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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, rock)' 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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Application of the conceptual model to Channel Islands
National Park

causation and accurate predictions of system behavior
based on monitoring observations alone. Even though
population monitoring is not the quickest or surest way to
determine causality, parameters such as population age
structure, reproduction, and recruitment permit projec­
tions of future conditions, providing early warnings of
pending problems. Many management controls also oper­
ate at population and habitat levels, so application to man­
agement issues is direct and measurable.

A step-down diagram (Fig. 1), after Phenicie and
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
down the diagram until individual research projects or
management actions were identified. These projects were
then prioritized by the park staff and funded in that order.
The criteria used for this priority setting included the
socio-political and legal status of taxa as well as their eco-­
logical significance as determined by the same criteria
used to select species from within taxa. The results of fol­
lowing tins process are presented below as a description of
a monitoring program for Channel Islands National Park.

Criteria for selecting taxa

A classic taxonomic division of the park's ecosystems
was used to identify 15 system components that scientists
are trained to study at the population level, such as pin­
nipeds, sea birds, terrestrial plants, and marine inverte­
brates. A Delpln approach was used in which experts for
each taxa were asked to design monitoring protocols. Each
design study had the same 5 objectives: (1) base monitor­
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
mOIntoring 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 mOIntoring 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

Various approaches to monitoring

1. Determine present and future health of ecosystems;
2. Establish empirical limits of variation in resources;
3. Diagnose abnormal conditions to identify issues in

time to develop effective mitigation; and
4. Identify potential agents of change.

An ecological monitoring program should provide
the same kinds of information to natural resource man­
agers that health monitoring provides to physicians. It
should show current health and predict future conditions.
Monitoring should be sensitive to subtle chronic stresses,
as well as identify oveltlethal threats. In addition to iden­
tifying signs and symptoms of dysfunction, an effective
monitoring program will also help identify causes of sys­
tem failure and suggest effective treatments.

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,
and water, representative elements (e.g., species and
watersheds) are selected and tested for monitoring. The
adequacy of existing resource inventories should become
apparent at this stage. Certainly not all parts of the ecosys­
tem need monitoring, but the list of components should
include all biotic and abiotic resources and the processes
by which they interact.

A Delphi approach works well for both conceptual
model development and component selection (Linstone
and Turoff 1975). Experts on each component identified in
the conceptual model independently apply selection
guidelines. These selections are then reviewed and modi­
fied through workshops and symposia, and finally field
tested during design studies.

There are several possible approaches to describing
and monitoring ecosystems: energy flux, biodiversity,
nutrient or constituent budgets, and population dynamics
are amOIig the most well developed (Odum 1959; Conant
et al. 1983; Cooperider et aI. 1986; Orians 1986). Apopu­
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
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Table 1. Initiation dates for natural resources monitoring within Channel Islands National Park.

Role ofpark management, researchers, midfield personnel

An important aspect of this ecological monitoring
program is the functional relationship among the scientists
and other people who institutionalize and conduct it

of many different trophic levels and life forms: from pri­
mary producers to 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 urchins
(StrongylocentlVtlls pU!7JUratlls). 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 selected 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.
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(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 until 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.
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Seabirds
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Landbirds
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Fisheries harvest 1988 N.t. N.t. N.l. N.r. N.I.

Monitoring conducted by The Nature Conservancy.
Monitoring conducted by National Marine Fisheries Service.
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N.P. No protocol.
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N.P.

1994

N.P.
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N.P.
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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 cal(fornianus), northern elephant seal
(Miroullga angustirostris), harbor seal (Phoca vitulina
richardsi), and northern fur seal (Callorillus ursinus) were

selected for long-term monitoring. Northern (Steller) sea
lion, Ewnetopias jubatlls, 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
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Yc.~

No

No

No

No

No

No

Ye...

YCI"

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Percelll cover No

Density Size-frc'!

Density Sizc.frcq

Pcreenl cover No

Percent cover No

Percelll cover No

Density No

Percent cover No

PercCIII cover No

Percent cover No

16

13

16

16

16

IJ

16

16

16

16

Biannual

Annulll

BinllllUll1

Anllunl

Annunl

AnllulIl

Anllunl

AnnulIl

Annual

Antlual

Orange cup coml

JJa/alloplt.rllia df:J:{//tJ

Coloninl sllnd-lube worm
PhraglllalopOflla clIlijomicll

Strawberry IlIlClllOflC

Cmy,,"clisca/ijiJrlliciI

Browl! gorgoniull
MUI"icea ji'uliC(JJ(/

Acorn bllrnac!c

ell/hamallis [f.ul/.tlt/alli

Omllte wonnluuc
lJioj!(llra orl/ata

While-spOiled ruse mWIl10l\C

1'wlia/a/cncllsls

Acorn hlll'llndc
I1l1fmlllsglw/(llIla

1...1\ Jolin cup eornl
A.unlllgia lryo/l~llJi.r

Red gorgonillll
l.ophogol'gia chl/e/uls

Cnlifornill spiny lobsler
Pal/ldirllS illtel'TlljJ/IiS

Anllual 16 Densily No No No No No No

WaftYSCflCllcumher
P(//,aslicllopll.r (mn'il/lclIsis

Annuul 16 Density Sizc-rrcq No Yes Ycs Ycs No

SlUld cr,th
EmcI'ita oflaloga

AlUllml Density Size-fre<j Yes Ycs No No No

Aggregnted red cucumber
I'acltylh)'ollc ,."bm

AIIIIUlll 16 Percent covcr No No No No No No

Spiny snnt! cmh
Blcplwripo(/a occidcllta/is

Annual LJcnsilY Size-freq No Yes No No No

SlIllkcd tuniclllc
Styela mOlllc"cyL'lISis

Annual 16 Densil)' No No No No No No

Bench isoplld
E.tcimlmlflchillo/ll

Ueachhopper
Megalorchc:!/ia spp

Ginn! keyhole limpet
Megatlwmcrrllllin/a

Anllual

1\llflual

Annual 16

Densit)' No

DCllsil)' No

Ocmity size-fretj

No

No

Nil

No

No

Yes

No

No

Yes

No

No

Yes

No

No

No

Algnc

Rockwced
"ell'L'tio fastigia/a

Bladder chain kelp
Cys/scira oSlJIlllulac(!(/

BiUlIlIUlil

Annual

13

16

PCrl.'Cll\ coyer No

Percent cover No

No

No

No

No

No

No

No

No

No

No

Red ubnlollc
lIalioli,f rt:fcscclIJ

Annual 16 OC115lty Size-frcq No Yes No

Acid weed
DeSllloresfia ligula/a

Annual 16 Pcrcent cover No No No No No No

Pink IIbalonc
lIaliotis cormgara

Annual 16 Density Size-fre'! No Yes Yes Yes No

Sotlthcm sell palm
EiSClIi(/ arborcCI

AlUmni 16 Density No No No No No No

Greellllbalonc
lIa/iotisflllgms

Annual 16
No

No

Onrwecd
Lami/wria [arlo1l'ii

Annual 16 Density No No No No No No

BhlCk nbalonc
lIalioli.t craclwt'mli

ni'lOllual II Densily She-frcq No Yc.~ Yes Yes No

Ginnl kelp
Macroc)'siis fJyrifuG

Annual 16 Densit)' Size·freq No Yes No No No

Wu\'YlUpsl1nil
A.flrell/llldo,m

Annual 16 Densily Si7..c-frcq No Yes Yes Yes No
Cnlifornin sen palm
PtcI'gopllOra "ali/omica

Anllunl 16 Density No No No No No No

Red lop snail
A.rfrea gihh,'rosa

Annunl 16 Densily Size-fm] No y", Yes Yes No
Sar,gllSSUIll weed
Sal'gas.tlJlII /III/IiCUIII

Annual 16 Percent cover No No No No No No

ChCSlJlUlcowric
C)'fJrtlt·(/ sfJlI(/lceo

Annual 16 Dcnsity Si7..c-frcq No Yc.~ Yc.~ No
Turfwced
Em/oc/atl/a III/Irica/ll

Biannual 13 Percent cO\'cr No No No No No No

Purple olive snail
Olil'dla hip/irala

Annual Demit)' Si7.c-frcq No 'Yes Nil No No
Sen tongue
Gig(/rtilla catwfjcufmo

Binnnuni Pcrccnt co\'cr No No No No No No

Kclfct'swhclk
Kd/cfiflkdlc/ii

Senled tube shell
SC'1Jl1lorh/.f .~qlt(Jmigcrll,f

Annun!

Annual

16

16

Density Si7.c-frcc!

Percent covcr No

No

No

Yc.~

No

No

No

No

No

No

No

Sea tonguc
Gigar/iml spp.

Agar weed
Gclidillfl/ I'OhllS/lllll

Anllual

Annuul

16

16

Pcrcclll cover No

Percent co\'er No

No

No

No

No

No

No

No

No

No

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-IO 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

are used to enumerate and determine size distJibutions 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 Bureau of Land Management contractors
from the University of California in the mid-1970s and
summarized by DeMaster and Wing in DeMaster et aI.
(1984).

Seabirds

Eleven seabird species breed in the park (Hunt et aI.
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 connorant (Phalacrocorax auritus), California
brown pelican (Pelecanus occidentalis cal(fornicus),
western gull (Lams occidentalis), Xantus' murrelet
(Synthliboramphus hypoleuca), and Cassin's auklet

(Ptychoral1lphus aleuticus). The remmillng seabirds, 3
storm-petrels (Oceanodrol1la leucorhoa, O. hOl1lochroa,
and O. melania), 2 cormorants (P. penicillatus and P.
pelagicus) and the pigeon guillemot (Cepphlls 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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Tuhlc 2 (conthmcd).
"ahlc 2 (continued).

Taxon

Sampling
frequency Locations

Size/age
Abundance structUI"C

Repro.
effort Recruit

Growlh
rate

Mortality
rate

Phenology!
(\ivcrsily Taxon

Sampling
frequency Locl.Itiom;

Size/age
Abundance structure

Replo.
effort Recruit

Growlh
rate

Mortality
rate

Phenology!
diversity

Crulosc coralline algae
COf"(/llim/ccllt'

,\nnuu! 16 Percent cover No No No No No No Rm:k wren
SalfJiIlCf,~S obsoh'lII.1'

BiarullHlI AIISMIISHI Relativc No No No No No I3reedillg

Arlicululcd curnllinc nlgac
COrallill(l(,'C(I~'

'l'cn'Cstlil~1 m:JIl1Jl1llb

AIUlllnl 16 Pcrccnt cover No No No No No No Bcwick's wrcn

Grungc-crowned warbler
I'ermil'ora cdHIH

lJiruHlual SRI

lliulllllIlll SBIIAIISfvl1
SI<I

Relntivc No

Hc1alive No

No

No

No

No

No

No

No

No

Breediug

Breeding

Deer IIlllllSe
pcr(l/llysclIs mal/iel/fillllS

Biallllual
Illost
locutions

AlfSlJlISMI Dellsity Yes No No No Reproductive
condition

Song sparrow
j\lehHpi:n /IIdod'a

Chipping sparrow

Billnllllnl Stvll/SRI

Biannual SRI

Relative No

Rclalivc Nu

No

No

No

No

No

No

No

No

Breeding

Brecding

Islnnd fox
Urocyo/l Illlorafi:;

Anlluallllost
loclllions

SMI Density Ycs Yes Yes No No Reproduclivc
condition

Wcslcrn lllcndowlnrk
SllITllella IIcglecla

Bimlllllal SDIIAI/SMI
SRI

Relative No No No No No Breeding

Hell's COllllllon raven Binnnunl SRI Relative No No No No No Oreeding

Pllcific slcmlcr:>lllmlllllldcr
Ballllc!lIHCp.ff!(,,4iclIs

WestcfIl fence lizard
SUIOPOTIIS occidClIlalis

Side-blotched lizllnl
Via s/(lIlSbllr;Clllu

Southern alligalOf Hl.lIrd
Gerr},OflOlus JIIuflicarilltllllS

l.slolld nighllizllfd
Xtmflfsirt ril'eI'simm

L:U1d Hinls

2-3 times/)'r

Annunl

AmUla!

Biannual

2-3 times/)'r

AIISMI

SMI

AI

AlfSMI

Sill

Hdative

Relativc

Rclalivc

Rcllltivc

Relative

Yes

Ye~

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

Norlhcrn lllockingbini

LOggCrllCild shrike

HUllon's virco

Hufous-sided towhee

Lesser goldfinch
Cardl/clispsaflria

House finch
CarpodoclIs /IJ{/XiCOflll.s

European starling
Smnllls vlllgariJ

Biillllluni

llinnlllmi

BjillUllliJl

BiuUJIllll1

Biannual

Biaullual

Biannual

SRI

Sill

SRI

SRI

SMlfSIH

AlfSMlfSRJ

Slll/AI/SMt
SRt

Relative

Relative

Relative

I{clnlive

Relalive

Hclative

Rclalivc

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

No

No

No

No

No

No

Breeding

Brecding

Breedillg

llreeding

Brceding

Urceding

Dreeding

SRI Rclative

SRI Relative

SRI Relativc

SRI l~cllllive

No

Yes

Y~I

Ycs

Yes

No

Yes

Ye;

Yes

Yes

Yel

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

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

No

No

Yes

Yes

Yes

No

Yes

No

No

Yes

Yc.~

Yes

No

Yes

No

Yes

Relalivc

£<;t tolnl

Relativc

Rclntivc

Relative

Rclalivc

Relativc

Relativc

Rclative

Rclutlvc

Tolal

Relative

Rellllivl::

Rclalivc

Relalivc

S8

AIISM

Sil

AI

AI

AI

S8

S8

AlfSllfSM

SIJ

AI/SIJ

SM

SIJ

31irnes/yr

41illles/yr

<llimes/yr

4limes/yr

3 tilll~s/YI

3limes/yr

Ditily

Daily

3 lill1C.~/yr

3 tilllcs/yr

3lilllcs!yr

" till1es/yr

4 till1es/yr

" lirnc.s/yr

4 timcs/yr

Prisfi!o/lla .fhcpnrdac

1Ji11l1(1'O lIotabili.r

Terrestrial Invertehrates

Onwntcr

Micmriallata faCIa

,\film: gagl/les

Undclwllilled Chi/afJoda

V('rtiga cali/arnica

all island

/lap/otrema (1l/rallli

Vlslto",

Sterki" clemell/ina

I/clmilflllOglypta ayn:.tim/(J

Succi1/ca sr.

Po~\";n:rl/(s (/fWCllpellsis

AI/II/Opolys :rallli

Xerori01/(I/(1 tryo/li

Breeding

13reeding

Breeding

Breeding

Breeding

Breeding

Breeding

Breeding

Breeding

Breeding

Breeding

Breeding

Breeding

Breeding

No

No

No

No

No

No

No

No

Nil

No

Nil

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

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

No

Relativc

l{clalivc

SMIISIU Relative

SRI Relulivc

SRI Hclmivc

SRI Rclative

SRI Relative

AI/SMfSRI

SRI Relative

AIISMI/SRI

SUI/SRI Relntivc

SBI/AI/Sf'...11 Relativc
SRI

Biannual

Biuunual

IJiil/lIlulll

Blullnua!

Binnnual

Bianllual

Binnnufl]

Binnnuu!

Uiullnun!

lJiilllllunl

Biunnual

niunnual

BillllnUlll

Biannual

Mourning dove

Chukar

Wcstcrn snow)' plO\'cr

Rcd-tailed hawk
nulco j(JJllflicCIlSi.~

Peregrine falcon
Fll/cOfJCl'cgrilllls

Commoll bum-owl

KiIldcer

Burrowing owl

White-throated .~wift

Short-cared owl

AsiojlallllllclIs

Aluck oyslcrcalcher

Amm's hummingbird
Cnl)'fllc Ollila

Amcricnn kestenl
Falco .1/JOITcri1lS

Cllliforniliquail

Allen's hurtullingbird
Scltl.tfl}wrll,tSllSill

Plldfic-slopc nyclltcher

Blnck phoebc
Sa)'orl/i.t IligricaJls

B"lllnnual

Bianllual

Biaunual

AIISMIISRI Relative

SRI Relulivc

SMIISHI Rclnlivc

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Breeding

Breeding

13recding

"cjovis milliml/.t Iholllpsoni

Undclcrmincd Cheliferitlae

Dinochcirus sp.

GarYjI/ls cali/amicus

5timcs/yr

51imcs/yr

5 timeslyr

5 timcs/yr

AI

SB

AI

SllfSM

Relative

RcilltiVC

Relativc

Relative

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Hornell/ark
HrclI/OfJhi/a (/Ipcsll"is

Barn swallow
IIirllllllo rllslic(I

Biallilual

BiulIllual

SOI/SMIISRI Relativc

AIISMI/SRI Relutivc

No

No

No No

No

No

No

No

No

Breeding

Brceding

Scrimlllssp.

Prowlapllils II/berculatlls

Agalcllo sp.

5 timcs!yr

51illlcs/yr

5 tilllcs/yr

S8

SlJfSM

SM

Reilltivc

Relalive

Helntive

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yc.~

Yc.~

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

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. BUITow­
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, 2observation 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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Taxon

Rlla/ella sp.

DiclYllfl calcamfa

Dra.uylu.f (IjJac!lu.f

Dra.\'sylus harhll."

DmssylllS sp.

Zdo(es cru:

1'Ol'c/IIllla koclJl

MCfocyrba Im'IIwl"

PhidipPII.f formoslH

Coria/'(/c11111! l/lahclI,fIS

XysliclIs 1IlOlIla!ll?llsi.f

NcolJlflchillis sp.

Al/m:role(.m spiflll/alll

Ct'1I11IOphilll.t coli!lJrlJillf1l1S

Stenopdmo/lls fusclIs

Gryl/us /I

lfoplo.fph)'nt/ll blm:ale

Fmjicu!a auricularia

DrillS tristicoJor

Gencori... sp.

Nysills ralJlul/lus

L}'gus sll.

Dc/wccp/wIlH lillI/Cia/II...

DdlOCCI'JlOllIs sp.

Tiaja iusu/a

Umh'/cnnim:d sp.

J1~'mrrub/lls sp.

All/am sp

CalatlllH rlificolli.t

Plrrosliclllls mCI/i~/Til'si

IprJchus jasciallIs

Mono:tia sort/ida

Cocdnclla C(llifomica

Coccinclla jO/III.wlli

Cocdl/clla IIOl'cl/moll/fa

Inl/lcisctl//{/

Cyclow:(/(, sal/gllillca

Hippot/amia cOIn'CfgC!1/s

Hr'pJlot/alllia quillqucsiglla/a

/Jfmc/llla!a

&)''''"IIS sp.

AnllwlIOfllllS Slfbl'ilttl/I/S

AII/honomlls sp.

Smnpling
frequency

5Iilllcs/)'r

5 timcs/yr

5 tilllcs/yr

5 thncs/yr

5 tilllcs/yr

5limcs/yr

5lilllcsfyr

5 tirucsfyr

5 tjmc~/yr

5 timcs/yr

5 timcsfyr

5liJllcsfyr

5 tilllcs/yr

5timcs/yr

51illlcsfyr

5 timcs/yr

5 timcsfyr

5 Lilllcsfyr

5limes/yr

5 LilTlcs/yr

5 timcs/yr

5 timcs/yr

51irncs/yr

5limcs/yr

5limcs/yr

5 tilllcs/yr

5 timcsfyr

5 timcs/yr

5 thncs/yr

.1timcs/yr

51illlcsfyr

5 limesfyr

5 tilllcs/yr

5 times/yr

5lirncs/yr

5limcslyr

5limcs/yr

5 timcs/yr

5 tilllcs/yr

Locations

.Ill

.1M

.1M

.Ill

.1M

SIl/SM

.1M

AIISB

AlfSB/SI\·!

SII

SI\I

.1M

At/SIl/SM

.1M

AI/SB

At

AI

.Ill

SB

.Ill

.Ill

.Ill

.Ill

.1M

.Ill

At/Sll/SM

AI/SIl/SM

AI/SB

AI/SM

.Ill

.In

.Ill

AIISB

.Ill

.1M

AI

AI/SIl

AI/SM

.Ill

.Ill

.1M

Size/age
Abundflllcc structure

Rclllli\'c No

Relativc No

Relalivc No

Hclalh'c No

Relative No

Reilltivc No

Reilltivc No

Relntivc No

Relativc No

Relalh'c No

Rclativc No

RelAtivc No

Rcilltivc No

Relative No

Hclativc No

RclAtivc No

Hclnlivtl No

Relativtl No

Rclntivc No

Rcahivc No

Rclnti\'c No

Relutive No

Relative No

Rellltive No

Hclativc No

Relativc No

Relmivc No

RelAtivc No

Rclativc No

Rclativc No

Relativc No

Relntivc No

Rclativc No

Rclative No

Rellltjv~ No

Rcluti\'c No

Relativc No

Rclnlive No

Relative No

Relativc No

Rclntivc No

No

No

No

No

Nu

No

No

No

No

No

Nu

No

Nu

No

No

No

No

No

No

No

No

No

No

No

No

Nu

Nu

No

Nu

No

No

No

No

No

No

No

No

Nu

Nu

No

No

Repro.
errort Recruit

No

No

No

No

No

No

No

Nu

No

Nu

No

No

No

No

No

No

No

Nu

No

Nu

No

No

No

Nu

No

No

No

No

No

No

No

Nu

No

No

No

No

No

Nu

No

No
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TrichachrlJll.i caleara/lls

1i'iduJ(:hrolls .sp.

Mon/dliswlO sr.

SIaI'JiyliJIII.f alcr.
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EI/pillu:cia sp.

Mcroch!oT(I lasco/aria

Perizo/llo clI.r/o(lia/a

Pcrizoma epic/ala

Ew.'res omYl/fll/o
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Cynfhia card1/i

Plllfc//a xylosfclla

Plaf),l'til/i" sr.
Dicymolo/l/ia melalli/emfis
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5 limes/)'f 8M

5 times/yr AI/SB/St'o'f

5 times/)'r AI/SM

5 times/yr AIISB/8M

5limes/yr SM
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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 jissus/dalli) generally dominates the

highest zone, where it is found commonly with other bar­
nacles, such as Balanus glandula and Tetraclita
rubescens. A low tmf-like red alga Endocladia muricata
represents the next lowest zone. The rockweed zone is rep­
resented by brown algae, primarily Pelvetiafastigata 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 califomiallus). In addition to these index organ-

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 cm) and fixed plots (1-2 m2

) in which abalone are
counted and measured in situ (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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Vall/cel/a Sf). 2

Voillcel/a sp. I

C),fjlldrorll)'irl !ifl

EIIJrl!fa pacifica
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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 at. 1980; Seapy and Littler 1980). We selected 63
taxa to represent kelp forests in the park: 13 algae, l2 fishes,
and 38 invertebrates (Davis 1988). To represent the range of
biogeographical and environmental conditions in which kelp
forests occur in the park, 16 ftxed stations were established.
Each station was marked by a 100-m-long transect perma­
nently affixed to the seabed with 11 stainless steel eyebolts

and connected with 12-mm diameter lead-ftHed woven
nylon line. Seven different sampling techniques 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 determine
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-m' 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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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

Table 2 (continued).

Taxon

Island chaparflll

Perennial icepllull

Perennial gm"slund

Annulil grnsslnnd

COll"lal bluff

March

Lupine scrub

Bncchnris scrub

Ripariull

Coastal slrand

Island c1osed-conc pinc
Pi'llIs remora/a

Island Torrey pinc
Pinlls /orrcyalla

Mixed woodland

Island oak
Quercus lomen/clla

Sampliug Size/age Repro. Growtll Mortality Phenology/
frequency Locations Abundnuee structure effort Recruit rate rale diversity

Annual SRI Hclative Yes No No No No Yes
nbundnncc of
SIX:cics

Anllual AtlSM Rclntivc Yes No No No No Yes
abundance of
species

Anllual AI/SM Relative Yes No No No No Yes
abundance of
species

Annual AtiS Il/SM Rclnlivc Yes No No No No Yes
SRI lIhuIHlulICC of

species

Annual AIISll/SRt Relative Yes No No No No Yes
abundance of
slX:cics

Annual SRt Relative Yes No No No No Yes
abundallce of
species

Anllual SM/SRI Relative Yes No No No No Yes
abundance of
species

Anllual SRI Rclutive Yes No No No No Yes
abundance of
species

Annual SRI Relative Yes No No No No Yes
lIbumlnncc of
species

Alillual SM/SRI Relative Yes No No No No Yes
nbundancc of
species

Annual SRI Relative Yes No No No No Yes
abundance or\
species

Annuul SRI Relative Yes No No No No Yes
abundance of
species

Annual SRI Relative Yes No No No No Yes
abundance of
species

Annual SRI Relative Yes No No No No Yes
abundunce of
species

traps all'anged 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

American kestrel (Falco spal'vel'ius) 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 mctior 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, fanning, military
use, and introduction of nonnative species. MonitOling
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 thom 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 mctior portions of Santa Cmz,
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
mctior 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 chi/toni, beachhop­
pers, Megalorchestia spp., purple olive snails, Olivellel
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 harvest in 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
caught 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 activi ty.

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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