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Abstract. Natural resource managers need to understand
the natural functioning of and threats to ecosystems under
their management. They need a long-term monitoring pro-
gram to gather information on ecosystem health, establish
empirical limits of variation, diagnose abnormal condi-
tions, and identify potential agents of change. The
approach used to design such a program at Channel
Islands National Park, California, may be applied to other
ecosystems worldwide. The design of the monitoring pro-
gram began with a conceptual model of the park ecosys-
tem. Indicator species from each ecosystem component
were selected using a Delphi approach. Scientists identi-
fied parameters of population dynamics to measure, such
as abundance, distribution, age structure, reproductive
effort, and growth rate. Short-term design studies were
conducted to develop monitoring protocols for pinnipeds,
seabirds, rocky intertidal communities, kelp forest com-
munities, terrestrial vertebrates, land birds, terrestrial veg-
etation, fishery harvest, visitors, weather, sand beach and
coastal lagoon, and terrestrial invertebrates (indicated in
priority order set by park staff). Monitoring information
provides park and natural resource managers with useful
products for planning, program evaluation, and critical
issue identification. It also provides the scientific commu-
nity with an ecosystem-wide framework of population
information.

Keywords: Channel Islands National Park; natural resources moni-
toring; pinnipeds; seabirds; rocky intertidal; kelp forest; terrestrial
vertebrates; land birds; terrestrial vegetation; fishery harvest; visitors;
weather; sand beach; coastal lagoon; terrestrial invertebrates.

Introduction

How healthy are ecosystems in Channel Islands

National Park? Without management intervention, are |,

they capable of coping with altered water supplies, human

consumption of “renewable” resources, accelerated inva-
sions of nonnative species, physical impacts of visitors,
and air pollution? How do we determine when to intervene
in natural resource issues, and how far should we go in our
remedial actions? Land managers need answers to ques-
tions like these to protect threatened ecosystems world-
wide.

Ecosystems are changing in ways never before seen.
Lack of historical and contemporary data makes it difficult
to clearly define the nature and extent of these changes
(Orians 1986). Unless we begin to gather empirical data
on the health of ecosystems now, the changes may become
irreversible and fatal. Alternately we may unnecessarily
impose constraints on human endeavors out of fear of the
unknown. Politically, this kind of uncertainty tends to
freeze action for fear of over-reacting or changing systems
perceived as naturally static (Wurman 1990). Uncertainty
about ecosystem dynamics ranges from concerns for glob-
al climate change to visitor disturbance of wildlife and
trail erosion.

In this paper we present a conceptual approach to
designing ecological monitoring programs to address
these kinds of issues. We also describe a specific applica-
tion of this concept to Channel Islands National Park and
International Biosphere Reserve, California, to serve as a
model for the U.S. National Park System and other pro-
tected natural areas.

Design of a Monitoring Program

An appropriately designed natural resources monitor-
ing program can reduce uncertainty and address critical
questions about system dynamics. What to monitor, and
the appropriate level of accuracy, varies from area to area,
but the basic reasons for monitoring are universal. They
are to:
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causation and accurate predictions of system behavior !

[

Determine present and future health of ecosystems;

2. Establish empirical limits of variation in resources; based on monitoring observations alone. Even though
3. Diagnose abnormal conditions to identify issues in population monitoring is not the quickest or surest way to 5*%

time to develop effective mitigation; and determine causality, parameters such as population age | ‘%. 5 é i, §§§
4. Identify potential agents of change. structure, reproduction, and recruitment permit projec- 3 E e § EXE £ g -§

An ecological monitoring program should provide tions of future conditions, providing early warnings of - §§g§ o ;§ v
the same kinds of information to natural resource man- pending problems. Many management controls also oper- £ PR = : i?% S
agers that health monitoring provides to physicians. It ate at population and habitat levels, so application to man- E | | B 58 _j § ¥ ga g%%g H% §,
should show current health and predict future conditions. agement issues is direct and measurable. € gg g‘g §§§ 1 :;% gg% RELE B <
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as well as identify overt lethal threats. In addition to iden- Application of the conceptual model to Channel Islands & z ga ) g
tifying signs and symptoms of dysfunction, an effective National Park 3 é'g | N§§ g (Sgg% ] §
monitoring program will also help identify causes of gys- | é 198 ] | § : i
tem failure and suggest effective treatments. A step-down diagram (Fig. 1), after Phenicie and ” « &

Design of a long-term monitoring program begins
with a conceptual model of the ecosystem. This model
should consist of an exhaustive list of mutually exclusive
system components and a description of their relation-
ships. From components such as birds, vascular plants,

Lyons (1973), was used to illustrate a tactical plan for
development of the monitoring program (Davis 1983).
The program’s goal is indicated at the top of the diagram,
with all of the actions required to achieve that goal shown
on the next lower level. This same pattern was repeated
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nutrient or constituent budgets, and population dynamics
are among the most well developed (Odum 1959; Conant
et al. 1983; Cooperider et al. 1986; Orians 1986). A popu-
lation dynamics approach was selected for the Channel
Islands model because it best met the management require-
ments of (1) accurately reflecting ecosystem conditions,
(2) being readily interpreted, (3) providing projections of
future conditions, (4) utilizing readily available sampling
techniques, and (5) providing information applicable to
management at the species or population level.

Population dynamics of selected species offer rela-
tively unambiguous insights to ecosystem structure and
function. Organisms integrate the effects of a vast array of
ecological factors, including predation, competition, and
environmental conditions that are expressed as changes in
readily measured population parameters such as abun-
dance, distribution, and growth and mortality rates. This
integration, however, prevents certain identification of

ing on historical approaches and data whenever possible;
(2) select or develop sampling techniques that are robust
to observer variability; (3) utilize standard analytical tech-
niques; (4) design reporting formats to archive and clearly
communicate immediate findings; and (5) test the utility
of the protocol by field testing the sampling, analytical,
and reporting systems for at least 1 yr. Twelve detailed
monitoring protocol handbooks were subsequently pub-
lished (Davis and Halvorson 1988).

The selected taxa must be representative of the entire
ecosystem to be monitored. Seven criteria were applied to
existing species lists to select taxa for monitoring design
studies. Existing species lists of 2 groups, terrestrial inver-
tebrates and the amphibians and reptiles, were inadequate
for application of selection criteria, additional field sur-
veys, or inventories, were conducted before the selection
criteria were applied. The first criterion was that the final
list include a broad array of ecological roles and examples

eppropriste

taxcnomic
divisions.

132

Forests

Kelp

Define bio- Determine

geographic
units 88 5

1.3. Make an
exhaustive

list of
components,

mutually
exclusive
Calfttarmntan

Oregonlan
lvertebrates Marir‘m

&

islands,

131

i

Figure 1. Step-down plan for development of the Channel Islands National Park ecological monitoring program.
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of many different trophic levels and life forms: from pri-
mary producers o top carnivores, sessile invertebrates to
wide ranging pinnipeds and sea birds. Special considera-
tion was given to species that characterized entire com-
munities or were exceptionally common, such as giant
kelp (Macrocystis pyrifera) and purple sea wurchins
(Strongylocentrotus purpuratus). Organisms with special
legal status, such as state or federally listed endangered
species and marine mammals, were included. Park
endemics and nonnatives, and those species legally har-
vested from the park were also selected. Finally, if all
other criteria were equal, charismatic or “heroic” species
were selecied because they had already garnered public
support and understanding.

Population monitoring procedures were independent-
ly developed for each group listed in Table 1. A summary
of the 313 taxa and the population parameters monitored
is presented in Table 2.

Role of park management, researchers, and field personnel
An important aspect of this ecological monitoring

program is the functional relationship among the scientists
and other people who institutionalize and conduct it

(Davis 1993). At Channel Islands National Park, resource
managers act as family physicians for park ecosystems.
They monitor ecosystem health with regular checkups.
They recognize signs and symptoms and diagnose illness-
es: sometimes acute, sometimes chronic, They prescribe
treatments and evaluate the results of those treatments.

Park rangers serve as emergency medical technicians
for park ecosystems. They identify overt threats to the sys-
tems. They provide immediate, practical treatments to
alleviate symptoms and stabilize vital signs. They protect
ailing ecosystems uniil long-term treatments to cure or
mitigate underlying causes can be instigated. Rangers are
also like public health officials who prepare and distribute
information about epidemics and recommend preventative
actions and treatments. They develop ways to explain sci-
entific findings regarding park ecosystems, park values,
and threats to those values. They ensure adequate under-
standing of resource issues by the American public.

Research scientists are analogous to medical
researchers. They develop new techniques for assessing
health. They identify new diseases and determine
causative agents. They develop and test new treatments to
cure or mitigate illness.

Table 1. Initiation dates for natural resources monitoring within Channel Islands National Park.

Program Prol_Dcol Santa Santa San Miguel/ Santa
element published Anacapa Cruz! Rosa Prince Barbara
Pinnipeds® 1988 1982 1982 1982 1982 1982
Seabirds i
eabir 1988 :ggg (gr. l;illllccln) N.P. 1989 (Snowy Plover) 1985 (Snowy Plover) 1972 (W. Gull)
com((m::) cc. 1986 (Cassin's Auklet, 1980 (Pelican)
1984 (o Cormorants, & Western 1983 (Xantus' Murrelet)
clagic Gull) 1985 (Double ¢
Cormorant) Cormorant) '
1985 (Western Guall)
Rocky intertidal 1988 1982 N.P. 1986 1985 1985
Kelp forests 1988, 1994 Prototype 1982 1982
s 2 1982 1982 1982
Tetrestrial veriebrates 1988 1993 1991 NP 1993 1982 (Mice)
.P. 2 (Mice;
1981 (Island Night
Lizard)
Landbirds 1988 1993 1991 1994 1989 1993
Terrestrial vegetation 1988 1983 1951
1994 (pecoctc 1950 1983 1983
E. Sanma Cruz)
Fisheres harvest 1988 N.I N.L NI N.L Nl
Park visitors 1988; 1994 (Revisc) 1989 1989 1989 1989 1989
Weather 1988 N.P. 1989 1989 1991
Beach debris 1990 NP N.P. 1990 1990 N.P.
Terrestrial invertebrates 1991 1994 N.P. N.P. 1994 1994
Water quality 1995 (projected) N.P. N.P. 1993 NP NP
Sandy beach and 1990 N.P. N.P.
s . 1994 N.P. NP

1

Monitoring conducted by The Nature Conservancy.
Monitoring conducted by National Marine Fisheries Service.
NI Not implemeted,

N.P. No protacol.
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‘Table 2. Summary of population parameters mouitored in Channel Islands National Park, California.

Sampling Sivelage Repro. Growth Mortality ~ Phenology/

Taxon frequency Locations  Abundance structuee effort Recruit rate vate diversity
Manine Mammals

Harbor scal Quarterly SB/AYSC Haul-out Yes No Pups No No Pupping
Phoca vitalina richardsi SR/SMI

Northern clephant seal Quarterly SBIAISC Haul-owt Yes No Pups No No Popping
Mirounga angusisrostrix SR/SMI
Californin sea lion Quurtetly SB/SMIT Haul-out Yes No Pups Na No Pupping
Zalophus californianus

Northern fur seal Quarterly SMi {anf-ont Yes No Pups No No Pupping
Californuy urstinus
Sea Birds

Califormia brown pelican Varies AUSBI Breeders Yes Yes Fledglings No No Nesting
Pelecanus occidentalis
califasticus

Double-crested cormozant Varics AlSBI Breedeis No Yes Chicks No No No
Phalacrocorax anriius

Western guil Vories ANSBI Breeders Yes Yos Chicks Yes No Nesting
Laras occidentalis

Xanms' murrefet Weckly S8l Breeders No No No No No Nesting
Synthliboramphus hypolenca

Cassin's aukiet Manthly Pl Breeders No Yes No No No No
Piychoramphus alewticus

Snowy plover Annual SR/SMI Adulis No No No No No No
Charadrius alexandrinus

Fishes

Blue rockfish Annual 14 Relative No No Young of yr No No No
Sebastes mysiinus

Kelp rackfish Annual 16 Retative No No Young of yr No Neo No
Sebasics atravirons

Biack perch Annual 16 Relutive No No Younyg of yr No No No
Embiataca jackons

Steiped seaperch Annual 16 Relative No No Young of yr No No No
Embiotoca lateralis

Opaleye Annuad 16 Relative No No Yaung of yr No No No
Girella nigricans

California sheephead Aanual 16 Relative Yes No Young of yr No No No
Semicissyphus pulcher

Senorita Annual 16 Relative No No No No No No
Oxyjulis californica

Blackeye goby Annual 16 Density No Neo No No No No
Caryphopterus nichalst

Blucbanded goby Annual 16 Density No Ne Na No o No
Lythrypnus dalli

Blacksmith Annuad 16 Relative Ne No Young of yr No No No
Clhiromis pructipinnis

Garibaldi Annual 16 Relative No No Young of yr No Ne No
Hypspops rubicundus

Kelyp bass Annual 16 Relative No No Young of yr No No No
Paralabrax clathratus

Marine Invertebrates

Orange puffball sponge Annual i6 Density Size-freq No Yes Yes Yes No
Tethya aurantis

Aggregated vase sponge Annuat 16 Densily No No No Ne No No

Polymastia pachymastio

Summaries of Monitoring Protocols
Pinnipeds

Six species of pinnipeds haul out on park beaches and
use park waters. The 4 most abundant, California sea lion
(Zalophus  californianus), northern elephant seal
(Mirounga angustirostris), harbor seal (Phoca vitulina
richardsi), and northern fur seal (Callorinus ursinus) were

selected for long-term monitoring. Northern (Steller) sea
lion, Eumetopias jubatus, and Guadalupe fur seal,
Arctocephalus philippii, observations are also recorded,
but they occur so infrequently that it is not feasible to rou-
tinely monitor their population dynamics.

Three sampling techniques are employed to gather
information on the abundance, age structure, recruitment
(pup production), and reproductive phenology of all 4
species. Ground counts, conducted in mid-winter, late



470 Davis, G. E., Faulkner, K. R., and Halvorson, W. L.

T'uble 2 (continued).

Sampling Sizefape
Taxon frequency Location Abundance structure

White cnlcarcons sponge Annuat 16 Density No
Louverta fosangelensis ' ’

California hydrocoral Anmnont 16 Densi
Altopora californica i She-feq

La lolta cup coral Annal 6
Aswangia lajollensis

Percent cover No

Orange cup coral Annual 16
Balonophyilia elegans

Percent cover No
Red gorgonian Annuat 16 i

Density ize-fro
Lophogorgia chifeusis i Stwefreq

Brown gorgonian Antuat 16 i
Density ize-
Muricea fruticosa o Sizedeq

Strmwberry anemone Annual 16
Corynactis californica

Pereent cover  No
White-spotted rose anenione Amuat 16 Density N
Tealia lofotensis ) ’

Ornate worn tube Annual 16
Diapatra ernata

Percent cover  No

Colonial sand-tube worm Anmal 16
Phragmatopoma californica

Percent cover  No

Acorn batnacle Biannual 13
Balanus glandula

Pereent cover No

Acorn barnacle Biannuat 13
Chthamalus fissus/dalli

Percent cover  No
Califorain spiny lobster Annunl 16 Density N
Panuldirus interruptus °

Sand crab Annual 9 "
i Density ize-fre
Emerita analoga ensity Size-fre

Spiny sand crab Annual 9 Densi .
: cnsit Size-
Blepharipada accidentalis Y ze-freq

Beach isoped Anaual @ Density No
Excirolana chilioni

Beachhopper Anaual 9 Density No
Megalorchesiia spp.
Giant keyhole limpet Aanual 16 Densi i

b ensit e-re
Megathura crenulata v sefieq
Red abalone Annvik 16 Densi ize-Ii

i cnsit e
Haliatis refescens ’ Sizelicq
Pink abalone Annual 16 Densi i

& cnsity iz -fre
Haliotis corrugata ’ Sizcfreq
Green abalone Annyal 16 Densj| i

b cnsity Sized
Haliatis fulgens ’ Sinefreq
Black abalone Biannual n Density Size-freq

Haliotis cracherodi

Wavy top sanil Annual 16 Densil i
b ensil) -
Astrea undoxa ’ Sifeg

Red top snail Annual i6 Densil i
ensit ;-
Astrea gibberosa ' Sieefreg

Chestut cowrie Annuat 16 Densi .
i Chsit; - Tre
Cypraea spadicea y Size-freq

Purple olive smil Annual 9 Densi i
g ensil, Size-fre
Qlivella biplicata ’ Sine-frey

Kellet's whelk Annus! 16 Densi .
Kelletia kelledii cnsity Size-freq

Scated tube shefl Annual 6
Serpulorbis squamigerus

Percent cover  No

spring, and mid-summer are used primarily to measure
pup production, but also provide opportunities to collect
information on condition indexes, such as weight-at-
weaning. Aerial counts, using oblique 35 mm photographs
taken 4 times a yr (14-28 February, 14-28 April, 25
May-10 June, and 15-30 July), are used to determine the
number of adult pinnipeds and distribution of rookeries
and hauling sites. Aerial counts from vertical, 23-cm (9-
in.), transparencies taken in mid-winter and mid-summer

No

No

No

No

No

No

No

Yes

No

No

No

Mo

No

No

No

R(?[)ro. Growih Mortality  Phenology/
effort Recruit rale rate diversity
No No No No
No No No No
No No No No
No No No No
Yes Yes Yes No
Yes Yes Yes No
No No No No
No No No No
No No No No
No No No No
No No No No
No No No No
No No No No
Yes No No No
Yes No No No
No No No No
No No No No
Yes Yes Yes No
Yes Yes Yes No
Yes Yes Yes No
Yes Yes Yes No
Yes Yes Yes No
Yes Yes Yes No
Yes Yes Yes Neo
Yes Yes Yes No
Yes No Na No
Yes Ne No No
No No No No

are used to enumerate and determine size distributions of
pinnipeds on relatively flat, open beaches, such as Pt
Bennett on San Miguel Island. Geographical distribution
is recorded using the 94 zones or beach segments in the
park defined by Burean of Land Management contractors
from the University of California in the mid-1970s and
?gnman'zed by DeMaster and Wing in DeMaster et al.
1984),

Table 2 (continued).
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Growth Mortality  Phenology/

Sampling Size/age Repro.
Taxon frequency Locations  Abundance structure elfort Recruit rile rate diversity
California mussel Biannual 13 Percent cover No No No No No No
Mytilus californianus
Rock scatlop Annund 16 Density Size-freq No Yes Yes Yes No
Hintes giganieus
Pismo clam Annual 9 Density / Size-freq No Yes Yes Yes No
Tivela stultorum Population
estimate
Californin brown sea hare Anaual 16 Density No No No No No No
Aplysia californica
Southern singhosa bryozoan Annual 16 Percent cover No No No No No No
Diaperoecia californica
Giant red sea urchin Annual 16 Density Size-freq No Yes Yes Yes No
Strongyloceniroms franciscanius
Parple sea urchin Annual 16 Density Size-lreq No Yes Yes Yes No
Strongylocentroins prrpnratus
White sea nrchin Annual 16 Density Size-freq No Yes Yes Yes No
Lytechinns anamesus
Sunflower star Annual 16 Density Size-freq No Yes Yes Yes No
Pyenopodia heliantheides
Sea bat Annual 6 Density Size-freq No Yes Yes Yes No
Patiria minjata
Giant-spined sea star Annual 16 Density Size-Trey No Yes Yes Yes No
Pisaster giganteus
Warty sea cucumber Annual 16 Density Size-freq No Yes Yes Yes No
Parastichopus parvimensis
Aggregated red cucumber Annual 16 Percent cover  No No No Neo No No
Pachythyane rubra
Stalked wnicate Annual 16 Density No Mo No No No No
Styela montereyensis
Algae
Rockweed Bionnual 13 Pereent cover - No No No No No Ne
Pelvetia fastigiata
Bladder chain kelp Annual 16 Percent cover No No No No No No
Cystseira osmundacea
Acid weed Annuat 16 Peecent cover No No No No No No
Desmarestia ligulata
Southern sea patm Annual 16 Density No Neo No No No No
Eisenia arborea
Oar weed Annual 16 Density No No No No No No
Laminaria farlowi
Gianl kelp Aunval 16 Density Size-freq No Yes No o No
Macrocystis pyrifera
Californin sea palm Aunual i6 Density No No No No No No
Prergophora californica
Sargassum weed Annuat [ Percent cover  No No No No No No
Sargassum muticun
Turfiveed Biannual 3 Percent cover  No No No No No No
Endocladia muricars
Sea tangue Biannual | Percent cover No No No No No No
Gigartina canaliculato
Sea tongue Annuat 16 Percent cover  No No No No No No
Gigartina spp.
Agar weed Annml 16 Percent cover No No No No No No

Gelidinm robustum

Seabirds

Eleven seabird species breed in the park (Hunt et al.
1980). Five of these seabirds and 1 shorebird, the western
snowy plover (Charadrius alexandrinus) were selected
for long-term monitoring. The selected seabirds are: dou-
ble-crested cormorant (Phalacrocorax auritus), California
brown pelican (Pelecanus occidentalis californicus),
western gull (Larus occidentalis), Xantus’ murrelet
(Synthliboramphus hypoleuca), and Cassin’s auklet

(Ptychoramphus aleuticus). The remaining seabirds, 3
storm-petrels (Oceanodroma leucorhoa, O. homochroa,
and O. melania), 2 cormorants (P. penicillatus and P,
pelagicus) and the pigeon guillemot (Cepphus columba)
are nocturnal, secretive, poorly known in the park and/or
difficult to observe without excessive disturbance and
were therefore excepted from formal monitoring. These
species were excluded because we felt the cost of distur-
bance outweighed the potential gain of additional infor-
mation about the ecosystem.
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Tuble 2 (continued).

Sampling Sizelage Repro. Growth Mortality  Phenology/

‘Taxon frequency Locations  Abundance slructure cllort Recruit rate rate diversily
Crulose coralline algue Annual 16 Percent cover No No No No No No
Corallinaceae

Atticulated coratline algae Annnal 16 Percent cover No No No No No No
Corallinacear

Terresirial mammals

Deer monse Biannual Al/SBISMI Density Yes Na No No Noe chrlgtvluuivu
Peramyscus maniculatus most condition

locations

Island fox Apnual most SMt Deansity Yes Yes Yes No No Rcllrgfl\ncli\'c
Uracyon huoralis locations condition
Herps

Pacific slender sslamander 2-3 timesfyr ALSMI Relative Yes No No No No No
Banachoseps pacificis

Western fence lizard Annunl SMt Relative Yes No No No No Na
Seeloparus occidentalis

Side-blotched lizard Anmtal Al Reltive Yes No No No No No

Uta stansburiona

Southern alligator lizard Bianmtal AlSMIL Relative Yes No No No No Ne
Gerrhonotus multicarinatus

Island night lizard 2-3 timesfyr SBI Relative Yes No No No No No
Xantusie riversiana

Land Birds

Red-tuiled hawk Bizanuat AUSMISRI Relative No No No No No Breeding
Ruteo jamnicensis

Peregrine falcon Bisanual AISMISRE Relative No No No No No Breeding
Falco peregrimis

American kesteal Biannual SBI/AISML Refative No No No No No Breeding
Fulco sparverins SRt

Shart-cared owl Biannuat SBI/SRE Relative No Ne No Na No Breeding
Asio flammens

Chukar Biannual SRI Relative Na No No No No Breeding
California quail Biannual SRi Relative No No No No No Breeding
Western snowy plover Biannua SRI Relative No No No No No Breeding
Killdeer Biannual SR Relative No No No No No Breeding
Rluck oystercatcher Biannual SR1 Relative No No No No No Breeding
Mourning dove Binnaweal SRI Relanive No No No No No Breeding
Common barn-owl Biannual SRI Relative No No No No No Breeding
Burrowing owl Biannual SR1 Relative No No No No No Breeding
White-throated swilt Biannual SRI Relative No No No No No Breeding
Ann's hummingbird Biannual SMI/SRI Relative No No No No No Breeding
Calypte anna

Allen's hummingbind HBiannual AUSMIUSRI Relative No No No No No Breading
Selaspharus sasin

Pucific-slope flycatcher Biannual SRI Relutive No No No No No Breeding
Black photbe Biannual SMI/SRI Relative No No No No No Breeding
Sayornis nigricans

Horneid lark Biannual SBI/SMI/SRI  Relative No No No No No Breeding
Eremophila alpestris

Barn swallow Biannual AUSMI/SRI Relative No No No No No Breeding

Hirundo rustica

Field observations of nesting birds are used to gather
information on the number of breeding birds, reproductive
efforts (egg production), recruitment (fledgling success),
population age structure, growth rate, and reproductive
phenology. Colony surveys of California brown pelicans
are conducted on West Anacapa and Santa Barbara islands
following the methods described by Anderson and Gress
(1983). Double-crested cormorant colonies on Santa
Barbara, West Anacapa, and Prince islands are observed
monthly from mid-April through August to determine

abundance of breeding birds and chicks, brood sizes, and
phenology. Total nest counts of western gulls are made
within 10 dy of peak egg laying on Santa Barbara Island
and mid-May on Gull Island (off Santa Cruz Island). Fixed
plots (0.25-1.0 ha) are used to sample gull colonies on
Santa Barbara, Anacapa, and Prince islands to determine
reproductive effort, fledgling success, chick growth rates,
age structure, and phenology following the methods of
Hunt and Butler (1980). The abundance of nesting Xantus’
murrelets and their reproductive effort and phenology on
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Table 2 (continued).
Sampling Sizefape Repro. Growth Mortality Phenology/

Taxon frequency Locations  Abundance structure cflfort Recruit rate rate diversity

Rock wren Biamnual ALUSMI/SRIE Relative No No No No No Breeding

Salpinctes obsoletus

Bewick's wren Binnnual SRI Relative No No No No No Breeding

Orange-crowned warbler Binnmual SBIATISMI Relative No No No No No Breeding

Vermivora celata SRI

Song sparrow Rinnnual SMISRE Relative No No No No No Breeding

Melospiza melodia

Chipping sparrow Biannual SRI Relative No No No No No Breeding

Western meadowlark Biannual SBUALSMI Relative No No No No No Breeding

Sturnella neglecta SRI

Common raven Binnnual SR1 Relative No No No No No Breeding

Northern mockingbisd Biannun! SRI Refative: No No No No No Breeding

Loggerhead shrike Biannual SRi Relative No No No No No Breeding

Hutton's vireo Bimmwal SRi Refative No No No No No Breeding

Rufous-sided towhee Biamuat Sit Relntive Ne No No No No Breeding

Lesser goldfinch Biannuat SMI/SRI Relative No No No No No Breeding

Carduelis psaltria

House finch Bianmat Al/SMI/SRI Relative No No No No No Breeding

Carpodacus mayicanus

European swarling Biannual SBI/ALSML Relative No Nao No No No Brecding
Swirnus vulgaris SRi

Visitors

On island BDaily 6 Toink No No No No No No

On water Duily 7 Est totat No No Na No No No
‘Terrestrial Invertebrates

Binneya notabifis 3 times/yr S8 Refutive Yes No No No No Yes
Haplotrema duranti 3 timesfyr SB Relative Yes No No No No Yes
Helminthoglypta ayresiena F timessyr AlISM Relative Yes No No No No Yes
Micrarionata facta 3 times/yr SB Rehtive Yes No No No No Yes
Nerarionata tryoni 3 times/yr s Relative Yes No No No No Yes
Milax gagates 4 times/ye Al Relative Yes No No No No Yes
Sterkia clementing 3 times/yr s8 Relative Yes No No No No Yes
Vertigo californica 4 times/ve AI/SB/SM Relative Yes No No No No Yes
Sueeinea sp. 3 times/yr SB Relative Yes No No No No Yes
Pristiloma shepardae 4 times/ye Al Relative Yes No No No No Yes
Anthopolys xanti 4 times/yr SM Relative No No No No No Yes
Undetermined Chilopoda 4 times/yr ANSB Relative No No No No No Yes
Polyxenus anacapensis 4 times/yr Al Relative No No No No No Yes
Vejovis mininius thompsoni 5 timesfyr Al Relative No No No No No Yes
Undetermined Cheliferidac 5 timesfyr sB Relntive No No No No No Yes
Dinocheirus sp. 5 times/yr Al Relative No No No No No Yes
Gurypus californicus 5 times/yr SB/SM Relative No No No No No Yes
Serianus sp. § times/yr S5 Relative No No No No No Yes
Protolophus tuberculatus 5 times/yr SBISM Relative No No Ny No No Yes
Agalena sp. 5 times/yr M Relative No No No No No Yes

Santa Barbara Island are determined from weekly exami-
nations of 98 marked nest burrows at 2 locations on the
island from early March through mid-April. Burrow-
dwelling sea birds are notoriously difficult to monitor
(Hunter et al. 1982), especially those like the Cassin’s auk-
lets on Prince Island, which utilize loose, easily collapsed
soil in high concentrations. To prevent collapsing burrows
during censuses, 2 observation platforms, each 10 m in
length, were installed in the Prince Island colonies before
nesting began in January 1986. Beneath the platforms, 50

nest boxes with removable lids were installed to determine
levels of nesting activity, reproductive effort and success,
and phenology. Nest boxes are examined 2 or 3 times dur-
ing the nesting season from late February to July. Snowy
plover abundance and reproductive activity is assessed by
walking fixed courses along approximately 10 km of
sandy beach on San Miguel and Santa Rosa islands, and
counting the number of adults, nests, eggs and chicks
observed on 5 surveys during the nesting season from
April through July.
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Table 2 (continued),

Sampling Size/age Repro. Growth Mortality  Phenology/

Taxon frequency Locations  Abundance slructure ellort Recruit rate rate diversity
Rualena sp. 5 times/yr SB Relmive No No No No No Yes
Dictyna calcarata 5 times/yr SM Relative No No No Nu No Yes
Drassylus apachus 5 times/ye M Relative No No No No No Yes
Drassylus barbus 5 times/yr sB Relative No No No No No Yes
Drassylus sp. § timesfyr SM Relative No No No No No Yes
Zelotes cruz 5 times/yr SB/SM Relative No No No No No Yes
Tarcmula kochi S (inwestyr SM Relative No No No No No Yes
Metacyrba inemala 5 timesfyr AlUSH Relutive No No No No No Yes
Phidippus formosus § timesfyr AVSB/SM Relative No No No No No Yes
Coriarachne wiohensis 5 tiwes/yr 58 Relative No No No No Nu Yes
Xysticus montanensts 5 timeslyr SM Relative No No No No No Yes
Neomachillis sp. 5 times/yr SM Relative No No No No No Yes
Allacrotelsa spinulaty 5 timesfyr Al/SBISM Relative No No No No No Yes
Centhophilus californianus 5 timus/yr SM Relative No No No No No Yes
Stenapelmatus fuscus 5 times/yr AVSH Relative Ne No No No No Yes
Gryllus I 5 times/yr Al Relative No No No No No Yes
Hoplosphyrum boreale 5 times/yr Al Relative Ne No No No No Yes
Forficula auricularia 5 times/yr SB Relative No No No No No Yes
Orius tristicolor 5 timesfyr sB Relative No No No No No Yes
Geocoris sp. 5 tmes/yr sB Realtive No No No No No Yes
Nysius raphanus 3 times/yr SH Relative No No No No No Yes
Lygus sp. 5 times/yr SB Relative Neo No No No No Yes
Dchiocephalus punctatus 5 times/yr 5B Relative No No No No No Yes
Deltacephalus sp. 5 times/ys SM Redntive No No No Ne No Yes
Tiaja insula 5 limes/yr 58 Relative No No No No No Yes
Undetermined sp. 5 times/yr AlSB/SM Relative No No No No No Yes
Hemerobius sp. 5 timesfyr AlISB/SM Relative No No No No No Yes
Amara sp. 5 times/yr AlISB Relative No No No No No Yis
Calathus ruficollis 3 times/yr AlSM Relative Ne No No No No Yes
Prerostichus menzirivsi 3 timesfyr s8 Relative No No No No No Yes
Ipochus fasciatus 5 times/yr sB Relative No No No No No Yes
Monoxia sordida 5 times/yr SB Relative No No Ne No No Yes
Coccinella californica 5 times/yr AlISB Refative No No No No No Yes
Coccinella johusoni 5 times/yr SB Relative Ne No No No No Yes
Caccinella novemnotaiat 5 timesfyr SM Relntive No No No No No Yes
Sfranciscana

Cyclaneda sanguinea 5 times/yr Al Relntive No Ne No No No Yes
Hippodamia convergens 5 times/yr AlSB Relative No No No No No Yes
Hippadamia quinquesignata 5 times/yr AlSM Relutive No No No No No Yes
punctulata

Scymmnus sp. 3 times/yr S8 Relative No No No No No Yes
Anthanomus subvittatus 5 times/yr sn Relative No No No Nao No Yes
Anthonomus sp. 5 times/yr SM Relative No No No No No Yes

Rocky intertidal monitoring

Following the intertidal baseline studies of Littler
(1980), 15 stations representing the range of biogeograph-
ical and ecological conditions found in the park were
established on 4 park islands to monitor seasonal and
annual changes in populations of rocky intertidal organ-
isms. The organisms selected for monitoring represent
tidal zones common throughout the park. The acorn bar-
nacle (Chthamalus fissus/dalli) generally dominates the

highest zone, where it is found commonly with other bar-
nacles, such as Balanus glandula and Tetraclita
rubescens. A low turf-like red alga Endocladia muricata
represents the next lowest zone. The rockweed zone is rep-
resented by brown algae, primarily Pelvetia fastigata and
Hesperophycus harveyanus. At Santa Barbara Island, the
red algae Gigartina canaliculata and Gelidium spp. are
monitored in a zone below the rockweeds. The lowest
zone monitored is represented by the California mussel
(Mytilus californianus). In addition to these index organ-
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Sampling Sizelage Repro, Growth Mortality  Phenology/

Taxon frequency Locations  Abundance structure cffort Recruit rate rate diversity
Sciopithes setosus 5 timesfyr i) Relative No No No No No Yes
Sibinia macnlata 5 timesfyr SH/SM Relative No No No No No Yes
Trigonoscuta anacapensis 5 times/yv Al Relative No No No No No Yes
Trigonoscuta mignelensis 5 timesfyr SM Relntive No No No No Neo Yes
Trigonoseuta santabarbarac 5 timesfyr SB Relative No No Na No No Yes
Akalypioischion hormathos 5 times/yr 5B Reltive No No No No No Yes
Cortifena casta 5 timesfyr sn Relutive No No No No No Yes
Cortilena sp. 5 times/yr SB Relative No No No No No Yes
Melanophthalma americana 5 timesfyr SB Relative No No No No No Yes
Amecacerus sp. 5 times/yr 5B Relative No No No Ne No Yes
Trichachraus calearatus 5 fimes/yr AUSM Relative No No No No No Yes
Trichochrous sp. 5 timesfyr B Relative No No No No No Yes
Mordellistena sp. 5 times/yr SB Relative No No No No No Yes
Staphylinus ater. 5 timesfyr SB/SM Relative No No No No No Yes
Cocelus globosus 5 timesfyr AlISM Relative No No No No No Yes
Coelus pacificus 5 dmesfyr AlISM Relutive No No No No No Yes
Coniontis lat 5 times/yr Al/SDISM Relative No No No No No Yes
Coniontis santarosae 5 times/yr ™M Relative No No No No No Yes
Caniontis sp. 5 times/yr Al Relative No No No No No Yes
Eleodes gigantea 5 times/yr SM Relniive No No No No No Yes
Eleodes inculta 5 tises/yr Al/SM Relative No No No No No Yes
Eleodes laticollts apprima 3 times/yr Al/ISB/ISM Relnlive No No No No No Yes
Apantesis nevedensis 3 times/yr SM Relntive No No No No No Yes
Eupithecia sp. 5 timesfyr Al/SB Relative No No No No No Yes
Merochiora faseolaria 5 times/yr Al Relative No No No No Na Yes
Pericoma custodiata 5 timesfyr SM Relative No No No No Na Yes
Perizama epiciata 5 times/yr Al/SBISM Relalive No No No No No Yes
Everes amyminla 5 timesfyr AlISM Relative No No No No No Yes
Strymon melinus pudica 5 timesfyr AUSB/SM Relative No No No No No Yes
Euxoa riversii 5 limes/yr SM Relative No No No No No Yes
Lacinipolia vicina or ncar 5 tmes/yr sB Relative No No No No Nu Yes
Rhyncagratis exertisigma § times/yr sB Relative No No No No No Yes
Trichoclea edwardsii 3 times/yr Al Relative No No No No No Yes
Cymthia cardii § tintesfyr SB/SM Relative No No No No No Yes
Plutelta xylostelln 3 times/yc s Relative No No No No No Yes
Platypiillia sp. 5 times/yr SM Relative No No No No No Yes
Dicymolomia metalliferalis 5 timesfyr Al Relative No No No No No Yes
Enchromins prob, ocellus 5 timesiyr 5B Relative No No No No No Yes
Ozamia sp. 5 times/yr Al Relative No No No No No Yes
Argyrotacnia franiscana 5 times/yr AlUSM Relative No No No No No Yes
insulana

Argyrotaenia isolatissima 5 times/yr 5B Relative No No No No No Yes

isms, the abundance of tar and bare substratum are moni-
tored at all sites. Black abalone (Haliotis cracherodii)
once supported the largest portion of California’s abalone
fishery and are monitored in the park to evaluate fishery
harvest as well as environmental conditions.

Two techniques are used to determine abundance of
intertidal organisms: fixed photogrammetric quadrats (50 x
75 c¢cm) and fixed plots (1-2 m?) in which abalone are
counted and measured in sifu (Richards and Davis 1993).
At least 5 replicate photo-quadrats were established to rep-

resent each of 4 zones at each site. The quadrats are pho-
tographed with color 35 mm positive film twice a year, dur-
ing the daylight low tides, fall and spring. Quadrat images
are projected about life-size on a 100 point grid, and the
number of points overlain by each of the monitored taxa is
recorded to estimate abundance as percent cover. Five
fixed-replicate abalone plots were randomly selected at
each site from 10-12 representative concentrations of
30-100 abalone each. Each plot was permanently marked
by embedding 10 mm diameter bronze bolts in bedrock
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Table 2 {(coniinued),

Sampling Sizefuge Repro. Growth Mortality  Phenology/
Taxon frequency Locations  Abundance strueture effort Recruit rale rate diversity
—_—— -
Fannia sp, 5 timestyr Al Relative No No No No No Yes
Phaonia sp. 5 times/yr Al/SM Relative No No No No No Yes
Scataphaga stercoraria S fimes/yr AVSM Relntive No No Nu No No Yes
Scatophaga sp. 5 timesfyr Al Relative No No Nu No Na Yes
Bombylius lancifer 5 timestyr SM Relative No No No No No Yes
Conophorus fenestrars 5 times/yr SM Relative No No No No No Yes
Canophorus nigripennis 5 times/yr SM Relative No No No No No Yes
Hemipenthes simosa 5 rimes/yr Al Relative Na No Ne No No Yes
faennickeana
Lepidanthrax hemologus 3 times/yr SB Relative No No No No No Yes
Parauilla n. sp, 5 times/yr Al Relative No No No No No Yes
Ploas nigripennis 5 timesfyr SM Relarive No No No No No Yes
Paralucillia wheeleri 5 timesfye Al Reluive No No No No No Yes
Phaenicia sericata 5 times/yr SB/SM Relative No No No No No Yes
Phormia regina 5 times/yc AVSB/SM Relative No No No No No Yes
Covlopa vanduzeei 5 tines/yr Al Relative No No No No No Yes
Rhamphomyia nigripennis S timestye SM Relative No No No No Na Yes
Lonchaca sp. 5 timesfyr AVSB/ISM Relative No No No No No Yes
Sarcophaga sp. 5 times/yr SM Refative No No No No No Yes
Allograpia sp. 5 times/yr Sn Relutive No No No No No Yes
Carposcalis sp. 5 times/yr SB/SM Relative No No No No No Yes
Lristalis latifrons 3 times/yr AlISM Relative No No No No No Yes
Eristalis tenax 5 times/yr Al Relative No No No No No Yes
Eupeodes volucris 5 timesfyr AliSM Relative No No No No No Yes
Mesograpta sp. 5 times/yr SM Relative No No No No No Yes
Metasyrphus sp. 5 times/yr AVSBISM Retative No No No No No Yes
Paragus tibialus S times/yr M Relative No No No No No Yes
Scacva pyastri 5 timesfyr Al/SM Relative No No No No No Yes
Sphaerophoria sp. 5 times/yr SB Relative No No No No No Yes
Volucella mexicana 5 timestyr Al/SM Relative No No No No No Yey
Volucella sp. 1 5 tinws/yr Al Relative No No No No No Yes
Volucella sp. 2 5 timestye AlUSM Relative No No No No No Yes
Cylindromyia sp. 5 timesfyr AlUSM Relative No No No No No Yes
Eutreta pacifica 5 timestyr Al Relative No No No No No Yes
Paroxyna clathrata 5 times/yr 58 Relative No No No No No Yes
Paroxyna sp, 5 times/yr Al Relntive No No No No No Yes
Taphritis araneosa S5 times/yr SB Relative No No No No No Yes
Trupanea raditcra 5 times/yy SB Relative No No No No No Yes
Trupanea sp. 5 times/yr SB Relative No No No Ne No Yes
Limonia defimcta concinna $ times/yr SM Relative No No No No No Yes
Andrena submoesta 5 timesfyr SM Relative No No No No No Yes
Anthophora californica 5 times/yr Al/SM Relative No No Nu No No Yes

with epoxy adhesive at the 4 corners of each plot. The
number and sizes of abalone within each plot are recorded
twice a year when the photo-quadrats were sampled.
Selected abalone were also marked with stainless steel wire
and numbered tags to determine growth and movement,

Kelp forests

Nearly 1,000 species are known to inhabit kelp forests
in the park (Woodhouse 1981; J. M. Engle 1994). They are

organized in assemblages representing a boreal Oregonian
biogeographical province, a temperate Californian province,
and a transition zone, intermediate between these provinces
(Murray et al. 1980; Seapy and Littler 1980). We selected 63
taxa to represent kelp forests in the park: 13 algae, 12 fishes,
and 38 invertebrates (Davis 1988). To represent the range of
biogeographical and environmental conditions in which kelp
forests occur in the park, 16 fixed stations were established.
Each station was marked by a 100-m-long transect perma-
nently affixed to the seabed with 11 stainless steel eyebolts
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Sampling Sizelage Rctpro. ) Gr-mv(h Mo?:llily p:}g::-ls?{;w
Taxon (requency Locations  Abundance structure elfort Recruit rate rate y
Anthophara edwardsii 5 times/yr AlISBISM Relative No No No No No :’&:s
Anthophara urbana 5 timesfyr SB/SM Relative No No No No No 'cjs
Melissodes lupina 5 timesfyr AUSB Relative No No No No No \'LS
Synhalonia edwardsii 5 times/yr ALSD Relative No No No No No \’LS
Synhalonia frater 5 timesfyr Al/SM Relative No No No No No :'LS
Xeromelecta californica 5 \imesfyr AlSB Relative No No No No No cs
Colleses hyalinus gaudialis 5 times/yr AlISM Relative No No No No No Yes
Aphaenogaster patruelis 5 times/yr s Relative No No No No No :ns
Crematogaster moemonhum 5 times/yr SB/SM Realtlive No No No No No 43
Crematogaster sp. 5 times/yr S8 Relative No No No No No Y(:Aq
Monomorium mininum 5 timesfyr SB/SM Renltive No No No No No Yes
Tapinoma sessile 5 times/yr SM Relative No No No No No :LS
Agapostemon iexonus 5 times/yr AT/ISBISM Relative No No No No No ch
Dialictus cabrilli § times/yr SM Relative No No No No No es
Undetermined sp. | 5 timesfyr SBISM Relative No No No No No Yes
Undetermined sp. 2 5 times/yr sB Relative No No No No No Yes
Ashmeadiella californica 5 timesfyr Al/SH Relative No No No No No Yes
californica ‘
Osmia lrevoris 5 timeslyr SM Relative No No No No Na \ic\s
Anoplius clystera 5 timesfye SM Relative No No No No No :'ci
Undetermined sp. | 5 timesfyr Al Relative No No No No No (.S.
Undetermined sp. 2 5 times/yr Si3 Relative No No No No No Yes
Ammophila azieca azteca 5 timesfyr SM Relative No No No No No :L&
Bembix americana comata 5 timesfyr Al Relative No No No No No es
Bembix americana 5 times/yr SM Relative No No No No No Yes
Vegetation Communities . . N
Annual jceplant Annual sB :‘;:Lllx[\:':;‘c‘“ . Yes No No
species
Caliche scrub Annual SM/SRI i{hcl::l(;:;cc o Yes No No No No Yes
specics
Corcopsis scrub Annunl Al/SBISM E‘flll:t‘;\;:u o Yes No No No No Yes
species
Constal sage scrub Annual AUSMISRI Relative Yes No No No No Yes
abundance of
species
Yes
Muaritime cactus scrub Annual SB f‘{lc):lllil(;:';u o Yes No No No No
specics
Yes
Sea-blite scrub Annual SB I[l(l::‘ll:x]l(xj:;“ o Yes No No No No
species
i o Yes
Boxthorn scrub Annual SB ,?[il.:l,l(]:,f,“ o Yes No No No N
species

and connected with 12-mm diameter lead-filled woven
nylon line. Seven different sampling Fechniques_ are
employed to gather information on population dynamics of
kelp forest organisms at these stations annually from June
through October. At each station, randomly placed 1- x 2.-m
quadrats and 3- x 20-m band transects are used to deter.mme
densities and distributions of discrete benthic organisms,
1,000 randomly selected points are used to estimate percent
cover of colonial invertebrates and algae, fixed 2- x 3- x 100-
m transects are used to estimate fish abundance and record-

ed on videotape to document station appearance, 20—11‘12 pho-
togrammetric plots document abundance and distributions of
benthic organisms, and size measurements are collected to
determine age structure, population recruitment, and growth
and mortality rates.

Terrestrial vertebrates

All native amphibians, reptiles, and mammals are
monitored on Anacapa, San Miguel, and Santa Barbara
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Table 2 (continued).

Sampling Size/age Repro. Growth Mortality  Phenology/
Taxon frequency Locations  Abundance structure effort Recruit rate rate diversity
Island chapasral Annual SRI Relative Yes No No No No Yes
abundance of
species
Perennial iceplant Annual AlISM Relative Yes No No No No Yes
abundance of
species
Perennial grassland Anmual AlISM Relative Yes No No No No Yes

abundance of
species

Annual grassland Annuat Al/SB/SM Relative Yes
SRI abundance of
species
Coastal biuff Annual ANSB/SRI Relative Yes
abundance of
species
March Annunl SRI Relative Yes

abundance of
species

Lupine scrub Annual SM/SRI Relative Yes
abundance of
species
Baccharis scrub Annual SRI Relative Yes
abundance of
species
Riparian Annual SRI Relative Yes
abundance of
species
Coastal strand Annual SM/SRI Relative Yes
abundance of
species
Island closed-cone pine Annual SRI Relative . Yes
Pinus remorata abundance of
species
Island Torrey pine Annual SRI Relative Yes
Pinus torreyana abundance of
species
Mixed woodland Annual SRI Relative Yes
abundance of
species
Island oak Annual SRI Relative Yes
Quercus tomentella abundance of
species

No No No No Yes
No No No No Yes
No No No No Yes
No No No No Yes
No No No No Yes
No No No No Yes
No No No No Yes
No No No No Yes
No No No No Yes
No No No No Yes
No No No No Yes

islands (Fellers et al. 1988). Amphibians and reptiles are
monitored using transects of 60 boards. Each board is lift-
ed and the amphibians and reptiles underneath are cap-
tured, weighed and measured. Fourteen transects have
been established on Anacapa, San Miguel, and Santa
Barbara islands. The data will provide an uncalibrated
index of population size for each transect and thus allow
the park to detect changes in population size. The regres-
sion of weight on size provides an index of the general
health of the population.

Deer mice (Peromyscus maniculatus) are trapped for 3
consecutive nights using 10 x 10 grids of 100 Sherman live
traps. Twelve such grids have been established on Anacapa,
San Miguel, and Santa Barbara islands. Trapping data are
used to calculate population size and density. Data on sex,
age, weight and reproductive condition are used to evaluate
the general health of the population. Island foxes (Urocyon
littoralis) are trapped for 6 consecutive nights using 49 live

traps arranged in a 7 x 7 grid. Five such grids have been
established on San Miguel Island.

Land birds

Counts of species and numbers of breeding land birds
are made on Anacapa, Santa Barbara, Santa Rosa, and San
Miguel islands to provide information on absolute and rel-
ative abundances during breeding and nonbreeding peri-
ods each year (van Riper et al. 1988). Birds are censused
annually from already established trails and easily traveled
canyons in order to reduce impact on other island
resources at off-trail locations, wherever possible.

To determine information on reproductive success
and age structure, 3 indicator species were selected for
detailed monitoring. Representatives from 3 major feeding
guilds (a group of birds with similar nutritional require-
ments) are observed throughout the breeding season. The
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American kestrel (Falco sparverius) represents the carniv-
orous guild, the song sparrow (Melospiza melodia) the
granivorous guild, and the orange-crowned warbler
(Vermivora celata) the insectivorous guild. Indicator
species from each major foraging guild provide relative
information on reproductive phenology and prey base on
all land bird species of that guild. The selected indicator
species occur on all 4 islands with the exception of the
song sparrow, which is thought to be extinct on Santa
Barbara Island.

Vegetation

Vegetation monitoring has been initiated on San
Miguel, Anacapa, Santa Barbara, and Santa Rosa islands
(Halvorson et al. 1988). Vegetation is monitored on the
islands to assure preservation of distinct assemblages of
species and subspecies that have evolved as a result of iso-
lation from the mainland and other islands. In addition, all
of the islands have been altered by past land use and are in
various stages of recovery from grazing, farming, military
use, and introduction of nonnative species. Monitoring
offers an opportunity to measure and study this recovery.

The monitoring program was specifically designed to
monitor the changes that are taking place in the usual veg-
etation units or representative vegetation communities.
Vegetation communities monitored include sea cliff scrub,
Coreopsis scrub, coastal sage scrub, maritime cactus
scrub, sea-blite scrub, box thorn scrub, Haplopappus
scrub, island chaparral, island woodland, riparian wood-
land, perennial and annual iceplant, and grassland.

The vegetation monitoring program uses 2 methods to
monitor changes in vegetation communities—periodic veg-
etation mapping and monitoring of permanent transects. A
total of 140 permanent transects were established; 22 on
Santa Barbara Island, 16 on Anacapa Island, 86 on Santa
Rosa Island, and 16 on San Miguel Island. A point-intercept
method (30-m, 100-point transects) is used to sample and
quantify island vegetation communities. This method
records species and their height occurring at regular, prede-
termined intervals along the transect. Ecological attributes
that can be quantified from this method include species
composition, frequency of occurrence, height, and cover.

Sand beaches and coastal lagoon

Sand beaches dominate major portions of Santa Cruz,
Santa Rosa, and San Miguel islands’ shorelines. A proto-
col for monitoring population dynamics of beach macro-
fauna and detritus was developed specifically for Santa
Rosa Island (Dugan et al. 1990). The protocol will be
expanded to San Miguel and Santa Cruz islands after more
experience on Santa Rosa Island. The protocol also
includes a small, but significant, coastal lagoon at the east-
ern end of Santa Rosa Island, the only example of that
habitat in the northern islands. Sand beaches are utilized
by a wide variety of species for feeding, resting, and

breeding. Sea and shorebirds feed on beach macrofauna,
snowy plovers breed on beaches, pinnipeds haul out to rest
and molt on island beaches, and people enjoy the solitude
and sweeping vistas of wilderness beaches.

Monitoring population dynamics of beach and lagoon
organisms requires a variety of sampling techniques.
Beaches are sampled annually in late summer, and the
lagoon quarterly. Nine beaches represent the range of
exposure and beach conditions on Santa Rosa Island.
Macrophyte debris, primarily algal wrack, constitutes a
major source of energy for beach communities and is mea-
sured on point contact transects. Abundance and distribu-
tion of sand crabs, Emerita analoga and Blepharipoda
occidentalis, the isopod Excirolana chiltoni, beachhop-
pers, Megalorchestia spp., purple olive snails, Olivella
biplicata, and Pismo clams, Tivela stultorum, are mea-
sured with clam gun transects, band transects, and trench
transects. Pismo clam populations are estimated with
mark-recapture techniques. Size frequency data are also
collected for sand crabs, pismo clams, and purple olive
snails. Abundance and distributions of birds are deter-
mined by census. Pinniped and snowy plover populations
are monitored under pinniped and seabird protocols.

Fisheries

The shallow shelves adjacent to the islands provide
the primary southern California habitat for abalone, sea
urchin, California spiny lobster (Panulirus interruptus), a
variety of fin fish, and kelp, all of which have commercial

and sport fishing value. General trends in the fishery can

be monitored for the waters of Channel Islands National
Park by analyzing data on commercial harvest that are col-
lected by the Department of Fish and Game (Forcucci and
Davis 1988). Fisheries data obtained are broken into the
following 5 categories of commercial harvest: (1)
Commercial fishery harvest, (2) Commercial spiny lobster
harvest, (3) Commercial kelp harvest, (4) Commercial
passenger fishing vessels—sport fishing, and (5)
Commercial passenger fishing vessels—sport diving.

No data are available for recreational fishery harvest
from private boats. Commercial fishermen report the loca-
tion of their fish harvestin 1 of 2 ways: (1) by specific ori-
gin blocks that identify the location where the fish were
caught or (2) by general origin zone that covers a wide
zone of specific block numbers. Information is collected
for all California Fish and Game origin blocks for fish
canght in areas that include some portion of Channel
Islands National Park. Data are summarize by year,
species group (23 groups), and origin.

Visitor use

Patterns of visitor use and numbers of visitors have
been selected for long term monitoring. This information
is recorded as counts of visits for certain periods of time
or for certain interpretive activities and as the amount of
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recreational and non-recreational boating activity (Davis
and Nielsen 1988). Statistics are compiled as monthly
public use reports, first in a detailed report that is useful
for Channel Islands National Park, and then in a summary
as part of a nationwide statistical report of park visitation.

To provide an estimate of total visitation for Channel
Islands National Park it is not only necessary to record vis-
itation to the mainland visitor center and the islands, but
also to estimate boating activity on the 1 nautical mile of
water around each island that is used by a variety of recre-
ational and non-recreational visitors. While the islands
have an established carrying capacity, boating activity
within park boundaries is not regulated and can constitute
a potential source of disturbance to marine life, as well as
a way to enjoy the park. Actual daily observations of
selected anchorages and a computer model based upon
aerial survey data are used to estimate boating activity in
7 zones and total boating activity.

Weather

Weather can dramatically affect biological compo-
nents of marine and terrestrial ecosystems. A system of
automated weather stations has been established on Santa
Barbara, San Miguel, and Santa Rosa islands. Weather con-
ditions measured and recorded are wind speed and direc-
tion, rainfall, relative humidity, temperature, barometric
pressure, and fuel moisture (Halvorson and Doyle 1988).
All weather data are downloaded into computer files.

Reports

Resource monitoring is not complete when the field
observations have been made. The observations must be
recorded, archived for future reference, analyzed, and
reported. A long-term monitoring program must adapt to
changes in environmental conditions and take advantage
of changing technology and knowledge without losing the
continuity and integrity of the data record. A report series
was established at Channel Islands National Park to
address these program needs. The reports are edited by
two National Park Service research scientists, an academ-
ic (or other agency) subject area scientist, and an editorial
review board composed of the park superintendent and
division chiefs for resource management, ranger activities,
and interpretation. The reports serve as a repository for
monitoring observations, a vehicle for disseminating
information locally, and a mechanism for documenting
management recommendations, including changes in
monitoring procedures.

Updating, review and expansion of monitoring protocols

To remain useful the monitoring protocols must be
reviewed periodically to ensure that the sampling regimes
and methods are suitable, that error levels are acceptable
to management, and that new techniques are included as

appropriate. To achieve this, the park will solicit the input
of subject experts to review the protocols and results peri-
odically.

The first monitoring protocol to undergo such a
review is the Kelp Forest monitoring program, initiated in
1982. The evaluation, planned for 1994, will consist of an
analysis of the data over the 12-yr period, discussions
regarding problems, data gaps, excessive variability, and
observer bias.

The overriding value of the monitoring data lies in its
long-term nature; this value will increase over time. Any
changes in methodology will be made carefully and may
include comparison of new methods to old before any old
methods are dropped. Some of the monitoring protocols
will need to be expanded to include Santa Rosa and East
Santa Cruz islands, lands recently acquired by the
National Park Service.

Management Applications of Monitoring

Though only partially implemented, the Channel
Islands National Park monitoring program already pro-
vides an ecosystem-wide framework of population infor-
mation to help frame research questions and integrate
experimental designs. It also provides park and natural
resource managers with useful products for recreation
planning, evaluation of conservation programs, and early
identification of critical issues. Terrestrial vegetation and
bird monitoring on Santa Barbara and Santa Rosa islands
documents the efficacy of nonnative rabbit and feral pig
removal, respectively, on island restoration. Intertidal
impacts of visitor trampling and rock turning were reduced
by modifying park visitor orientations with monitoring
generated information prior to tidepool trips on Anacapa
Island. Kelp forest and intertidal monitoring identified and
characterized alarming declines in abalone populations,
and formed the basis of significant management actions,
such as a statewide ban on black abalone harvest in 1993
(Davis et al. 1992, Richards and Davis 1993).

Successful management of ecosystems requires a
more through understanding of long-term ecosystem
dynamics than presently exists. Design and implementa-
tion of long-term ecological monitoring programs such as
the one described here are essential to developing that
understanding.
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