tested; thresholds could likely be narrowed down further to yield a better AIC score. 

The above method was not explanatory for Site 9; no tested slope thresholds gained significance 

and there was no meaningful difference in AIC between standard dimensions and error-corrected 

dimensions. Slope coverages were very similar between most band transect polygons due to the 

relatively homogenous coverage of small boulders on this site. 

 A third series of model parameters was developed due to the inability of previous 

methods to predict lobster abundance when all sites were modeled together, as well as the 

tendency of Site 33 to continue driving statistical results. These parameters were designed to 

account for the length, continuity and core-edge ratio of bathymetric features such as ridgelines 

and large boulders that lobster use as shelters. Data was prepared in ArcMap in the following 

fashion: 

1: Optimal slope thresholds for Sites 33 and 27 (slope > 50° and slope > 68°, respectively) were 

selected on bathymetric rasters using the raster calculator and converted to polygons using the 

Raster to Polygon tool. 

2: The Aggregate Polygon tool was used on the above results to connect disparate polygons that 

were in close proximity to one another (< 1 m). After this step, polygons with areas less than 2 

m2 were removed from the dataset. This was done in order to remove fragments that did not 

represent significant features and also to make it possible to build accurate convex hulls. 

3: Convex hulls were then built around the above results using the Minimum Bounding Area 

tool. This resulted in polygons built around contours of each sites’ “optimal” slope. It should be 

noted that the Minimum Bounding Area tool has the tendency to create inappropriate polygons if 

set up incorrectly. While data artifacts were avoided within band transect areas, some artifacts 

were apparent outside the study area.  

4: The Tabulate Intersection tool was used to calculate perimeter and area for each segment of 

the convex hulls that overlapped with original band transect polygons. The perimeter and area 

metrics were appended to the band transect polygons using the Join Field tool. A core to edge 

ratio was then calculated by dividing area by perimeter so that a larger number would indicate a 

feature with a relatively large area and small perimeter.  



 Feature area and core to edge variables were modeled with “optimal” slope coverage 

using poisson family GLMs. For Site 27, AIC comparisons narrowly indicated that the error 

corrected dimensions (5x22 m) modeled the data best.  For single-variable models, AIC also 

suggested neither feature area or core-edge ratio modeled lobster abundance better than coverage 

of "optimal" slope. Furthermore, the multi-variable model including slope coverage, feature area 

and core-edge ratio modeled lobster abundance more poorly than models only containing the 

coverage of optimal slope (Table 3). 

TABLE 3: Training site model performance. Includes the results of single and multivariate models for both 

Site 33 and Site 27. Note that p-values for the individual variables in the multivariate models are listed. 

Site 
Number 

Variables AIC 
Null 

Deviance 
Residual 
Deviance 

P-Value Correlation 

27 Slope Coverage (Single Variable) 240.01 170.53 143.24 6.31E-07 Positive 

27 Multivariate 242.13 171.65 141.37 N/A N/A 

  Slope Coverage        0.036 Positive 

  Feature Area       0.31 N/A 

  Core-Edge Ratio       0.16 N/A 

33 Slope Coverage (Single Variable) 609.33 582.14 378.14 9.18E-12 Positive 

33 Multivariate 592.29 582.14 357.11 N/A N/A 

  Slope Coverage       2.39E-05 Positive 

  Feature Area       0.017 Positive 

  Core-Edge Ratio       0.075 Negative 
 

For Site 33, AIC comparisons indicated that error corrected dimensions modeled lobster 

abundance best, and that multi-variable models containing slope coverage, feature area and core-

edge ratio modeled the data better than GLMs containing just slope coverage. This GLM was 

overdispersed (dispersion parameter = 3.0783) and slope coverage and feature area retained 

significance after correction (Table 3). Both “optimal” slope coverage and feature area were 

positively correlated with lobster abundance. Core-edge ratio was nearly significant (p < 0.08) 

and possibly suggested that lobster were attracted to a greater proportion of edge habitat. 

However, feature area and slope coverage were highly colinear at this site (correlation coefficient 

= 0.77). This is due to the isolated complexity on this site; the terraced ledges appear nearly the 

same in size and shape regardless of whether they are being viewed as an “optimal” slope 

coverage in raster format or a convex hull polygon. 

                                                           
3 Overdispersion was calculated by dividing the residual deviance by the residual degrees of freedom. 



 Site 9 was analyzed in the same fashion as Site 27 and 33, but none of the variables were 

significantly correlated with lobster abundance. This might be because there were no "optimal" 

slope thresholds found at the site (derived polygons rely on the significant of slope thresholds).  

 Modeling revealed that slope coverage was the most appropriate single variable for 

predicting lobster habitat, due to the inconsistent results and coliniarity of the new parameters. 

Coverage was also the most practical metric to apply, especially for predictions carried out over 

a wide area. The processing steps used to create the area and core-edge polygons required human 

oversight to prevent the formation of data artifacts, and would be impractical to apply over 

habitat spanning kilometers, such as the prediction datasets in Palos Verdes. 

SECTION 5: Prediction Dataset Methods 

 The Palos Verdes peninsula was selected as a prediction dataset because it is a site of 

historical, current and future kelp forest restoration activity (Burdick et al. 2015). Lobster habitat 

predicted in this area can help prioritize restoration site selection and analyze variation in 

restoration site longevity. In addition, this area is frequented by Bay Foundation restoration 

divers who also monitor biological diversity on restoration sites; it may be feasible for them to 

ground truth areas around the peninsula predicted as preferable lobster habitat. The basic 

methodology for prediction was as follows: 

1: Identify areas around Palos Verdes encompassing the "optimal" slope thresholds determined 

in previous steps. 

2: Calculate the coverage of "optimal" slope within proximity of existing urchin barrens. The 

proximity was determined by foraging ranges for P. interruptus found in previous studies. 

3: Rank discrete barrens by the amount of proximal slope habitat. 

 Several limitations existed in the bathymetric datasets available for Palos Verdes which 

had to be overcome in order to predict habitat. First, the cell resolution was 2 m, presenting a 

barrier to direct comparison with the 15 cm resolution of the training dataset. Second, the dataset 

coverage did not extend far enough inshore to encompass the full extent of existing urchin 

barrens. Third, barren polygons were not available, so barren centriods were used for the 

predictive analysis. The centroids usually represented the center of a cluster of barrens rather 



than discrete barrens. In order to complete the habitat prediction and address the issues above, 

the data was processed in ArcMap using the following steps: 

1: Bathymetric slope datasets for Sites 9, 27 and 33 were lowered in resolution using the 

Aggregate tool. This merged zones of 15 cm cells into 2 m cells, which adopted the mean of the 

original 15 cm values. The 2 m cells were then broken back into 15 cm cells, resulting in 2 m 

zones of 15 cm cells with identical values. 

2. The above result was subtracted from the original slope dataset using the raster calculator, 

which yielded the difference (in degrees) between maps of 15 cm and 2 m resolution. For the 

original dataset, only raster surfaces associated with the site’s “optimal” slope thresholds were 

included in the operation4. The results indicated mean difference of 30-35° between raster 

resolutions, with a standard deviation between 8 and 9°. In all cases, 2 m resolutions had a lower 

degree value than 15 cm cell resolutions, suggesting that “optimal” slope thresholds needed to be 

lowered by 30 – 35° when predicting habitat around Palos Verdes. 

3: The Con tool was used to select cells from the Palo Verdes bathymetric slope dataset. Two 

raster surfaces were created: one of slope > 17.5° and another of slope > 35.5°. Selected areas 

from each raster were given a value of 1. These represented the “optimal” slope coverages for 

Site 33 (> 50°) and 27 (> 68°) after correcting for resolution differences.  

4: The two raster surfaces created in step 3 were summed, creating a habitat value surface 

(Figure 13). This allowed for differentiation between areas where slope bathymetry only 

exceeded 17.5° (summing to a value of 1) and areas that exceeded 35.5° (summing to a value of 

2).  Areas with a value of 2 were assumed to be more preferable to lobster, because the habitat 

encompasses “optimal” slope thresholds from two training sites rather than just one. Habitat 

identified below 20 m depth was excluded from analysis based on findings in Hovel et al. 2015, 

which concluded that bottom structure is subsumed by other variables at greater depths. 

5: Centroids were placed by hand to approximate the center of urchin barrens in the Palos Verdes 

Kelp Forest Restoration Project 2015 Annual Report (Figure 12). 

                                                           
4 No optimal slope was found for Site 9, so a threshold of > 64° was used as it had the best AIC score of threshold 
tested for that site. 



 

FIGURE 12: Urchin barren locations around the Palos Verdes peninsula. Figure adapted from the Kelp 

Forest Restoration Project 2015 Annual Report.   

6: Each centroid was buffered with the Buffer tool using the radius of lobster home ranges 

derived from Withy-Allen et al. 2010, Mia and Hovel, 2007 and Hovel and Neilson, 2011. The 

research indicated that P. interruptus exhibit differential home ranges inside (average of 100 m) 

and outside (600 – 250 m) of marine reserves. For this reason the buffer radius was 575 m for 

centroids outside of MPAs and 250 m for centroids inside MPAs. These radii included an 

additional 150 m extension to correct for centroids not representing the actual boundaries of 

existing barrens. A second buffer was processed separately using a radius of 575 m for all 

centroids, regardless of reserve status (Figure 13).  

7: The values of the habitat value surface raster were summed within each barren buffer using 

the Zonal Statistics as Table 2 tool. This created a ranked measurement of the amount and 

quality of lobster habitat proximal to each barren (Table 4). 



FIGURE 13: Barren centroids (red dots) can be seen buffered with differential lobster foraging ranges (red 

circles). Green highlighted areas are cells including an optimal slope from one training site and white 

highlighted areas are cells including optimal slope from two training sites. 

 

 

 

 

 

 

 

 

                                                           

 

                                                           

 

 



                                                           TABLE 4: Barren Restoration Ranking 

Site Name 
Barren Ranking 

(Sum Score) 

Honeymoon Cove 5106 

Christmas Tree Cove 4234 

Marguerite North 3047 

Marguerite Center 2931 

Marguerite South 2402 

Hawthorne Reef North 1764 

Underwater Arch 1201 

Kaplan Cove 1161 

Portuguese Pt. East 781 

Pt. Vicente East 648 

Pt. Vicente West 616 

Portuguese Pt. West 603 

Hawthorne Reef South 578 

Pt. Vicente Center  286 

Inspiration Pt.  221 

Old Marineland East 115 

Abalaone Cove West 97 

Old Marineland West 95 

Abalone Cove East 0 

 

SECTION 6: Results 

Restoration Site Prioritization 

Urchin barrens symbolized by their rank can be found in Figure 14 and 15. Barrens with 

a higher rank include more proximal lobster habitat and may be a higher priority for kelp forest 

restoration. An optional version ignoring the reserve status of urchin barren centroids is included 

because the reasons for differential home ranges in P. interruptus are not well understood. 

Researchers cite the relative absence of lobster predators in areas open to fishing, which could 

make lobster less reluctant to widen foraging ranges around their shelters. MPAs also tend to 

encompass a diversity of forage-relevant habitat types (such as hard substrate, surfgrass, diverse 

epifauna) within a relatively small spatial extent, making distant foraging trips for spiny lobster 

less necessary (Withy-Allen et al. 2010, Mia and Hovel, 2007 and Hovel and Neilson, 2011). 



Data encompassing the spatial distribution of habitats around the Palos Verdes peninsula was not 

available for this study, so both scenarios are provided for managers to choose from. 

FIGURE 14: Barren rankings derived with differential lobster home ranges. 

Honeymoon Cove and Christmas Tree Cove were the highest-ranked sites when 

differential lobster home ranges were used, with other barrens north of Point Vicente also 

proximal to relatively large amounts of lobster habitat. There was a tendency for rank to decrease 

southward of Honeymoon Cove. When differential home ranges were not used, Honeymoon and 

Christmas Tree Cove were still the two most highly ranked sites, but areas around Point Vicente 

were nearly as important. Regardless of which scenario was analyzed, sites around the Northern 

Palos Verdes peninsula had higher ranks than barrens around South Palos Verdes. As of 2015, 

kelp forest restoration was ongoing at Honeymoon Cove, Marguerite, Underwater Arch Cove 

and Hawthorn Reef (Burdick et al. 2015). 



FIGURE 15: Barren rankings derived from a single lobster home range.  

Model Validation 

 The habitat prediction procedures described in section 5 were repeated on a 2 m 

resolution bathymetric slope dataset off the coast of La Jolla, California. This dataset was chosen 

because La Jolla has been the site of continuous study on P. interruptus distributions, including 

at least one predictive habitat model for spiny lobster (Hovel et al. 2015). An output from this 

model can be seen in Figure 16.  

 When compared to the predictive surface from Hovel et al. 2015, the methods described 

in this study identify less lobster habitat (Figure 17). This could suggest that the model 

developed in this study does not adequately identify an appropriate breath of hard substrate types 

to make it useful for habitat prediction. It should be noted that Hovel’s model functioned at a 

very different scale (50 m and 10 m) and correlated lobster abundance with relatively large scale, 

gully-like bottom features.  In addition, Hovel had access to more extensive bathymetry than 



what was available for this study. It is possible that the model in this study would perform better 

if it was run with the same bathymetric data. Finally, attempts were made to correct for 

resolution mismatch between training and predictive datasets, but this may remain a significant 

source of error. When slope thresholds were manually lowered below what correction methods 

suggested (slope >7.99°), this study’s prediction maps more accurately approximated Hovel’s 

(Figure 18).  

FIGURE 16: Lobster habitat model output for the La Jolla area found in Hovel et al. 2015. Red areas 

indicate maximum abundance, and purple areas indicate minimum abundance. Figure adapted from Hovel et 

al. 2015. 

 



FIGURE 17: Lobster habitat model output for the La Jolla area using the methods designed in this study. 

Green areas represent preferable lobster habitat and the red lines are the borders of MPAs. The grey 

background is the extent of the bathymetric dataset available for this study. 



FIGURE 18: Habitat model output for the La Jolla area using a slope threshold of > 8°. Green areas 

represent areas meeting or exceeding that threshold. The grey area is the extent of the bathymetric dataset 

available for this study. 



SECTION 7: Discussion and Future Studies 

 Regardless of whether lobster exhibit differential home ranges around Palos Verdes, this 

study’s habitat predictions suggest that the greatest quality and quantity of P. interruptus habitat 

is found near the northern-most barrens, particularly Honeymoon and Christmas Tree Coves. 

Lobster may be present here in relatively large numbers or experience abundance increases 

around shelter features after kelp forest restoration, allowing foraging activity to control urchin 

populations in restored areas. In this way, lobster presence may slow or prevent phase shift back 

to a barren condition, particularly in areas ranked highly in this study. This might allow kelp 

forest restoration managers to devote less money to maintenance and more money establishing 

new restoration sites. There is evidence suggesting lobster benefit from kelp forest restoration, 

particularly if MPA status is considered a proxy for restoration. As discussed in section 4, 

CINPS KFM data shows drastic increases in lobster counts inside reserves, presenting a potential 

for positive feedback between kelp forest restoration longevity and lobster abundance. As of 

2015, The Bay Foundation had nearly completed Restoration of Christmas Tree Cove and 

Honeymoon Cove. It will be important to compare the longevity of these restoration sites with 

others in Palos Verdes surrounded by less lobster habitat. Future studies should attempt to 

quantify the time required for a restored site to lapse back to the barren condition. Researchers 

should also record surrounding lobster abundance and occurrences of sea urchin predation 

events, if practical. 

While the resolution of the available multibeam imagery is fine scale, shelter features 

such as cracks and crevices in hard substrate are not likely to be visible on these images. 

Acoustic shadowing can be problematic when detecting these structures even if resolution is 

better than 15 cm. Therefore, available data is suitable for ledge and overhang feature detection 

but cannot provide a complete scope of the structures P. interruptus use for shelter. In addition, 

lobster distribution and abundance is probably not based solely upon bottom structure, so robust 

predictions for kelp forest restoration site selection should make use of existing biotic 

communities that are not directly affected by the conversion of urchin barrens. While data 

suggests no eelgrass beds exist within centroid buffers around the Palos Verdes peninsula or 

Channel Islands training datasets, surfgrass exists in close proximity onshore of at least some of 

the sites (personal observation). Surfgrass maps do not currently exist for Palos Verdes or the 



Channel Islands, but future collection of this data could improve lobster habitat modeling or 

restoration site ranking. Furthermore, the spatial connectivity of biotic and abiotic habitat 

influences the distance and direction that lobster will travel while foraging. P. interruptus tends 

to avoid crossing bare sand (Withy-Allen, 2010) and readily travels over hard substrate to forage 

in surfgrass (Mai and Hovel, 2007). Determining where habitat connectivity facilitates 

movement in or through urchin barrens could help inform site rankings.  

It must be noted that lobster distribution is not the only variable that should be considered 

when prioritizing kelp forest restoration sites. There are no studies on the relative importance of 

lobster abundance versus other variables when considering the longevity of a kelp restoration 

project. Prevailing wave and current conditions as well as site depth can often make barrens 

impractical or dangerous for divers to clear, making selection of a safe restoration site a priority 

for managers. In addition, mature M. pyrifera disperse their spores over an average distance of 

100 m (Reed et al. 2004), making the proximity of existing kelp another potentially important 

consideration. The above factors may overshadow the importance of lobster abundance, but are 

outside the scope of this study. 

Results of the model validation suggest there may be problems with the habitat model 

used in this study. La Jolla and nearby Point Loma contribute ~16% of the annual commercial 

catch for P. interruptus in California (Hovel et al. 2015), so it is unlikely that these areas are 

bereft of habitat. The results of the > 8° threshold selection on the La Jolla bathymetry imply the 

resolution mismatch between training and prediction sites was the greatest source of error in this 

study. Ground-truthing predicted habitat around Palos Verdes could help determine the level of 

error. Correcting for different resolutions is not a challenge unique to lobster habitat modeling; 

bathymetric statistics derived from one resolution and applied to another can indicate entirely 

different features, even when studying identical areas on the seafloor. Addressing this problem 

would generally benefit conservation, applied ecology and resource decision making. CINPS 15 

cm datasets are unique in that they can be applied to many organisms at a fine scale not 

previously available. In contrast, publically available bathymetric datasets for other regions in 

California (such as those on CSUMB archives) are more commonly 2 m, hampering the 

applicability of lessons learned from the highest resolution imagery. Future studies should 



prioritize this issue, as it would improve the utility of expensive bathymetric surveys that have 

already been collected. 

Coupled with the low number of available training sites, inclusion of Site 33 in this study 

creates challenges for modeling, but also opportunities to improve understanding of lobster 

ecology. Site 33's relative lack of complexity and low proportional coverage of high slope 

features make the consistently high lobster abundance on this site counter-intuitive, especially 

for a sheltering species like P. interruptus. However, the long, continuous ridgelines that are 

present on Site 33 do not have analogues on the other training sites and could explain the 

abundance patterns. The concave curvature of these ridgelines (when viewed from above) may 

play a role in facilitating spiny lobster associational defense. Groups of P. interruptus use shelter 

habitat in conjunction with their long, spiny antenna to prevent predators from attacking their 

vulnerable abdomens (Lavalli and Herrnkind, 2009). Predators may have difficulty outflanking 

lobster sheltering in ledge habitat formed by concave ridgelines, making these habitat features 

especially preferable to P. interruptus. This contrasts with ledge habitat formed by boulders at 

Sites 9 and 27, which is convex when viewed from above and may leave lobsters’ abdomens 

more exposed. Unfortunately, due to the small sample size of training sites, biological covariates 

cannot be discounted as the driver of high abundance on Site 33. Future studies of P. interruptus 

using the KFM dataset would greatly benefit from additional bathymetric surveys, especially at 

other reserve sites, as well as completing partially collected datasets. Simply re-surveying 

Cathedral Cove, Landing Cove and Cavern Point would double the reserve sample size and 

improve the diversity and replication of geological bottom types. Currently only one reef with 

coverage of small boulders, one reef with coverage of large boulders, and one shelving bedrock 

reef are fully represented in the reserve bathymetry. Particularly, density maps of Cathedral Cove 

show remarkable preference by lobster for a focused region at the center of the 100 m main 

transect, but bathymetric surveys missed this section entirely (Figure 19). These omissions are 

far from a condemnation of the CINPS dataset. This study demonstrates that, with the assistance 

of the agency's diving scientists, the survey resolution on their band transects can be improved to 

take advantage of fine scale 15 cm bathymetry. The ability to study organisms at this scale sheds 

light on the ecology of spiny lobster, and there is great potential for the dozens of other species 

recorded in KFM records. 



FIGURE 19: Lobster density and bathymetric maps for Cathedral Cove. Note the extent of the bathymetry 

does not overlap with the KFM transect. 

 



REFERENCES: 

Bedford and O’Brien. (Revised 2002). Annual Status of the Fisheries Report. California 

Department of Fish and Game. 

Bernstein, B., Chesney, B., Merkel, K., & Sutula, M. (2011). Recommendations for a Southern 

California Regional Eelgrass Monitoring Program. Southern California Coastal Water Research 

Project Technical Report Prepared for the National Marine Fisheries Service. 

Burdick, H., Ford, T., Reynolds, A., & Newman, C. (2015). Palos Verdes Kelp Forest 

Restoration Project 2015 Annual Report. The Bay Foundation. 

Claisse, J., Williams, J., & Ford, T. (2013). Kelp forest habitat restoration has the potential to 

increase sea urchin gonad biomass. Ecosphere, 4, Article 38. 

Eurich, J., Selden, R., & Warner, R. (2014). California spiny lobster preference for urchins from 

kelp forests: implications for urchin barren persistence. Marine Ecology Progress Series, 498 

(January 2016), 217–225.  

Hovel, A., & Lowe, C. (2007). Shelter Use, Movement and Home Range of Spiny Lobsters in 

San Diego County. Sustainable Resource Use, (July 2007). 

Hovel, K. A., Neilson, D., & Edwards, P. B. (2015). Baseline characterization of California 

spiny lobster (Panulirus interruptus) in South Coast marine protected areas. Prepared for 

California Sea Grant and the California Ocean Science Trust. 

Hovel, K., & Neilson, D. (2011). Movement and population size of spiny lobsters in San Diego 

Bay. Prepared for the San Diego Unified Port District. 

Kaehler, S., Pakhomov, E.A., Kalin, R.M. & Davis, S. 2006. Trophic importance of kelp-derived 

suspended particulate matter in a through-flow sub-Antarctic system. Marine Ecology Progress 

Series 316: 17-22. 

Koop, K., Newell, R.C. & Lucas, M.I. (1982). Biodegradation and carbon flow based on kelp 

(Ecklonia maxima) debris in a sandy beach microcosm. Marine Ecology Progress Series 7:315-

326. 

Lavalli, K. L., & Herrnkind, W. F. (2009). Collective defense by spiny lobster (Panulirus argus) 

against triggerfish (Balistes capriscus): effects of number of attackers and defenders. New 

Zealand Journal of Marine and Freshwater Research, 43(1), 15–28. 

Levin, M. J. T. & L. A. (1983). Spiny Lobsters and Sea Urchins: Analysis of a Predator-Prey 

Interaction. Journal of Experimental Marine Biology and Ecology, 73, 125–150. 



Mai, T. T., Hovel, K. A. (2007). Influence of Local-Scale and Landscape-Scale Habitat 

Characteristics on California Spiny Lobster (Panulius interruptus) abundance and survival. 

Marine and Freshwater Research, 419-428. 

MBC Applied Environmental Sciences (2011). Status of the Kelp Beds 2010, San Diego and 

Orange Counties. Prepared for the Region Nine Kelp Survey Consortium. 

Phillips, R.C. (1984). The Ecology of Eelgrass Meadows in the Pacific Northwest: A 

Community Profile. Compiled for the U.S. Department of the Interior, Division of Biological 

Services. 

Reed, D. C., Schroeter, S. C., & Raimondi, P. T. (2004). Spore Supply and Habitat Availability 

as Sources of Recruitment Limitation in the Giant Kelp Macrocystis Pyrifera (Phaeophyceae). 

Journal of Phycology, 40(2), 275–284.  

Robles, C., Sweetnam, D., & Eminike, J. (1990). Lobster predation on mussels: shore-level 

differences in prey vulnerability and predator preference. Ecology, 71(4), 1564–1577. 

Seymour, R. J., Parnell, I. E., & Dayton, P. K. (1989). Storm Wave Induced Mortality of Giant in 

Southern California. Estuarine, Coastal and Shelf Science, 277–292. 

Tegner, M. J., & Dayton, P. K. (1991). Sea urchins, El Ninos, and the long term stability of 

Southern California kelp forest communities. Marine Ecology Progress Series, 77, 49–63. 

Tegner, M. J., Dayton, P. K., Edwards, P. B., & Riser, K. L. (1997). Large-scale, low-frequency 

oceanographic effects on kelp forest succession : a tale of two cohorts. Marine Ecology Progress 

Series. 146, 117–134. 

The Role of Eelgrass BedsAs Fish and Invertebrate Habitat, 2009-2010 Final Report. Santa 

Barbara Channelkeeper Technical Report. 

Wilson, K., & North, W. (1983). A review of kelp bed management in southern California. 

Journal of the World Mariculture Society, 359, 347–359. 

Withy-Allen, K. (2010). California spiny lobster (Panulirus interruptus) movement behavior and 

habitat use: Implications for the effectiveness of marine protected areas. 

 

  

 

 

 



APPENDIX: 

I: Transect Builder tool Readme 

                                                               

 

 

 

 

 

 

                                                              Please See Next Page 

 

 

 

 

 

 

 

 

 

 



The Transect Builder Tool for the Channel Islands National Park  

Kelp Forest Monitoring Survey Datasets   

OVERVIEW:   

The enclosed Transect Builder tool is designed to convert the biological survey data compiled by the Channel Islands National Park 

Service (CINPS) during their annual kelp forest monitoring survey into spatially-corrected quadrat shapefiles viewable in the GIS 

(Geographic Information System) Arcmap. The tool also extracts underlying statistics from existing bathymetric maps such as those 

collected by Furgo-Pelagos, aggregating statistics such as slope and surface ratio for each individual quadrat. The result are outputs 

that directly link species abundance and coverages with the bathymetry they are found upon. The shapefiles can then be converted 

into raster abundance maps for use in presentation and visual data analysis, and the attribute tables can be exported as a .csv for 

use in statistical programs such as R and are regression-ready. This tool is fully compatible with CINPS band transects, 1m quadrats 

and Roving Point Contacts, and includes an option to correct for error resulting from variability in the way divers lay out transects 

from year-to-year.  

Left: A visual depiction of the major steps 

processed by the Transect Builder Tool.  

DATA PREPARATION:   

The Transect Builder Tool does not accept 

Microsoft Access spreadsheets as a direct input, 

and also the user must specify which species 

counts he/she wants to be included in the 

outputs. Therefore, the following minor data 

preparation steps are necessary:    

1: The user should first unzip the 

Transect_Builder.zip file and place the enclosed 

folder in a desired location.  

2: Next, the user must select the species counts 

that are desired for the output shapefiles. In 

access, this can be done by sorting on the 

“Species” field. The filtered results can then be 

exported to an excel spreadsheet, either by 

cutting and pasting or by using the export wizard.  

3: Due to the existence of “,” in some 

“CommonName” fields, the tool is designed to use 

.txt (tab delimited) files as an input. Therefore, the 

user must save the exported spreadsheet as a .txt 

file. The .txt file should then be placed in the 

“Spreadsheets” folder in the unzipped 

Transect_Builder directory.  



4: After exporting from access into excel, fields, format and content should not be changed in any way. The Tool is scripted to 

recognize the formatting and layout found in CINPS Access spreadsheets. If, for instance, field names are changed or added, the 

tool will fail to execute properly. Furthermore, aggregating CountA and CountB fields is not necessary, the tool automates this 

process.  

EXECUTING THE TOOL:   

This tool can be run directly in PythonWin or in ArcMap. For use in ArcMap, the tool is named “Transect Builder” and can be 

found in TransectBuilder.tbx, which has already been added to the .mxd map document included in the Transect_Builder folder. 

If the user elects to use PythonWin, the necessary script can be found in the “Scripts” folder.   

Please note that he tool occasionally suffers stability problems when being run in ArcMap. If you encounter problems, a simple 

solution is included in the troubleshooting section at the end of this document, or the user can opt to run the tool in PythonWin.   

Executing in Arcmap:    

The tool interface can be opened in ArcMap by double clicking on the Transect Builder tool, located in the Transect_Builder.tbx 

toolbox.   

1: The user must designate a workspace. This workspace must be an ArcMap Geodatabase, contain the route files to be used in the 

tool process, as well as bathymetry, slope and surface ratio rasters. In the included Transect_Builder directory, the appropriate 

workspace is “Data.gdb”, however the user could choose another Geodatabase if the appropriate datasets were placed there. The 

route files are simply the transect centerlines for each site converted into a route shapefile in Arcmap. Route files and bathymetric 

rasters are already included in “Data.gdb” for the sites surveyed by Fugro Pelagos.  

  

2: Out of the “Spreadsheets” folder, the user must select a survey spreadsheet that is in .txt format. This spreadsheet should only 

contain band transect/quadrat records from a single species, otherwise redundant records will be created. While three .txt files 

have been included in the Spreadsheet folder as an example, the user is encouraged to import .txt files for species of their choosing 

into the folder.  

3: The user must select the type of transect/quadrat that is to be built. The user can choose “band transect”, “1m quadrat” or 

“RPC”.  

4: The user must choose a desired transect/quadrat width. This functionality was included to allow CINPS analysts to account for 

minor error and variability that occurs when divers lay out transects from year to year. For instance, if the user wanted to build 

band transects accounting for 1 meter of error, he/she would choose 5m. If instead the user wanted to build band transects 

without the assumption of error, he/she would choose 3m.  

5: The user must choose whether or not to include species counts in the attributes of the output shapefiles. This functionality was 

included in case outputs were intended for analysis independent of species abundance. The possible inputs are “Yes” and “No”. If 

"Yes" is chosen, species counts will be aggregated from the offshore and onshore sides of each transect into a column titled 

"TotalAB".  

6: The user must choose a desired transect/quadrat length. This functionality was included to allow CINPS analysts to account for 

minor error and variability that occurs when divers lay out transects from year to year. For instance, if the user wanted to build 

band transects accounting for 1 meter of error, he/she would choose 11m. If instead the user wanted to build band transects 

without the assumption of error, he/she would choose 10m.  

7: It is normal for the tool to take ~15 minutes for an iteration with a single species.  



 

Above: An example of the ArcMap Transect Builder tool interface with properly completed fields.   

Executing in PythonWin:  

If electing to run the tool in PythonWin, the user must click the “Run” button and specify argument vectors for the workspace, 

survey text file, transect/quadrat type, transect width, desired survey counts and transect length. A notepad file is included in the 

“Docs” folder called “arguments.txt” with example argument vectors that can be pasted into the PythonWin run window.   
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Above: Running the script in PythonWin. The “Run” button can be seen in the upper left corner along with argument vectors inputted in the “Run 

Script” menu.   

OUTPUTS:   

The tool will output the desired transects/quadrats for each site, merged into a single shapefile. These shapefile will be created in 

the same directory the user specified as the workspace and will have the following naming convention designed to distinguish 

different iterations from one another:  

“TransectType_SpeciesNumber_TransectWidth_TransectLength”  

Transect/quadrats will appear for all of the survey years that are included in the input survey .txt file. However, outputs can be 

displayed by site, year and even by transect/quadrat number, as this information is included in the attribute tables of the 

shapefiles. The attribute tables can be exported to an excel spreadsheet using the “Table to Excel” tool in arcmap and then opened 

with data analysis software like R.  
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 Above: Band transect polygons for the years 2005 – 2015 (geen) can be seen under a selection of band transect polygons from the  
2005 survey year. A portion of the attribute table can be seen at the top of the frame with species counts and extracted bathymetric statistics.  

 

TROUBLESHOOTING:   

If errors occur while running the tool in ArcMap, it is recommended that the user reset the script’s source, which can be found 

under the script’s toolbox properties. Please follow these steps:    

1: While in ArcMap, open the catalog and navigate to the “TransectBuilder.tbx” toolbox, which was included in the .zip file.    

2: Expand the toolbox, right click on the “Transect_Builder” script and select “properties”.   

3: Click on the source tab.   

4: Click on the file browser button and select “Transect_Builder.py” which in the included .zip file.   

5: Click “OK” on the BandTransectCreator properties menu.   

6: The tool should now run successfully.    

The user can then run the tool as many times as he/or she wants, provided the ArcMap session is not closed. As soon as ArcMap is 

closed and re-opened (regardless of whether the tool has been run or not), the tool will no longer be stable and the script’s source 

will need to be reset again. Due to these stability issues, the user may find that the best solution is to run the included script in 

pythonwin, using the pythonwin-specific directions in the “Executing The Tool:” section.    



  
Above: A visual overview of how to reset the Transect Builder’s source.   

WORKSPACE LIMITATIONS AND CONSIDERATIONS FOR FUTURE USE:  

There are several important details to be aware of regarding the project workspace and the files within it. If the Geodatabase is 

not maintained properly, this tool could cease to function.  

1: Rather than being hard-coded for particular bathymetric rasters, this tool allows the user to add new rasters for future sites if 

mapping data for them was acquired. As a result, the tool looks for filenames in the workspace beginning or ending with certain 

strings. For instance, the tool looks for files that end in “Bathy” when it looks for bathymetric rasters and “slope” when it looks for 

slope rasters. If an inappropriate file with this naming convention is present in the workspace when the tool is run, the user may 

get invalid results or tool errors. Other filenames to avoid are those beginning with “Route” or those ending with “Ratio”.  

2: Similarly to #1 above, bathymetric, slope and surface ratio rasters begin with the naming convention “Site_##” which the tool 

uses to differentiate between sites. Any inappropriate file that begins with this naming convention will cause the tool to fail or 

output invalid results. The beginnings and ends of the existing raster names should not be changed or modified.  

3: The tool requires that there be one and only one bathymetric, slope and surface ratio raster for each site included in the survey 

.txt file. If, for instance, CINPS acquires bathymetry for areas close to shore in Cathedral Cove, the full bathymetry for the site must 

be in a single raster. This can be accomplished by using the “Mosaic” tool in ArcMap. In addition, any added raster sets will need to 

follow the naming conventions mentioned above.  

4: Transect centerlines with updated accuracy can be used in this tool. However, the new shapefiles will first need to be converted 

into route layers, given the naming convention “Route_(Site #)” and placed into the Geodatabase. 


