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There is strong regional 
environmental variation across

the Channel Islands





East Anacapa Reserve (15 ha)





Coastline

Approach:  KFM   sampling  design

100 m fixed transect

1 and 5 m2 quadrats 30 x 2 m belt transects





Kelp Forests Destablized



Status & Trends of Ocean Resources

• Five abalone species populations collapsed, 
at least one species endangered, fisheries 
closed

• Large resident demersal fishes gone
• Ground fish fisheries in jeopardy, bocaccio 

and cow cod populations ~5% unfished levels
• Fishing removed large red sea urchins, 

replaced by small red and unfished purple 
sea urchins—fishery landings falling

• Fishing reduced sea cucumber populations 
30-80% < 6 years, fishery collapsed

• Kelp forests over-grazed, destablilized, 
declining, nearly 80% gone < 20 years



Large Red Sea Urchins*

Strongylocentrotus franciscanus
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Purple Sea Urchins
Strongylocentrotus purpuratus
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Predator-prey interactions can lead to 
changes at many levels of the food web

Food web of key players in 
kelp forests

Lafferty and Behrens (2005)



Kelp Forests in Anacapa 
Reserve More Resilient

• Large predators still present 
(sheephead, giant seabass, lobster)

• Large red sea urchins still abundant—
nursery habitat

• Abalone still present—competing for 
space and food

• Purple sea urchin population within 
normal limits









Questions from the Marine Reserve 
Working Group

Are there more fish and invertebrates in 
the CI reserves?

Are fish bigger in marine reserves?
Does community structure differ in and 
out of reserves?

Report back in five years



• 2005 expansion of kelp forest monitoring 
and PISCO programs in coordinated effort 
to explore the differences between 
reserves and fished areas



Are there more fish and invertebrates in the 
CI reserves?



Reserve : non-reserve ratio
0 1 2 3 4 5

Ocean whitefish
Lingcod

Blue rockfish
Kelp Bass

Rock wrasse
Gopher rockfish

Cabezon
Sheephead

Copper rockfish
Olive rockfish
Kelp rockfish

Pile surfperch
Treefish

Painted greenling
Giant Kelpfish

Vermillion rockfish
Rubberlip surfperch

Blacksmith
Bat ray

Senorita
Garibaldi

Black surfperch
Striped surfperch

Opaleye
B & Y rockfish
Kelp surfperch

Silverside
Halfmoon

Tubesnout
Brown rockfish

Rainbow surfperch
Shiner surfperch
White surfperch

Targeted
(avg. ratio = 1.90 ± 0.2)

Non-targeted
(avg. ratio = 1.01 ± 0.1)

Fish Density

Targeted fish species are more abundant in reserves



Reserve : non-reserve ratio
0 1 2 3 4 5 6 7 8 9 10 11

CA spiny Lobster
Red gorgonian

Golden gorgonian
Warty sea cucumber

Rock scallop
Brown gorgonian

Red abalone
Chestnut cowry

Wavy turban snail
Red sea urchin

White sea urchin
Queen tegula

Giant spined star
Purple sea urchin

White-spotted rose anemone
Pterygophora

Giant kelp
Crowned sea urchin

Keyhole limpet
Orange Puffball sponge

Sunflower star
Oar weed

Bat star
California sea hare

Stalked tunicate
Kellet's whelk

Red turban snail

Targeted
Non-targeted

Invertebrate Density

Densities of algae and invertebrates are more equal 
between reserves and non-reserves



Reserve : non-reserve ratio

0 1 2 3 4 5 6

Sheephead

Lingcod

Kelp Bass

Cabezon

Density of legal sized fish

Reserve : non-reserve ratio

0 1 2 3 4 5

Olive Rockfish

Sheephead

Copper rockfish

Kelp Bass

Gopher rockfish

Blue rockfish

Kelp rockfish

B & Y rockfish

Density of mature fish

Densities of legal-sized and mature fish are greater 
in reserves



CA sheephead
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Are fish bigger in marine reserves?



Targeted fish species are larger in reserves

Reserve : non-reserve ratio
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Ocean whitefish
Copper rockfish
Brown rockfish
Olive Rockfish

Vermillion rockfish
B & Y rockfish

Kelp bass
Lingcod

Rubberlip surfperch
Black surfperch

Sheephead
Rainbow Surfperch

Blacksmith
Kelp rockfish

Cabezon
Giant kelpfish
Rock wrasse
Blue rockfish

Kelp surfperch
Striped surfperch

Opaleye
Painted greenling

Bat ray
Halfmoon

Pile surfperch
Treefish

Island kelpfish
Shiner surfperch
Gopher rockfish

Graibaldi
Senorita

Silverside

Fish Average Length

Targeted 

Non-targeted 

ar



Species composition differs geographically 
across the Channel Islands…

Does community structure differ in and out 
of reserves?

?
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these patterns

Photo: National Geographic



Reserve Status
OUT
IN

Admiral's Reef - 2005

Admiral's Reef - 2006

Admiral's Reef - 2007

Black Sea Bass Reef - 2005
Black Sea Bass Reef - 2006

Black Sea Bass Reef - 2007

Cathedral Cove - 2005

Cathedral Cove - 2006Cathedral Cove - 2007

East Fish Camp - 2005East Fish Camp - 2006
East Fish Camp - 2007

Keyhole - 2005

Keyhole - 2006

Keyhole - 2007

Landing Cove - 2005

Landing Cove - 2006

Landing Cove - 2007

Lighthouse - 2005

Lighthouse - 2006

Lighthouse - 2007

Arch Point - 2005

Arch Point - 2006

Arch Point - 2007

Cat Canyon - 2005

Cat Canyon - 2006

Cat Canyon - 2007

Graveyard Canyon - 2005

Graveyard Canyon - 2006

Graveyard Canyon - 2007

SE Sea Lion Rookery - 2005

SE Sea Lion Rookery - 2006

SE Sea Lion Rookery - 2007

Southeast Reef - 2005

Southeast Reef - 2006

Southeast Reef - 2007

Webster's Arch - 2005

Webster's Arch - 2006

Webster's Arch - 2007

Cavern Point - 2005
Cavern Point - 2006

Cavern Point - 2007

Devil's Peak Member - 2005

Devil's Peak Member - 2006

Devil's Peak Member - 2007
Little Scorpion - 2005

Little Scorpion - 2006Little Scorpion - 2007

Pedro Reef - 2005Pedro Reef - 2006Pedro Reef - 2007

Potato Pasture - 2005
Potato Pasture - 2006

Potato Pasture - 2007

Scorpion Anchorage - 2005

Scorpion Anchorage - 2006

Scorpion Anchorage - 2007

Chickasaw - 2005

Chickasaw - 2006

Chickasaw - 2007

Cluster Point - 2005

Cluster Point - 2006

Cluster Point - 2007

Johnson's Lee North - 2005

Johnson's Lee North - 2006
Johnson's Lee North - 2007

Johnson's Lee South - 2005

Johnson's Lee South - 2006

Johnson's Lee South - 2007
South Point - 2005

South Point - 2006
South Point - 2007

Trancion Canyon - 2005

Trancion Canyon - 2006

Trancion Canyon - 2007

2D Stress: 0.09

Differences in community structure of 
invertebrates and algae

Old Anacapa 
reserve 

(established 1978)

West 
channel

East 
channel

New Anacapa 
reserve

MDS Axis 1
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Multi-dimensional 
scaling (MDS) 

analysis on KFM data

Fine-scale monitoring 
2005-2007

• Strong biogeographic differences (west vs. east)
• Strong differences in Anacapa reserve (old vs. new)



Reserve Status
OUT
IN

Admiral's Reef - 2005

Admiral's Reef - 2006

Admiral's Reef - 2007

Black Sea Bass Reef - 2005
Black Sea Bass Reef - 2006

Black Sea Bass Reef - 2007

Cathedral Cove - 2005

Cathedral Cove - 2006Cathedral Cove - 2007

East Fish Camp - 2005East Fish Camp - 2006
East Fish Camp - 2007

Keyhole - 2005

Keyhole - 2006

Keyhole - 2007

Landing Cove - 2005

Landing Cove - 2006

Landing Cove - 2007

Lighthouse - 2005

Lighthouse - 2006

Lighthouse - 2007

Arch Point - 2005

Arch Point - 2006

Arch Point - 2007

Cat Canyon - 2005

Cat Canyon - 2006

Cat Canyon - 2007

Graveyard Canyon - 2005

Graveyard Canyon - 2006

Graveyard Canyon - 2007

SE Sea Lion Rookery - 2005

SE Sea Lion Rookery - 2006

SE Sea Lion Rookery - 2007

Southeast Reef - 2005

Southeast Reef - 2006

Southeast Reef - 2007

Webster's Arch - 2005

Webster's Arch - 2006

Webster's Arch - 2007

Cavern Point - 2005
Cavern Point - 2006

Cavern Point - 2007

Devil's Peak Member - 2005

Devil's Peak Member - 2006

Devil's Peak Member - 2007
Little Scorpion - 2005

Little Scorpion - 2006Little Scorpion - 2007

Pedro Reef - 2005Pedro Reef - 2006Pedro Reef - 2007

Potato Pasture - 2005
Potato Pasture - 2006

Potato Pasture - 2007

Scorpion Anchorage - 2005

Scorpion Anchorage - 2006

Scorpion Anchorage - 2007

Chickasaw - 2005

Chickasaw - 2006

Chickasaw - 2007

Cluster Point - 2005

Cluster Point - 2006

Cluster Point - 2007

Johnson's Lee North - 2005

Johnson's Lee North - 2006
Johnson's Lee North - 2007

Johnson's Lee South - 2005

Johnson's Lee South - 2006

Johnson's Lee South - 2007
South Point - 2005

South Point - 2006
South Point - 2007

Trancion Canyon - 2005

Trancion Canyon - 2006

Trancion Canyon - 2007

2D Stress: 0.09East 
channel

MDS Axis 1
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Particular species drive the differences in 
community structure

West 
channel

Old Anacapa 
reserve (e. 1978)

New Anacapa 
reserve
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Lobster, Turban snail, Puffball sponge

Key invertebrate species can distinguish reserves 
and non-reserves

In
Out

Purple urchin, Sunflower star, Kellet’s whelk

Canonical 1 (reserve status)
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classification 

success

Discriminant function analysis on KFM benthic density data (2005-2007)



Egg 
production

Recruitment 
of young

Growth

1. Successful:
• Egg production
• Recruitment of young
• Growth (of both prey 

and predators)

Changes in community structure may require more 
time than changes in abundance or size structure

Changes in community structure require:



2. Species interactions:
• Competition
• Predator-prey interactions

Changes in community structure may require more 
time than changes in abundance or size structure

Changes in community structure require:



Summary

Geographic differences in marine communities are 
shaped by the environment (e.g., temperature)

Fish biodiversity is significantly greater in reserves

Changes in community structure and ecosystem 
function in reserves takes time (on the order of 
decades)

Total fish biomass, especially predator biomass, is 
greater in reserves

Through time, increases in top predators will likely 
stimulate changes in kelp forest food web structure
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More Information on Kelp Forest Monitoring 
Programs:

PISCO-Partnership for Interdisciplinary Studies 
of Coastal Oceans  (www.piscoweb.org)

National Park Service (www.nps.gov)
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