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INTRODUCTION 

The terrestrial vegetation of the Channel Islands is 
adapted to a Mediterranean climatic regime. This 
climate has a strong maritime influence with moderate 
year-round temperatures, coastal fog, precipitation 
during winter months, and virtually no rain from May 
to October. Island vegetation consists of grassland, 
low shrubs, and chaparral mixed with small pockets 
of woodland. Sea cliff, island grassland, and 
grassland-scrub communities cover the largest areas 
of the islands, with iceplant, coastal sage scrub, 
Coreopsis scrub, and woodlands occurring in scat
tered patches of various sizes. Alien species 
dominate much of the area on ail islands. 

Vegetation is monitored on the islands to assure 
preservation of distinct assemblages of species and 
subspecies that have evolved as a result of isolation 
from the mainland and other islands. In addition, all 
of the islands have been altered by past land use. The 
vegetation is in various stages of recovery from graz
ing, farming, military use, and introduction of exotic 
species. Monitoring offers an opportunity to measure 
natural recovery and the effectiveness of manage
ment actions to restore island vegetation. 

MONITORING DESIGN 
CONSIDERATIONS 

ISLANDS MONITORED 

Vegetation monitoring has been initiated on San 
Miguel, Anacapa, and Santa Barbara islands, the three 
smallest islands in the park. These islands have low 
plant community diversity when compared to the 
larger Channel Islands that have more varied topog
raphy. Monitoring will be expanded to include other 
islands at a later date. 

REPRESENTATIVE PLANT COM
MUNITIES 

While a number of options for vegetation monitoring 
would yield important information, this monitoring 
program was specifically designed to monitor the 
changes which are taking place in the usual vegeta

tion units or representative plant communities. It is 
designed neither to monitor those communities or 
species that are unusual because of rarity or location 
nor to monitor individual plant species. 

Eight hundred (800) plant taxa (species nomenclature 
follows Munz) are found on the five park islands; of 
these, 392 are found on Anacapa, Santa Barbara, and 
San Miguel islands. Of the 392, 27% are considered 
alien and were, for the most part, introduced through 
activities of man. A relatively large number of native 
plants (when compared with the known flora of the is-
lands) that are restricted in numbers and/or 
geographic distribution are found on the Channel Is
lands. These plants include island endemics (plants 
that are found on one or more of the Channel Islands 
but nowhere else), taxa that have very limited distribu
tions outside of the Channel Islands, taxa that are on 
the edge of their range, taxa identified by the Califor
nia Native Plant Society as rare and endangered, and 
taxa designated or proposed as threatened or en
dangered by the U.S. Fish and Wildlife Service for 
protection under the Endangered Species Act. No at
tempt has been made to monitor any of these species 
individually. Instead plant communities have been 
adopted as the basic unit for monitoring. 

The following representative vegetation communities 
provide the basis for the monitoring program on the 
three islands (also see Hochberg et ai. 1979). 

Grassland/Herblands 

Wild Oats 

The most abundant vegetation type on most of the 
Channel Islands is a grassland dominated by the alien 
Avena fatua or wHd oats. Avena forms an overstory 
(about 1 m high) for a diverse understory consisting 
of a number of alien brome grasses (Bromus), other 
native grass species, and a number of forbs such as 
Erodium, Amsinckia, and Dichelostemma. In 
response to protection from fire and grazing, native 
shrubs including Coreopsis gigantea, Lycium califor-
nicum, Artemisia californica, and Baccharis pilularis 
are invading this community at a rapid rate. Inter
spersed with wild oats are occasional patches 
dominated by the native bunchgrass Stipa pulchra, 
and in depressions or wetter areas, patches 
dominated by saltgrass (Distichlis spicata) or byJun-
cus. On Santa Barbara Island, the alien shrub Atriplex 
semibaccata is an important associate in the 
grassland, covering as much as 50% of some areas. 
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While wild oats are a component of grasslands on 
Anacapa Island, these grasslands are richer in native 
perennial grasses and forbs than those found on 
Santa Barbara or San Miguel islands. Native peren
nials are also present on Anacapa Island, in particular 
Dudleya caespitosa and Grindelia latifolia indicating 
that there has been less disturbance there. Common 
native associates in this community are Achillea mil
lefolium, Calystegia macrostegia ssp. macrostegia, 
Castilleja affinis, Dichelostemma pulchellum, Las-
thenia californica, and Marah macrocarpus. Com
mon alien species include Erodium cicutarium, 
Sonchus oleraceus, Medicago polymorpa, and 
Atriplex semibaccata. 

Barley 

A second type of alien grassland is dominated by bar
ley (Hordeum murinum spp. glaucum). This grass 
has a canopy at about 30 cm and many fewer as
sociated herbaceous species than the wild oats 
grassland. This community is widely scattered on the 
islands but the most important areas of its distribution 
are on the west and southeast terraces of Santa Bar
bara Island. 

Shrubland 

Native shrublands are varied on the three islands that 
are monitored. Shrubs are more widespread in areas 
that have experienced little disturbance or had time to 
recover from the disturbance. Shrub communities in
clude: 

Sand Dunes 

Of the three islands monitored, only on San Miguel Is
land are beach dunes large enough to provide habitat 
for a dune plant community. The dunes that are 
nearest the water support a community dominated by 
Abronia maritima and Cakile edentula. Further in
land, away from the heavy impact of surf and wind, 
the community becomes more diverse with Ambrosia 
chamissonis, Astragalus miguelensis, Camissonia 
cheiranthifolia, Carpobrotus aequilaterus, and 
Malacothrix incana. As the sands of San Miguel Is
land become more stabilized, the sand dune com
munity grades into Haplopappus scrub. 

Sea Cliff Scrub 

Annual Iceplant 

Two species of crystalline iceplant (Mesembryan-
themum crystallinum and M. nodiflorum) are present 
on all three islands. The control of these species has 
become a serious management concern, especially 
on Santa Barbara Island where large dense patches 
of M crystallinum develop. The species accumulate 
salts which are leached into the soil when the plants 
die creating an environment unsuitable for most other 
plants. The displacement of other species along with 
the nature of crystalline iceplant as a summer annual 
leaves the soil surface unprotected by plants during 
the winter rainy season resulting in extensive erosion. 
Occasionally the salt tolerant shrub Suaeda califor-
nica (a native species) becomes established in the 
crystalline iceplant patches and acts as the only 
stabilizing mechanism in these areas. On Anacapa 
and San Miguel islands, annual iceplant forms only a 
few large patches associated with erosion surfaces. 
Otherwise the species are restricted to narrow bands 
around small eroded areas and along the top of sea 
cliffs. 

Rugged sea cliffs rise steeply from the sea to 700 m 
to surround Santa Barbara Island and much of 
Anacapa Island. Exposed rocky cliffs and shallow 
soils which support the sea cliff scrub community 
create harsh growing conditions. Because they are 
inaccessible, cliff communities are undisturbed by 
past land uses and act as refuges for island vegeta
tion that have been modified by farming and grazing 
by feral and domestic herbivores in more accessible 
areas. The widely scattered shrubs and succulents of 
the sea cliff scrub are low growing (less than 60 cm), 
with the notable exception of Coreopsis. 

The sea cliff scrub community supports many species 
that are also found in other island communities. 
However, a number of rare species and island en
demics with limited distribution are found in this com
munity. Eriogonum giganteum var. compactum, 
Eriophyllum nevinii, and Dudleya traskiae are largely 
restricted to the inaccessible cliffs of Santa Barbara 
Island. All three of these species are island endemics. 
Dudleya traskiae is restricted to Santa Barbara Island 
and is on the federal list of endangered species. The 
other two are under consideration for listing by the 
federal government. 
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The sea cliff scrub community on Anacapa Island is 
almost entirely restricted to the north-facing slopes 
that intercept prevailing onshore winds. Dominated 
by bare rock, the community is composed of a large 
number of species, none of which are widespread. 
Representative species include Dudleya caespitosa, 
Eriogonum grande var. grande, Coreopsis gigantea, 
Malacothrix implicata, Eriophyllum, Haplopappus, 
and various annual grasses. 

Rocky sea cliffs are widely scattered on San Miguel 
Island because much of the shoreline is composed of 
sandy beaches. Important species are Achillea mil
lefolium, Artemisia californica, Coreopsis gigantea, 
Erigeron glaucus, Eriogonum grande ssp. rubes-
cens, Lotus dendroideus var. veatchii, Malacothrix 
saxatilis var. implicata, and Marah macrocarpus. 

Caliche Scrub 

The west end of San Miguel Island is inhabited by a 
curious assemblage of plants in a landscape that is 
dominated by a ground surface of caliche. This sur
face is a result of overgrazing and wind scouring of 
the island that has stripped away most soil. Patches 
of vegetation are found where there is a mound of 
sand or a rare pocket of soil. Important species in this 
community are Carpobrotus aequilaterus, Erigeron 
glaucus, Astragalus miguelensis, Parapholis incana, 
and Sisyrinchium bellum. A number of weedy species 
adapted to disturbance sites are associates in this 
pioneer community. 

Coreopsis Scrub 

Coreopsis gigantea is one of the most picturesque 
species on the islands. This semi-succulent shrub 
can attain heights of 2.5 m and has bright clusters of 
sunflower-like flowers that follow the emergence of 
drought-deciduous new leaves during the rainy 
period. Coreopsis once covered large portions of 
gentle island slopes, but was restricted by farming, 
grazing, and fire to steep slopes and isolated canyons. 
These populations are now expanding and may once 
again cover larger areas of each island. Newly 
developing stands are expanding into grassland and 
have a grassland understory. A typical mature stand 
often has a closed canopy, prohibiting, by shading 
and perhaps allelopathy, any understory develop
ment. However, where mature stands exist on moist 
north-facing canyon slopes (as in Cave Canyon on 
Santa Barbara Island), the understory may include 
dense stands of shade tolerant species. In most situa
tions there are no shrub species which are important 

associates in a mature Coreopsis stand. Herbaceous 
associates are Calystegia macrostegia ssp. amplis-
sima, Marah macrocarpus, Pterostegia drymarioides, 
and other shade tolerant species. Coreopsis also oc
curs in some mixed shrub communities with 
Hemizonia clemintina and Opuntia on Santa Barbara 
Island. 

Coastal Sage Scrub 

This community is primarily found on the south and 
west slopes of the islands and, except for San Miguel 
Island, in relatively small, scattered patches. It is 
characterized by coastal sage, Artemisia californica 
var. insularis on Santa Barbara and Artemisia califor
nica var. californica on Anacapa and San Miguel is
lands. Important associates are Dudleya traskiae, 
Encelia californica, Eriogonum arborescens, 
Eriogonum giganteum var. compactum, Opuntia lit-
toralis, and O. prolifera on Santa Barbara Island; Dud
leya caespitosa, Opuntia littoralis, Opuntia prolifera, 
Haplopappus detonsus, Salvia mellifera, Bromus 
rubens, Calystegia macrostegia, Haplopappus 
venetus and Malacothrix saxatilis var. implicata on 
Anacapa Island; and Lotus dentroideus var. veatchii, 
Bromus rubens, Calystegia marcrostegia, Haplopap
pus venetus, and Malacothrix saxatilis var. implicata 
on San Miguel Island. 

Maritime Cactus Scrub 

This community only occurs on one of the park is
lands, the south facing slopes of Santa Barbara Island. 
It is characterized by prickly pear (Opuntia littoralis 
and O. oricola) and cholla (Opuntia prolifera). Other 
important associates are Ambylopappus pusillus, 
Marah macrocarpus, Perityle emoryi, Eriophyllum 
nevinii, Eriogonum giganteum ssp. compactum, and 
Dudleya traskiae. 

Sea-Blite Scrub 

Also occurring only on Santa Barbara Island, this 
community is dominated by Suaeda californica. This 
shrub generally forms an open community with large 
bare areas or patches of grass or crystalline iceplant 
(Mesembryanthemum crystallinum) scattered among 
the shrubs. The alien grass Hordeum murinum ssp. 
glaucum is the most common herbaceous species in 
the community. Other associated species are 
Frankenia salina, Spergularia macrotheca, and 
Mesembryanthemum nodiflorum. 
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Boxthom Scrub 

This community is characterized by boxthorn (Lycium 
californicum) and is only found on Santa Barbara Is
land within the park. The community is found on warm 
south-facing slopes and is often associated with the 
maritime cactus scrub community. Where these 0.5-
m tall shrubs are widely scattered, the spaces are filled 
with annual grasses, but most often they group 
together to form a dense canopy which excl udes most 
other species. The federally listed threatened island 
night lizard (Xantusia riversiana) is frequently found 
inhabiting this community. Boxthorn scrub has 
recently become a preferred nesting site for California 
brown pelicans. 

Haplopappus Scrub 

The second most abundant plant community on San 
Miguel Island is a low (up to 0.5 m) shrub community 
dominated by Haplopappus venetus. This com
munity occurs on poorly developed soils that are 
either thin and rocky or sandy. It is unclear whether 
Happlopappus is a climax community on these 
poorer soils or a long-term serai stage which will give 
way to either a grassland community or a chaparral 
community with improving microenvironmental con
ditions. It is believed that this community is so 
widespread because of past habitat disturbance. 
There is no comparable community on any other of 
the Channel Islands. Important associates are Achil
lea millefolium, Astragalus miguelensis, Atriplex 
californica, Baccharis pilularis ssp. consanguinea, 
Carpobrotus aequilaterus, Dudleya greenei, 
Eriogonum grande ssp.rubescens, Erysimum in-
sulare, and Malacothrix incana. 

Island Chaparral 

A few scattered stands of what appear to be relics of 
a once more widely distributed chaparral community 
are found on West Anacapa Island in the larger 
canyons of the north side. The stands include toyon 
(Heteromeles arbutifolia) and/or island bigpod 
ceanothus (Ceanothus megacarpus ssp. insularis). 
The stands on Anacapa are depauperate in com
parison to chaparral found on the larger islands and 
on the southern California mainland. One individual 
of Comarostaphylos diversifolia ssp. planifolia is 
found at the head of Oak Canyon. These woody 

species should be protected and monitored to assure 
their future expansion. 

On San Miguel Island, the chaparral community was 
largely extirpated by grazing animals and by ranchers 
using the wood for fires. Today a few chaparral 
species are found in scattered locations as small rem
nants of a formerly more extensive community. The 
largest remaining patches are of soft chaparral 
species of shrub lupine (Lupinus albifrons, L ar-
boreus, and L. chamissonis). These patches are ex
panding into the grassland and therefore have a 
typical grassland assemblage of understory species. 
Other important species are lemonadeberry (Rhus in-
tergrifolia) found scattered along the sea slopes on 
the north side of the island, in Willow Canyon, and on 
the eastern portion of the island near Cardwell Point; 
and Lavatera assurgentiflora ssp. assurgentiflora 
found on the far west end of the island at Point Ben
nett and on the east end of the island near Cardwell 
Point. These two restricted species also should be 
protected and monitored periodically to record any 
population expansion or community development. 

Introduced Iceplant 

Perennial Iceplant 

A community dominated by perennial, sea-fig type 
iceplant of the genera Carpobrotus and Malephora 
covers extensive areas on the south side of East 
Anacapa and on the upland, unstable sand areas of 
San Miguel Island. On East Anacapa Island 
Malephora crocea covers a large portion of the north
ern half of the islet. Here the iceplant appears to ef
fectively eliminate associated native species as it 
spreads into new territory. 

On San Miguel Island Carpobrotus aequilaterus ap
pears to be important as one of the primary stabilizers 
of drifting dune sands and as such plays an important 
role in the restoration of island vegetation. Once es
tablished, this perennial iceplant forms a low (30 cm) 
tangled mat of vines and provides a more protected 
microhabitat for other species to colonize. As
sociated species are Astragalus miguelensis, 
Malacothrix incana, Poa douglasii, and Distichlis 
spicata. While this iceplant does not appear to effec
tively eliminate native species as does Malephora 
crocea, it does not fade from the stabilized dune com
munity, but maintains its importance. 
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Woodland MONITORING LOCATIONS 

Island Woodland 

This community type is represented by small stands 
of island oak (Quercus tomentella) and Catalina cher
ry (Prunus ilicifolia ssp. lyonii) in canyons on the north 
side of West Anacapa Island. There is a thick litter 
layer underthese small trees, therefore the understory 
of the community is rather sparse and made up most
ly of native perennials such as climbing penstemon 
(Keckiella cordifolia), catchfly {Silene laciniata), 
Lilium humboltii, and poison oak (Toxicodendron div-
silobum). These species are also important as
sociates with grasses and other herbs in a more dense 
ground cover on open slopes away from the oak 
canopy. 

Riparian Woodland - San Miguel Island has running 
water in a number of the larger canyons and a recog
nizable riparian community at some locations. 
Species in these riparian areas include Salixlasiolepis 
var. lasiolepis, Coreopsis gigantea, Baccharis 
pilularis, and Typha domingensis. These stands are 
widely scattered in association with canyons and 
drainages and therefore are a minor part of the vegeta
tion. Willows occur in only five isolated locations. 
Like other woody vegetation on the islands, these 
woodlands are recovering from past disturbances 
and should be monitored. 

Permanent transects were established in repre
sentative plant communities. These transects form 
the basis for measuring specific parameters as
sociated with vegetation attributes. A total of 54 tran
sects were established; 22 on Santa Barbara Island, 
16 on Anacapa Island, and 16 on San Miguel Island at 
the general locations indicated in Figures A-1, A-2, 
and A-3. (See Appendix A for specific transect loca
tions, site descriptions, and detailed maps for locat
ing marking stakes.) Where appropriate, transects 
that were established by the Santa Barbara Botanical 
Garden in 1978 have been incorporated into transect 
design and placement. 

When it is necessary to relocate an old transect or es
tablish a new one, transects should be established 
that: 1) provide adequate representation of the variety 
of plant communities discussed, 2) lie entirely within 
one basic slope exposure (transects should not in
clude facing slopes on both sides of a canyon), 3) run 
either true north-south or east-west, and 4) are 30 m 
long. New transects should be marked at each end 
with angled aluminum stakes. 
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MONITORING PROTOCOL 

SAMPLING METHODS 

The vegetation monitoring program uses two 
methods to monitor changes in vegetation com
munities - periodic vegetation mapping and monitor
ing of permanent transects. 

Periodic Vegetation Mapping 

Vegetation communities are mapped approximately 
every five year to note changes in overall vegetation 
patterns. Mapping is based on aerial photographs 
taken in the early spring. Vegetation mapping is ac
complished through interpretation of 9-inch format, 
false color infra-red transparencies at an approximate 
scale of 1:12,000 with complete stereoscopic 
coverage. A comparison is made between previous 
vegetation maps and present conditions. Any chan
ges in community boundaries should be highlighted 
on the new vegetation map. 

Permanent Transects 

Purpose 

The vegetation monitoring program uses a point-in
tercept method (30-m, 100 point transects) to sample 
and quantify island vegetation. This method records 
species and their height occurring at regular, 
predetermined intervals along the transect. Ecologi
cal attributes that can be quantified from this method 
include species composition, frequency of occur
rence, height, and cover. 

Schedule 

Data are collected from all vegetation monitoring sites 
once each year for the foreseeable future. Because 
the vegetation is going through a phase of recovery 
from herbivore grazing, it is quite dynamic. "Normal" 
limits of variation have not yet been determined and 
will be defined over time as the vegetation responds 
to the unpredictable and highly variable amount of an
nual rainfall. 

Sites are visited and information recorded during the 
growing season, preferably in late January through 
mid-April. Trips are scheduled to visit Santa Barbara 

Island first, Anacapa Island second, and San Miguel 
Island third because of the progression of season and 
the fact that Santa Barbara is normally warmer and 
dries out earlier than the northern islands. 

Allow six to seven days to conduct the monitoring on 
each island including two days for travel. The tran
sects can be read by two people in four days for each 
island if species identifications are known. Allow an 
additional four days in the office for transfer of each 
island's data from field sheets to computer files, and 
for running analyses, filing, and wrap-up. 

Approximately 30 days prior to a planned trip, make 
arrangements with the scheduling officer for transpor
tation (boat, plane, or helicopter) and for bunk space. 
There is usually heavy pressure for these resources in 
the spring of the year, so be prepared to compromise 
if others need to be on that island also. 

About one week prior to a scheduled trip, schedule a 
meeting with those involved to determine that all 
equipment is in order and available and to plan meals 
and grocery purchases. 

Personnel 

Two people are needed for each transect. One must 
be able to recognize species and identify plants down 
to subspecies or varieties. The other person serves 
as helper and data recorder. It is very helpful if the 
second person also has some familiarity with the is
land flora. A number of people are listed in Appendix 
B who are knowledgeable about the sampling 
methods and island flora and who will assist in solv
ing problems that may arise. 

Sampling Equipment and Materials 

Vegetation monitoring requires a minimum of equip
ment and materials. In addition to the handbook, the 
following equipment and supplies are needed. 

Data forms (Appendix C) 
Pencils 
Clipboard 

Species lists, Munz California Flora and Field 
Guides as desired 

Compass 
150-m or 300-ft. measuring tape 
25-cm (1") diameter PVC pipe measuring rod or 

range pole 
Camera in a pelican case 
First Aid kit 
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Personal Gear 
Hiking boots 
Day pack 
Camping gear, including sleeping bag (tents are 

required on Middle and West Anacapa and a 
small camp stove may be desired) 

Rain and wind gear 
Sun glasses, hat or cap, and sunscreen lotion 
Flashlight 
Notebook 

Camera 
Binoculars 
Water bottle 
Food and drink 

Sampling Procedures 

Take data sheets, measuring pole, and tape measure 
to each transect location. Determine which end of the 

transect is the starting point from the site description 
and then stretch the tape out accordingly. After the 
tape is down, the person who will identify species 
(reporter) takes the measuring pole and places it 30 
cm or 1 foot from the end stake. While the helper 
records data, the species reporter calls out first the 
highest point on the pole touched by vegetation and 
then name or code of that tallest species. The reporter 
then calls off all other species which touch the pole. 
If there is no vegetation at any point, the reporter tells 
the recorder that there is none and identifies the un-
vegetated substrate (bare soil, rock, or litter). The 
pole is then dropped at the next sample point, 30 cm 
(1 foot) down the tape and another point is read. Con
tinue this process until the entire transect is read. 
Before leaving the site, photograph the site from two 
directions using slide film and make notes concern
ing any outstanding or unusual circumstance involv
ing the transect or that part of the island. 

Terrestrial Vegetation 7 



DATA MANAGEMENT 

Vegetation monitoring data is stored and analyzed by 
computer using the program TRANSECT. This 
program calculates percent frequency for species in 
the sample and creates tables and figures to compare 
transect data over time or space. The program was 
designed specifically for data needs of this monitor
ing program. Field methods and data sheets have 
been designed to make data entry accurate and effi
cient. 

TRANSECT is a menu driven program and is largely 
self explanatory. A brief summary of the specific sub
routines of the program is presented here. The guide 
"Transect~A computer program for vegetation 
analysis" is included in Appendix G and explains other 
subroutines that may become useful. 

To Begin 

The TRANSECT program is loaded on computer. To 
use it follow the procedure: 

turn on the computer 
from SYSTEM ACCESS MENU type < b x c r > 
from DATABASE MANAGEMENT SYSTEMS 

MENU type < 99 > < cr > 

The screen will display Vegetation Line-Transect 
Analysis Program MAIN MENU. 

Species Code Lists 

TRANSECT operates on a list of four character codes 
denoting species encountered in vegetation monitor
ing transects. This species/code list is stored on dis
kette under the filename TRANFLOR.LST and is also 
found in appendix D. It contains all species present 
in vegetation transects monitored since 1984. Check 
raw field data for new species not already on the list 
and add them to the list before running results. 

Additions to the TRANFLOR.LST file are made in the 
following way: 

MAIN MENU 
Species/Code Menu 

LOAD species/code file 
EDIT species/code file 
< A > d d 

or 
<C>hange 

SAVE present species/code to file 
PRINT list 

<q>u i t toDOS 
C:\VEG >SORT<TRANFLOR.LST>TRANFLOR.LST 
MAIN MENU 

Species/Code Menu 
LOAD species/code file 

Load the species/code list from the disk into working 
memory. The results and comparative analysis will 
not operate unless the list resides in working memory. 
Unless you are working in DOS, the three letter exten
sion must be omitted when typing filenames. The 
TRANSECT program assumes the proper extension 
for each program module. 

The EDIT module allows a variety of manipulations. 
New species are added to the list under the EDIT sub
routine (select <A>dd). These added species will 
simply be appended to the end of the list. They can 
be sorted into alphabetical order by exiting TRAN
SECT and at the DOS prompt sorting the list. 
< C > hange is used to correct spelling and other input 
errors. At the prompt, type the species entry number 
which can be read off the species code printout or lo
cate using the < S > earch subroutine. Remember to 
save and print a working copy for reference. 

Data Entry 

The procedure to store data on the computer requires 
the following steps: 

MAIN MENU 
Plot Data Menu 

Input PLOT TEXT data 
Set Function Keys to common species codes 
Input PLOT DATA 
SAVE present plot data to file 
PRINT plot data 

(then if necessary...) 
EDIT plot data 
SAVE plot data 
PRINT plot data 

The information entered in Plot Text is standardized 
and based on the completed field data sheets (Appen
dix E). At the prompt for location, type transect 
filename (eg. EAI0187). Next, enter the date the tran
sect was sampled. Use the format date, three letter 
abbreviated month, and year (eg. 08MAY 87). Other 
methods to type the date may not fit the format of the 
graph subroutine. Under Miscellaneous Note #1 
enter the initials of the investigators who identified the 
species and recorded the data (eg. CMD and JLL). 
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Enter the direction in which the transect was sampled 
under miscellaneous notes #2 (eg. 'Transect read W 
to E"). Regardless of how the data was collected be 
sure to enter data from the predetermined starting 
point so that the height profiles can be easily com
pared. Other notes may follow. Errors may be cor
rected only by re-entering the entire text. 

Before entering data, it is useful to set Function Keys 
to the common codes in the transect. F keys can also 
be coded for a combination of codes, eg. F1 = COGI, 
F2 = HOGL, F3 = COGI/HOGL Use of the F key 
speeds data entry and reduces the chance for typing 
errors. 

In Data Input there are several important points to 
remember. Check that the heights recorded are in 
meters and remember to enter decimal points. No 
height entered (type < cr >) places a zero on the data 
file. Be certain that the species codes are entered 
from tallest to shortest. Slashes must be typed be
tween codes (eg. COGI/ARCA/HOGL). Points 
entered can be edited but not removed from the 
count. For example, if you type in extra data acciden
tally creating 102 points in a 100 point transect, you 
can erase the data for points 101 and 102, but the 
program will still analyze the data as if there were 102 
total points. Starting over is the only method to cor
rect this error within the present version of the 
program. 

After exiting data input, use the < A > d d subroutine 
of the Edit module to continue entering data. The 
input subroutine will only allow you to start from the 
beginning. 

Save the data input to store it on disk. The computer 
will hold the input in memory as long as the machine 
is on and no new transect data entered. Be careful to 
save the data to the correct filename. The program 
will append the filename you enter with .DAT. It will 
also create the TXT (text) file for the same transect. 
The program will not successfully store the file unless 
the text data has been entered. If you forget to enter 
text, the program will use text currently in memory, in
serting information from the previous transect 
entered. 

Print the plot data to check for accuracy (see appen
dix F, example of printout of TRANSECT plot data file). 
The current version of the TRANSECT program does 
not allow you to view a file except by generating a 
printout. 

Edit the plot data by entering the Edit module. The 
input is edited one point at a time. For a single error, 
use the < C > hange subroutine, which asks for the 
point number. Simply type in the correct data. If you 
call up the wrong point, be sure to re-enter the same 
correct data displayed, or else a zero height will be 
entered and the correct codes will be erased. To cor
rect a systematic error, use of the < G > lobal replace
ment or deletion can be especially time saving. Again, 
save the revised version of the raw data and make a 
new printout. 

Generating Results 

Result files must exist to run the comparative analysis 
module. 

MAIN MENU 
Results File Menu 

Create results file 
Create results file from raw data 

Edit results file 
<L>ist results 

Load the species/code file prior to running results. 
Simply enter the data file to process at the computer 
prompt. Results will be calculated and a new file with 
the extension .RSL will be created. Check the file by 
< L> isting it. Make sure that all the species entered 
are displayed. If any are missing, they were not found 
on the species/code list. 

DOS Commands to Store and Retrieve 
Files 

All data (.DAT), text (TXT), and results (.RSL) files are 
stored on diskettes. Ten double-sided, double-den
sity diskettes are used for storage. One disk stores 
the TRANSECT program and the species code list. 
Each island has files stored on three diskettes; one 
each for .DAT, .RSL, and TXT files. To record the time 
data is entered, make new files daily. For example, all 
of the Anacapa Island data files can be copied with 
the procedure: 

<q>ui t TRANSECT 
place the diskette EMW Anacapa DATA in 

disk drive A 
at the DOS prompt C:\VEG > 

type < COPY C:\VEG\?AI*.DATA A: > 

The < ? > stands in for East, West, and Middle; the 
< * > for # < 0 1 > . . . < 0 6 > transects and 
< 84 > ...year. This command will copy all files on all 
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the Anacapa islets for all years. One could replace the 
< ? > and < * > with the specific file information and 
copy one file at a time. The same procedure is used 
for .RSL and TXT files, and then for the other islands. 

After the data has been entered and a results file 
created, an analysis can be run. Result files from pre
vious years data must be retrieved from the storage 
floppy diskettes and transferred to the computer hard 
disk. Follow the procedure: 

< q > uit TRANSECT 
place the diskette RESULTS in disk drive A 
at the DOS prompt C:\VEG > type 

<COPYA:*.*C\VEG> 
repeat this procedure for each diskette until all 

necessary .RSL files have been copied. 

Data Analysis 

The analysis module of TRANSECT allows resource 
managers to detect and track change in the composi
tion and frequency of species, and in the physical 
structure of the plant communities sampled. The 
TRANSECT program has several methods to analyze 
data. A complete description of options is found in 
the program guide. Generally only the following sub
routines will be used. 

MAIN MENU 
Analysis Menu 

COMPARATIVE analysis 
create List of filenames to analyze 
analyze for < F > requency 

create Table 
enter TEXT information 

create Graph 
enter TEXT information 
List species codes to compare 

HEIGHT GRAPH 
enter file to process 
enter scale to use 

Comparative analysis module works on result (.RSL) 
files. When prompted, enter the earliest .RSL file for 
a given transect (eg. <SBI0184> <CR>) and then 
each successive year to the present. A null < CR > 
ends the list. When presented the choice, choose to 
analyze < F > requency. Then choose to make a table 
printout (an example is found in Appendix F - table 
printout of frequency data). The program will request 

text information which can be copied from the pre
vious years summary table. For example: 

TRANSECT # 
type < SANTA BARBARA ISLAND 01 > 

TRANSECT LOCATION 
< CR > leave this blank 

# OF POINTS 
<100> 

Footnote #1 
< No data taken in 1986 > 

Footnote #2 
< 101 points read in 1987> 

After the text is entered a null < CR > will start the 
printer. The computer will return to the prompt to 
choose between Table or Graph; choose Graph. Fol
low this procedure to keep the same text as just 
entered. If another procedure is followed, the text 
may need to be entered again. The program will then 
prompt for the species codes to track over the years 
entered. These codes were established and should 
be copied from the 1987 analysis. Remember to ad
vance the paper in the printer between each printout. 
(See Appendix F, example of graph printout of fre
quency data). 

Print a height graph for data from the current year (see 
Appendix F, example of graph printout of height data). 
The computer will request which .DAT file to process 
and then what scale to use. Generally use the scale 
already used for the previous years profile figures. 
The profile can be reduced on the copier by 50% and 
cut to fit on the earlier profile figures for comparison. 

Reporting 

Data is analyzed using the above procedures each 
field season. A report is then prepared which includes 
summary tables and graphs for each transect along 
with any explanatory information as appropriate. 
Changes, trends, and patterns are highlighted for 
sites. Concurrent with the updating of vegetation 
mapping every five years (or more frequently if 
needed), a careful evaluation of all data, changes, and 
trends and the statistical significance of changes 
should be undertaken by park scientists. Findings 
should be summarized and additional questions 
posed for research and experimental study as 
needed. 
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APPENDIX A. Vegetation Monitoring Transect Site Descriptions 

This appendix contains specific information on each monitoring transect including individual site descriptions, 
common species at each site, and detailed maps for finding the marking stakes at each site. An island-wide 
map preceeds the transect site descriptions for each island to provide general locations. For ease in locating 
specific site descriptions, they are found on the following pages in numerical order by transect for each island. 

Santa Barbara Island 22 transects pages A-2 through A-24 

Anacapa Island 16 transects pages A-25 through A-41 

San Miguel Island 16 transects pages A-42 through A-58 

NOTE: All compass bearings to transect stakes in the following section are true (not magnetic) readings. 

Transect Site Descriptions A - 1 



Figure A. 1. S A N T A BARBARA ISLAND 

Vegetation Transect Locations 

A-2 Transect Site Descriptions 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 01 

TRANSECT LOCATION: Bench just above Webster Point. 

TRANSECT SAMPLE DIRECTION: N-S 

DOMINANT SPECIES: Grassland/annual iceplant 

ELEVATION: 175 ft. 

SPECIES AND CODES: 

SUCA Suaeda californica 
HOGL Hordeum murinum ssp. glaucum 
MECR Mesembryanthemum crystallinum 
AMPU Amblyopappus pusillus 
AMIN Amsinkia intermedia 
LACH Lasthenia chrysostoma 

NUMBER OF POINTS: 130 

SLOPE ASPECT: 290° SLOPE: 0° 

ATSE Atriplex semibaccata 
PAIN Parapholis incurva 
SOOL Sonchus oleraceus 
CHMU Chenopodium murale 
MENO Mesembryanthemum nodiflorum 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 

TRANSECT LOCATION: South of trail to Elephant Seal Cove 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Grassland/annual iceplant 

ELEVATION: 190 ft. 

SPECIES AND CODES: 

SUCA Suaeda californica 
HOGL Hordeum murinum ssp. glaucum 
MECR Mesembryanthemum crystallinum 
AVFA Avena fatua 

02 

NUMBER OF POINTS: 130 

SLOPE ASPECT: W(270°) SLOPE: 3° 

SOOL Sonchus oleraceus 
AMPU Amblyopappus pusillus 
MENO Mesembryanthemum nodiflorum 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 03 

TRANSECT LOCATION: North of trail to Webster Point as it descends from the saddle. Transect below trail, 
above washout swale. 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Sea-blite scrub 

ELEVATION: 320 ft. 

SPECIES AND CODES: 

HOGL Hordeum murinum ssp. glaucum 
MECR Mesembryanthemum crystallinum 
SUCA Suaeda californica 
SOOL Sonchus oleraceus 
MAPA Malva parviflora 

NUMBER OF POINTS: 132 

SLOPE ASPECT: 284° 

AM IN Amsinkia intermedia 
ATSE Atriplex semibaccata 
AVFA Avena fatua 
CHMU Chenopodium murale 

SLOPE: 3° 

Transect Site Descriptions A-5 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 04 

TRANSECT LOCATION: On north slope of Signal Peak, south of trail to Webster Point 

TRANSECT SAMPLE DIRECTION: E-W 

PLANT COMMUNITY: Sea-blite scrub 

ELEVATION: 480 ft. 

SPECIES AND CODES: 

HOGL Hordeum murinum ssp. glaucum 
SUCA Suaeda californica 
AMIN Amsinkia intermedia 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 354° SLOPE: 19° 

CLPE Claytonia perfoliata 
MECR Mesembryanthemum crystallinum 
AVFA Avena fatua 

A-6 Transect Site Descriptions 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 05 

TRANSECT LOCATION: East slope of Signal Peak, southwest of the of Badlands 

TRANSECT SAMPLE DIRECTION: E-W NUMBER OF POINTS: 100 

PLANT COMMUNITY: Sea-blite scrub 

ELEVATION: 360 ft. SLOPE ASPECT: 110° SLOPE: 8° 

SPECIES AND CODES: 

HOGL Hordeum murinum ssp. glaucum 
SUCA Suaeda californica 
MENO Mesembiyanthemum nodiflorum 

MECR Mesembryanthemum crystallinum 
MAPA Malva patviflora 
SOOL Sonchus oleraceus 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

AVFA Avena fatua 
BR MO Bromus mollis 
ATSE Atriplex semibaccata 
SOOL Sonchus oleraceus 
BRRU Bromus rubens 

SANTA BARBARA ISLAND 06 

TRANSECT LOCATION: Southwest of Badlands Trail Loop junction with Signal Peak trail 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 100 

PLANT COMMUNITY: Grassland 

ELEVATION: 360 ft. SLOPE ASPECT: 115° SLOPE: 5° 

SPECIES AND CODES: 

AM IN Amsinkia intermedia 
HOGL Hordeum murinum ssp. glaucum 
ERMO Erodium moschatum 
MAPA Malva parviflora 
AVBA Avena barbata 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 07 

TRANSECT LOCATION: Arch Point, south of Lighthouse, just west of trail 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 100 

PLANT COMMUNITY: Sea cliff scrub 

ELEVATION: 180 ft. SLOPE ASPECT: 20° SLOPE: 3° 

SPECIES AND CODES: 

MECR Mesembryanthemum crystallinum 
LACH Lasthenia chrysostoma 
MAPH Malacothrix philbrickii 
ATCA Atriplex californica 

ATSE Atriplex semibaccata 
MENO Mesembryanthemum nodiflorum 
AM IN Amsinkia intermedia 
AMPU Amblyopappus pusillus 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 8N 

TRANSECT LOCATION: Cliff Canyon, below trail. North half of a transect established by Santa Barbara Botani
cal Garden 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Boxthorn scrub 

ELEVATION: 120 ft. 

SPECIES AND CODES: 

MECR Mesembryanthemum crystallinum 
ATSE Atriplex semibaccata 
AMPU Amblyopappus pusillus 
LYCA Lycium califomicum 
OPPR Opuntia prolifera 
AM IN Amsinkia intermedia 

NUMBER OF POINTS: 67 

SLOPE ASPECT: 170° SLOPE: 24-33° 

MAPA Malva pan/iflora 
CRCL Cryptantha clevelandii 
HOGL Hordeum murinum ssp. glaucum 
SOOL Sonchus oleraceus 
CHMU Chenopodium murale 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 8S 

TRANSECT LOCATION: Cliff Canyon. South end of transect established by Santa Barbara Botanical Garden 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Sea cliff scrub 

ELEVATION: 120 ft. 

SPECIES AND CODES: 

HOGL Hordeum murinum ssp. glaucum 
PTDR Pterostegia drymarioides 
LACH Lasthenia chrysostoma 
ATCA Atriplex californica 
AM IN Amsinkia intermedia 
CLPE Claytonia perfoliata 
ATSE Atriplex semibaccata 

NUMBER OF POINTS: 65 

SLOPE ASPECT: ca. 20° SLOPE: ca. 30° 

DIPU Dichelostemma pulchella 
ERMO Erodium moschatum 
SOOL Sonchus oleraceus 
PLCA Platystemmon californicus 
MECR Mesembryanthemum crystallinum 
MAPH Malacothrix philbrickii 
MAMA Marah macrocarpa 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 9N 

TRANSECT LOCATION: In Cave Canyon, across trail from marker #4 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 75 

PLANT COMMUNITY: Maritime cactus scrub 

ELEVATION: 120 ft. 

SPECIES AND CODES: 
OPLI Opuntia littoralis 
BRRU Bromus rubens 
MUMI Muhlenbergia microsperma 
AVFA Avena fatua 
MAMA Marah macrocarpa 
COGI Coreopsis gigantea 
CAMA Caylstegia macrostegia 
ATSE Atriplex semibaccata 
AMPU Amblyopappus pusillus 
ACMI Achillea millefolium 
HOGL Hordeum murinum ssp. glaucum 
HECL Hemizonia Clementina 
PEEM Perityle emoryi 
MAPA Malva parviflora 

SLOPE ASPECT: 172° SLOPE: 12° 

PHRA Pholistoma racemosum 
PHAU Pholistoma auritum 
PTDR Pterostegia drymarioides 
AMIN Amsinkia intermedia 
CHCA Chenopodium califomicum 
DIP U Dichelostemma pulchelia 
MECR Mesembryanthemum crystallinum 
PHDI Phacelia distans 
LAAU Lamarkia aurea 
SOOL Sonchus oleraceus 
AVBA Avena barbata 
BRAR Bromus arizonicus 
CLPE Claytonia perfoliata 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 9S 

TRANSECT LOCATION: North facing slope of Cave Canyon, just south of and in line with SBI9N. 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 55 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: 160 ft. 

SPECIES AND CODES: 
BRRU Bromus rubens 
MAMA Marah macrocarpa 
COGI Coreopsis gigantea 
CLPE Claytonia perfoliata 
CAMA Calystegia macrostegia 
ACM I Achillea millefolium 
PHRA Pholistoma racemosum 
MEIM Melica imperfecta 
AVBA Avena barbata 
AVFA Avena fatua 
BRMO Bromus mollis 
DIPU Dichelostemma pulchella 

SLOPE ASPECT: 12° SLOPE: 29° 

BRAR Bromus arizonicus 
HOGL Hordeum murinum ssp. glaucum 
SCAN Scleranthus annuus 
SOOL Sonchus oleraceus 
MEIN Mel Hot us indie us 
PHAU Pholistoma auritum 
VUME Vulpia megalura 
GAAP Galium aparine 
PTDR Pterostegia drymarioides 
CRER Tillaea erecta 
PAHE Parietaria hespera 
HECL Hemizonia Clementina 

Transect Site Descriptions A- 13 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 10N 

TRANSECT LOCATION: Near mouth of Graveyard Canyon. 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 60 

PLANT COMMUNITY: Maritime cactus scrub 

ELEVATION: 160 ft. SLOPE ASPECT: 170° SLOPE: 35° 

SPECIES AND CODES: 

MUMI Muhlenbergia microsperma 
MECR Mesembryanthemum crystallinum 
BRRU Bromus rubens 
CAMA Calystegia macrostegia 
ATSE Atriplex semibaccata 
OP LI Opuntia littoralis 
CHMU Chenopodium murale 
MAMA Marah macrocarpa 

MILA Mirabilis laevis 
ERCI Erodium cicutarium 
CRCL Cryptantha clevelandii 
AMPU Amblyopappus pusillus 
AM IN Amsinkia intermedia 
COGI Coreopsis gigantea 
PTDR Pterostegia drymarioides 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 10S 

TRANSECT LOCATION: Near mouth of Graveyard Canyon. 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Sea cliff scrub 

ELEVATION: 160 ft. 

SPECIES AND CODES: 
CRCL Cryptantha clevelandii 
BRRU Bromus rubens 
HECL Hemizonia Clementina 
VUME Vulpia megalura 
PTDR Pterostegia drymarioides 
DIPU Dichelostemma pulchella 
CLPE Claytonia perfoliata 
AMPU Amblyopappus pusillus 
CAMA Calystegia macrostegia 
COGI Coreopsis gigantea 
ACMI Achillea millefolium 
MAMA Marah macrocarpa 

NUMBER OF POINTS: 70 

SLOPE ASPECT: 15° SLOPE: 35° 

PHRA Pholistoma racemosum 
SIGA Silene gallica 
MILA Mirabilis laevis 
GAAP Galium aparine 
AM IN Amsinkia intermedia 
ERCI Erodium cicutarium 
AVFA Avena fatua 
MUMI Muhlenbergia microsperma 
ATSE Atriplex semibaccata 
LACH Lasthenia chrysostoma 
MAPH Malacothrix philbrickii 
TRTR Trifolium tridentatum 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 11 

TRANSECT LOCATION: Northeast of North Peak, crossing the trail 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: ca. 400 ft. 

SPECIES AND CODES: 

MECR Mesembryanthemum crystal!inum 
HOGL Hordeum murinum ssp. glaucum 
COG I Coreopsis gigantea 
SUCA Suaeda californica 
ATCA Atriplex californica 
ATSE Atriplex semibaccata 
AC Ml Achillea millefolium 

NUMBER OF POINTS: 130 

SLOPE ASPECT: 38° SLOPE: 21° 

AM IN Amsinkia intermedia 
MAPH Malacothrix philbrickii 
CRCL Cryptantha clevelandii 
CLPE Claytonia perfoliate 
PTDR Pterostegia drymarioides 
BRRU Bromus rubens 
CHMU Chenopodium murale 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 12 

TRANSECT LOCATION: North of North Peak 

TRANSECT SAMPLE DIRECTION: W-E 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: 520 ft. 

SPECIES AND CODES: 
HOGL Hordeum murinum ssp. glaucum 
COG I Coreopsis gigantea 
BRRU Bromus rubens 
MECR Mesembryanthemum crystallinum 
AVFA Avena fatua 
HECL Hemizonia Clementina 
ATSE Atriplex semibaccata 
CHMU Chenopodium murale 
SUCA Suaeda californica 
AM IN Amsinkia intermedia 
CLPE Claytonia perfoliata 
PTDR Pterostegia drymarioides 

NUMBER OF POINTS: 130 

SLOPE ASPECT: 106° SLOPE: 16° 

MAPA Malva pan/iflora 
ERGR Eriogonum grande 
ASTR Atragulus traskiae 
MAPH Malacothrix philbrickii 
BRAR Bromus arizonicus 
ERCI Erodium cicutarium 
ACMI Achillea millefolium 
ERMO Erodium moschatum 
VUME Vulpia megalura 
SCAN Scleranthus annuus 
VUMY Vulpia myuros 
MENO Mesembryanthemum nodiflorum 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 13 

TRANSECT LOCATION: North of North Peak. 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Sea cliff scrub 

ELEVATION: 520 ft. 

SPECIES AND CODES: 

HECL Hemizonia Clementina 
BRRU Bromus rubens 
CLPE Claytonia perfoliata 
PTDR Pterostegia drymarioides 
CRCL Cryptantha clevelandii 
A MIN Amsinkia intermedia 
VUME Vulpia megalura 
ERGI Eriogonum giganteum 
BRTR Bromus trinii 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 286° SLOPE: 30° 

MAPH Malacothrix philbrickii 
CHMU Chenopodium muraie 
ERCI Erodium cicutarium 
CRER Tillaea erecta 
VUDE Vulpia dertonensis 
HOGL Hordeum murinum ssp. glaucum 
TRTR Trifolium tridentatum 
VUMY Vulpia myuros 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 14 

TRANSECT LOCATION: Cat Canyon, on south facing slope, below the trail 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Maritime cactus scrub 

ELEVATION: 200 ft. 

SPECIES AND CODES: 

BRRU Bromus rubens 
OPPR Opuntia prolifera 
MECR Mesembryanthemum crystallinum 
AM IN Amsinkia intermedia 
CAMA Calystegia macrostegia 
MAPH Malacothrix philbrickii 
CHMU Chenopodium murale 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 265° SLOPE: 20° 

ERCI Erodium cicutarium 
HOGL Hordeum murinum ssp. glaucum 
AMPU Amblyopappus pusillus 
CRER Tillaea erecta 
VUME Vulpia megalura 
SOOL Sonchus oleraceus 
PEEM Perityle emoryi 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 15 

TRANSECT LOCATION: Between Cave Canyon and Middle Canyon 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 100 

PLANT COMMUNITY: Boxthron scrub/Coreops/s scrub 

ELEVATION: 120 ft. SLOPE ASPECT: 85° SLOPE: 5° 

SPECIES AND CODES: 

AVFA Avena fatua 
BRRU Bromus rubens 
LYCA Lycium californicum 
ATSE Atriplex semibaccata 
ERMO Erodium moschatum 
GAAP Galium aparine 
AM IN Amsinkia intermedia 
CLPE Claytonia perfoliata 

DIPU Dichelostemma pulchella 
MAPA Malva parviflora 
AMPU Amblyopappus pusillus 
SOOL Sonchus oleraceus 
COG I Coreopsis gigantea 
BR MO Bromus mollis 
ACMI Achillea millefolium 
MECR Mesembryanthemum crystallinum 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 16 

TRANSECT LOCATION: South of Middle Canyon 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Boxthorn scrub/Coreops/s scrub 

ELEVATION: 160 ft. 

SPECIES AND CODES: 

BRRU Bromus rubens 
ERMO Erodium moschatum 
LYCA Lycium californicum 
ATSE Atriplex semibaccata 
AVFA Avena fatua 
AM IN Amsinkia intermedia 
MAPA Malacothrix parviflora 
GAAP Galium aparine 
DIP U Dichelostemma pulchella 
SOOL Sonchus oleraceus 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 80° SLOPE: 5° 

AMPU Amblyopappus pusillus 
BRMO Bromus mollis 
COGI Coreopsis gigantea 
TRTR Trifolium tridentatum 
CLPE Claytonia perfoliata 
ACMI Achillea millefolium 
HOGL Hordeum murinum ssp. glaucum 
MECR Mesembryanthemum crystallinum 
PTDR Pterostegia drymarioides 
LAAU Lamarkia aurea 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 17 

TRANSECT LOCATION: East slope of Signal Peak 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: 360 ft. 

SPECIES AND CODES: 

ATSE Atriplex semibaccata 
BRRU Bromus rubens 
COG I Coreopsis gigantea 
AVFA Avena fatua 
BR MO Bromus mollis 
ERMO Erodium moschatum 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 73° SLOPE: 6° 

AMIN Amsinkia intermedia 
MAPA Malva parviflora 
SOOL Sonchus oleraceus 
DIPU Dichelostemma pulchella 
LAAU Lamarkia aurea 
HOGL Hordeum murinum ssp. glaucum 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 18 

TRANSECT LOCATION: Immediately west of campground 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Grassland 

ELEVATION: 275 ft. 

SPECIES AND CODES: 

AVFA Avena fatua 
BRMO Bromus mollis 
AM IN Amsinkia intermedia 
BRRU Bromus rubens 
SOOL Sonchus oleraceus 
ATSE Atriplex semibaccata 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 60° SLOPE: 8° 

BRAR Bromus arizonicus 
HOGL Hordeum murinum ssp. glaucum 
ERMO Erodium moschatum 
MAPA Malva parviflora 
GAAP Galium aparine 
DIP U Dichelostemma pulchella 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SANTA BARBARA ISLAND 19 

TRANSECT LOCATION: On the plateau below North Peak 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Grassland 

ELEVATION: 360 ft. 

SPECIES AND CODES: 

AVFA Avena fatua 
BRRU Bromus rubens 
BR MO Bromus mollis 
ERMO Erodium moschatum 
SOOL Sonchus oleraceus 
ATSE Atriplex semibaccata 
AMIN Amsinkia intermedia 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 90° SLOPE: 4° 

HECL Hemizonia Clementina 
HOGL Hordeum glaucum 
MEPO Medicago polymorpha 
COGI Coreopsis gigantea 
BRAR Bromus arizonicus 
MAPA Malva parviflora 
PTDR Pterostegia drymarioides 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

EAST ANACAPA ISLAND 

TRANSECT LOCATION: West of Visitor Center in Dudleya grassland. 

01 

TRANSECT SAMPLE DIRECTION: W-E 

PUNT COMMUNITY: Perennial Iceplant 

ELEVATION: 180 ft. 

SPECIES AND CODES: 

MAPH Malaphora crocea 
HOGL Hordeum murinum ssp. glaucum 
G R U Grindelia latifolia 
HECL Hemizonia Clementina 
ATSE Atriplex semibaccata 
BRDI Bromus diandrus 
BR MO Bromus mollis 
COGI Coreopsis gigantea 
ACM I Achillaea millefolium 
FRGR Frankenia grandifolia 
SOOL Sonchus oleraceus 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 5° SLOPE: 5° 

SPMA Spergularia macrotheca 
DIPU Dichelostemma pulchella 
CHMU Chenopodium murale 
ANAR Anagalis arvensis 
AVBA Avena barbata 
ERMO Erodium moschatum 
MEPO Medicago polymorpha 
CLPE Claytonia perfoliata 
HOCA Hordeum californicum 
PTDR Pterostegia drymarioides 
SiGA Silene gallica 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

EAST ANACAPA ISLAND 02 

TRANSECT LOCATION: 30' east of Campground 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Grassland 

ELEVATION: 200 ft. 

SPECIES AND CODES: 

HECL Hemizonia Clementina 
HOGL Hordeum murinum ssp. glaucum 
STPU Stipa pulchra 
AVBA Avena barbata 
BR MO Bromus mollis 
ATSE Atriplex semibaccata 
DUCA Dudleya caespitosa 
MAPA Malva parviflora 
DIP U Dichelostemma pulchella 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 300° SLOPE: S1/2 = 200 

N1/2 = 2° 

BRRU Bromus rubens 
VUDE Vulpia dertonensis 
SOOL Sonchus oleraceus 
ERMO Erodium moschatum 
TRTR Trifolium tridentatum 
STLE Stipa lepida 
BRDI Bromus diandrus 
POAC Poa scabrella 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

EAST ANACAPA ISLAND 03 

TRANSECT LOCATION: East of Campground, extending south from EAI 02. 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 100 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: 200 ft. 

SPECIES AND CODES: 

AVBA Avena barbata 
STPU Stipa pulchra 
HECL Hemizonia Clementina 
COG! Coreopsis gigantea 
B R M O Bromus mollis 
BRRU Bromus rubens 
SOOL Sonchus oleraceus 
VUDE Vuipia dertonensis 
ACMI Achillea millefolium 
CAMA Calystegia macrostegia 
LODE Lotus dendroideus 
SI LA Silene laciniata 
TRTR Trifolium tridentatum 
PTDR Pterostegia drymarioides 
ERGR Eriogonum grande 

SLOPE ASPECT: 0° SLOPE: 0° 

GRLA Grindelia latifolia 
ZIFR Zigadenas fremontii 
MEIM Melica imperfecta 
SAAR Sanicula arguta 
DOCL Dodecatheon clevlandii 
CLPE Claytonia perfoliata 
GAAP Galium aparine 
MAMA Marah macrocarpa 
DIPU Dichelostemma pulchella 
VUMY Vuipia myuros 
ALPR Allium praecox 
POSC Poascabrella 
DEPA Delphynium parryi 
BRTR Bromus trinii 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

EAST ANACAPA ISLAND 04 

TRANSECT LOCATION: Midway along trail between Campground and west loop of Nature Trail. 

TRANSECT SAMPLE DIRECTION: W-E NUMBER OF POINTS: 100 

PLANT COMMUNITY: Grassland 

ELEVATION: 200 ft. SLOPE ASPECT: 5° SLOPE: 5° 

SPECIES AND CODES: 

HECL Hemizonia clemintina 
DUCA Dudleya caespitosa 
STPU Stipa pulchra 
GRLA Grindelia latifolia 
ATSE Atriplex semibaccata 
FRGR Frankenia grandifolia 
MACR Malaphora crocea 
CAMA Calystegia macrostegia 
BRRU Bromus rubens 

SOOL Sonchus oleraceus 
ERCI Erodium cicutarium 
TRTR Trifolium tridentatum 
COGI Coreopsis gigantea 
HOCA Hordeum californicum 
SPMA Spergularia macrotheca 
CRER T/7/aea erecta 
BRMO Bromus mollis 
DISP Distichlis spicata 

Transect Site Descriptions A-29 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

EAST ANACAPA ISLAND 05 

TRANSECT LOCATION: West end of Island, just across trail from marker #11. 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 100 

PLANT COMMUNITY: Perennial Iceplant 

ELEVATION: 200 ft. SLOPE ASPECT: 0° SLOPE: 0° 

SPECIES AND CODES: 

DISP Distichlis spicata 
GRLA Grindelia latifolia 
MACR Malaphora crocea 
DUCA Dudleya caespitosa 
SOOL Sonchus oleraceus 
ATCA Atriplex californica 
HOCA Hordeum califomicum 
LODE Lotus dendroideus 
SPMA Spergularia macrotheca 

COG I Coreopsis gigantea 
BRRU Bromus rubens 
CLPE Claytonia perfoliata 
FRGR Frankenia grandifolia 
PTDR Pterostegia drymarioides 
TRTR Tritolium-tridentatum 
HOGL Hordeum murinum ssp. glaucum 
ATSE Atriplex semibaccata 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

MIDDLE ANACAPA ISLAND 01 

TRANSECT LOCATION: Bench below and east of High Point. 

TRANSECT SAMPLE DIRECTION: W-E 

PLANT COMMUNITY: Grassland 

ELEVATION: 220 ft. 

SPECIES AND CODES: 

STPU Stipa pulchra 
DUCA Dudleya caespitosa 
AVBA Avena barbata 
VUDE Vulpia dertonensis 
BRRU Bromus rubens 
ERAR Eriogonum arborescens 
LODE Lotus dendroideus 
GRLA Grindelia latifolia 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 320° SLOPE: 1° 

HAVE Haplopappus venetus 
HECL Hemizonia Clementina 
BR MO Bromus mollis 
COGI Coreopsis gigantea 
BRDI Bromus diandrus 
GAAP Galium aparine 
SIGA Siline gallica 
VUMY Vulpia myuros 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

MIDDLE ANACAPA ISLAND 02 

TRANSECT LOCATION: East end of island, on south facing sea slope. 

TRANSECT SAMPLE DIRECTION: SW-NE NUMBER OF POINTS: 100 

PLANT COMMUNITY: Coastal Sage Srub 

ELEVATION: 120 ft. 

SPECIES AND CODES: 
ARCA Artemisia 
BRRU Bromus rubens 
ENCA Encelia californica 
STPU Stipa pulchra 
HAVE Hapiopappus venetus 
ERGR Eriogonum grartde 
Ml LA Mirabilis laevis 
DUCA Dudleys caespitosa 
0 P P R Opuntia prolifera 
SOOL Sonchus oleraceus 
CAMA Calystegia macrostgia 
BR MO Bromus mollis 
HOGL Hordeum murnum ssp, glaucum 
AVBA Avena barbata 

SLOPE ASPECT: 128° SLOPE: 34° 
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DAPU Daucus pusillus 
GNMI Gnaphalium microcephalum 
GAAP Galium sparine 
VUME Vulpia megalura 
MECR Mesembryanthemum crystallinum 
ATSE Atriplex simibaccata 
PTDR Pterostegia drymarioides 
ERCO Eriophyllum confertiflorum 
BRTR Bromus trinii 
COFI Corethrogyne filaginifolia 
STLE Stipa lepida 
BRDI Bromus diandrus 
COG I Coreopsis gigantea 
LODE Lotus dendroideus 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

MIDDLE ANACAPA ISLAND 03 

TRANSECT LOCATION: Former Santa Barbara Botanical Garden transect. West of High Point.east of Sheep 
Camp. 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Grassland 

ELEVATION: 240 ft. 

SPECIES AND CODES: 

STPU Stipa pulchra 
DUCA Dudleya caespitosa 
AVBA Avena barbata 
BRRU Bromus rubens 
VUDE Vulpia dertonensis 
ERAR Eriogonum arborescens 
DIPU Dichelostemma pulchella 
BRDI Bromus diandrus 
GRLA Grindelia latifolia 
FRGR Frankenia grand ifolia 

NUMBER OF POINTS: 130 

SLOPE ASPECT: 352° SLOPE: Sl /2= 12° 
N l /2= 1° 

HECL Hemizonia Clementina 
BRMO Bromus mollis 
SOOL Sonchus oleraceus 
LODE Lotus dendroideus 
COG I Coreopsis gigantea 
OPPR Opuntia prolifera 
CAMA Calystegia macrostegia 
GAAP Galium aparine 
LACH Lasthenia chrysostoma 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

MIDDLE ANACAPA ISLAND 04 

TRANSECT LOCATION: Southwest of Sheep Camp. 

TRANSECT SAMPLE DIRECTION: W-E 

PLANT COMMUNITY: Grassland 

ELEVATION: 240 ft. 

SPECIES AND CODES: 

AVBA Avena barbata 
BRMO Bromus mollis 
HOGL Hordeum murinum ssp. glaucum 
GRLA Grindelia latifolla 
VUDE Vulpia dertonensis 
BRRU Bromus rubens 
ATSE Atriplex semibaccata 
MEIN M el ilotus indie us 
BRDi Bromus diandrus 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 10° SLOPE: 3° 

FRGR Frankenia grandifolia 
SOOL Sonchus oleraceus 
DUCA Dudleya caespitosa 
OPPR Opuntia prolifera 
BRTR Bromus trinii 
MEPO Medicago polymorphs 
DIPU Dichelostemma pulchella 
MEHI Medicago hispida 
STPU Stipa pulchra 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

MIDDLE ANACAPA ISLAND 05 

TRANSECT LOCATION: Just southeast of Eucalyptus grove. 

TRANSECT SAMPLE DIRECTION: W-E NUMBER OF POINTS: 100 

PLANT COMMUNITY: Grassland 

ELEVATION: 160 ft. SLOPE ASPECT: 351° SLOPE: 8° 

SPECIES AND CODES: 
STPU Stipa pulchra 
VUDE Vulpia dertonensis 
AVBA Avena barbata 
DUCA Dudleya caespitosa 
DIPU Dichelostemma pulchella 
BRMO Bromus mollis 
GRLA Grindelia latifolia 
GAAP Galium aparine 
HECL Hemizonia Clementina 
COG I Coreopsis gigantea 
BRRU Bromus rubescens 
SAAR Sanicula arguta 

ERCO Eriophyllum confertiflorum 
LODE Lotus dendroideus 
ACM I Achillea millefolium 
FRGR Frankenia grandifolia 
CAAF Castilleja affinis 
ERST Eriophyllum staechadifolium 
TRAM Trifolium amplectens 
DAPU Daucus pusillus 
SOOL Sonchus oleraceus 
TRTR Trifolium tridentatum 
BRDI Bromus diandrus 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

WEST ANACAPA ISLAND 01 

TRANSECT LOCATION: South and below ridge trail, west of Camel Peak. 

TRANSECT SAMPLE DIRECTION: W-E NUMBER OF POINTS: 100 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: 740 ft. SLOPE ASPECT: 15° SLOPE: 20° 

SPECIES AND CODES: 
STPU Stipa pulchra 
ERAR Eriogonum arborescens 
VUDE Vulpia dertonensis 
DIPU Dichelostemma pulchella 
COGI Coreopsis gigantea 
DUCA Dudleya caespitosa 
PEAN Peliaea andromedaefolia 
ERST Eriophyllum staechadifolium 
BRRU Bromus rubens 
BRMO Bromus mollis 
ARCA Artemisisa californica 
AVBA Avena barbata 
SAAR Sanicula arguta 

ZIFR Zigadenus fremontii 
GAAP Galium aparine 
TRTR Trifolium tridentatum 
DAPU Daucus pusillus 
PITR Pityrogramma triangularis 
LODE Lotus dendroideus 
BRTR Bromus trinii 
BRDI Bromus diandrus 
ATCA Atriplex californica 
POSC Poascabrella 
PTDR Pterostegia drymarioides 
TRAM Trifolium ampiectans 
SIGA S/7ene gal I lea 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

WEST ANACAPA ISLAND 02 

TRANSECT LOCATION: On terrace east of lower Oak Canyon. 

TRANSECT SAMPLE DIRECTION: W-E NUMBER OF POINTS: 100 

PLANT COMMUNITY: Coreopsis Scrub 

ELEVATION: 340 ft. 

SPECIES AND CODES: 
ARCA Artemisia californica 
B R DI Bromus diandrus 
COFI Corethrogyne filaginifolia 
BAPI Baccharis pilularis 
COG I Coreopsis gigantea 
MAMA Marah macrocarpa 
AVBA Avena barbata 
LODE Lotus dendroideus 
ERST Eriophyllum staechadifolium 
ACMI Achillea millefolium 
HOGL Hordeum murinum ssp. glaucum 

SLOPE ASPECT: 355° SLOPE: 16° 

ERGR Eriogonum grande 
HOBR Hordeum brachyantherum 
SAAR Sanicula arguta 
BRMO Bromus mollis 
SOOL Sonchus oleraceus 
CLPE Claytonia perfoliata 
AVFA Avena fatua 
PTDR Pterostegia drymarioides 
GAAP Gallium aparine 
BRTR Bromus trinii 

Transect Site Descriptions A-37 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

WEST ANACAPA ISLAND 03 

TRANSECT LOCATION: East facing slope of Summit Canyon. 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Coastal Sage Scrub 

ELEVATION: 480 ft. 

SPECIES AND CODES: 
ERST Eriophyllum stachaedifolium 
LATH Lathyrus laetiflorus 
DIPA Diplacus pan/iflorus 
ERGR Eriogonum grande 
POCA Polypodium californicum 
CAMA Calystegia macrostegia 
PEAN Pellaea andromedaefolia 
DUCA Dudley a caespitosa 
ZACA Zauschneria californica 
LODE Lotus dendroideus 
HADE Haplopappus detonsus 
LUAL Lupinus albifrons 
SILA Silene laciniata 
ACM I Achillea millefolium 
ARCA Artemisia californica 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 80° SLOPE: 36' 

BRRU Bromus rubens 
SILM Silene laciniata major 
STPU Stipa pulchra 
VUDE Vulpia dertonensis 
COFI Corethrogyne filaginifolia 
ERGI Eriogonum giganteum 
BRTR Bromus trinii 
SAAR Sanicula arguta 
COG I Coreopsis gigantea 
PTDR Pterostegia drymarioides 
MAMA Marah macrocarpa 
AVBA Avena barbata 
CAAF Castilleja affinis 
SOOL Sonchus oleraceus 
CRER T/7/aea erecta 

A-38 Transect Site Descriptions 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

WEST ANACAPA ISLAND 04 

TRANSECT LOCATION: South slope west of Camel Peak, above Cat Rock. 

TRANSECT SAMPLE DIRECTION: W-E 

PLANT COMMUNITY: Coastal Sage Scrub 

ELEVATION: 600 ft. 

SPECIES AND CODES: 

ENCA Encelia californica 
OP LI Opuntia littoral is 
ARCA Artemisia calif ornica 
CAMA Calystegia macrostegia 
MAMA Marah macrocarpa 
HOGL .Hordeum murinum ssp. glaucum 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 190° SLOPE: 39° 

BRMO Bromus mollis 
BRRU Bromus rubens 
MUMI Muhlenbergia microsperma 
PHDI Phacelia distans 
ERAR Eriogonum arborescens 
AGSP Agrostis sp. 

Transect Site Descriptions A-39 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

WEST ANACAPA ISLAND 05 

TRANSECT LOCATION: West facing slope of Camel Peak. 

TRANSECT SAMPLE DIRECTION: S-N 

PLANT COMMUNITY: Grassland 

ELEVATION: 720 ft. 

SPECIES AND CODES: 

STPU Stipa pulchra 
AVBA Avena barbata 
BRMO Bromus mollis 
VUDE Vulpia dertonensis 
DIPU Dichelostemma pulchella 
AVFA Avena fatua 
ERAR Eriogonum arborescens 
DUCA Dudleya caespitosa 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 332° SLOPE: 13° 

MEPO Medicago polymorpha 
AM IN Amsinkia intermedia 
BRCA Bromus carinatus 
HOGL Hordeum murinum ssp. glaucum 
BRRU Bromus rubens 
GINE Giilia nevinii 
SIGA Silene gallica 
ERCI Erodium cicutarium 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

WEST ANACAPA ISLAND 06 

TRANSECT LOCATION: On the the bench on the far west end. 

TRANSECT SAMPLE DIRECTION: W-E 

PLANT COMMUNITY: Grassland 

ELEVATION: 340 ft. 

SPECIES AND CODES: 

STPU Stipa pulchra 
BRDI Bromus diandrus 
BRMO Bromus mollis 
GRLA Grindelia latifolia 
AVBA Avena barbata 
GAAP Galium aparine 
DIPU Dichelostemma pulchella 
HOCA Hordeum californicum 
ARCA Artemisia californica 
AVFA Avena fatua 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 296° SLOPE: 2° 

VUDE Vulpia dertonensis 
ACM I Achillea millefolium 
ERGR Eriogonum grande 
DUCA Dudley a caespitosa 
SOOL Sonchus oleraceus 
BRTR Bromus trinii 
MEPO Medicago polymorpha 
HECL Hemizonia Clementina 
BRRU Bromus rubens 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 01 

TRANSECT LOCATION: Caliche flats northeast of the Research Station 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 100 

PLANT COMMUNITY: Caliche Scrub 

ELEVATION: 300 ft. 

SPECIES AND CODES: 

PAIN Parapholis incurva 
CAAE Carpobrotus aequilateris 
HOCA Hordeum californicum 
SEVU Senecio vulgaris 
SPMA Spergularia macrotheca 
SI BE Sisyrinchium bellum 
ERGL Erigeron glaucus 
MENO Mesembryanthemum nodiflorum 
ASMI Astragulus miguelensis 

SLOPE ASPECT: 8° SLOPE: 3° 

MEPO Medicago polymorpha 
HOLE Hordeum murinum ssp. leporinum 
ERCI Erodium cicutarium 
SOOL Sonchus oleraceus 
HOGL Hordeum murinum ssp. glaucum 
ATCA Atriplex califomica 
MEIN Meliotus indicus 
CAMA Calystegia macrostegia 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 02 

TRANSECT LOCATION: Caliche flats northeast of Ranger Station, Northeast of SMI 01. 

TRANSECT SAMPLE DIRECTION: N-S 

PUNT COMMUNITY: Caliche Scrub 

ELEVATION: 235 ft. 

SPECIES AND CODES: 

PAIN Parapholis incurva 
ERGL Erigeron glaucus 
ATCA Atriplex californica 
ERC! Erodium cicutarium 
AS Ml Astragulus miguelensis 
MENO Mesembryanthemum nodiflorum 
SOOL Sonchus oleraceus 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 240° SLOPE: 1° 

MEPO Medicago polymorpha 
HOCA Hordeum californicum 
MEIN Melilotus indicus 
SPMA Spergularia macrotheca 
CAAE Carpobrotus aeguilateris 
SEVU Senecio vulgaris 
CAMA Calystegia macrostegia 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 

TRANSECT LOCATION: Second swale west of dry lake bed 

TRANSECT SAMPLE DIRECTION: NE-SW 

PLANT COMMUNITY: Grassland 

ELEVATION: 375 ft. 

SPECIES AND CODES: 

BRDI Bromus diandrus 
BRMO Bromus mollis 
ASMI Astragulus miguelensis 
ATCA Atriplex californica 
HOCA Hordeum californicum 
PODO Poadouglasii 

03 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 315° SLOPE: 2° 

CAMA Calystegia macrostegia 
CAAE Carpobrotus aequilateris 
MEIN Melilotus indicus 
MASU Malacothrix succulentus 
CIOC Circium occidentale 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 04 

TRANSECT LOCATION: Southwest of Green Mountain, between two drainages closest to the trail 

TRANSECT SAMPLE DIRECTION: E-W NUMBER OF POINTS: 100 

PUNT COMMUNITY: Grassland 

ELEVATION: 550 ft. SLOPE ASPECT: 180° SLOPE: 2° 

SPECIES AND CODES: 

STPU Stipa pulchra 
BRDI Bromus diandrus 
AVBA Avena barbata 
GAAP Galium aparine 
AM IN Amsinkia intermedia 
BRMO Bromus mollis 
HOCA Hordeum californicum 
ATSE Atriplex semibaccata 

SOOL Sonchus oleraceus 
HOLE Hordeum murinum ssp. leporinum 
ERCI Erodium cicutarium 
MEPO Medicago polymorpha 
STME Stellaria media 
CLPE Clayton ia perfoliata 
PODO Poadouglasii 
SEVU Senecio vulgaris 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 05 

TRANSECT LOCATION: Southwest of Green Mountain, between two drainages closest to trail, down slope 
toward the junction. 

TRANSECT SAMPLE DIRECTION: E-W 

PLANT COMMUNITY: Coastal Sage Scrub 

ELEVATION: 475 ft. 

SPECIES AND CODES: 
ARCA Artemisia californica 
OPLI Opuntia littoralis 
MAMA Marah macrocarpa 
STPU Stipa pulchra 
BAPI Bacharris pilularis 
DIP U Dichelostemma pulchella 
MAVU Marrubium vulgare 
HOCA Hordeum californicum 
LOSC Lotus scoparius 
BRRU Bromus rubens 
MASA Malacothrix saxatilis 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 199° SLOPE: W 2/3 = 34° 
E 1/3 = 15° 

CHMU Chenopodium californicum 
GNLU Gnaphallium luteo-album 
LAAU Lamarkia aurea 
MAIM Malacothrix implicata 
LODE Lotus dendroideus 
BRMO Bromus mollis 
CRER T/7/aea erecta 
PODO Poadouglasii 
CAMA Calystegia macrostegia 
ATSE Atriplex semibaccata 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 06 

TRANSECT LOCATION: Southeast flank of Green Mountain, just upslope from plane wreck. 

TRANSECT SAMPLE DIRECTION: SW-NE NUMBER OF POINTS: 100 

PLANT COMMUNITY: Island chaparral 

ELEVATION: 625 ft. SLOPE ASPECT: 40° SLOPE: 10° 

SPECIES AND CODES: 
BRDI Bromus diandrus 
PAIN Parapholis incurva 
MEPO Medicago polymorpha 
HAVE Haplopappus venetus 
BAPI Baccharis pilularis 
ERCI Erodium cicutarium 
LUSU Lupinus succulentus 
ATCA Atriplex californica 
HOLE Hordeum murinum ssp. leporinum 
SIGA Silene gallica 
CAAE Carpobrotus aequilateris 
LACH Lasthenia chrysostoma 
SEBI Selaginella biglovii 
SODO Solanum douglasii 
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SOOL Sonchus oleraceus 
MEIN Melilotus indicus 
CLPE Claytonia perfoiiata 
PHRA Pholistoma racemosum 
CRCL Cryptantha clevelandii 
SPMA Spergularia macrotheca 
DAPU Daucus pusillus 
PLCA Platystemon californicus 
GNLU Gnaphalium luteo-album 
BRMO Bromus mollis 
STME Stellaria media 
VUMY Vulpia myuros 
TONO Torilis nodosa 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 07 

TRANSECT LOCATION: Southwest of Ranger Station and Helopad, between drainages of Nidever Canyon 

TRANSECT SAMPLE DIRECTION: N-S NUMBER OF POINTS: 100 

PLANT COMMUNITY: Island chaparral 

ELEVATION: 450 ft. 

SPECIES AND CODES: 
BRDI Bromus diandrus 
HAVE Haplopappus venetus 
CAAE Carpobrotus aequilateris 
VUME Vulpia megalura 
ERST Eriophyllum staechadifolium 
LUAL Lupinus albifrons 
BAPI Baccharis pilularis 
PAIN Parapholis incurva 
ACMI Achillea millifolium 
AVBA Avena barbata 
HOLE Hordeum murinum ssp. leporinum 
BRMO Bromus mollis 
POMO Polypogon monspellensis 

SLOPE ASPECT: 30° SLOPE: 15° 

ATCA Atriplex californica 
SOOL Sonchus oleraceus 
MEPO Medicago polymorpha 
ERCI Erodium cicutarium 
HOCA Hordeum californicum 
VUMY Vulpia myuros 
MEIN Melilotus indicus 
CRER Tillaea erecta 
CRCL Cryptantha clevlandii 
LACH Lasthenia chrysostoma 
PHRA Pholistoma racemosum 
DAPU Daucus pusillus 
GNLU Gnaphalium luteo-album 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 08 

TRANSECT LOCATION: East of Ranger Station at the head of Willow Canyon. 

TRANSECT SAMPLE DIRECTION: E-W NUMBER OF POINTS: 100 

PLANT COMMUNITY: Island chaparral 

ELEVATION: 450 ft. 

SPECIES AND CODES: 

SLOPE ASPECT: 93° SLOPE: 1° 

A-50 Transect Site Descriptions 

BRDI Bromus diandrus 
HAVE Haplopappus venetus 
LUAR Lupinus arboreus 
ESCA Eschscholzia californica 
ASMI Astragulus miguelensis 
COGI Coreopsis gigantea 
MAIN Malacothrix incana 
CAAE Carpobrotus aequilateris 
ACM I Achillea millefolium 
NEPE Nemophila pedunculate 

ATCA Atriplex californica 
MEIN Meliotus indicus 
ATSE Atriplex semibaccata 
ClOC Circium occidentale 
SOOL Sonchus oleraceus 
AM IN Amsinkia intermedia 
MASU Malacothrix succulentus 
PTDR Pterostegia drymarioides 
DISP Distichlis spicata 



VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 09 

TRANSECT LOCATION: Near Knox Benchmark on southeast end of Island 

TRANSECT SAMPLE DIRECTION: NW-SE 

PLANT COMMUNITY: Sea cliff scrub 

ELEVATION: 300 ft. 

SPECIES AND CODES: 

BRRU Bromus rubens 
HAVE Haplopappus venetus 
ERCI Erodium cicutarium 
HOLE Hordeum murinum ssp. leporinum 
ATSE Atriplex semibaccata 
ASCU Astragulus curtipes 
MASA Malacothrix saxatilis 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 220° SLOPE: 30° 

POMO Polypogon monspellensis 
MEIN Meliotus indicus 
MEPO Medicago polymorpha 
HOCA Hordeum californicum 
LUSU Lupinus succulentus 
SOOL Sonchus oleraceus 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 10 

TRANSECT LOCATION: Near Knox Benchmark on southeast end of Island. 

TRANSECT SAMPLE DIRECTION: NW-SE 

PLANT COMMUNITY: Grassland 

ELEVATION: 375 ft. 

SPECIES AND CODES: 

AVBA Avena barbata 
HOLE Hordeum murinum ssp. leporinum 
BR MO Bromus mollis 
AMIN Amsinkia intermedia 
ATSE Atriplex semibaccata 
MEPO Medicago polymorpha 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 55° SLOPE: 4° 

DIPU Dichelostemma pulchella 
SOOL Sonchus oleraceus 
MAPA Malva pan/iflora 
BRRU Bromus rubens 
ALPR Allium praecox 
BRDI Bromus diandrus 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 11 

TRANSECT LOCATION: In Willow Canyon 

TRANSECT SAMPLE DIRECTION: NW-SE 

PLANT COMMUNITY: Coastal sage scrub 

ELEVATION: 340 ft 

SPECIES AND CODES: 

BRDI Bromus diandrus 
CAMA Calystegia macrostegia 
ARCA Artemisia californica 
MAMA Marah macrocarpa 
AVBA Avena barbata 
MAVU Marrubium vulgare 
BRRU Bromus rubens 
MEIN Meliotus indicus 
OPLI Opuntia littoralis 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 160-135° SLOPE: 23° 

STPU Stipa pulchra 
BAPI Baccharis pilularis 
PODO Poadouglasii 
SOOL Sonchus oleraceus 
MEPO Medicago polymorpha 
VUME Vulpia megalura 
CLPE Claytonia perfoliata 
LUSU Lupinus succulentus 
HOLE Hordeum murinum ssp. leporinum 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 12 

TRANSECT LOCATION: Southwest of wind tunnel 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Island Chaparral 

ELEVATION: 275 ft. 

SPECIES AND CODES: 

LUAL Lupinus albifrons 
CAMA Calystegia macrotheca 
CAAE Carpobrotus aequilateris 
MAMA Marah macrocarpa 
PHDI Phacelia distans 
HAVE Haplopappus venetus 
ABUM Abronia umbel lata 
DISP Distichlis spicata 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 40° SLOPE: 18° 

PODO Poadouglasii 
ATCA Atriplex californica 
BRDI Bromus diandrus 
MAI N Malacothrix incana 
CHCA Chenopodium californicum 
LOSC Lotus scoparius 
PHRA Pholistoma racemosum 
ERGL Erigeron glaucus 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 13 

TRANSECT LOCATION: Southwest of the wind tunnel 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: 225 ft. 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 15° SLOPE: 4° 

SPECIES AND CODES: 
MAIN Malacothrix incana 
BRDI Bromus diandrus 
CAMA Calystegia macrostegia 
PODO Poadouglasii 
CAAE Carpobrotus aequilateris 
ATCA Atriplex californica 
ASMI Astragulus miguelensis 
COGI Coreopsis gigantea 
MAMA Marah macrocarpa 
MEIN Melilotus indicus 
PHDI Phacelia distans 
ABUM Abronia umbellata 
MASU Malacothrix succulentus 

CHCA Chenopodium californicum 
ESCA Eschscholzia californica 
LOSC Lotus scoparius 
LODE Lotus dendroideus 
CLPE Claytonia perfoliata 
CRCL Cryptantha clevelandii 
LAPL Layia platyglossa 
PLCA Platystemon califomicus 
PTDR Pterostegia drymarioides 
ERCI Erodium cicutarium 
DUGR Dudleya greenei 
HOLE Hordeum murinum ssp. leporinum 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 14 

TRANSECT LOCATION: Southwest of wind tunnel 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Coastal dune 

ELEVATION: 280 ft. 

SPECIES AND CODES: 

AMCH Ambrosia chamissonis 
MAIN Malacothrix incana 
CAAE Carpobrotus aequilateris 
BRDI Bromus diandrus 
CAMA Calystegia macrostegia 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 50° SLOPE: 35° 

PODO Poadouglasii 
CACH Camssonia cheiranthifolia 
ABUM Abronia umbellata 
MASU Malacothrix succulentus 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
C H A N N E L ISLANDS NATIONAL PARK 

SAN M I G U E L ISLAND 15 

TRANSECT LOCATION: Terrace southeast of the mouth of Willow Canyon 

TRANSECT SAMPLE DIRECTION: N-S 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: 40 ft. 

SPECIES AND CODES: 

HOLE Hordeum murinum ssp. leporinum 
ATSE Atriplex semibaccata 
COGI Coreopsis gigantea 
MEPO Medicago polymorpha 
FRGR Frankenia grandifolia 
STPU Stipa pulchra 
AVBA Avena barbata 
DISP Distichlis spicata 

NUMBER OF POINTS: 100 

SLOPE ASPECT: 6 

ERMO Erodium moschatum 
AM IN Amsinkia intermedia 
DIPU Dichelostemma pulchella 
BRDI Bromus diandrus 
ERCI Erodium cicutarium 
SOOL Sonchus oleraceus 
MEIN Melilotus indicus 
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VEGETATION MONITORING TRANSECT SITE DESCRIPTION 
CHANNEL ISLANDS NATIONAL PARK 

SAN MIGUEL ISLAND 16 

TRANSECT LOCATION: Southwest side of ridge which runs southeast from Willow Canyon, near its mouth 

TRANSECT SAMPLE DIRECTION: E-W NUMBER OF POINTS: 100 

PLANT COMMUNITY: Coreopsis scrub 

ELEVATION: 100 ft. SLOPE ASPECT: 210° SLOPE: 13° 

SPECIES AND CODES: 

HAVE Haplopappus venetus 
BRDI Bromus diandrus 
PODO Poadouglasii 
ASMI Astragulus miguelensis 
COG I Coreopsis gigantea 
MAIN Maiacothrix incana 
ATCA Atriplex califomica 
COFI Corethrogyne filaginifolia 
MASA Maiacothrix saxatilis 
ERGI Eriogonum giganteum 

MAIM Maiacothrix implacata 
CAHO Castilleja hololeuca 
ERCI Erodium cicutarium 
ABUM Abronia umbeilata 
ATSE Atriplex semibaccata 
BRRU Bromus rubens 
CHCA Chenopodium californicum 
ERMO Erodium moschatum 
PHDI Phacelia distans 
MASU Maiacothrix succulentus 
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APPENDIX B. Important Contacts 

The following people are knowledgeable about methods used and island flora and can provide assistance in 
problem solving. 

Dr. William L Halvorson 
Channel Islands National Park 
1901 Spinnaker Dr. 
Ventura, CA 93001 
(805)644-8157 

Ms. Ronilee Clark 
Channel Islands National Park 
1901 Spinnaker Dr. 
Ventura, CA 93001 
(805)644-8157 

Mr. Steve Junak 
Santa Barbara Botanic Garden 
1212 Mission Canyon Rd. 
Santa Barbara, CA 93105 
(805) 682-4726 

Mr. Steve Veirs, Leader 
NPS Cooperative Park Studies Unit/Institute of Ecology 
Wickson Hall 
Univ. of California - Davis 
Davis, CA 95616 
(916)752-7119 
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APPENDIX C. Terrestrial Vegetation Transect Data Form 

Terrestrial Vegetation Transect Data Form 

Island Transect # Date 

Species ID By Data Recorder 

Comments 

Transects Read From To 

HT(m) SP1 SP2 SP3 SP 4 SUB 
(highest) (lowest) 

001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 

026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 

Data Form C-1 



Terrestrial Vegetation Transect Data Form 

Island Transect # Date 

Species ID By Data Recorder 

Comments , 

Transects Read From To 

HT(m) SP1 SP2 SP3 SP 4 SUB 
(highest) (lowest) 

051 
052 
053 
054 
055 
056 _ _ _ _ _ _ _ _ _ _ _ 
057 I _" ' Z" 
058 " _ _ _ ~_ 
059 
060 
061 
062 
063 
064 
065 
066 
067 
068 
069 

si 1 |_#i H H 
! = _ _ _ _ . = = _§ 
079 
080 
081 
082 
083 
084 
085 
086 
087 
088 
089 
090 
091 
092 
093 
094 
095 
096 _ _ _ _ _ _ _ _ _ _ _ 
097 
098 
099 _ _ _ _ _ 
100 

C-2 "" ~~ ~ " — — — — Da fa Form 



Appendix P. Species (with codes) recorded on transects in 1984 -1987. 

SPECIES 

Abronia umbellata 
Achillea borealis 
Achillea millefolium 
Allium praecox 
Amblyopappus pusillus 
Ambrosia chamissonis 
Amsinckia intermedia 
Anagalis arvensis 
Arctostaphylos confertiflora 
Artemisia californica 
Astragalus curtipes 
Astragalus miguelensis 
Astragulus traskiae 
Atriplex californica 
Atriplex semibaccata 
Avena barbata 
Avena fatua 
Avena sp. 
Baccharis pilularis 
Bare Ground 
Bromus arizonicus 
Bromus carinatus 
Bromus diandrus 
Bromus mollis 
Bromus rigidus 
Bromus rubens 
Bromus sp. 
Bromus trinii 
Caliche 
Calystegia macrostegia 
Camissonia cheiranthifolia 
Carpobrotus aequilateris 
Castilleja affinis 
Castilleja hololeuca 
Chenopodium californicum 
Chenopodium murale 
Cirsium occidentale 
Claytonia perfoliata 
Convolvulus macrostegius 
Coreopsis gigantea 
Corethrogyne filaginifolia 
Cryptantha clevelandii 
Daucus pusillus 
Delphinium parryi 
Dichelostemma pulchella 
Diplacus parviflorus 
Diplacus sp. (dark red) 
Distichlis spicata 
Dodecatheon clevelandii 

CODE 

ABUM 
ACBO 
ACMI 
ALPR 
AMPU 
AMCH 
AMIN 
ANAR 
ARCO 
ARCA 
ASCU 
ASMI 
ASTR 
ATCA 
ATSE 
AVBA 
AVFA 
AVSP 
BAPI 
BARE 
BRAR 
BRCA 
BRDI 
BRMO 
BRRI 
BRRU 
BRSP 
BRTR 
CALI 
CAMA 
CACH 
CAAE 
CAAF 
CAHO 
CHCA 
CHMU 
CIOC 
CLPE 
COMA 
COGI 
COFI 
CRCL 
DAPU 
DEPA 
DIPU 
DIPA 
DIPL 
DISP 
DOCL 

SPECIES 

Dudleya caespitosa 
Dudleya greenei 
Elymus condensatus 
Encelia californica 
Erigeron glaucus 
Eriogonum arborescens 
Eriogonum giganteum 
Eriogonum grande 
Eriophyllum confertiflorum 
Eriophyllum staechadifolium 
Erodium cicutarium 
Erodium moschatum 
Eschscholtzia californica 
Frankenia grandifolia 
Galium angustifolium 
Galium aparine 
Galium sp. 
Gillia nevinii 
Gnaphalium luteo-album 
Gnaphalium microcephalum 
Grass unknown 
Grindelia latifolia 
Haplopappus detonsus 
Haplopappus sp. 
Haplopappus venetus 
Hemizonia Clementina 
Hordeum brachyantherum 
Hordeum californicum 
Hordeum murinum ssp. glaucum 
Hordeum murinum ssp. leporinum 
Hordeum pusillum 
Hordeum sp. 
Juncus mexicanus 
Lamarckia aurea 
Lasthenia chrysostoma 
Lathyrus laetiflorus 
Layia platyglossa 
Lepidium nitidum 
Litter 
Lotus dendroideus 
Lotus scoparius 
Lupinus albifrons 
Lupin us arboreus 
Lupinus bicolor 
Lupinus succulentus 
Lycium californicum 
Malacothrix implicata 
Malacothrix incana 
Malacothrix philbrickii 

CODE 

DUCA 
DUGR 
ELCO 
ENCA 
ERGL 
ERAR 
ERGI 
ERGR 
ERCO 
ERST 
ERCI 
ERMO 
ESCA 
FRGR 
GAAF 
GAAP 
GASP 
GISP 
GNLU 
GNMI 
GRUN 
GRLA 
HADE 
HASP 
HAVE 
HECL 
HOBR 
HOCA 
HOGL 
HOLE 
HOPU 
HOSP 
JUME 
LAAU 
LACH 
LATH 
LAPL 
LENI 
LITT 
LODE 
LOSC 
LUAL 
LUAR 
LUBI 
LUSU 
LYCA 
MAIM 
MAIN 
MAPH 
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SPECIES 

Malacothrix saxatilis 
Malacothrix succulentus 
Malaphora crocea 
Malva pan/iflora 
Marah macrocarpa 
Marrubium vulgare 
Medicago hispida 
Medicago polymorpha 
Melica imperfecta 
Melilotus indicus 
Mesembryanthemum crystallinum 
Mesembryanthemum nodiflorum 
Mirabilis californica 
Mirabilis laevis 
Moss 
Muhlenbergia microsperma 
Nemophila pedunculata 
Opuntia littoralis 
Opuntia prolifera 
Parapholis incurva 
Parietaria hespera 
Pellaea andromedaefolia 
Pellaea sp. 
Pennisetum clandestinum 
Perityle emoryi 
Phacelia distans 
Phohstoma auritum 
Pholistoma racemosum 
Pityrogramma triangularis 
Platystemon californicus 
Poa douglasii 
Poa scabrella 
Polypodium californicum 
Polypogon monspellensis 
Pterostegia drymarioides 
Rock 
Sand 
Sanicula arguta 
Scleranthus annuus 
Selaginella biglovii 
Senecio vulgaris 
Silene gallica 
Silene lacinata 
Silene laciniata major 
Sisyrinchium bellum 
Soil 
Solanum douglasii 
Sonchus oleraceus 
Spergularia macrotheca 
Stellaria media 
Stipa lepida 

CODES 

MASA 
MASU 
MACR 
MAPA 
MAMA 
MAVU 
MEHI 
MEPO 
MEIM 
MEIN 
MECR 
MENO 
MICA 
MILA 
MOSS 
MUMI 
NEPE 
OPLI 
OPPR 
PAIN 
PAHE 
PEAN 
PELL 
PECL 
PEEM 
PHDI 
PHAU 
PHRA 
PITR 
PLCA 
PODO 
POSC 
POCA 
POMO 
PTDR 
ROCK 
SAND 
SAAR 
SCAN 
SEBI 
SEVU 
SIGA 
SILA 
SILM 
SIBE 
SOIL 
SODO 
SOOL 
SPMA 
STME 
STLE 

SPECIES 

Stipa pulchra 
Stipa sp. 
Suaeda californica 
Tillaea erecta 
Torilis nodosa 
Trifolium amplectens 
Trifolium tridentatum 
Unidentified Shrub 
Vicia exigua 
Vulpia derfonensis 
Vulpia megalura 
Vulpia myuros 
Vulpia sp. 
Zauschneria californica 
Zigadenas fremontii 

CODES 

STPU 
STSP 
SUCA 
CRER 
TONO 
TRAM 
TRTR 
UNSH 
VI EX 
VUDE 
VUME 
VUMY 
VUSP 
ZACA 
ZIFR 
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APPENDIX E. Example of Completed Transect Data Form 

Terrest r ia l Vegeta t ion Transec t Data Form 

Island E A T Transect # _ J Date 5 - Q-9>1 

Species ID By C M P Data Recorder J " L L 

Comments 

Transects Read From W To E 

HT(m) S P 1 S P 2 S P 3 SP 4 SUB 
(highest) (lowest) 

001 L 5QQI Hoa( iq 
002 L- Tirdi " >Q 
003 L- -
004 L HtO Î to 
005 L ° -
006 L- Kec-I 10 
007 L, MecL I4 
008 L Mge-t J-J. 
009 L Heel __„ , _ LT 
010 L UOQI HecJ 9 
011 L. Ud4) -s-
012 L S a l ^ _ li 
013 L. mi Ssol a e _ 
014 L Ml Brmn Xo 
015 t MAg-l IWJ >4hai ftrMO IB 
016 L j&aJ £ 
017 L M l ^ _ , , 3£_ 
018 L H*cr Sao/ ESp BrmO I f 
019 L Qrla- 3o 
020 I G r i a _ Brmn LI 
021 L Ahsc Hazr 18 
022 I- Hac-r \k 
023 L Hi lar XO 
024 L= Way LQ. 
025 is Macr . (fed ll 
026 L S o o | Hftal $rmn (fi 
027 L- P>r^° HP£I US 
028 S ffoal A f i r . Skia. 2£ 
029 S L\&„ tifgl ( 5 _ 
030 t~ fryrwo 2$ 
031 L- ftfcicr Rr rwo _ _ _ ^ / I 
032 L Manr A f s C Hog I "BP^O L4 
033 L- Uner <8r\PU • Z. U. 
034 2 H/iar (5 
035 S MACK <Sr k 30 
036 2 H/ior &tl& 32 
037 L r f i c r n v t o - a£ 
038 L- Mag-r m 
039 L. k i f . r On 
040 L Hflej: 22 
041 L. Mdcr - u 
042 F Hoar ^ 4 
043 L MOO- .23 
044 L Mdfr x5 
045 j - Watr 3.I 
046 I- Mdi-r LE . 
047 S Han 22 
048 s Hort- F r a r u r j a . 3 5 
049 S H/ir-r Gr^QL 33 
050 L Marr AX 

Data Form p77 



APPENDIX F. Examples of Printouts and Analysis for TRANSECT Program 

EAI0187 
8MAY87 
CMD and JLL 
Transect read W to E 

Total # of points in transect = 101 
Average height of vegetation in meters =0.22 
Average # of species per point =1.6 

# HGT. CODES (Tallest to lowest) 

1 .19 HOGL/SOOL 
2 .1 BRDI 
3 0 LITT 
4 .1 HOGL 
5 0 LITT 
6 .12 HECL 
7 .14 HECL 
8 .22 HECL 
9 .17 HECL 
10 .09 HECL/HOGL 
11 .05 HOGL 
12 .17 HOGL 
13 .2 SOOL/HOGL 
14 .2 BRM0/HOGL 
15 .18 BRM0/ATSE/HECL/HOGL 
16 .15 HOGL 
17 .2 HOGL 
18 .17 BRMO/HOGL/SOOL/MACR 
19 .2 GRLA 
20 .11 BRMO/GRLA 
21 .18 MACR/ATSE 
22 .16 MACR 
23 .2 MACR 
24 .1 MACR 
25 .15 HECL/MACR 
26 .18 BRMO/HOGL/SOOL 
27 .15 HOGL/BRMO 
28 .2 GRLA/ATSE/HOGL 
29 .15 HOGL/ATSE 
30 .23 BRMO 
31 .11 BRMO/MACR 
32 .16 BRMO/HOGL/ATSE/MACR 
33 .17 GRLA/MACR 
34 .15 MACR 
35 .3 GRLA/MACR 
36 .3 GRLA/MACR 
37 .26 GRLA/MACR 
38 .24 MACR 
39 .2 MACR 
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40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

.2 

.22 

.24 

.22 

.25 

.21 

.16 

.27 

.25 

.32 

.22 

.32 

.33 

.45 

.3 

.22 

.15 

.17 

.15 

.17 

.21 

.22 

.1 

.17 

.2 

.45 

.3 

.25 

.22 

.26 

.31 

MACR 
MACR 
MACR 
MACR 
MACR 
MACR 
MACR 
MACR 
GRLA/FRGR/MACR 
GRLA/MACR 
MACR 
BRDI/HDGL/MACR 
BRDI/HOGL/MACR/SOOL 
BRDI 
BRDI 
BRDI/HOGL/SOOL 
SOOL/BRDI/MACR/HOGL 
MACR 
MACR 
MACR 
MACR 
MACR/GRLA 
FRGR/HOGL/GRLA 
HOGL/GRLA 
HOGL/GRLA 
GRLA/BRDI 
BRDI/HOGL 
HOGL 
HOGL/FRGR 
HOGL/SCOL 
BRDI/HOGL/MACR 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

97 
98 
99 
100 
101 

.18 

.25 

.27 

.35 

.38 

.37 

.3 

.32 

.28 

.31 

.3 

.32 

.28 

.24 

.22 

.23 

.23 

.27 

.24 

.22 

.22 

.3 

.22 

.3 

.3 

.32 

.2 

.22 

.15 

.15 

.15 

HOGL 
HOGL/SCOL 
HOGL/BRDI 
BRDI/HOGL 
BRDI 
BRDI 
BRDI 
BRDI 
BRDI 
BRDI/MACR 
MACR 
COGI/MACR 
MACR 
MACR 
MACR 
MACR 
MACR 
MACR 
MACR 
MACR/FRGR 
MACR 
MACR 
MACR 
MACR 
MACR 
MACR 

MACR 
MACR 
MACR 
MACR 
MACR/FRGR 
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Transect number EAST ANACAPA ISLAND 01 

100 points 

P E 

SPECIES 
Hordeum glaucum 
Malaphora crocea 
Grindelia latifolia 
Atriplex semibaccata 
Achillea millefolium 
soil 
Coreopsis gigantea 
Bromus diandrus 
Ffankenia grandifolia 
Sonchus oleraceus 
Spergularia macrotheca 
Hemizonia Clementina 
Dichelostemma pulchella 
Litter 
Chenopodium murale 
Anagalis arvensis 
Avena barbata 
Erodium moschatum 
Medicago polymorpha 
Claytonia perfoliata 
Hordeum californicum 
Pterostegia drymariodes 
Silene gallica ' 
Bromus mollis 

NUMBER UP SPECIES 
SUM OF FREQUENCIES 

R C E N T 

6APR84 
40 . 
3 9 . 
2 7 . 
16 . 

3 . 
3 . 
2 . 
1 
1. 
1 
1. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11 
134. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

A B S 0 L U 

15FEB85 
3 9 . 0 
4 3 . 0 
2 5 . 0 

3 .0 
1.0 
3 .0 
2 . 0 
0 
0 
0 
1.0 

15 .0 
3 .0 
2 . 0 
1.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 
138.0 

T E F R E Q 

8MAR86 
4 3 . 0 
4 9 . 0 

9 . 0 
1.0 
1.0 
1.0 
6 .0 
0 
0 
0 
0 

13 .0 
4 . 0 
0 
0 
6 . 0 
3 . 0 
2 . 0 
2 . 0 
1.0 
1.0 
1.0 
1.0 
0 

17 144.0 

U E N C Y 

8MAY87 CHANGE 
3 1 . 7 
5 6 . 4 
13 .9 

5 .0 
0 
0 
1.0 

17 .8 
5 .0 
8 .9 
0 
6 .9 
0 
2 . 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 .9 

11 157.4 

- 8 . 3 
17 .4 

- 1 3 . 1 
- 1 1 . 0 

- 3 . 0 
- 3 . 0 
- 1 . 0 
16 .8 

4 . 0 
7 . 9 

- 1 . 0 
6 .9 
0 . 0 
2 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
8 .9 

1 o 1 23 .4 

AVERAGE 
38.4~ 
4 6 . 9 
18 .7 

6 .2 
1.3 
1.8 
2 .7 
4 . 7 
1.5 
2 .5 
0 .5 
8 .7 
1.8 
1.0 
0 . 3 
1.5 
0 . 8 
0 . 5 
0 .5 
0 . 3 
0 . 3 
0 . 3 
0 . 3 
2 .2 

12 .8 
143.4 

Examples of Analysis F-3 
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EAI0187 
8MAY87 
CMD AND JLL 
Transect read W to E. 

Total * of points in transect • 101 
Average height of vegetation in meters • 0.22 
Average # or species per point • 1.6 

F-4 Examples of Analysis 

0 .25 .5 .75 1 

1 HDGL 
2 BTOI 
3 LTTT 
4 HOGL 
5 LITT 
6 HECL 
7 HECL 
8 HECL 
9 HECL 
10 HECL 
11 HOGL 
12 HOGL 
13 SOOL 
14 BHMD 
15 BRMO 
16 HOGL 
17 HOGL 
18 BRMO 
19 GRLA 
20 BRMO 
21 MACR 
22 MACR 
23 MACR 
24 MACR 
25 HECL 
26 BRMO 
27 HOGL 
28 GRLA 
29 HOGL 
30 BRMO 
31 BRMO 
32 BRMO 
33 GRLA 
34 MACR 
35 GRLA 
36 GRLA 
37 GRLA 
38 MACR 
39 MACR 
40 MACR 
41 MACR 
42 MACR 
43 MACR 
44 MACR 
45 MACR 
46 MACR 
47 MACR 
48 GRLA 
49 GRLA 
50 MACR 
51 BRD1 
52 BRDI 
53 BRDI 
54 BRDI 
55 BRDI 
56 SOOL 
57 MACR 
58 MACR 
59 MACR 
60 MACR 
61 MACR 
62 FRGR 
63 HOGL 
64 HOGL 
65 GRLA 
66 BRDI 
67 HOGL 
68 HOGL 
69 HOGL 
70 BRDI 
71 HOGL 
72 HDGL 
73 HOGL 
74 BRDI 
75 BRDI 
76 BRDI 
77 BRDI 
78 BRDI 
79 BRDI 
80 BRDI 
81 MACR 
82 COGI 
83 MACR 
84 MACR 
85 MACR 
86 MACR 
87 MACR 
88 MACR 
89 MACR 
90 MACR 
91 MACR 
92 MACR 
93 MACR 
94 MACR 
95 MACR 
96 MACR 
97 MACR 
98 MACR 
99 MACR 
100 MACR 
101 • MACR 



Appendix G. TRANSECT - A Computer Program for Vegetation Analysis 

TRANSECT — A Computer Program for Vegetation Analysis 

By Dwain Goforth 
National Park Service 

Cooperative Studies Unit 
Redwood National Park 

Areata, California 95521 
(707) 822-7611 

TRANSECT is a menu-driven computer program that performs data 
storage and retrieval, calculates the frequency and dominance of 
species in transects, and compares results over time or space. The 
program is designed for use with an IBM PC or XT (or compatible) with 
two disk drives or a hard disk, a minimum of 256k RAM, and a Toshiba 
P351 printer. Other systems may work depending on their 
compatibility with the IBM and the Toshiba systems. 

TRANSECT uses data from vegetation plots that measure 
presence/absence of species. Transects can range from one to 1000 
point plots. Use of the program entails development of one or more 
species lists (with associated four-character alphanumeric codes), 
entering of field data and general text descriptions for the 
transect. The data consists of the vegetation height in meters, plus 
codes for the tallest species and other species at the point 
(including codes for other items such as substrate if you wish). 

After a species/code list is created and data is input, several 
products can be obtained, including printouts of raw data; tables for 
single transects listing the frequency, dominance and percent as 
tallest for each species plus means of vegetation height and number 
of species per point; tables for combined transects listing the same 
results as for single transects; height profiles of single transects 
by the tallest taxa; tables of percent frequency or relative 
dominance for a selection of transects, showing change over time or 
space (including net change and mean for period) and change and mean 
for number of species and sum of frequencies; and graphs of selected 
species showing change over time by frequency or relative dominance. 

SETTING UP THE PROGRAM. 
Hard disk computers: First create a new directory that you will 

use for the program and copy sufficient system programs onto this 
directory that will allow running of programs and file management. 
Also copy SORT.EXE onto the directory. If you have a BASIC compiler 
and plan to modify the TRANSECT program to fit your particular needs, 
copy BASICA.EXE onto the directory as well. Next, copy the files 
from the supplied program disk onto the hard disk directory (you do 
not need to copy TRANSECT.BAS if you do not intend to modify the 
program with a BASIC compiler.) Note: You do need to copy the 
example files (those with the extensions .LST, .TXT, .DAT, and .RSL) 
in order to avoid a "file not found error" when you first run the 
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program ~ after you have your own .LST, .TXT, .DAT, and .RSL files 
then you can erase the example files. Finally, at the DOS prompt, 
simply type TRANSECT and the program will run (you can, of course, 
set up a BATCH macro to run TRANSECT from a menu.) 

Double disk drive computers: Follow the directions above except 
copy the TRANSECT programs onto your system disk (for drive A) and 
the example files (.LST, .DAT, .TXT, and .RSL) onto a blank formatted 
disk that will be your storage disk (drive B). Then, from the DOS 
prompt type "B:" (this is important in order to change the default 
drive to the storage disk). From the B:> prompt, type A:TRANSECT; 
this will load and run TRANSECT (and will also allow'the greatest 
amount of storage on your storage disk). Again, a BATCH macro can 
perform this last function for you from a menu. 

STEP BY STEP INSTRUCTIONS. 
The following is a discussion of all of the menus in the TRANSECT 

program. It is recommended that first-time users read this section 
once through and then run the program trying all of the various 
modules. The first time through, you should use the example files 
that are provided in order to become familiar with the format of the 
final documents. Many of the terms used in the discussion are listed 
in the glossary. 

MAIN MENU 
From the Main Menu, you select other menus depending upon the job 

you wish to perform. These other menus are discussed in more detail 
in the following sections. The exception is item 5, the "Define 
subset of files" key. New users of the TRANSECT program will not 
need this function until they have built up such an extensive library 
of data and result files that a list of them will not fit on one 
screen. However, it is important to remember to name your data and 
result files in a systematic manner so that 1) you can use the 
"define subset of files" function, and 2) you can manipulate your 
files from DOS, if necessary, by using the wild card characters. For 
example, one method of naming files is to reserve the first 4 
characters of a filename for a location code, the next 2 characters 
for a transect number at that location, and the last 2 characters for 
the year the transect was taken (filenames have an 8 character 
maximum). Thus GANN0787 would indicate transect #7 at Gann's 
Prairie, taken in 1987. The format is not important as long as it is 
standardized for you. Once you have a great many data files, you can 
then use the "define subset of files" function. Using the above 
example, if during my work session I only planned to use data from 
Gann's Prairie, I would respond to the function by typing "GANN", or 
if I would only be working with files from 1987 I would respond to 
the prompt with "??????87" (note that the question marks are 
necessary to inform the computer that 6 characters come before the 
"87") . Whenever you need to redefine the subset being used just 
return to the Main Menu and run item 5. You can indicate that you 
wish to see all files by just typing a null carriage return. 
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SPECIES/CODES MENU 

<1> CREATE list of species and codes 
<2> LOAD species and codes file 
<3> SAVE present species and codes to file 
<4> EDIT species and codes array 
<5> PRINT list of species and codes 

<1> CREATE list of species and codes. 
This module lets you create an array of species and shorthand 4 

character codes. Species include plant species found along the 
transects as well as any other items you wish to include in the 
analysis, such as substrate type, gopher mounds, animal droppings, 
litter, etc. Codes can include any alphanumeric character except 
commas, colons or slashes (/). 

The array is used in most other modules; and the use of codes 
instead of the full species name saves much time in entering data and 
in reducing misspellings in the results (the shorthand codes should 
be identical to the codes used in data collection in the field, thus 
providing a simplified transfer of data from the field to the 
computer's storage). 

The create module first checks that no array is already in memory 
as running the module will erase any species/code array already in 
memory. 

To create a species/code array simply key in the species name and 
code at the appropriate prompts. Codes can be no longer than four 
characters and should be entered in capital letters (and MUST be in 
the same case as codes entered during data input in other modules). 

When you have finished entering your species and codes into the 
array enter a null <CR> to both the species and codes prompts. The 
program will then inform you how many species are in the array (1000 
is the maximum), and ask if you want to continue adding or if you are 
done. 

You cannot correct mistakes in this module after you enter a 
<CR>, you must use the edit module (the edit module is also where you 
go to add species to the array). The simplest method for error 
correction is to make a list of the spelling errors as they occur, 
and then process them all at one time from the edit module. 

<4> EDIT species and codes array. 
Run this module to either edit spelling in species/codes or to 

add new species/codes to the array. 
The edit module will ask if you want to <A>dd species and codes, 

<S>earch for an occurance (such as a misspelling), <C>hange an 
occurance in the array, or <Q>uit back to the Species Menu. 

Before you can <C>hange an item in the array, you must know the 
array element number. To find this number, press the "S" for search 
and enter all or part of the item you are looking for. For example, 
to find the array element number of a known misspelling (such as 
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"Pseudosuga"), at the prompt you can enter "Pseudosuga", or "Pse", or 
"suga", or "PSME" (providing that PSME is the code for that species). 
The program will search the entire array and display a list of all 
elements that contain a match for the characters you input. Thus, 
the longer or more unique the character string you search for, the 
shorter the list will be that is displayed. 

To run the <C>hange function, type "C" and then enter the array 
element number. The program will then display the species and code 
for that number and prompt you to enter the new information. If you 
made a mistake and chose the wrong number, you must re-inter the 
species and code data anyway. 

<3> SAVE present species and codes to file. 
The species/codes array you have created or edited resides in 

computer memory and must be saved to disk if you intend to use it 
again. 

This module will first display the filenames of all the files 
that have the extension ".LST" in order that you may choose a 
filename that does or does not (as you see fit) match another 
filename. Enter the filename at the prompt, but DO NOT include the 
",LST" extension, the program will add that for you. The 
species/code array will then be written to disk, and remain in memory 
as well. 
<2> LOAD species and codes file. 

This module will load a species/code file into memory. Any 
species/code array array presently in memory will be lost and 
replaced by the file data. At the prompt, enter the filename to 
load without the .LST extension. The program will then load the file 
and display how many species it contains. (Note: your DOS manual will 
tell you how to merge two species/codes files if you wish to do 
this.) 

<5> PRINT list of species and codes. 
This module will type the species and codes array presently in 

memory on the line printer. It is important that you have a working 
copy of this print-out in order to 1) know which species equals which 
code when you are prompted to enter codes in other modules, and 2) 
prevent using the same code twice for two different species. 

SORTING the species/code array. 
Because analysis is completed by searching through the 

species/code array in numerical order, it is convenient to have this 
array in alphabetical order so that the print-outs are displayed or 
printed that way as well. Also, a sorted array helps to prevent 
using the same code for two different species. 

TRANSECT does NOT sort the array or file, however, the DOS 
command program SORT.EXE will perform this function for you (sorting 
the species/code files by species name). The procedure is to exit 
TRANSECT and at the DOS prompt type SORT <filenamel.LST 
>filename2.LST. Filenamel is the species/code array file created in 
TRANSECT. Filename2 is the new sorted version file you wish to 
create.. Be sure to include the .LST extension in both filenames, 
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otherwise TRANSECT will not be able to find and load the sorted file. 
Also be sure that filename2 resides on the the default directory or 
disk while TRANSECT is running. 

After the DOS sort is completed, you can run TRANSECT, load the 
new sorted species/code file from the Species Menu and then print or 
use the new file. 

TRANSECT PLOT MENU 

<1> Input PLOT TEXT data 
<2> Start to INPUT plot point data 
<3> EDIT plot point data (add, change, inspect) 
<4> LOAD plot data file 
<5> SAVE plot data to file 
<6> PRINT PLOT TRANSECT data 
<7> SET FUNCTION KEYS 

The Plot Menu lets you create, edit and print the RAW data as it 
comes from the field work (see RESULTS FILES MENU for creating files 
from the results that you may have compiled before obtaining the 
TRANSECT program). 

When inputting raw data from the field, it is necessary for the 
TRANSECT program to create two files, one of text, and another of the 
data itself. Separate files allow the program to run at greater 
speed and prevent accidental reading of text as data during analysis. 

<1> Input PLOT TEXT data. 
This module gathers the text information for each transect. You 

are prompted to input the location of the transect, the date the 
transect was taken, and miscellaneous notes. The miscellaneous notes 
are limited to 253 characters each and are completed by a carriage 
return <CR>. 

You are then prompted to input "non-plot species"; that is, 
species which occur adjacent to, but not actually in the plot. 
Respond by typing their full names, NOT the codes. When finished, 
type a null <CR>. This text data is stored in memory. 

This module does not have an edit function, so if you make a 
mistake you will have to run the entire module again. 

<7> SET FUNCTION KEYS 
Prior to inputting the raw data from a transect it is very 

convenient to set the function keys (F1-F10). The procedure is to 
scan the raw data from the field and select up to ten of the most 
commonly occuring codes that you will be inputting. Then run this 
module and follow the prompts. After you have assigned some or all 
of the function keys to particular codes, you can then use a single 
keystroke for these most common codes. 

<2> Start to INPUT plot point data. 
This module lets you input the raw data from a transect. Please 

note that this module only STARTS the input process — if you have 
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already started and then left this module to edit you can continue 
adding data from the edit module. 

The module first checks whether there is data already in memory 
and if so asks if you intend to restart from the beginning (answer no 
if you were only going to add to the transect, or if you had not yet 
saved a previous transect). 

You are then instructed to enter the height of vegetation for a 
particular point number (ignore the reference to "points" if your 
plots along a transect are non-point). If you don't have height data 
type a null <CR>. 

You are then asked to input the codes for the point (or plot) on 
the transect. Enter the codes — putting a slash (/) between each 
code. 

If you are entering height data, the first code input should be 
the tallest species at that point (plot). 

When you are done inputting data for a transect, enter a null 
<CR> for both height and codes. 

<3> EDIT plot point data (add, change, inspect) 
Upon entering this module, the program will display the edit 

menu, allowing you to <A>dd to the end, <L>ook at a point, <C>hange a 
point, <G>lobally replace or delete a code throughout the transect, 
or <Q>uit back to the main menu. 

For <L>ook and <C>hange you will be asked for a single point 
number. For <G>lobal you will first be asked for the code to replace 
(a null <CR> will let you escape from this function), then for the 
replacement code. To delete the first code entirely from the 
transect enter a null <CR> to the second prompt (if you made a 
mistake, enter the same code for the second prompt as you entered for 
the first). 

The <G>lobal function is useful when you already have data files 
and wish to update the codes. For example, you may have a species 
Lupinus sp. with an assigned code of LUSP; and then later decide that 
the species in question is Lupinus albifrons. You can add Lupinus 
albifrons to your species/codes file (say with the code LUAL) and 
then transect by transect globally replace LUSP with LUAL. 

After the <G>lobal function finishes running it will display the 
number of replacements or deletions that occurred. 

<5> SAVE plot data to file. 
Your transect data resides in memory, so after you create it or 

edit it you must save it to a disk file. 
The module will first display the raw data files on your 

directory (or storage disk). These have the extension .DAT, and each 
.DAT file has a .TXT companion file (not displayed as the filenames, 
except the extension, are identical). Be sure that if you are 
inputting data for a particular transect for the first time that you 
have run both the text and the data input modules before saving your 
file. 

Reply to the prompt with the filename you wish to use for the raw 
data file. Do NOT include the extension. The program will create 
two files for you, one with the .DAT extension and one with the .TXT 
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extension. 

<4> LOAD plot data file. 
In order to edit or add to a data file it must first be loaded 

into memory. The program will display the data files on your disk 
and ask for a filename to load. Again, do not include the extension. 
The module will load both the .DAT file and the .TXT file into memory 
for your editing. If you change the data (including the input TEXT 
data module) be sure to resave it. 

<6> PRINT PLOT TRANSECT data. 
This module will list on the printer the raw data for the 

transect that currently resides in memory. Follow the prompts. 

RESULTS FILE MENU 

<1> CREATE result files 
<2> EDIT result files 
<3> PRINT result file 

In order to run the comparative analysis modules in the Analysis 
Menu, result files (files with the .RSL extension) must either be 
created by 1) converting existing raw data files (.DAT files) or 2) 
manually entering the results (frequencies) from prior data. The 
Result File Menu will create these files for you, print them on the 
printer, or allow you to edit them. The TRANSECT program 
automatically sorts the result files you create in descending order 
of frequencies. 

<1> CREATE result files 
This module starts by asking whether you wish to create a result 

file from an existing raw data file that resides on disk, or wish to 
enter the results yourself. 

If you want the program to create the result file for you, you 
will be asked to enter the filename of the .DAT file (do not include 
extension). The module will then run and create a result file with 
the same filename as your .DAT file (but with the .RSL extension). 

To enter the results for yourself (i.e., if you don't have a raw 
data file), you will first be asked the filename of the result file 
to save (as usual, do not include the .RSL extension); and then asked 
to supply some text data. You will then be asked to enter the code 
and percent frequency for each species in the transect. When 
finished, type a null <CR> to the code prompt. You will then be 
asked if you are done, and if so, the file will be sorted by 
frequency and then written to disk. 

<2> EDIT Results File. 
This module will allow you to edit result files, but first the 

file must be loaded from disk into memory. Respond to the prompt 
with the filename (without extension). The file will then be loaded 
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and the edit menu will be displayed. 
You may <A>dd entries, <D>elete entries, <L>ist the file, or 

<R>eplace codes. If adding, you will be asked for the code and then 
the frequency; if deleting you will only be asked for the code. For 
both functions a null <CR> will return you to the edit menu. The 
<L>ist function allows you to check your editing progress (though the 
file will not be sorted until it is written to disk). 

When finished, the <E>nd function sorts by frequency and then 
writes the file to disk. 

<3> PRINT Results File. 
This module works the same as the List function in the results 

edit menu, except the file is sent to the printer. Respond to the 
prompt with the filename to print (without the extension, of course). 

ANALYSIS MENU 

<1> Table for SINGLE transect 
<2> COMBINED transects table 
<3> HEIGHT GRAPH for single transect 
<4> COMPARATIVE analysis table and/or graph 

Excepting the Print Height Graph analysis, the appropriate 
species/code array must reside in memory « so always load the 
species/code file before running any analysis. 

<1> Table for SINGLE Transect. 
This module sends to the display or printer the completed 

analysis from one raw data (.DAT) file. It prints in descending 
order of frequency a table of the species found on a transect. Also 
included are the species relative dominance, text information and 
adjacent (non-plot) species. 

Note: This module requires .DAT files. See the comparative 
analysis section for information on how to make a similar table for a 
single transect that has only a .RSL file available. 

You are only prompted whether to send the analysis to the printer 
or the display. If sent to the printer, the video display will 
inform you of the progress of the analysis (by counters); if sent to 
the display only, you may have a long wait with little activity while 
the program runs (especially with long and large transects and/or a 
large species/code file). 

<2> COMBINED Transects Table. 
This module is similar to the single transect analysis except 

that you are allowed to add transects together in order to analyse a 
set of transects (useful if you have a number of transects from one 
locality, or one type of vegetation). Only raw data (.DAT) files can 
be used, there is no provision for this type of analysis using result 
(.RSL) files. 

You are first prompted as to whether you wish to send the 
analysis to the printer (recommended). You are then asked for text 
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information, and non-plot (adjacent) species. This information is 
not taken from the files because an adjacent species from one 
transect may be included in another; and you may wish to change the 
text description of the analysis. 

You are then asked for one raw data filename at a time (without 
extension). After each file is entered the program runs, displaying 
its progress with counters. The filenames do not have to be in any 
particular order, but you should take care to spell the filenames 
correctly, otherwise you will have to begin the module all over 
again. 

After the last filename has been entered and analysed, respond to 
the filename prompt with a null <CR>. The table will then print, 
although it may start slow as further processing is occuring. 

<3> HEIGHT GRAPH for single transect. 
This module sends to the printer a linear graph of the height of 

vegetation, printing at the corresponding height the code of the 
first species listed for each point in the raw field data. It can 
only be used with raw data (.DAT) files that have the height data 
included. 

You are prompted to enter the filename of the .DAT file you wish 
to graph, and then to choose one of the three scales. Enter a scale 
number that is taller than the highest height in the file. 

This graph is intended to be overlaid with other graphs from the 
same transect, but different times; in order to compare the relative 
heights and the species. Keep this in mind when choosing the scale. 

<4> COMPARATIVE Analysis Table and/or Graph. 
Note: This module works with result files (.RSL) only. Raw data 

files (.DAT) must first be converted to result files using the Result 
File Menu. 

This module is actually two separate analyses that have been 
combined to save labor in entering text data and filename lists. The 
comparative analysis will produce either a table listing all species 
for one transect location or a graph of a set of species that you 
choose. They both show the change in frequency or dominance at one 
transect location over time (or different transects over space). 

The module begins by having you create a list of filenames to 
process. Start with the filename (without extension) of the earliest 
time the transect was taken (or one end of the spatial continuum). 
Continue adding filenames in chronological (or spatial) order. When 
finished respond to the prompt with a null <CR>. 

You will then be asked if you want the analysis done as frequency 
or as dominance. 

The program will then load the files and build the comparative 
analysis array. 

After the array is built you may specify either a table or a 
graph print-out at the comparison subroutines menu. 

With either choice (if this is the first time you run this module 
with this set of filenames) you will be prompted for text information 
(transect number, location, number of points in transect, and 
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footnotes, if any). 
If you choose the table format the program will proceed to print 

the table on the printer. If you choose the graph format you will be 
prompted for the codes of the species you wish to plot. When you are 
done listing codes respond with a null <CR>. The program will then 
send the graph to the printer. 

When the comparative table or graph is completed you will be 
returned to the menu where you can choose the other format if you 
desire. If you wish to change from frequency to dominance analysis 
(or vice versa) you must <Q>uit at the menu and start again at the 
Analysis Menu. Your text and filename list will be preserved. 

There may occasionally arise a situation where you wish a single 
transect table but do not have a .DAT file. You can do this from the 
comparative analysis menu by choosing only the single result file for 
the filename list and then printing the table option. This version 
of the single transect table is not as complete as the .DAT file 
version, and will also print extraneous data (such as change over 
time). 

A NOTE ON ERRORS: 
The TRANSECT program has a limited error catching ability. Non

fatal operator errors will generally provide you with an explanation 
and then allow you to resume processing. (A "Redo from start..." 
prompt means the program was expecting numerical data input and 
received alphabetical input instead — respond by checking the prompt 
above the "Redo" statement and input a number only.) 

Fatal errors (program, device, or operator) will stop processing 
and inform you of the error's "token number". This number can be 
looked up in the appendix of your Microsoft BASIC manual. You will 
then be dumped to the Main Menu. All data in memory should be 
preserved and you can try the module again. 

This error catching ability can also help you to escape from a 
module you do not want to be in if you purposefully input a response 
that will create a error (such as a non-existant filename). 

MISCELLANEOUS NOTES: 
1) It is recommended that no other files with the extensions of 

.LST, .RSL, .DAT, or .TXT reside on the directory where program data 
files reside. 

2) It is important that you never use either a code or frequency 
of "9999" as this number is used as a flag to mark locations in 
files. 

3) When inputting text data, do not use commas, colons or double 
quotation marks within the text (use apostrophes and/or dashes) . 

4) Always keep backup copies of files on separate directories or 
diskettes. 
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LIMITS OF PROGRAM: 
Number of species/codes in one file (array) = 1000 
Number of points (plots) per transect = 1000 
Number of adjacent species per transect = 25 
Number of data files for combined transect analysis = 25 
Number of result files in comparative analysis array =20 
Number of species in comparative array = 200 
Number of species in single transect results = 150 
Number of lines of footnotes = 25. 

GLOSSARY: 

ARRAY - An ordered table of one or more dimensions. 
ADJACENT SPECIES (or non-plot species) - Species which occur in 
vicinity but not on transect. 
CODE - The shorthand abbreviation (of up to 4 characters for each 
species). 
.DAT FILE (or array) - The raw vegetation data; that is, a list of 
codes associated with each point (plot) on a transect. 
DOMINANCE (= relative dominance) - The frequency of a species divided 
by the sum frequency of all species, multiplied by 100. 
FREQUENCY - The number of times a species occurs in a transect 
divided by the total number of points in a transect, multiplied by 
100. 
NULL <CR> - A carriage return without any preceding characters. 
PERCENT AS TALLEST - The frequency of a species on a transect as the 
tallest species at each point. 
PLOT - A location of data collection along a transect (may be point 
or specific area). 
.RSL FILE (result file) - A table of species and frequencies for each 
transect. 
TRANSECT - A l i n e a c r o s s t h e l andscape upon which p l o t s a r e t a k e n . 
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INTRODUCTION 

This handbook outlines monitoring techniques for 
the seven species of native amphibians, reptiles, and 
terrestrial mammals on Anacapa, Santa Barbara, 
and San Miguel islands. 

The Pacific slender salamander (Batrachoseps 
pacificus pacificus), southern alligator lizard (Gerr-
honotus multicarinatus), western fence lizard 
(Sceloporus occidentalis becki), side-blotched 
lizard (Uta stansburiana), and island night lizard 
(Xantusia riversiana) are monitored on all the islands 
where they occur. 

Species Al SBI SMI 

Pacific Slender Salamander X - X 
(Batrachoseps pacificus) 

Western Fence Lizard - - X1 

(Sceloporus occidentalis) 

Side-blotched Lizard X1 

(Uta stansburiana) 

Southern Alligator Lizard X - X 
(Gerrhonotus multicarinatus) 

Island Night Lizard - X 
(Xantusia riversiana) 

Deer Mouse X X X 
(Peromyscus maniculatus) 

Island Fox - - X 
(Urocyon littoralis) 

'Western fence lizards and side-blotched lizards are not 
readily captured by the established monitoring methods 
and the amount of data collected will probably not allow 
for detailed analysis. 

Table 1. Native Terrestrial Vertebrates on 
Anacapa, Santa Barbara and 
San Miguel Islands. 

The island night lizard is of particular interest be
cause it is federally-listed as a threatened species 
and is fully protected by the state. The island night 

lizard and the subspecies of the Pacific slender 
salamander and western fence lizard are endemic to 
the Channel Islands. 

The amphibian and reptile monitoring program 
provides two measures of population status, an un-
calibrated index of population size and a weight-
length regression. The population index allows the 
park to track changes in population size and thus 
detect botl\ long-term trends and sudden, short-
term changes. The weight-length regression 
provides a measure of the general health of the 
population. While not a primary goal of the monitor
ing, it is also possible to document significant chan
ges in distribution for any of the species. 

Deer mice (Peromyscus maniculatus anacapae, P. 
m. elusus, and P. m. streatori) and island foxes 
(Urocyon littoralis littoralis) are sufficiently important 
in the Channel Islands ecosystems that they warrant 
close attention as part of the monitoring program. 
The deer mice are dominant components of island 
communities. As abundant generalist grani-
vores/predators, they undoubtedly have significant 
influence on the plants and terrestrial invertebrates 
on the islands. As prey species, they largely deter
mine the numbers of some of the resident hawks 
and owls. Similarly, the island foxes are relatively 
abundant generalist predators which probably affect 
a variety of other species on San Miguel Island. 
They are of particular interest to the park both be
cause they are an endemic species to the Channel 
Islands and because they are listed by the state as a 
threatened species. Also, both the foxes and deer 
mice have differentiated to the subspecific level on 
each island where they are found. For these 
reasons, the most accurate means of monitoring 
deer mice and island foxes has been implemented. 

MONITORING DESIGN 
CONSIDERATIONS 

Amphibians and reptiles are monitored by using ar
tificial cover (12 in. x 12 in. x 2 in. boards) that has 
been placed on all three islands. As part of the 
design portion of the study, 3/8 in. plywood and 
both 2 in. and 4 in. thick boards were tested for use 
as cover. The plywood worked fairly well, especially 
in the cooler parts of year. Two inch thick wood, 
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however, proved to be much superior in its ability to 
retain moisture and to provide a more stable 
temperature environment, especially during the 
spring and summer. The four inch wood was also 
superior to plywood, but was no better than 2 inch 
wood. Hence, all the plywood has been replaced 
with 2 inch pieces of fir and it is recommended that 
2 inch wood be used for all monitoring. 

Pitfall traps consisting of gallon plastic jars sunk 
level with the ground and covered with plywood lids, 
were also tested for use in the monitoring program. 
Pitfall traps worked well for capturing lizards, but 
they required much more time to maintain and 
operate than did the boards. Also, salamanders 
which fell into pitfall traps often died. 

Side-blotched lizards and western fence lizards will 
probably not be caught in sufficient numbers to 
allow for detailed data analysis. This low capture 
rate is due to the combination of their restricted dis
tribution, relatively low population size and low sus
ceptibility to the sampling techniques. While these 
two species can be caught fairly readily using pitfall 
traps, the benefits do not outweigh the amount of 
time required to maintain and operate traps nor the 
amount of salamander mortality that would occur. 
Though it is not anticipated that data on relative 
abundance will be obtained for these two lizards, it 
should be possible to document changes in their 
distribution if they occur. 

The monitoring program for mice and foxes involves 
the use of trap grids. Previous researchers have 
traditionally used transects (or trap lines) for captur
ing mice and foxes. Transects can provide a relative 
index of population size, but since the area trapped 
is not reliably known, the technique does not allow a 
reliable estimation of population size (White et al. 
1982). Other techniques for monitoring foxes (e.g. 
scat counts, hair snares, scent stations, dropping 
boards, runway counts) are useful mostly for deter
mining the presence of species in an area. These 
techniques are appropriate for baseline surveys 
where the occurrence or distribution of a particular 
species may not be known, but the techniques 
provide limited information on trends in population 
size. Hence grid trapping is the only appropriate 
procedure for monitoring these species on the 
Channel Islands. The spacing between traps has 
been selected based on 1) past research which has 
provided a standard for comparison (e.g. 0.2 mi 
spacing for fox traps) and 2) considerations of home 

range movements. In general, the spacing should 
be such that at least four traps are located in an area 
the size of the expected home range of the animal 
being studied (White et al. 1982). 

Deer mice are trapped for three consecutive nights 
using 10 x 10 grids of 100 Sherman live traps. 
Twelve such grids have been established on the 
three islands and an additional grid will be estab
lished on East Anacapa Island. Island foxes are 
trapped for eight consecutive nights using 25 live 
traps arranged in a 5 x 5 grid. Five such grids have 
been established on San Miguel Island. Trapping 
data are used to calculate population size and data 
on weight, age, sex, and reproductive condition are 
used to evaluate the general health of the popula
tion. 

The locations of board transects and trapping grids 
were selected to represent the range of both 
habitats and geographic diversity on each island. 
For an example, amphibians and reptiles are not 
sampled in the stabilized dune on San Miguel Island 
because no amphibians or reptiles were captured 
there during the design phase of the research. 

MONITORING PROTOCOL 

AMPHIBIANS and REPTILES 

Methods 

Table 1 shows the species present on each island. 
Of these, the side-blotched lizard on Anacapa and 
the western fence lizard on San Miguel Island are 
only marginally susceptible to capture by the 
methods described here. Data should be collected 
on these species as far as possible, but the monitor
ing program will only yield extensive data on Pacific 
slender salamanders, alligator lizards, and island 
night lizards. Table 2 on the following page sum
marizes the schedule of counts for each transect. 
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Transect 

East Anacapa Island 
Inspiration Point 
Lighthouse Point 

Middle Anacapa Island 
Grassland 
Sagebrush 

West Anacapa Island 
West Anacapa Island 

Santa Barbara Island 
Cave-Middle 
Middle Canyon 
Middle-Graveyard 
Terrace Grassland 
Webster Point 

San Miguel Island 
Air Strip 
Green Mountain 
Nidever 
San Miguel Hill 
Willow Canyon 

Habitat 

Coreopsis/ice Plant 
Grassland 

Grassland 
Sagebrush 

Grassland 

Boxthorn 
Prickly Pear 
Boxthorn 
Grassland 
Suaeda 

Haplopappus 
Grass 
Lupine 
Rock 
Grassland 

Month 

Dec, Jan, Apr 
Dec, Jan, Apr 

Dec, Jan, Apr 
Dec, Jan, Apr 

Dec, Jan, Apr 

Apr, May, June 
Apr, May, June 
Apr, May, June 
Apr, May, June 
Apr, May, June 

Dec, Jan, Apr 
Dec, Jan, Apr 
Dec, Jan, Apr 
Dec, Jan, Apr 
Dec, Jan, Apr 

Frequency 

Yearly 
Yearly 

Yearly 
Yearly 

Yearly 

Yearly 
Yearly 
Yearly 
Yearly 
Yearly 

Yearly 
Yearly 
Yearly 
Yearly 
Yearly 

Figures 1- 6 in Appendix B show the location of 
each of the above transects. These transects 
generally consist of 60 boards arranged in two rows 
of 30. The rows are approximately 5 m apart and 
the spacing between boards in each row is ap
proximately 5 m. The end board in each row is 
marked with a metal tag with the board number (e.g. 
1, 30, 31 or 60). The other boards are not num
bered. The boards are 12 in. x 12 in. x 2 in. pieces 
of pine or fir. Deviations from the standard arrange
ment of boards are discussed for specific transects 
in Appendix B. 

Transects are checked by quickly lifting each board 
and capturing the amphibians and reptiles under
neath. For transects checked in the winter months, 
it should be relatively easy to capture both the 
lizards and salamanders. Transects which are 
checked in the warmer spring months will prove 
more difficult since the lizards are more likely to be 
warm and active. It is best to check transects in the 
early morning before the lizards warm up. Note that 

in spite of the name, island night lizard, these lizards 
are decidedly diurnal and hence most likely to be 
cool and inactive early in the day. 

If an animal escapes, the body length (not including 
the tail) should be estimated to the nearest cen
timeter. Estimated lengths are recorded in the com
ment field, not in the usual space for length since 
estimated lengths cannot be used in any statistical 
calculations. On the other hand, it is important to 
record all salamanders and lizards found since they 
will be used in the population index calculations. 

Record the board number, species, body length, 
weight, and comments on the data forms shown in 
Appendix D-1. Body length is measured from the tip 
of the snout to the opening of the vent. This is best 
viewed from the side as the lizard or salamander is 
held against a wooden or metal ruler with a "stop" at 
one end. The procedure is to hold the tip of the 
snout against the stop and gently align the body 
along the ruler. Try to get the animal's head, neck, 
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and body in a straight line without causing it to 
"tense up." You should aim to have the animal 
straight and relaxed. There is a bit of flexibility in the 
vertebral column so it is important that you do not 
straighten the animal by pulling hard on its body 
since this stretches the animal and, while this does 
not cause any harm, leads to an inaccurate 
measurement. 

Equipment Needed 

Pen with waterproof ink and clipboard 
Plastic sandwich bag for weighing 
Wooden or metal 30 cm ruler 
10 and 50 gram Pesola scale 
Water to moisten salamanders 
Data forms 

Salamanders and lizards are put in plastic sandwich 
bags for weighing. After the animal is in the bag, 
fold the bag over two or three times. This reduces 
the space in which the animal can move and also 
decreases the surface for the wind to blow against. 
The bag is then clipped to a spring scale and 
weighed. On windy days it is helpful to use a plastic 
one-gallon jar. The bag can be suspended in the jar 
which will greatly reduce the effect of the wind. 
Make sure that the bag does not touch the sides of 
the jar. 

Salamanders will dry out rapidly during handing, 
especially if they struggle during measurement. 
Carry a bit of water along to moisten animals during 
or after handling. When an animal seems to be 
drying out, hold the salamander in your hand and 
pour 5-10 ml of water over it. Cupping your hand 
will hold the water for a minute or so and give the 
salamander a better chance to absorb water. 

After checking under a board, it must be carefully 
replaced. The board should lie directly on the 
ground and not be held up by vegetation or small 
rocks. Once the board is in place, release 
salamanders and lizards at the edge of the board. 
This procedure is particularly important for 
salamanders that must have both the protection and 
moisture available under the boards. 

Upon completion of a trapping session, the Daily 
Trapping Summary form (Appendix D-4) is used to 
record the transects checked and the number of 
amphibians and reptiles captured each day. 

Optional: 
Walking stick or pole for locating boards 
One-gallon plastic jar -

used on windy days to help weigh animals 
Vials with 70% alcohol for parasites 
Compass 

Special Considerations 

The island night lizard is a federally-listed species. If 
the park intends to capture this lizard as part of the 
monitoring program, it will be necessary either to: 

• petition the Office of Endangered Species, Fish 
and Wildlife Service to request a permit or 

• develop a cooperative agreement with the 
California Department of Fish and Game to 
work under their umbrella agreement with the 
Fish and Wildlife Service. 

Experience has shown that the first alternative re
quires more administrative procedures, but is 
generally more satisfactory. 

When capturing lizards, especially night lizards, it is 
important to avoid grabbing the tail. With the excep
tion of the southern alligator lizard, all of the lizards 
lose their tails quite readily. Loss of a tail may have 
a significant effect on survivorship, reproduction, 
and dominance interactions with conspecifics. 

Salamanders can be censused only when the 
ground under the cover boards is sufficiently moist. 
While it is not possible to give exact guidelines, it 
would be best if one or two winter storms occur just 
prior to checking the boards. If there has been little 
or no rain and the ground is essentially dry, the sur
veys will not adequately sample salamanders. Data 
collected when conditions are not suitable for 
salamanders should not be used in analyzing trends 
in salamander population levels. 
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Since vegetation can grow over boards and obscure 
them, it is useful to carry a walking stick or pole to 
tap the ground in the vicinity of any board that is not 
obvious. This technique is much more efficient than 
searching through the vegetation by hand. 

Boards occasionally crack and break apart with age 
and it is strongly recommended that such boards be 
replaced immediately. A broken board does not 
provide nearly as good shelter and hence the data 
are not comparable. Therefore, two to three extra 
boards should be carried when checking transects. 
Also, in some areas such as the grasslands on San 
Miguel Island, the ground cracks and forms a 
depression under boards after a few years. When 
this happens, the boards should be moved a foot or 
two so that the ground underneath is more uniform. 

Abbreviations for the amphibians and reptiles are: 

BP = Batrachoseps pacificus 
GM = Gerrhonotus multicarinatus 
SO = Sceloporus occidentalis 
US = Uta stansburiana 
XR = Xantusia riversiana 

The HERP.PRG program will not allow a combina
tion of island and species that is not correct. 

After entering all of the data, it is essential to print 
and proofread these data prior to analysis. The 
HERP.DBF file can be edited using the dBase edit or 
browse commands. 

Species identification should not be a problem most 
of the time. On Anacapa and San Miguel Islands, 
young alligator lizards may be confused with the 
other lizards by an inexperienced observer. Alligator 
lizards have a distinctive fold of skin along the side 
of their body which separates the dorsal and ventral 
scales. This fold is not present in other lizards on 
the islands. Also, alligator lizards have large scales 
on both the dorsal and ventral sides unlike the other 
lizards on the islands. For additional identification 
information see Stebbins (1985). 

Data Input 

Data for each transect are entered into a computer 
data base using the HERP.PRG program that runs 
from within dBase III and uses the HERP.DBF file to 
store data. Begin the program at the dot prompt by 
typing: 

DO HERP 

The program prompts the user for information in the 
same order as on the data form. Estimated lengths 
should be noted in the comment field, but not be 
used in the weight- length regression. 

Island abbreviations are as follows: 

Al = Anacapa Island 
SB = Santa Barbara Island 
SM = San Miguel Island 

Data Analysis 

Population Index 

A population index is calculated for each species for 
each transect. At the end of the field season, calcu
late the index by combining the data for the three 
sampling periods and calculating the capture rate 
(animals/board) for each species along the transect. 

In order to visualize trends, graph the data as cap
ture rate (showing one standard error) versus year 
for each species. Plot each transect for each 
species separately. Graph and analyze the data for 
alligator lizards and slender salamanders separately 
for islands where they occur. This analysis will pro
vide information on annual changes in abundance. 

Short-term changes in population indices can be ex
amined by comparing the current with the previous 
year's population index using a Chi-square contin
gency analysis. For example, arrange the island 
night lizard data in a 2 x 5 table reflecting the two 
years to be tested and the five transects present on 
the island. 

Long-term trends are analyzed using autoregressive 
time series analysis (Edwards and Coull 1987). This 
technique is appropriate for detecting trends in 
autocorrelated time series data such as will be col
lected as part of the monitoring program. 
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Weight-Length Regression 

The relative mass of an animal can provide an in
dication of its health, e.g. healthier animals are likely 
to weigh more. Since weight has a curvilinear 
relationship with body length, it is necessary to cal
culate a regression as weight versus length3. Dif
ferences in slope can then be evaluated statistically 
(Zar 1974). The current year should be compared 
with the slope for the previous year. Significant dif
ferences in slope would indicate a change in the 
overall health of the population. 

Interpretation of Data 

Several patterns should be looked for in the data. 
The first is year to year fluctuation in the indices of 
abundance. Normal year-to-year changes may be 
relatively great for some species. It is anticipated 
that data will need to be collected for at least five 
years before the magnitude of these natural fluctua
tions can be documented. Until then, the sig
nificance of observed changes will not be certain. 
Data for Pacific slender salamanders may prove dif
ficult to interpret since their activity will be strongly 
moderated by rainfall. Hence changes in population 
indices must be interpreted in light of recent weather 
patterns. As noted earlier, data collected when con
ditions are not suitable for salamanders should not 
be used in analyzing trends in salamander popula
tion levels. 

The monitoring program will also detect changes in 
distribution. Distributional changes would be ex
pected on islands where there are shifts in the 
vegetation. Significant changes in the vegetation on 
Santa Barbara Island have been noted since the 
removal of rabbits in 1981. If these changes con
tinue, there should be concomitant shifts in the dis
tribution of night lizards. Fires could also initiate a 
similar process. Hence the transect data will 
provide a baseline for documenting changes in both 
the abundance and distribution of amphibians and 
reptiles on all three islands. 
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DEER MICE 

Methods 

Monitoring of deer mice employs mark-recapture 
grids. There are currently two grids on Anacapa, 
three on Santa Barbara and seven on San Miguel. 
The park will establish an additional mouse grid on 
East Anacapa Island to document the natural rees-
tablishment of deer mice as rats are removed. 
Figures 1- 6 in Appendix B show the location of 
each of these 13 grids. 

The mouse grids consist of 10 rows of 10 traps 
spaced 7 m apart. Hence the entire grid measures 
63 m on each side. Each trap site is marked with a 
wooden stake with the site number written on it. 
The corner stakes also have metal tags with the 
number in case the original numbers fade. Trap 
sites are recorded as a two number sequence repre
senting row and column. Hence the first row of the 
grid is marked as 1,1 through 1,10 and the last row 
is 10,1 through 10,10. This numbering system has 
been used to facilitate data analysis by the CAP
TURE program which calculates population size. 

Traps should be set in the late afternoon. In the 
more open habitats, it is easiest to make two passes 
through the grid, first to drop a trap at each station 
and second to bait the traps. Each trap must be 
placed as close as possible to the grid stake and 
situated firmly on the ground. The trap can be 
oriented in any direction, but it must open into a 
relatively clear area that a mouse could use as a 
runway. Be sure that the entrance is not blocked by 
dense grass or shrubs. The traps should not be 
oriented such that the wind might blow the bait or 
cause the trap to shut. 

Grid 

Anacapa Island 
East Anacapa Island1 

Anacapa Island 
West Anacapa Island 

Santa Barbara Island 
Terrace Grassland 
Terrace Coreopsis 
Webster Point 

San Miguel Island 
Air Strip 
Green Mountain 
Harris Point 
Nidever 
Point Bennett 
San Miguel Hill 
Willow Canyon 

Habitat 

Grassland 
Grassland 
Grassland 

Grassland 
Coreopsis 
Suaeda 

Haplopappus 
Grassland 
Stable Dune 
Lupine 
Stable Dune 
Rock 
Grassland 

Month 

August 
Mar & Aug 
Mar & Aug 

Mar & Aug 
Mar & Aug 
Mar & Aug 

Apr & Sept 
Apr & Sept 
Apr & Sept 
Apr & Sept 
Apr & Sept 
Apr & Sept 
Apr & Sept 

Frequency 

Even years 
Yearly 
Yearly 

Yearly 
Yearly 
Yearly 

Yearly 
Yearly 
Odd years 
Yearly 
Even years 
Even years 
Yearly 
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Occasionally it may not be possible to locate a stake 
either because it is missing or because of dense 
vegetation. In such a case, pace off the distance 
from at least two of the adjacent stakes and place 
the trap in the appropriate position. A few extra 
stakes should be available to replace ones that are 
missing. 

Each trap must be checked every day to make sure 
the trigger is set correctly. This is done by setting 
the trap and then pushing in on the rear door until 
the treadle is depressed slightly. If the trigger is set 
properly, the trap door will snap closed. If the door 
will not stay open or if depressing the treadle does 
not set off the trap, the trigger must be adjusted by 
bending it slightly forward or backwards. Such ad
justments are usually very slight and can be ac
complished with only a light push on the trigger. 

Traps are baited with rolled oats. The "old fashion" 
variety is better than the "instant" since the latter 
tends to get wet and gummy with even a small 
amount of moisture. Each trap should be baited 
with about a teaspoon of oats. Use a bit more or 
less depending on how much bait is left in traps 
which catch mice. Most of the bait should be 
placed on the treadle in the back of the trap. Be 
careful not to get bait under the treadle such that the 
trap cannot be set off. A few oats scattered on the 
front door of the trap and at the entrance may be 
helpful in attracting mice. Do not, however, get too 
much bait outside the trap or the mice will eat their 
fill outside and not go in. 

Traps should be opened and baited in the late after
noon and left closed during the day, otherwise mice 
might enter the trap during the day and die from 
overheating. On the last day, any remaining oats 
should be shaken out of the trap and traps with sig
nificant fecal material or wet oats should be set 
aside for cleaning. 

When checking the traps in the morning, be exceed
ingly careful not to let any mice escape. Mice that 
escape without being marked or having their tag 
read can significantly bias the data analysis. The ini
tial handling of mice is partly a matter of personal 
preference, but the method outlined below works 
well. It helps to wear a cotton glove on the left hand 
(vice versa for left-handed people) to reduce the 
chance of getting bitten. With small Sherman traps, 
it is best to place the mouth of the trap over a plastic 
jar or bag, open the door with one finger and shake 
the mouse out. The mouse can then be caught with 

the gloved hand. With large Sherman traps, the 
gloved hand is used to cover the opening of the trap 
as you reach in with the other hand to grab the 
mouse by the tail. As soon as you have the mouse 
out, grab it at the base of the tail with the gloved 
hand and hold the mouse so it is sitting in the palm 
of your hand. 

Always read and record the tag number immediate
ly. If the mouse is not tagged, proceed with the tag
ging first. Place a tag in the pliers and insert the tag 
in the cartilaginous portion of the ear just behind the 
external ear opening. Avoid applying the tag out 
toward the edge of the pinna where it is more likely 
to tear out. Once the tag is in place, confirm the tag 
number and write it down. Use the forms shown in 
Appendix D-2 to record data. 

Finish processing the mouse by noting weight, sex, 
age, and (for females) whether or not the nipples are 
enlarged. 

A shorthand method of recording mouse data has 
proven to be quick, accurate and efficient. First the 
trap, then tag numbers are recorded. This is fol
lowed by the age of the mouse noted as J, S, or A 
which stands for juvenile, subadult, or adult. The 
sex is noted with either a lower case f or m (female 
or male). Brief notes can be indicated with a circled 
footnote number which is explained at the bottom of 
the page. For example, 1 = nipples enlarged; 
2 = ear torn, probably lost tag. 

The Daily Summary form (Appendix D-4) is used to 
record the grid being trapped, the number of trap 
nights and the number of mice captured each day. 

Age 

Most of the mice will be adult or subadult. Juvenile 
mice will be conspicuous because of their very small 
size (less than 12 g) and their uniform, dove-gray 
pelage which has no black hairs peppered with the 
gray. The underparts of a juvenile are also gray, in 
contrast to older mice which have dull white under
sides. 

Subadults have dull gray upperparts peppered with 
black hairs. There are no brown or reddish-brown 
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hairs mixed in with the gray. The underparts are 
white. 

Adults are characterized by brown or reddish-brown 
hairs mixed in with the gray upperparts. The under
parts are white. 

Mice are frequently caught when molting from sub-
adult to adult pelage. The subadult to adult molt 
can occur in mice as small as 14-16 g. In these 
mice, there will be: 

1. two conspicuous patches of reddish-brown 
fur on the flanks, 

2. a saddle of adult fur across the back, or 
3. extensive adult pelage except for the head. 

Record these mice as subadult and note that they 
are molting. 

Sex 

Even very young mice can be sexed relatively easily. 
The penis of the male is larger and placed farther 
forward than the clitoris of the female. This is the 
most conspicuous difference between sexes. Alter
natively, check for the vaginal opening located im
mediately posterior to the clitoris or the presence of 
an obvious scrotum. 

Weight 

Mice are weighed by clipping the scale to the base 
of the tail. On windy days, it helps to carry a plastic 
one-gallon jar. The mouse can be suspended in the 
jar to get a more accurate weight. Make sure that 
the mouse does not touch the sides of the jar. 

Reproductive Condition 

Check to see if the nipples of subadult or adult 
females are enlarged. Mice that have not had young 
have nipples which are barely noticeable bumps. 
Lactating females have nipples which are large and 
somewhat puffy. When lactation is completed, the 
nipples are somewhat constricted and dry, but 
noticeably larger than non-breeding females. 

Equipment Needed 

Pen with waterproof ink and clipboard 
Sherman live traps 
Rolled oats ("old fashion" variety) 
Data form 
Ear tags (#1) 
Ear tag pliers (1 #) 
50 gram Pesola scale 
Grease pen to mark traps moved to shade 

Optional: 
Cotton gloves 
One-gallon plastic jar -

used on windy days to help weigh mice 
Vials with 70% alcohol for parasites 
Compass 

Lab Equipment: 
Spare trap doors 

Special Considerations 

Both the small and large Sherman traps have been 
used to trap mice. There have been no problems 
with either size trap on Anacapa and San Miguel Is
lands, but on Santa Barbara Island, island night 
lizards are sometimes caught in Sherman traps. The 
small Sherman traps often damage the tail of island 
night lizards and hence it is essential that only large 
Sherman traps be used on Santa Barbara Island. 

Sherman traps provide only moderate shelter from 
rain. Hence it is important to check traps early in 
the day and to consider the possibility of rain when 
setting traps. Trapping should not be conducted 
when more than a light rain is expected. If it does 
rain, check traps earlier in the day. Once a mouse 
gets wet, its fur loses most of its insulation value and 
the mouse is likely to die from exposure. If mice do 
get wet, it is appropriate to release all of the mice on 
the grid immediately rather than continuing with the 
normal processing. This is especially true for the 
first two days of trapping when the loss of animals is 
likely to invalidate the population estimate. 

On warm, clear days traps can easily overheat and 
act like small ovens in the sun. It is important to 
begin checking traps at sunrise - as soon as there is 
enough light to work. When trapping success is 
high, even an early start is not enough. As traps 
warm to the touch, you should stop processing 
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mice and go through the rest of the grid to locate 
traps with mice. The grid coordinates should be 
written on the trap with a grease pencil and the trap 
moved to nearby shade. If no other shade is avail
able, stand the trap on end and lean it on the shady 
side of the stake. Once all the traps are protected, 
you can finish processing mice. Remember to 
release each mouse at its original stake. Failure to 
take these kinds of precautions is not only in
humane, it is likely to invalidate the population es
timates for that trapping session. 

Mice tend to gnaw on the Sherman trap doors. After 
several trapping sessions, some doors have suffi
ciently large holes that mice can escape. Such 
traps should be replaced or repaired. It is also a 
good idea to carry a couple of spare traps during 
each trapping session to substitute for damaged 
traps. 

Data input 

Data for each grid are entered into a computer data 
base using the MOUSE.PRG program which runs 
from within dBase III and uses the MOUSE.DBF for 
the file structure. Make sure that both the Mouse 
programs are in the default subdirectory. After start
ing dBase, begin the program by typing: 

DO MOUSE 

The appropriate abbreviations for the mouse grids 
are as follows: 

Anacapa Island 
EA = East Anacapa 
MA = Middle Anacapa 
WA = West Anacapa 

Santa Barbara Island 
TC = Terrace Coreopsis 
TG = Terrace Grassland 
WP = Webster Point 

San Miguel Island 
AS = Air Strip 
GM = Green Mountain 
Nl = Nidever 
HP = Harris Point 
PB = Point Bennett 
SM = San Miguel Hill 
WC = Willow Canyon 

Combinations of islands and grids that are not ap
propriate are not allowed by the MOUSE.PRG 
program. 

After entering all of the data, it is essential to print 
and proofread these data prior to analysis. The data 
file can be edited using the dBase edit or browse 
commands. 

The program prompts the user for the name of the 
dBase data file to use. It is easiest to store and 
analyze data if they are stored in a separate file for 
each trapping session for each grid. Hence, if you 
are entering August, 1989 data for the Webster Point 
grid, you might name the file WPAUG89.DBF. If the 
file does not already exist, a new file is created 
based on the structure of the MOUSE.DBF file 
(which needs to be present in the same subdirec
tory). If the file already exists, it is opened and you 
can add more data. Once the file has been loaded, 
the program prompts the user for information as dis
played on the data form. Follow the menus to enter 
all of the data. 

The abbreviations for the islands are as follows: 

Al = Anacapa Island 
SB = Santa Barbara Island 
SM = San Miguel Island 

Data Analysis 

Population Size 

Population size is calculated using the CAP
TURE.EXE program. There are two steps to running 
the CAPTURE program. 

1. Convert the dBase file to the proper format for 
analysis. 

2. Run the CAPTURE program. 

Two programs have been written to automate these 
steps. The input file for CAPTURE is created using 
the dBase program MOUSEC.PRG. To run it, start 
dBase and type: 

DO MOUSE C 

10 Deer Mice 



The MOUSEC.PRG program asks for the name of 
the data file and then proceeds with the data conver
sion. Messages on the screen keep you posted as 
to the status of the conversion. The file created by 
MOUSEC has the same name as the original file, 
but the extension is SDF. Thus if the data file is 
WPAUG89.DBF, the temporary file would be 
WPAUG89.SDF. 

The second step is carried out at the DOS prompt. 
A batch file CALC.BAT has been provided to run 
CAPTURE. The data file must have the extension 
SDF and the output file will have the same name as 
the input file and an OUT extension. To run CALC, 
make sure that the data file and the CAPTURE 
program are in the same subdirectory of a hard disk 
and then type CALC and the filename with no exten
sion. Hence if the data file is WPAUG89.SDF, you 
would enter: 

CALC WP_AUG89 

After about a minute, the screen should return the 
message "Capture Successful Execution" and a note 
about the output file. The output file in this example 
would be called WPAUG89.0UT. This file must be 
printed on a wide-carriage (132 character) printer. A 
complete discussion on reading the output file and 
statistical interpretation is provided in Appendix I. 

1. Age data are tabulated as both the total number 
and the percent of each of the three age classes. 
The percentage of each age class may then be 
plotted for each trapping session. 

2. Sex data are tabulated as the number of males, 
number of females and the male:female ratio for 
each trapping session. These data are then plotted 
as proportion of males versus time. 

3. Reproductive condition is tabulated as both the 
number and percent of females lactating. Data are 
then plotted as percent lactating versus time. 

4. Calculate average weight for adult males, adult 
females, subadult males, and subadult females. Plot 
these data as average weight for each of the four 
groups (e.g. adult males) versus time. A separate 
graph is prepared for each grid. 

Statistical analysis of the above data would be useful 
if the population data indicate a significant trend. 
Otherwise, the importance of collecting these data is 
in establishing a baseline for future comparisons. 
Note that the statistical analysis of these data is 
complicated by the fact that the data are not inde
pendent. Many of the mice will be the same from 
one session to the next. 

Plot the data for each grid over time as a line graph. 
CAPTURE includes a standard error for the popula
tion estimate in its output file. This should be in
cluded on the graph. 

Short-term changes in population indices can be ex
amined by comparing the current with the previous 
year's population index using a t-test. Long-term 
trends are analyzed using autoregressive time series 
analysis (Edwards and Coull 1987). This technique 
is appropriate for detecting trends in autocorrelated 
time series data such as will be collected as part of 
the monitoring program. 

Age, Sex, 
Weight, and Reproductive Condition 

Data on sex, age, weight and reproductive condition 
can be useful in interpreting trends in population 
dynamics. These data do not need to be analyzed 
statistically, but they should be summarized and 
graphed for each trapping session as follows: 

Interpretation of Data 

Mouse trapping has been conducted on Santa Bar
bara Island for 7 years and additional data are avail
able spanning a 10-year period. One of the most 
significant findings is that there are large fluctuations 
in population levels that are related to annual rainfall, 
predation pressure, and season. Total captures 
have ranged from a low of 1 -2 mice/300 trap nights 
up to 150 mice/300 trap nights. Estimated densities 
have ranged from less than ten to over 450/ha. With 
such an extreme range in mouse density, both long 
term trends and abnormal conditions may be dif
ficult to detect. 

While there are many fewer data from San Miguel 
and Anacapa Islands, it is possible to make some 
predictions which might be useful in interpreting 
data from the first few years of monitoring. Popula
tion fluctuations on San Miguel should be rather 
modest, due to both the moderating influence of 
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island foxes and the more consistent amount of an
nual rain. Foxes are generalist predators, feeding 
on a wide variety of animals and plants including 
mice, lizards, crickets, and ice plant fruits and 
flowers. Since there are many alternative foods for 
foxes, they should be able to switch from mice to 
other prey as the mouse population declines. 

Deer mouse populations on Anacapa island are like
ly to fluctuate in an intermediate range when com
pared with Santa Barbara and San Miguel islands. 
This is because both annual rainfall and perennial 
vegetation on Anacapa provide a more stable en
vironment. 

ISLAND FOX 

Methods 

The monitoring of island foxes employs five, mark-
recapture grids on San Miguel Island. Table 4 
shows the trapping schedule for each grid. The 
location of these grids is shown in Appendix B, 
Figures 4- 6. 

Fox grids consist of five rows of five traps spaced 
0.32 km (0.2 mi) apart. Hence each grid measures 
1.29 km (0.8 mi) on a side. Trapping stations are 
marked in the field with a one-meter-high piece of 
rebar. Each piece of rebar has a metal tag (marked 
with the trap site number) tied to the base of the 
stake. This is useful since transects for other re
search on the island have also been marked with 
rebar. Until one is familiar with the location of each 
trap site, it will be easiest to start at an obvious 
landmark and then locate the others from there. 
Specific suggestions are given for each transect in 
Appendix B. Use a high quality sighting compass to 
determine the direction of travel. It is handy to cany 
binoculars to look for the rebar stake once you have 
reached the expected location. Tying a short length 
of flagging tape on the top of the rebar is helpful 
when locating the site on successive days. 

Foxes are trapped using Tomahawk #205 collap
sible live traps that measure 26 x 9 x 9 in. Traps are 
left open for eight days and checked once a day. 
Each trap should be examined when it is put out to 
be sure it is operating properly. Adjustments to the 
treadle or associated bars are generally simple, but 
a sturdy pair of pliers may be needed. Once the 
traps have been adjusted they tend to remain func
tional for a long time, but they should be checked 
daily, especially after a fox has been caught. 

Since it will take more than one day to distribute all 
25 traps to the appropriate sites, do not open the 
traps until the last day when you can set all 25. The 
trap should be placed in the immediate vicinity of 
the stake and baited with fish-flavored, canned cat 
food. One 13 oz. can is sufficient for three to four 
traps. The bait is put on a 10 x 10 cm piece of 
brown paper cut from a standard grocery bag. The 
paper and bait are then placed in the far end of the 
trap. The bait tends to dry out, especially in warm 
weather so it helps to add a small amount of fresh 

Grid 

San Miguel Island 
Green Mountain 
Harris Point 
Point Bennett 
San Miguel Hill 
Willow Canyon 

Habitat 

Grassland 
Stable Dune 
Stable Dune 
Rock/Canyon 
Grassland 

Month 

April 
February 
February 
March 
Mar/Apr 

Frequency 

Yearly 
Odd years 
Even years 
Yearly 
Yearly 
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bait and mix it in on each successive day that the 
traps are open. Also, some traps may be robbed so 
it is important to carry replacement bait. 

it also reduces both your ability to get a grip on the 
animal and your feel for when the fox is likely to 
jump or struggle. 

Wrap each trap in a piece of burlap (approximately 
36 x 50 in.) so that only the door is exposed. If there 
is a strong wind, a rock may be placed on top of the 
trap to keep the burlap in place. Be sure the rock is 
not so heavy that the trap is distorted. If the trap 
opening is not square, the door may not be able to 
close completely and the fox will escape. The effect 
of wind on captured foxes can be reduced if the 
long dimension of the trap is placed perpendicular 
to the direction of the prevailing wind. Otherwise, 
the wind tends to blow through the trap door which 
is not covered with burlap. Since some foxes chew 
on the burlap, it is important to carry several re
placement pieces when traps are being checked. 

The first step in processing a fox is to weigh the trap 
' (with the fox in it) using a Pesola spring scale. The 
burlap should remain around the trap if possible 
since this keeps the fox calmer. Pups can be taken 
out of the trap and wrapped up in a bandanna or 
placed in small bag to obtain a more exact weight, 
but it is best to get a preliminary weight while the 
animal is still in the trap. Once the fox has been 
processed and released, weigh the trap (with bur
lap) so you can determine the fox's weight by sub
traction. Data are recorded on the forms shown in 
Appendix D-3. 

If a fox is already collared, attempt to read the num
ber on the collar to determine whether it is neces
sary to handle the animal and to assure that the 
number is recorded in case of an escape. This is 
best done with a small dowel that can be used to 
poke into the trap and move the fox's fur away from 
the collar. It is generally not possible to read a num
ber without moving the fur. It is not possible to read 
numbers on the more active animals. 

To remove a fox from a trap, first stand the trap on 
end, preferably with the burlap still wrapped around 
it. Especially at first, it is helpful to carry a 3/8 in. 
dowel to use in cornering the fox. The dowel can be 
inserted through the side near the bottom of the trap 
(just above the fox) and used to gently press the 
fox's neck down and thus restrict its movement 
momentarily. The next step is simply to reach in 
and grab the fox right behind the head. You may or 
may not want to wear a glove for this step. A glove 
provides some protection if the fox tries to bite, but 

Once a fox has been removed from the trap, it is 
best to handle it without gloves. The most con
venient way to handle a fox is to sit cross-legged on 
the ground with the fox in your lap. Most foxes are 
fairly calm during processing. Excitable animals can 
be blindfolded with a bandanna loosely tied around 
the eyes and behind the head. It is important that 
loud, sudden noises be kept to a minimum since the 
fox is likely jump and may escape. Note that loud, 
low-flying military aircraft may appear unexpectedly. 

Unmarked animals should first be marked with either 
a collar or an ear tag. Pups less than eight months 
old (June through the following February) are 
tagged with #4 National ear tags. The tag is applied 
with pliers that are sold with the tags. The tag 
should be at the base of the ear and as far into the 
center as possible without folding the outer edge of 
the ear. Past researchers have used the convention 
of tagging females in the left ear and males in the 
right ear. This might facilitate the identification of 
pups seen at a later time. 

Apply Neosporin to the pierced part of the ear. If a 
fox with an ear tag is recaptured when it is large 
enough for a collar, a collar should be fitted. After 
the collar is put on, remove the ear tag with a pair of 
side-cutters. Do not remove the tag prior to apply
ing the collar. Be sure to make a clear notation on 
the data form that the fox number has been 
changed. Carefully examine the ear after removing 
a tag. Clean the ear with water and apply Neosporin 
as needed. 

Older pups and adult foxes are fitted with a num
bered collar made from a 12 mm wide cable tie.- The 
collars must be carefully prepared in advance. 
Stamp each collar with a consecutive number. The 
collar is then bent at least 90° at 2 cm intervals for 
the entire length so that it assumes a round shape 
when put on. Collars must be fairly tight, leaving 
just enough room barely to fit two fingers between 
the fox's neck and the collar. If the collar is too 
loose, the fox can pass a front foot through the col
lar and become permanently entangled. A piece of 
duct tape is wrapped around the collar adjacent to 
the holding mechanism to assure that the collar 
does not slip. Cut off the extra with a sturdy pair of 
side cutters. Then fill the holding mechanism with 
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Shoe Goo to hold the collar permanently. The glue 
dries to the touch in a few minutes and cures in 24 
hours. The duct tape will hold the collar in place 
until the glue dries. 

Once a fox is tagged, it should be aged by examin
ing the teeth. Aging foxes is more of an art than an 
exact science. It is best learned from someone with 
a lot of experience, but some guidelines are offered 
below. Open the fox's mouth with a small dowel or 
retractable pen. Pens work well because they are 
sturdy, cheap, and soft enough that the fox is not 
likely to damage its teeth or gums if it bites. Once 
the mouth is open, the pen can be held across the 
back of the mouth to prevent it from closing. Age is 
determined based on tooth wear and to a lesser ex
tent canine color. Appendix C summarizes the 
basic features to look for. Additional data on sex, 
parasites, injuries, and shedding should also be 
recorded. 

The Daily Summary form (Appendix D-4) is used to 
record the name of the grid being trapped, the num
ber of trap nights and the number of foxes captured. 

Equipment Needed 

Pen with waterproof ink and clipboard 
Data form 
Binoculars for locating grid stakes 
Tomahawk traps (#205) 
Burlap 
Canned cat food - fish flavored 
Can opener 
Fork or spoon 
10 x 10 cm squares of brown paper (grocery bag) 
Cable tie collars (with stamped numbers) 
Pliers 
Side cutters 
Shoe Goo (available at athletic shoe stores) 
Duct tape 
Bandanna 
Pen or dowel to open mouth 
Ear tags 
Ear tag pliers 
5 kg Pesola scale for adults in trap 
100 g Pesola scale for pups in bag 
Neosporin for ear tag injuries and fox bites 
Water to clean injuries 
Compass 

Optional: 
Leather gloves 
3/8 in. dowel 
Vials with 70% alcohol for parasites 
Plastic bag for weighing pups 

Lab equipment: 
1/4 in. steel die numbers to stamp fox collars 
Hammer 

Special Considerations 

Each grid should be trapped at the same time each 
year because population size varies seasonally. 
This variation can affect estimates of population 
size. For comparisons between years to be valid, 
the estimates must be at the same stage of the an
nual cycle. Trapping in the late winter and early 
spring avoids the summer pupping season and also 
the fall and early winter when males tend to wander 
more. Trapping should not be done in May or June 
since female foxes might either be in the late stages 
of pregnancy or nursing pups. 

Burlap is remarkably effective in absorbing rain and 
reducing the effects of wind, but trapping should not 
take place when inclement weather is expected. 
These conditions would include either extremely 
warm weather or more than a light rain. 

Rabies has not been reported from any of the Chan
nel Islands, but it could be present on an occasional 
basis due to transmission by bats or dogs. Preven
tative rabies vaccines consist of a series of shots in 
the arm given over a period of several weeks. It is 
strongly recommended that personnel involved in 
handling foxes should be vaccinated. The chance 
of contracting the disease is slight, but this must be 
balanced against the fact that, once rabies 
develops, it is almost invariably fatal. The current 
series of rabies shots is not particularly painful and 
hence no longer merits its bad reputation. 

Data Input 

Data for each grid are entered into a computer data 
base using the FOX.PRG program which runs from 
within dBase III and uses the FOX.DBF for the file 
structure. After starting dBase, begin the program 
by typing: 

DO FOX 

74 Island Fox 



The program prompts the user for information as 
displayed on the data form. It is easiest to store and 
analyze data if they are stored in a separate file for 
each trapping session for each grid. Hence, if you 
are entering February, 1989 data for the Harris Point 
grid, you might name the file HPFEB89.DBF. If the 
file does not exist, a new file is created based on the 
structure of the FOX. DBF file (which needs to be 
present in the same subdirectory). If the file already 
exists, it is opened and you can add more data. 
Once the file has been opened, the program 
prompts the user for information as displayed on the 
data form. 

The appropriate abbreviations for the fox grids are 
as follows: 

GM 
HP 
PB 
SM 
WC 

= Green Mountain 
= Harris Point 
= Point Bennett 
= San Miguel Hill 
= Willow Canyon 

Inappropriate grid abbreviations are not allowed by 
the FOX program. 

After entering all of the data, it is essential to print 
and proofread these data prior to analysis. Data can 
be edited using the dBase edit and browse com
mands. Also note that any fox numbers that have 
changed (because collars or tags were replaced) 
must be corrected in existing data bases. 

Data Analysis 

Population Size 

Population size is calculated using the CAP
TURE.EXE program. There are two steps to running 
the CAPTURE program. 

1. Convert the dBase file to the proper 
format for analysis. 

2. Run the CAPTURE program. 

Two programs have been written to automate these 
steps. The input file for CAPTURE is created using 
the dBase program FOXC.PRG. To run it, start 
dBase and type: 

DO FOX_C 

The FOXC program asks for the name of the data 
file and then proceeds with the data conversion. 
Messages on the screen keep you posted as to the 
status of the conversion. The file created by the 
FOXC program has the same name as the original 
file, but the extension is SDF. Thus if the data file is 
HPFEB89.DBF, the temporary file would be 
HPFEB89.SDF. 

The second step is carried out at the DOS prompt. 
A batch file, CALC.BAT, has been provided to run 
CAPTURE. The data file must have the extension 
SDF and the output file will have the same name as 
the input file and an OUT extension. To run CALC, 
make sure that the data file and the CAPTURE 
program are in the same subdirectory of a hard disk 
and then type CALC and the filename with no exten
sion. Hence if the data file is HPFEB89.SDF, you 
would enter: 

CALC HP_FEB89 

After about a minute, the screen should return the 
message "Capture Successful Execution" and a note 
about the output file. The output file in this example 
would be called HPFEB89.0UT. This file must be 
printed on a wide-carriage (132 character) printer. A 
complete discussion on reading the output file and 
statistical interpretation is provided in Appendix I. 

The population size calculated by CAPTURE should 
be plotted on a graph. It would be best to use a line 
graph (population size versus time) with each line 
representing one grid. 

Short-term changes in population indices can be ex
amined by comparing the current with the previous 
year's population index using a t-test. Long-term 
trends are analyzed using autoregressive time series 
analysis (Edwards and Coull 1987). This technique 
is appropriate for detecting trends in autocorrelated 
time series data such as will be collected as part of 
the monitoring program. 

Weight, Sex, and Age 

Data on weight, sex, and age can be useful in inter
preting trends in population dynamics. These data 
do not need to be analyzed statistically, but they 
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should be summarized and graphed for each trap
ping session as follows: 

Weight data are tabulated as the average weights for 
both adult males and adult females. These data are 
plotted as average weight for each sex versus time. 
A separate graph is prepared for each grid. 

Sex data are tabulated as the number of males, 
number of females and the male:femaie ratio for 
each trapping session. These data are then plotted 
as proportion of males versus time. 

Age data are tabulated as both the total number and 
the percent of each age class. The percentage of 
each age class is then plotted for each grid versus 
time. 

Injuries are tabulated as the number and percent of 
individuals having eye, mouth, or body injuries. 
While these are fairly broad categories, the goal is to 
be able to detect any major change in injury rates. 
The tabulated data are then plotted as injury rate for 
each category versus time. 

population on San Miguel Island. As generalist 
predators with a very diverse diet, it is expected that 
the numbers of island foxes will be relatively stable. 
It will, however, require several years of data to 
determine the normal range of natural fluctuations. 
In the meantime, any marked change in population 
size or indicators of individual conditions (weight, 
parasites, or reproductive condition) warrants a 
careful examination of both the fox data and data 
from other parts of the monitoring program which 
might reasonably be expected to affect foxes (e.g. 
weather, invertebrate food, mouse population levels, 
and vegetation changes). 

As with other vertebrate populations, long-term 
changes in distribution and number may occur with 
significant shifts in the vegetation communities on 
the island. The monitoring program will allow the 
park to document such changes. 

Shedding data are tabulated as number and percent 
of individuals which are shedding. These data are 
plotted as percent of individuals shedding versus 
time. 

Statistical analysis of the above data would be useful 
primarily if the population data indicate a significant 
trend. Otherwise, the importance of collecting these 
data is in establishing a baseline for future com
parisons. Note that the statistical analysis of these 
data is complicated by the fact that the data are not 
independent. Many of the foxes will be the same 
from one session to the next. 

Interpretation of Data 

Fox trapping was conducted during the design 
studies from 1985-1987. The total captures ranged 
from a low of two foxes/100 trap nights to 26 
foxes/100 trap nights. 

The fox monitoring program will allow the park to 
document natural population fluctuations as well as 
to watch for unexpected changes in the island fox 
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APPENDIX A. Schedule of Species Monitoring by Island 

Island 

East Anacapa 

All Locations 
All Locations 

Middle Anacapa 

All Locations 
All Locations 

West Anacapa 

All Locations 
All Locations 

Santa Barbara 

All Locations 
All Locations 

San Miguel 

All Locations 
Air Strip 
Green Mountain 
Nidever 
Harris Point 
San Miguel Hill 
Point Bennett 
Green Mountain 
Harris Point 
Point Bennett 
San Miguel Hill 
Willow Canyon 

Species 

Amphib/Reptiles 
Deer Mice 

Amphib/Reptiles 
Deer Mice 

Amphib/Reptiles 
Deer Mice 

Amphib/Reptiles 
Deer Mice 

Amphib/Reptiles 
Deer Mice 
Deer Mice 
Deer Mice 
Deer Mice 
Deer Mice 
Deer Mice 
Foxes 
Foxes 
Foxes 
Foxes 
Foxes 

Month 

Dec, Jan, Apr 
August 

Dec, Jan, Apr 
Mar/Apr 

Dec, Jan, Apr 
Mar, Aug 

Apr, May, Jun 
Mar, Aug 

Dec, Jan, Apr 
Apr, Sep 
Apr, Sep 
Apr, Sep 
Apr, Sep 
Apr, Sep 
Apr, Sep 
Apr 
Feb 
Feb 
Mar 
Mar/Apr 

Frequency 

Yearly 
Even Years 

Yearly 
Yearly 

Yearly 
Yearly 

Yearly 
Yearly 

Yearly 
Yearly 
Yearly 
Yearly 
Odd Years 
Even Years 
Odd Years 
Yearly 
Odd Years 
Even Years 
Yearly 
Yearly 

Monitoring Schedule A-1 



APPENDIX B - 1 . Board Transects and Trapping Grid Locations 

ANACAPA ISLAND BOARD AND GRID LOCATIONS 

East Anacapa Island 

Amphibian and Reptile Board Transects 

Inspiration Point. This transect begins 8 m from na
ture trail marker #7 and is oriented 266° from this 
point (roughly west). The second row of boards lies 
to the north of the first row. 

Lighthouse. This transect runs at 72° (roughly east) 
from the flagpole near the ranger residence. The 
first board is 15 m from the flagpole. The second 
row of boards lies to the north of the first row. 

Middle Anacapa Island 

Amphibian and Reptile Board Transects 

Grassland. This transect runs along the trail from 
Sheep Camp on the main terrace with the first board 
just north of the Deer Mouse grid. While the spacing 
is approximately 5 m between boards, the transect 
is not straight. Note that the transect consists of 
only 30 boards. 

Sagebrush. This transect is located in an area of 
sagebrush on the bluff overlooking East Fish Camp. 
It is to the east of the Grassland transect. Note that 
the transect consists of only 30 boards. 

Mouse Grids 

Middle Anacapa Grid. The grid is near the center of 
Middle Anacapa, SE of the head of Sheep Camp. 
This is the canyon with a small grove of Eucalyptus 
where you will land on the island. The grid is 
oriented on a north-south axis with stake 1,1 in the 
NE corner and stake 1,10 in the NW corner. 

West Anacapa Island 

Amphibian and Reptile Board Transects 

West Anacapa. This transect runs to the east along 
the southern edge of the mouse grid. Board 1 is at 
mouse stake 1,3. The second row of boards lies to 
the south of the first. 

Mouse Grid 

West Anacapa Grid. The grid is located on the small 
terrace toward the west end of West Anacapa at the 
top of the rocky ridge leading up from Rat Rock. 
Stake 1,1 is in the NW corner of the grid and stake 
10,1 in the NE corner. The antenna for the seismic 
station is located along the western side of the grid, 
60 cm south of stake 1,4. The orientation of this grid 
is fairly obvious since the vegetation is low. 

B-1 Anacapa Island Monitoring Locations 



APPENDIX B - 1 Figure 1. Map of Monitoring Locations 
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APPENDIX B - 2. Board Transects and Trapping Grid Locations 

SANTA BARBARA ISLAND BOARD AND GRID LOCATIONS 
Amphibian and Reptile Board Transects Mouse Grids 

Cave-Middle. Three parallel rows of 20 boards each 
are located on the terrace between Cave and Middle 
Canyons. The rows are spaced approximately 10 m 
apart and run toward the east. Spacing between 
boards is approximately 5 m. Board 1 is at the west 
end of the southern row, approximately 250 m east 
of the saddle trail, starting from the vicinity of the 
bridge. Board 60 is at the east end of the northern 
row. 

Terrace Coreopsis. This grid is located south of the 
grassland grid in the large Coreopsis stand north of 
the Badlands. The grid is SW of the head of 
Graveyard Canyon and west of the trail to the Bad
lands. From the "Y" in the saddle trail, walk south 
500 m toward the Badlands. Then go west from the 
trail about 30 m out into the grassland to the NE 
corner of the grid. Stake 1,1 is at the NE corner of 
the grid and stake 1,10 is at the NW corner. 

Middle Canyon. The transect consists of 40 boards 
in the upper part of Middle Canyon. It begins at the 
head of the canyon and extends toward the mouth. 
Board 1 is at a small stand of Artemisia californica 
on the south facing slope. The boards continue 
down the canyon along the base of the south-facing 
slope. Note that there is a parallel row of boards on 
the opposite slope. Those boards are part of the in
vertebrate monitoring program and should not be 
disturbed since rare snails aestivate under cover on 
the cooler north facing slopes. 

Middle-Graveyard. This transect is located between 
Middle and Graveyard Canyons. Board 1 is SW of 
the old trail that crosses lower Middle Canyon. 
From there, the transect continues toward 
Graveyard Canyon at 344°. The parallel transect lies 
to the west. 

Terrace Grassland. This transect is located in the 
grassland area between the upper saddle trail and 
the trail to the Badlands. The first board is reached 
from the "Y". Proceed 30 m to the south (toward the 
Badlands) and then about 80 m west into the 
grassland. The first board is at stake 10,5 along the 
south side of the mouse grid. The second row of 
board lies to the west of the 1-30 row. Spacing be
tween boards is 5 m. 

Webster Point. This transect is found by going to 
the north corner of the Webster Point deer mouse 
grid (station 10,10). Boards 10 and 11 are on either 
side of this stake. Boards 1 through 10 are located 
in a direction of 289° from station 10,10 and Boards 
11 through 30 are at 109°. The second, parallel row 
is to the north. 

Terrace Grassland. This grid is located WNW of the 
head of Graveyard Canyon, in the east terrace 
grassland. It is north of the large Coreopsis stand to 
the north of the Badlands. From the "Y" in the sad-
die trail, walk south 250 m toward the Badlands. 
Then go west from the trail about 50 m out into the 
grassland. Stake 1,1 is at the NE corner of the grid 
and stake 1,10 is at the NW corner. 

Webster Point. This grid is east of the Elephant Seal 
Cove trail where it runs along the top of the west-
facing cliffs on the west side of the island. After des
cending from the saddle onto the west terrace, 
proceed along the trail about 140 m beyond the 
north edge of the old cistern. At that point, turn to 
the east and proceed about 80 m toward North 
Peak. This will bring you to the south corner of the 
grid which is station 1,1. The sides of the grid are 
oriented 23° and 293° from the south corner. The 
east corner of the grid is station 1,10. 

B-3 Santa Barbara Island Monitoring Locations 



APPENDIX B - 2 Figure 2. Map of Monitoring Locations 
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APPENDIX B - 3. Board Transects and Trapping Grid Locations 

SAN MIGUEL ISLAND BOARD AND GRID LOCATIONS 
Amphibian and Reptile Board Transects Mouse Grids 

Air Strip. This transect is located within the Willow 
Canyon fox grid. Board 1 is adjacent to fox grid 
stake 36. The transect runs to the east from that 
point with a compass heading of 89° from true 
north. The parallel row of boards (31-60) lies to the 
south of the 1 -30 row. 

Air Strip. This grid is located within the Willow 
Canyon fox grid, just north of the trail going east 
from the end of the air strip. Mouse stake 10,1 is 
32m at 108° from fox grid stake 36. The mouse grid 
lies to the north of that point with grid stake 1,1 at 
the NW corner of the mouse grid. 

Green Mountain. This transect is located within the 
Green Mountain fox grid. Board 1 is adjacent to fox 
grid stake 88. The transect runs to the west with a 
compass heading of 270°. The parallel transect lies 
to the north. 

Nidever. This transect is iocated within the San 
Miguel Hill fox grid. Board 1 is 32 m at 89° from fox 
grid stake 3. The transect runs to the east toward 
the antenna of the seismic station. The parallel row 
of boards lies to the north. Many of the boards in 
this transect are inconspicuous because of the 
dense vegetation. 

San Miguel Hill. This transect is located within the 
San Miguel Hill fox grid. Board 1 is adjacent to fox 
grid stake 13. The transect runs to the west with a 
compass heading of 269°. The parallel row of 
boards lies to the north. The layout of this transect 
is conspicuous because of the low vegetation. 

Willow Grassland. This transect is located within the 
Willow Canyon fox grid. Board 1 is adjacent to fox 
grid stake 38. The transect runs to the west with a 
compass heading of 269° from true north. The 
parallel transect lies to the north. 

Green Mountain. This grid is located within the 
Green Mountain fox grid. Mouse stake 1,1 is in the 
NW corner of the grid and mouse stake 1,10 is ad
jacent to fox grid stake 88. 

Harris Point. This grid is located within the Harris 
Point fox grid. The mouse grid is centered around 
fox stake 63 such that mouse stake 6,5 is adjacent 
to fox grid stake 63. Mouse stake 1,1 is the northern 
corner of the grid. The layout of this mouse grid is 
conspicuous since there is only low vegetation in 
the vicinity. 

Nidever. This grid is located within the San Miguel 
Hill fox grid. Mouse stake 10,10 is 50 m at 31° from 
fox grid stake 3. The rest of the grid lies to the north 
with mouse grid stake 1,1 at the NW corner of the 
mouse grid. 

Point Bennett. This grid is located within the Point 
Bennett fox grid. Mouse stake 1,1 is in the NW 
corner of the grid, adjacent to fox grid stake 113. 
The layout of this grid is conspicuous since the 
vegetation is low. 

San Miguel Hill. This grid is located within the San 
Miguel Hill fox grid. Mouse stake 1,1 is in the NW 
corner of the grid adjacent to board 26. (Note that 
board 26 is numbered, unlike other board transects 
where only the end boards are numbered.) Mouse 
stake 1,10 is approximately 60 m west of fox stake 
13 at 90°. The layout of this grid is conspicuous 
since there is only low vegetation in the vicinity. 

Willow Canyon. This grid is located within the Wil
low Canyon fox grid. Mouse stake 1,1 is in the NW 
corner of the grid and stake 1,10 is adjacent to fox 
grid stake 38. 

B-5 San Miguel Island Monitoring Locations 



APPENDIX B - 3. Board Transects and Trapping Grid Locations 

SAN MIGUEL ISLAND BOARD AND GRID LOCATIONS - continued 

Fox Grids 

Green Mountain. This grid is located on the broad 
western slope of Green Mountain. The stakes are 
numbered 76-100. The grid is oriented due north 
and south. The easiest stakes to locate are those 
near the trail such as 86 and 92. 

Harris Point. This grid is located on Harris Point. 
The grid stakes are numbered 51-75. The grid is 
oriented 60° to the west of true north (rotated 
counter clockwise). Hence, in traveling from stake 
51 to 52, one would follow a compass heading of 
300° (360° minus 60°). Stakes 74 and 75 are easiest 
to find since they are close to the route one would 
be following when hiking from the Nidever Ranger 
Station. Stake 65 is conspicuously located on the 
top of a slight hill and stake 63 is in a broad valley. 

Point Bennett. This grid lies to the east of the 
Research Station The stakes are numbers 101-125. 
The grid is oriented 48° west of true north (rotated 
counter clockwise). Hence, in traveling from stake 
101 to 102, one would follow a compass heading of 
312° (360° minus 48°). The western edge is ap
proximately 0.2 miles east of the station. Stakes 116 
and 117 are easy to locate since they are adjacent 
to the trail to the dry lake. 

San Miguel Hill. This grid is positioned on the east
ern slope of San Miguel Hill. It is marked with stakes 
1-25. The grid is oriented at 1° west of true north 
(rotated counter clockwise). The west edge of the 
grid crosses the summit of San Miguel Hill. Stake 11 
would have been placed at the surveyor's mark at 
the summit of the hill, but the presence of a brass 
survey marker superceded the need of an additional 
stake. Stake 1 is at the NW corner of the grid. 
Stakes 12 and 13 are just south of the trail to the 
east of the summit and are easily located. 

Willow Canyon. This grid lies adjacent and 0.2 miles 
to the east of the San Miguel Hill grid. The stakes 
are numbered 26-50. The Willow Canyon grid is 
also oriented at 1 degree west of true north (rotated 
counter clockwise). The easiest stake to locate is 36 
which is just south to the trail going east from the 
end of the air strip. 

San Miguel Island Monitoring Locations B-6 



SI 

a? 

c 
3L 
Co" 

I 
! 
§' 
3 ' 
<Q 
r-
o 

! 
CO 

N 

w—o—E 
.5 1.0 1.5 MoMti t l 
' . ' L 1 

1.0 Milts 

SAN MIGUEL ISLAND 

Fox Grid Locations 

5 
•D 
m 
z 
o 
X 
00 
I 

CO 

2 
i 
s 
QJ 

o 
o 

3 

3 
S 
c 
2. 
» 

I 



APPENDIX B - 3 Figure 4. Map of Monitoring Locations 

3 KltOMETER SAN MIGUEL ISLAND 

Vertebrate Board Transect 
and Trapping Grid Locations 

San Miguel Island Monitoring Locations B-8 



APPENDIX B - 3 Figure 5. Map of Monitoring Locations 
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APPENDIX B - 3 Figure 6. Map of Monitoring Locations 
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APPENDIX C. Fox Aging Criteria 

AGE DENTAL CHARACTERISTICS 

0-1 yr Adult dentition partially to mostly erupted (3P3 may not be in). If incisors in, serra
tions present along top edge. Sharp appearance to cones and conules 
(= small cones) on all molars, no significant wear apparent. 

1 -2 yr Adult dentition present. Incisors without serrations along top edge. Fairly sharp 
appearance to cones and conules on all molars, but slight wear beginning on M1 
protocone and metaconule. Normally a fair bit of discoloration at tip of canine. 

2-3 yr Teeth have for the most part lost "sharp" appearance. M1 enamel worn some on 
protocone and metaconule as well as other cusps, but little or no dentine showing. 
Normally a fair bit of discoloration at tip of canine. 

3-4 yr Moderate enamel wear on ail cusps of molars. A narrow crescent-shaped band of 
exposed dentine begins to connect the metaconule and protocone on M1. 

4-5 yr All molar cusps showing significant enamel wear. M1 exposed dentine connecting 

the metaconule and protocone becoming wide band. 

5 yr M1 dentine is continuous across molar surface. 

5 + yr Dentine is continuous across molar surface. Cones and conules worn down to depth 
of inter-conule space. All teeth with very worn appearance, generally worn to gum. 

See Ingles (1965) for tooth terminology. 

C-1 Fox Dental Aging Characteristics 



APPENDIX D - 1 . Data Entry Forma 

AMPHIBIAN AND REPTILE DATA ENTRY FORM 

Amphibian and Reptile Data Form 

Date f-ao-fr Island s—.J-a"*"—- Transect uJ.ysS*>- Observer C ~2>™** 

Board Species Length Weight Comment 

3" 

F 

F 

/L 

xz 

YZ 

YM 

V / ? 

9 / 

V<> 

cs-

S~3 

/<9.& 

9-V 

/->. a 

//••/ 

3 " / w a^. p%k. ft**- r> 

y-S~^/ry Jezo r *>-> Xa,'/ 

?Z+. eye- <Uou.Ay 

• 

Amphibian and Reptile Data Entry Form Example D-1 



APPENDIX D - 2. Data Entry Forms 

DEER MOUSE DATA ENTRY FORM 

Deer Mouse Data Form 

Date /-^r-ff Island /»><&& <gV Transect &-*-ss Observer £ ! 2 w * / 

Trap 

tr 

^ 

£3 

&/o 

%<-

/o,A 

/o,s~ 

Tag 

«?/• 

/ / / • 

o<JV 

/ • 7 

3.f# 

sr/ 
/V3 

Age 

; S 

/*" 

4 
A 

3~ 

A 

A 

Sex 

XT? 

/ f 

/*" 

/>7 

A~ 

A1 

A 

Wt 

/&/ 

/t.f 

33.r 

c?/l 

/7>o 

<S-/-3 

/?.y 

Trap Tag Age Sex Wt Trap Tag Age Sex Wt 

D-2 Deer Mouse Data Entry Form Example 



Island Fox Data Form 

Observer G feller* 

Fox# 

/ofz-

/oVa> 

/£)$~3 

/o-r^/ 

/05^> 

/oJ / 

Trap 

3 

C 

/2~ 

<3>Z-

J / 

££~ 

Date 

^//l/ff 

i. 

/' 

', 

// 

// 

Weight 

Gross ^ 3 7 
-Trap « p . / / 

= FOX c?' J3 

Gross 3-9? 
- Trap ji, /L 

= Fox /- f-3. 

Gross 3 -3V 
- T r a p ^ , 3 / 

= Fox /.o3 

Gross 3'<f3 
-Trap *?,=>-3 

= Fox / , £ o 

Gross i/.t,o 
-Trapc?, </? 

= Fox o7, / / 

Gross 3-99 
- Trap j • /L 

= Fox / . f -3 

Gross 
-Trap 

= Fox 

Gross 
-Trap 

= Fox 

Sex 

M 

£ 

A5 

A1 

^ 

F 

Age 

^ 

3 

/ 

cP-

/5~ 

/-r-

Inj./Shed. 

—-

s/ieJ^rMj 

/Hocus 

— 

Broker, 
pre/y\eL)t. 

bor,Z. 

— 

Parasites 

— 

-

— 

-

-

Comments 

/3ta/to<; ro-f>A&c/ 

/Tl/fSmr uapec~ 

r/*Mi~ Co r>r?j<z___ 

ref*fa* Co r yrt-« 

#3X5 ^ 7 ^ co//ar/oS2 

C/) 

E 
Z 
o 
•n 
O 
X 
o 
> 

t 
m 
z 
H 
-< 
• n 
O 
30 

> 
TJ 
TJ 
m 
z 
g 
x 
a 
i 

w 

a 
0) 

m 

-n 
o 
^ 
u 

col 

5T 
DO" 

5. 
o 
X 
D 
ft> 
B 
rn 

i 
3 

TO 
trT 



APPENDIX D - 4. Data Entry Forms 

TERRESTRIAL VERTEBRATE DAILY SUMMARY FORM 

Terrestrial Vertebrate Daily Summary 

Date M a y * * Observer <£*.&//"* 

Weather (e.g. rain, wind, temperature, sky condition) A g f f y '"~* ~™<z- syors)}**^ 

Island Fox 

Grid -S"/r7 Traps open - ^ S~~ Number caught £> 

Deer Mice 

Grid — Traps open — Number caught 

Amphibians and Reptiles 

Transect LcJd, Numbers of boards checked g ° 

Number caught: 

Batrachoseps *—̂  Gerrhonotus ~ Sceloporus 

Uta Xantusia 

Wildlife observations A ^ ^ ^ ^ / £ > < : * o ^ ^ «-*" rf*f-f~>*^ / V . 

Comments l*J>*S ^/e<*J J>o>r/<s.p o ^ f ^ e 7 ^ - / ? . 

D-4 Terrestrial Vertebrate Daily Summary Form Example 



APPENDIX E. Equipment Needed 

EQUIPMENT LIST FOR ALL SPECIES 

Amphibians and Reptiles Island Foxes 

Pen with waterproof ink 
Clipboard 
Plastic sandwich bag for weighing animals 
Wooden or metal 30 cm ruler 
10 and 50 g Pesola scale 
Water to moisten salamanders 
Data forms 

Optional: 
Walking stick or pole for locating boards 
One-gallon plastic jar -

used on windy days to help weigh animals 
Vials with 70% alcohol for parasites 
Compass 

Deer Mice 

Pen with waterproof ink 
Clipboard 
Sherman live traps 
Rolled oats ("old fashion" variety) 
Data forms 
Ear tags - Size #1 
Ear tag pliers - Size #1 
50 g Pesola scale 
Grease pen to mark traps moved to shade 

Optional: 
Cotton gloves 
One-gallon plastic jar -

used on windy days to help weigh mice 
Vials with 70% alcohol for parasites 
Compass 

Pen with waterproof ink 
Clipboard 
Data form 
Binoculars for locating grid stakes 
Tomahawk traps (#205) 
Burlap 
Canned cat food - fish flavored 
Can opener 
Fork or spoon 
10 x 10 cm squares of brown grocery bag 
Cable tie collars (with stamped numbers) 
Pliers 
Side cutters 
Shoe Goo (available at athletic shoe stores) 
Duct tape 
Bandanna 
Pen or dowel to open mouth 
Ear tags - Size #4 
Ear tag pliers - Size #4 
5 kg Pesola scale for adults in trap 
100 g Pesola scale for pups in bag 
Neosporin for ear tag injuries and fox bites 
Water to clean injuries 
Compass 

Optional: 
Leather gloves 
3/8 in. dowel 
Vials with 70% alcohol for parasites 
Plastic bag for weighing pups 

Lab Equipment: 
1/4 in. steel numbers set to stamp 
Hammer 

Lab Equipment: 
Spare trap doors 

Equipment List E-1 



APPENDIX F. Source of Supplies 

EQUIPMENT/SUPPLIES CATALOG # SUPPLIER 

Ear Tags - Fox Tags - Cat. #4-1005, Size #4 
Pliers - Cat. #4-1005S, Size #4 

National Band & Tag Co. 
Newport, KY 41072 

Ear Tags - Mice Tags - Cat. #4-1005, Size #1 
Pliers - Cat. #4-1005S, Size #1 

Fox Collars Cat. #PLT5EH-0 
Electrical Cable Ties 

Panduit Corp. 
17301 Ridgeland Avenue 
Tinley Park, IL 60477 

Pesola Scales, 
Steel Dies, 
Metal Clipboards 

Forestry Suppliers 
205 West Rankin Street 
P. O. Box 8397 
Jackson, MS 39204 

Traps - Fox #205, 26 x 9 x 9 in. Tomahawk Live Trap Co 
P. O. Box 323 
Tomahawk, Wl 54487 

Traps - Mice Large Folding H. B. Sherman Traps, Inc 
P. O. Box 20267 
Tallahassee, FL 32316 

F-1 Source of Equipment and Supplies 



Appendix G - 1 . Computer Programs. 

LIST OF COMPUTER PROGRAMS 

List of Computer Programs G-1 

HERP.PRG (dBase III) 

HERP.DBF (dBase III) 

MOUSE.PRG (dBase III) 

MOUSEC.PRG (dBase III) 

MOUSE.DBF (dBase III) 

FOX.PRG (dBase III) 

FOXC.PRG (dBase III) 

FOX.DBF (dBase III) 

CAPTURE.EXE (DOS) 

CALC.BAT (DOS) 



APPENDIX G - 2. Computer Programs 

HERP.PRG 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* 
* HERP.prg 

* This is a data entry program for salamander and lizard 
* data for Anacapa, Santa Barbara and San Miguel 
* Islands. 

* Program was written by: Gary M. Fellers 
* Point Reyes National Seashore 
* 
* 415-663-8522. 
* 
* 
* Program last updated: May 5, 1988 
* 
************************************************************ 

clear 
clear all 
use herp 
set bell off 
set deleted on 
set carry off 
set talk off 
go bottom 
store date to mdate 
store board to mboard 
store species to mspecies 
store space(2) to misland, mtransect 
store 'Z' to choice 
do while choice < > 'X' 

@ 0, 0 say 'Last date' 
@ 1, 0 say'Last board' 
@ 2, 0 say 'Last species' 

@ 2, 26 to 4, 50 double 
@ 6, 5 to 6, 75 double 
@ 3, 31 say 'Herp Data Entry' 

@ 9, 5 say'Date (mm/dd/yy)' 
@ 11, 5 say 'Island (Ai, SB, SM)' 
@ 13, 5 say 'Transect' 
@ 15, 5 say 'Board' 
@ 9, 43 say 'Species (BP, GM, SO, US, XR)' 
@ 11, 43 say 'Length cm' 
@ 13, 43 say Weight g' 
@ 18, 10 say 'Comment' 
do while choice < > 'X' 
@ 19, 0 clear 
store 'N' to error 

G-2 Amphibian and Reptiles - HERP.PRG Program 



APPENDIX G. G-2 continued 

if choice < > 'E ' 
append blank 

endif 
@ 0, 14 say mdate 
@ 1, 14 say ltrim(str(mboard)) 
@ 2, 14 say trim(mspecies) 
clear gets 
set confirm on 
@ 23, 15 say 'Press PgDn to jump to menu ' 
@ 9, 15 get mdate 
@ 11, 15 getmis land picture '@!' 
@ 13, 15 get mtransect picture '@!' 
@ 15, 15 get board range 1, 60 
@ 9, 53 get species picture '@!' 
@ 11, 53 get length range 0, 30 
@ 13, 53 get weight range 0, 75 
@ 18, 20 get comment 
read 
if mtransec t= ' ' .or. species = ' ' 

delete 
set bell on 
? chr(7) 
set bell off 
@ 22, 15 say 'Either the transect or species'; 

+ ' name was blank.' 
@ 23, 5 say 'This record will not been added to'; 

+ ' the data base unless it is edited.' 
wa i t ' Press any key to'; 

+ ' continue . . . ' 
store T to er ror 
@ 19, 0 clear 

endif 
do case 
case misland = 'SB* 

if species < >'XR' 
store T ' to error 

endif 
case misland = 'SM' 

if species < >'BP' .and. species < >'GM' .and.; 
species < > 'SO' 

store 'V to er ror 
endif 

case misland = 'AT 
if species < >'BP' .and. species < >'GM' .and.; 

species < >'US' 
store IT to e r ror 

endif 
otherwise 

store TT to e r ror 
endcase 
if e r ror = 'V 

set bell on 
? chr(7) 
set bell off 

Amphibian and Reptiles - HERP.PRG Program — &\3 



APPENDIX G. G-2 continued 

@ 20, 15 say 'The combination of island and'; 
+ ' species does not match.' 

@ 21, 15 say 'Press E to edit entry.' 
@ 22, 15 say ' D to delete this record'; 

+ ' and continue.' 
@ 23, 15 say ' X to delete this record'; 

+ ' and exit program.' 
store 'Z' to choice 
set confirm off 
do while .not. choice $ 'EDX' 

store ' ' to choice 
@ 24, 21 get choice picture '!' 
read 

enddo 
set confirm on 
if choice < >'E' 

loop 
else 

delete 
loop 

endif 
endif 
@ 21, 15 say 'Press RETURN to add more data.' 
@ 22, 15 say ' E to edit entry.' 
@ 23, 15 say ' X to exit program and'; 

+ 'save current data.' 
store 8Z' to choice 
set confirm off 
do while .not. choice $ ' EX' 

store ' ' to choice 
@ 24, 22 get choice picture '!' 
read 
@ 19, 0 clear 

enddo 
replace date with mdate, island with island 
replace transect with mtransect 
store board to mboard 
store species to mspecies 

enddo 
enddo 
clear 
clear all 
set talk on 
cancel 

G-4 Amphibian and Reptiles - HERP.PRG Program 



APPENDIX G - 3. Computer Programs 

MOUSE.PRG 
************************************************************ 
* 

* MOUSE.PRG 

* This is a data entry program for mouse data for 
* Anacapa, Santa Barbara and San Miguel Islands. 

* Program was written by: Gary M. Fellers 
* Point Reyes National Seashore 
* 
* 415-663-8522. 

* Program last updated: June 1, 1988 
* 
^*^*:^**^*^**************** ********************************** 

clear 
clear all 
set bell off 
set deleted on 
set carry off 
set talk off 
set confirm on 
store space(8) to mfile 
@ 4, 5 to 24, 74 
@ 4, 22 clear to 5, 56 
@ 1, 22 to 5, 56 double 
@ 3, 27 say "Mouse Data Entry Program" 
@ 11, 24 say "Enter name of file to be used." 
@ 13, 24 say " Do not enter an extension." 
@ 15, 35^et mfile 
read 
store trim(mfile) + ".dbf to mfile 
if .not. file("&mfile") 

use mouse 
copy stru to &mfile 

endif 
use &mfile 
go bottom 
store date to mdate 
store tag to mtag 
store island to misland 
store grid to mgrid 
do case 

case xl < >0 
store xl to mx 
store yl to my 

case x2 < > 0 
store x2 to mx 

Deer Mice - MOUSE.PRG Program 6%5 



G-6 Deer Mice - MOUSE. PRG Program 

APPENDIX G. G-3 Continued 

store y3 to my 
case x3< >0 

store x3 to mx 
store y3 to my 

otherwise 
store 0 to mx 
store 0 to my 

endcase 
store 1 to mday 
store "Z" to choice 
clear 
do while choice < > "X' 

@ 0, 0 say "Last date" 
@ 1, 0 say "Last station ," 
@ 2, 0 say "Last tag" 

@ 2, 26 to 4, 51 double 
@ 6, 5 to 6, 75 double 
@ 3, 31 say "Mouse Data Entry" 

@ 8, 5 say "Date (mm/dd/yy)" 
@ 10, 5 say "Island (AI, SB, SM)" 
@ 12, 5 say "Grid" 
@ 14, 5 say "Tag" 
@ 16, 5 say "Station X Y" 
@ 18, 5 say "Trapping Day (1, 2, or 3)" 
@ 8, 43 say "Age (J, S, A)" 
@ 10, 43 say "Sex (M, F)" 
@ 12, 43 say "Repro. (L, -)" 
@ 14, 43 say "Weight g" 
@ 16, 40 say "Comment" 
do while choice < > 'X" 

@ 20, 0 clear 
store "N" to error 
store"-" to mrepro 
if choice < >"E" 

append blank 
endif 
@ 0, 14 say mdate 
@ 1, 14 say ltrim(str(mx, 2)) 
@ 1, 17 say ltrim(str(my, 2)) 
@ 2, 14 say mtag 
clear gets 
set confirm on 
@ 22, 15 say "Press PgDn to jump to menu" 
@ 8, 13 get mdate 
@ 10, 13 get misiand picture "@!" 
@ 12, 13 get mgrid picture "@!" 
@ 14, 13 get tag picture " # # # # " 
@ 16, 16 get mx picture "99" range 1,10 
@ 16, 22 get my picture "99" range 1,10 
@ 18, 19 get mday picture "9" range 1, 3 
@ 8, 51 get age picture "@!" 
@ 10, 51 get sex picture "@!" 



APPENDIX G. G-3 Continued 

@ 12, 51 getmrepro picture "@!" 
@ 14, 51 get weight range 0, 75 
@ 17, 40 get comment 

read 
do case 
case misland = "SB" 
if mgrid< >"TC" .and. mgrid< >'TG" .and. mgrid< >"WP" 

store "Y" to error 
endif 

case mis!and = "SM" 
if mgrid< >"PB" .and. mgrid< >"GM" .and. mgrid< >"SM"; 

.and. mgrid< >"HP".and. mgrid< >"HE" .and.; 
mgrid< >"AS" .and. mgrid< >"WC" 

store "Y" to error 
endif 

case misland = "AI" 
if mgrid< >"EA".and. mgrid< > "MA" and. mgrid< >"WA" 

store "Y" to error 
endif 

otherwise 
store "Y" to error 

endcase 
if error = "Y" 

set bell on 
? chr(7) 
set bell off 
@ 20, 15 say "The island and grid do not match." 
@ 21, 15 say "Press E to edit entry." 
@ 22, 15 say " D to delete this record and"; 

+ " continue." 
@ 23, 15 say " X to delete this record and"; 

+ " exit program." 
store "Z" to choice 
set confirm off 
do while .not. choice $ "EDX' 

store "" to choice 
@ 24, 21 get choice picture "!" 
read 

enddo 
set confirm on 
if choice = "E" 

loop 
else 

delete 
loop 

endif 
endif 
ifmgrid = " " .or. tag = " " 

set bell on 
? chr(7) 
set bell off 
@ 20, 15 say "Either the grid or tag number was"; 

+ " blank." 
@ 21, 15 say "Press E to edit entry." 

Deer Mice - MOUSE. PRG Program G- 7 



APPENDIX G. G-3 Continued 

@ 22, 15 say" D to delete this record and"; 
+ " continue." 

@ 23, 15 say" X to delete this record and"; 
+ " exit program." 

store "Z" to choice 
set confirm off 

do while .not. choice $ "EDX* 
store " " to choice 
@ 24, 21 get choice picture "!" 
read 

enddo 
set confirm on 
if choice = "E" 

loop 
else 

delete 
loop 

endif 
endif 
@ 21, 15 say "Press RETURN to add more data." 
@ 22, 15 say " E to edit entry. 
@ 23, 15 say " X to exit program and save"; 

+" current data." 
store "Z" to choice 
set confirm off 
do while .not. choice $ " EX' 

store "" to choice 
@ 24, 22 get choice picture "!" 
read 
@ 20, 0 clear 

enddo 
set confirm on 
if e r ror < >"Y" and. choice < >"E" 

replace date with mdate, island with misland 
replace grid with mgrid, repro with mrepro 
do case 
case m d a y = l 

replace x l with mx 
replace y l with my 

case m d a y = 2 
replace x2 with mx 
replace y2 with my 

case m d a y = 3 
replace x3 with mx 
replace y3 with my 

endcase 

store grid to mgrid 
store tag to mtag 

else 
delete 

endif 
enddo 

enddo 
clear 
clear all 
set talk on 
cancel 

G-8 Deer Mice - MOUSE.PRG Program 



APPENDIX G - 4. Computer Programs 

MOUSE C.PRG 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

MOUSEC.prg 

Program was written by: Charles Drost and 
Gary M. Fellers 

* This is a data conversion program for mouse data for 
* Anacapa, Santa Barbara and San Miguel Islands. 
* 
* 
* 
* 
* Point Reyes National Seashore 
* 
* 415-663-8522. 
* 
* 

Program last updated: June 1, 1988 * 
* 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

clear 
clear all 
set bell off 
set deleted on 
set carry off 
set talk off 
set confirm on 
@ 4,5 to 24, 74 
@ 4, 20 clear to 5, 57 
@ 1, 19 to 5, 58 double 
@ 3, 24 say "Mouse Data Conversion Program" 
erase temp_x.dbf 
erase temp_x.ndx 
erase temp_xt.dbf 
erase temp_xt.sdf 
erase temp xs.dbf 
store spaceX8) to mfile 
@ 10, 21 say 'Enter name of file to be converted.' 
@ 12, 21 say ' Do not enter an extension.' 
@ 14, 35 get mfile 
read 
@ 10, 10 clear to 14, 60 
@ 9, 10 say 'Creating temporary data file. . . ' 
store trim(mfile) to mfile 
store '&mfile' + ' .dbf to cfile 
use &cfile 
store trim(grid) to mgrid 
store date to mdate 
copy fields tag, x l , y l , x2, y2, x3, y3 to tcmp_x 
use tcmp_x 
@ 11, 10 say 'Deleting records with no tag number . . . ' 
delete for val(tag) < 1 

Deer Mice - MOUSEC.PRG Program G^ 



APPENDIX G- 4. Continued 

pack 
@ 13, 10 say 'Indexing file. . . * 
index on tag to temp_x 
@ 15, 10 say 'Totalling data. . . ' 
total on tag to temp_xt 
use temp_xt 
@ 17, 10 say; 

'Creating ASCII data file for use with CAPTURE. . . * 
@ 23, 0 say " 
copy to temp_xt.sdf sdf 
use mouse_t 
copy stru to temp xs 
store '&mfile' + '.sdf to mfile 
use temp xs 
append bTank 
replace field with "TITLE = " + "'"; 

+ "POPULATION ESTIMATE FOR " + mgrid; 
+ " GRID," + dtoc(mdate) + 

append blank 
replace field with; 

"TASK READ CAPTURES OCCASIONS = 3 XY COMPLETE SUMMARY' 
append blank 
replace field with; 
"DATA = 'DATA FROM VERTEBRATE MONITORING PROGRAM*" 

append blank 
replace field with "FORMAT='(A4,3(2F2.0))'" 
append blank 
replace field with "READ INPUT DATA" 
append from temp_xt.sdf sdf 
append blank 
replace field with "TASK MODEL SELECTION" 
append blank 
replace field with; 

"TASK POPULATION ESTIMATE APPROPRIATE JACKNIFE" 
delete for field = ' 
copy to &mfile sdf 
clear 
@ 4, 0 say " 
? ' File', mfile, 'successfully created.' 
@ 3, 14 to 7, 63 double 
@ 22, 0 say " 
clear all 
erase tempx.dbf 
erase, tempx.ndx 
erase tempxt.dbf 
erase temp_xt.sdf 
erase temp_xs,dbf 
set talk on 

G-10 Deer Mice - MOUSE C.PRG Program 



APPENDIX G - 5. Computer Programs 

FOX.PRG 
************************************************************ 
* 
* FOX.PRG 
* 
* This is a data entry program for Island Fox data. 

* Program was written by: Gary M. Fellers 
* Point Reyes National Seashore 
* 
* 415-663-8522. 
* 
* 
* Program last updated: July 22, 1988 

************************************************************ 

clear 
clear all 
set bell off 
set deleted on 
set carry off 
set talk off 
set confirm on 
store space(8) to mfile 
@ 4, 5 to 24, 74 
@ 4, 22 clear to 5, 56 
@ 1, 22 to 5, 56 double 
@ 3, 28 say "Fox Data Entry Program" 
@ 11, 26 say "Enter name of file to be used." 
@ 13, 26 say" Do not enter an extension." 
@ 15, 35 get mfile 
read 
store trim(mfile) + ".dbf to mfile 
if .not. file("&mfile") 

use fox 
copy stru to &mfile 

endif 
use &mfile 
go bottom 
store date to mdate 
store tag to mtag 
store grid to mgrid 
store trap to mtrap 
do case 

case x l < > 0 
store x l to mx 
store y l to my 

case x2< >0 
store x2 to mx 
store y3 to my 

case x3< >0 
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APPENDIX G- 5. Continued 

store x3 to mx 
store y3 to my 

case x4 < > 0 
store x4 to mx 
store y4 to my 

case x5 < > 0 
store x5 to mx 
store y5 to my 

case xo < > 0 
store x6 to mx 
store y6 to my 

case x7 < > 0 
store x7 to mx 
store y7 to my 

case x8< >0 
store x8 to mx 
store y8 to my 

otherwise 
store 0 to mx 
store 0 to my 

endcase 
store 1 to mday 
store "Z" to choice 
clear 
do while choice < > "X" 

@ 0, 0 say "Last date" 
@ 1, 0 say "Last number" 
@ 2, 0 say "Last station" 

@ 2, 26 to 4, 52 double 
@ 6, 5 to 6, 75 double 
@ 3> 32 say "Fox Data Entry" 

@ 8, 5 say "Date (mm/dd/yy)" 
@ 10, 5 say "Grid" 
@ 12, 5 say "Fox #" 
@ 14, 5 say "Trap" 
@ 16, 5 say "Trapping Day (1 - 8)" 
@ 18, 5 say "Weight Kg" 
@ 8, 43 say "Age Sex (M, F)" 
@ 10, 43 say "Injury" 
@ 12, 43 say "Parasite" 
@ 14, 43 say "Shedding" 
@ 16, 40 say "Comment" 
do while choice < > "X" 

@ 20, 0 clear 
store "N" to error 
if choice < >"E" 

append blank 
endif 
@ 0, 14 say mdate 
@ 1, 14 say mtag 
@ 2, 14 say ltrim(str(mtrap, 3))+ " " 
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APPENDIX G- 5. Continued 

clear gets 
set confirm on 
@ 22, 15 say "Press PgDn to jump to menu" 
@ 8, 1 3 g e t m d a t e 
@ 10, 13 get mgrid picture "@!" 
@ 12, 13 get tag picture " # # # # " 
@ 14, 13 get t rap picture "999" range 1, 125 
@ 16, 19 get mday picture "9" range 1, 8 
@ 18, 13 get weight . range 0, 3 
@ 8, 48 get age picture "@!" 
@ 8, 62 get sex picture "@!" 
@ 10, 52 get injury picture "@!" 
@ 12, 52 get shed picture "@!" 
@ 14, 52 get parasite picture "@!" 
@ 17, 40 get comment 
read 
if mgrid < >"GM" .and. mgrid < >"HP" .and. mgrid < >"PB"; 

.and. mgrid < >"SM" .and. mgrid < >"WC" 
store "Y" to e r ror 

endif 
if e r ror = "Y" 

set bell on 
? chr(7) 
set bell off 
@ 20, 15 say "Incorrect grid abbreviation." 
@ 21 , 15 say "Press E to edit entry." 
@ 22, 15 say " D to delete this record and"; 

+ " continue." 
@ 23, 15 say " X to delete this record and"; 

+ " exit program." 
store "Z" to choice 
set confirm off 
do while .not. choice $ "EDX" 

store "" to choice 
@ 24, 21 get choice picture "!" 
read 

enddo 
set confirm on 
if choice = "E" 

loop 
else 

delete 
loop 

endif 
endif 
if mgrid = " " .or. tag = " " 

set bell on 
? chr(7) 
set bell off 
@ 20, 15 say "Either the grid or tag number"; 

+ " was blank." 
@ 21, 15 say "Press E to edit entry." 
@ 22, 15 say " D to delete this record"; 

+ " and continue." 
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@ 23, 15 say" X to delete this record and"; 
+ " exit program." 

store "Z" to choice 
set confirm off 
do while .not. choice I "EDX' 

store "" to choice 
@ 24, 21 get choice picture "!" 
read 

enddo 
set confirm on 
if choice = "E" 

loop 
else 

delete 
loop 

endif 
endif 
@ 21, 15 say "Press RETURN to add more data." 
@ 22, 15 say " E to edit entry. 
@ 23, 15 say " X to exit program and save"; 

+ " current data." 
store "Z" to choice 
set confirm off 
do while .not choice $ " EX' 

store "" to choice 
@ 24, 22 get choice picture "!" 
read 
@ 20, 0 clear 

enddo 
set confirm on 
if error < >"Y" .and. choice < >"E" 

replace date with mdate, grid with mgrid 
store trap to mtrap 
do while mtrap > 25 

mtrap = mtrap-25 
enddo 
do case 
case mtrap < =5 

store 1 to mx 
case mtrap > 5 .and. mtrap <= 10 

store 2 to mx 
case mtrap > 10 .and. mtrap < = 15 

store 3 to mx 
case mtrap > 15 .and. mtrap < =20 

store 4 to mx 
case mtrap > 20 .and. mtrap< =25 

store 5 to mx 
endcase 
store mod(mtrap, 10) to my 
if my> 5 

store my-5 to my 
endif 

do case 
case mday= 1 
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replace xl with mx 
replace yl with my 

casemday = 2 
replace x2 with mx 
replace y2 with my 

case mday =3 
replace x3 with mx 
replace y3 with my 

case mday=4 
replace x4 with mx 
replace y4 with my 

case mday = 5 
replace x5 with mx 
replace y5 with my 

case mday = 6 
replace x6 with mx 
replace y6 with my 

case mday=7 
replace x7 with mx 
replace y7 with my 

case mday = 8 
replace x8 with mx 
replace y8 with my 

endcase 
store grid to mgrid 
store tag to mtag 
store trap to mtrap 

else 
delete 

endif 
enddo 

enddo 
clear 
clear all 
set talk on 
cancel 
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FOX C.PRG 

* 

* FOXC.PRG 

* This is a data conversion program for fox data for 
* San Miguel Island. 

* Program was written by: Charles Drost and 
* Gary M. Fellers 

* Point Reyes National Seashore 
* 
* 415-663-8522. 

* Program last updated: July 22, 1988 
* 
* ^ ^ ^ H L ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

clear 
clear all 
set bell off 
set deleted on 
set carry off 
set talk off 
set confirm on 
@ 4,5 to 24, 74 
@ 4, 20 clear to 5, 57 
@ 1, 19 to 5, 58 double 
@ 3, 25 say "Fox Data Conversion Program" 
erase temp_x.dbf 
erase temp_x.ndx 
erase temp_xt.dbf 
erase temp_xt.sdf 
erase temp xs.dbf 
store space?8) to mfile 
@ 10, 21 say 'Enter name of file to be converted.' 
@ 12, 21 say ' Do not enter an extension.' 
@ 14, 35 get mfile 
read 
@ 10, 10 clear to 14, 60 
@ 9, 10 say 'Creating temporary data file. . . ' 
store trim(mfile) to mfile 
store *&mfile' + '.dbf to cfile 
use &cfile 
store trim(grid) to mgrid 
store date to mdate 
copy fields tag, xl , yl, x2, y2, x3, y3 to te rnpx 
use temp_x 
@ 11, 10 say 'Deleting records with no fox number. . . ' 
delete for val(tag) < 1 
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pack 
@ 13, 10 say 'Indexing file. . . ' 
index on tag to temp_x 
@ 15, 10 say 'Totalling data. . . ' 
total on tag to temp_xt 
use temp_xt 
@ 17, 10 say 'Creating ASCII data file for use with'; 

+ ' CAPTURE. . . ' 
@ 23, 0 say " 
copy to temp_xt.sdf sdf 
use fox_t 
copy stru to temp xs 
store '&mfile' + '.sdf to mfile 
use temp xs 
append bTank 
replace field with "TITLE = " + ; 

+ "POPULATION ESTIMATE FOR " + mgrid + " GRID, "; 
+ dtoc(mdate) + 

append blank 
replace field with; 

"TASK READ CAPTURES OCCASIONS = 8 XY COMPLETE SUMMARY' 
append blank 
replace field with; 

"DATA= 'DATA FROM VERTEBRATE MONITORING PROGRAM'" 
append blank 
replace field with "FORMAT = '(A4,8(2F1.0))'" 
append blank 
replace field with "READ INPUT DATA" 
append from tempxt.sdf sdf 
append blank 
replace field with "TASK MODEL SELECTION" 
append blank 
replace field with; 

"TASK POPULATION ESTIMATE APPROPRIATE JACKNIFE" 
delete for field = ' 
copy to &mfile sdf 
clear 
@ 4,0 say " 
? ' File', mfile, 'successfully created.' 
@ 3, 14 to 7, 63 double 
@ 22, 0 say " 
clear all 
erase temp_x.dbf 
erase temp_x.ndx 
erase temp_xt.dbf 
erase temp_xt.sdf 
erase temp_xs.dbf 
set talk on 
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CALC.BAT 

copy %l.sdf captin 
assign b = c 
capture 
assign 
copy captlp %l.out 
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CAPTURE Input Files 

Sample Mouse Input File 

TITLE = 'Population Estimate for Green Mountain, 3/85' 
TASK READ CAPTURES OCCASIONS = 3 XY COMPLETE SUMMARY 
DATA ='Mouse Data' 
FORMAT= '(A4,3(2F2.0))' 
READ INPUT DATA 
1017030200000000 
1018000005010000 
1021000010020000 
1020000003020402 
1022000003040000 
1019000005040000 
1023000000000102 
1024000000000502 
1025000000000104 
1027000001100000 
1026000004050000 
1028000000001010 
TASK CLOSURE TEST 
TASK MODEL SELECTION 

Sample Fox Input File 

TITLE ='Population Estimate for San Miguel Hill, 5/85' 
TASK READ CAPTURES OCCASIONS = 8 XY COMPLETE SUMMARY 
DATA ='Fox Data' 
FORMAT = '(A4,8(2F1.0))' 
READ INPUT DATA 
00321200001300001200 
00220021000000210000 
11110022000023002200 
00200012120000000000 
00270014001400000014 
00190024002324000000 
10440000520000515200 
10450000220021000000 
10460000140000130000 
10480000000000100012 
10500000000000090000 
10550000001100000000 
TASK CLOSURE TEST 
TASK MODEL SELECTION 
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Format of the CAPTURE input file 
In case the input file needs to be customized, the following discussion 

explains each line of the file. Note that the input file must be pure ASCII 

( = unformatted). 

The TITLE statement should be edited to reflect the calculation being conducted. 

The TASK statement indicates that there were three days of trapping for mice and 

eight days for foxes. This line would need to be edited only if the trapping 

sequence did not last the standard number of days. Hence the number 3 

for mice or the number 8 for foxes would need to be changed to the 

appropriate number of days. 

The DATA statement should be edited to reflect the calculation being conducted. 

The FORMAT statement for the mouse data indicates that the animal number 

occupies the first four columns and that there are three days of data. The 

number 3 in the FORMAT line would need to be changed to another 

number if there were a different number of days. Similarly, the number 8 

in the FORMAT line of the fox sample would need to be changed if there 

were not eight days of trapping. The "2F2.0" indicates that there are two 

columns of two digit numbers (1-10) for each day. Note that the fox format 

"2F1.0" uses only one digit numbers (1-5). 

The data lines following the READ INPUT DATA statement consist entirely of 

numbers. For the mouse sample, each line represents the capture history 

of one mouse for that trapping session. The first four digits are the tag 

number of the mouse and the following digits are the x,y coordinates for 

the trap where the mouse was captured each day. Both the x and y 

numbers are two digit and thus a trap is represented by four digits ( = four 

columns of data). Days when a mouse was not caught are entered as four 
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zeros. The number of data lines equals the number of individuals caught. 

Hence, if only four mice were caught, there would be four lines of data. 

For example, the first data line indicates that mouse 1017 was captured in 

trap 3,2 on the first day and was not captured on any other day. The 

second data line indicates that mouse 1018 was caught in trap 5,1 on day 

two, but was not captured on the first or last day. The fox example differs 

in that x and y numbers are only single digits for a total of two digits for 

each trap site. 

The final TASK statements specify how the program should process data. These 

lines never change. 
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Data Anomalies 
Unfortunately, field work does not always go as planned. There are several 

real or apparent problems that might arise during the course of trapping. Several 

of the most likely are listed below with the recommended solution. 

1. More than one animal in a trap. This is not a problem. Simply record each 

animal in the usual fashion. None of the statistics depend on the number 

of animals in a trap. 

2. A released animal is immediately recaptured elsewhere on the grid. This is not 

a problem. The second capture should be ignored and the animal 

immediately released with a slight admonishment. 

3. An animal escapes before it is tagged or an existing tag is not read. Escapees 

reduce the number of animals available for data analysis and thus reduce 

the accuracy of the population estimate. Hence care should be taken to 

avoid letting animals escape. This is the reason that the tagging and 

recording of tag data must be done first. The solution to the problem is to 

not record the animal as a capture, e.g. animals without tag numbers are 

not entered in the data set, but should be recorded on the field form. 

4. An animal is dead in the trap on the last day of trapping. Statistically, this is not 

a problem. Record the tag number or assign a new number if it is not a 

recapture. The data analysis can proceed as usual. The reason for the 

death should be considered so that trap death can be reduced in future 

trapping. 

5. An animal dies in a trap prior to the last day of trapping. Treatment of the data 

depends on how many animals die. If more than 20% of the total captures 

were dead, CAPTURE cannot be used. There are other models based on 

removal techniques which might be appropriate, but discussion of these is 
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beyond the scope of this handbook. 

If there is less than 5% loss, delete all captures of those animals from the 

data set and run the analysis as usual. The resulting population estimate is 

for the animals remaining in the population. To calculate the number at 

the start of trapping add the number of dead animals to the final estimate of 

population size. If a population density is being calculated, multiply it by 

(1 +proportion of dead animals). 

If there is 5-20% loss, it would be best to use a removal model to calculate 

populations size, but CAPTURE can be used if the remaining data are 

sufficient to meet the statistical considerations discussed below. The 

generalized removal model can be specified by replacing the last line "TASK 

POPULATION ESTIMATE APPROPRIATE JACKNIFE" with the line 'TASK 

POPULATION ESTIMATE REMOVAL." 
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Interpreting the CAPTURE printout 

The output file (*.OUT) will need to be printed on a wide-carriage printer. 

The first few lines summarize the input statements. These should be examined 

for accuracy. The maximum x and y grid coordinates refer to the maximum 

numbers encountered in the data set analyzed, not the true size of the grid. These 

numbers should never be greater than 10 for mice and 5 for foxes. 

The next section of the program describes the various models which might 

be selected as being most appropriate. There is also a discussion of notation 

which might be helpful in reading the rest of the printout. 

The first page of data summarizes the animals captured and the distance 

moved. As noted on the printout, distances are in units of "trap intervals." For the 

mice, actual distance can be calculated by multiplying the listed distance by 7 m. 

For fox data, this distance should be multiplied by 0.2 mi (or 0.32 km). This part 

of the printout should be examined mostly to see if there are any obvious errors 

in the data entry. Otherwise it provides additional data the park will not need to 

consider further. 

The section which lists each model can generally be ignored unless 

someone has a strong interest in statistics. The critical part is the last few lines 

where the population estimate, standard error and estimated probability of 

capture (p-hat) are given. 
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Statistical interpretation 

A good population estimate is characterized by a high estimated probability 

of capture (p-hat) and a low coefficient of variation. The coefficient of variation is 

not shown on the printout, but is easily calculated as: 

(standard error/population estimate) x 100 

If the coefficient of variation is less than 20%, the estimate will have a small 

confidence interval. In general, population estimates with coefficients of variation 

greater than 20% will result in population estimates which are not sufficiently 

accurate to be of much use. 

The accuracy of the calculated population size increases as both population 

size and probability of capture increase. When the estimated population is < 100, 

capture probabilities (p-hat) should be at least 0.30. As the estimated population 

size reaches 200, capture probabilities can be as low as 0.20 and still result in an 

accurate estimate. 
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INTRODUCTION 

This handbook documents what is currently con
sidered to be the best combination of techniques to 
monitor populations of pinnipeds (seals and sea lions) 
within Channel Islands National Park and National 
Marine Sanctuary. 

The California Channel Islands and surrounding 
waters support a larger and more varied population of 
seals and sea lions than any other area in the world 
that is immediately accessible from major centers of 
human population. These marine mammals repre
sent a major scientific resource and a significant 
recreational attraction. Species belonging to six 
genera of pinnipeds of two different families occur on 
these islands. Breeding here are the California sea 
lion (Zalophus californianus), the northern fur seal 
(Callorhinus ursinus), the harbor seal (Phoca 
vitulina), and the northern elephant seal (Mirounga 
angu'stirostris). The Guadalupe fur seal 
{Arctocephalus townwsendi), and the northern or 
Steller sea lion (Eumetopiasjubatus) are known to use 
these islands as hauling sites but do not breed here. 

Pinnipeds are systematically monitored to document 
long term changes in the distribution and abundance 
of each species. These changes may be caused by 
changes in food supply, disease, disturbance to haul
ing sites by recreational users, entanglement of seals 
in fishing gear, or changes in hauling habitat due to 
weathering processes. In addition, oil pollution, pes
ticides, and heavy metals contamination are known to 
adversely affect pinnipeds. Ideally, it will be possible 
to correlate changes in distribution and abundance of 
pinnipeds with one of the factors mentioned above. 
However, this is only possible if the amount of natural 
variability in the system is known following several 
years of census. 

Management responsibility for pinnipeds within the 
Channel Islands is shared by several federal agencies: 
the National Marine Fisheries Service, the National 
Marine Sanctuary Program (both in the Department 
of Commerce), and the National Park Service (Depart
ment of Interior). The individual responsibilities of 
each agency are specified in the Marine Mammal 
Protection Act of 1972 (MMPA); the Magnusen 
Fisheries Conservation Management Act of 1978; 
Public Law 96-199 (the law that established Channel 
Islands National Park); and the Marine Protection, 
Research, and Sanctuaries Act of I972. In addition, 
the State of California is concerned about the 

management of pinnipeds in California and may re
quest management authority, as described in recent 
amendments to the MMPA. Pinniped management is 
complex and requires sound management of pin
niped prey species; regulation of access to areas criti
cal to feeding, breeding, and hauling; monitoring of 
marine mammal/fishery interactions; and coordina
tion with agencies responsible for mineral develop
ment. 

MONITORING DESIGN 
CONSIDERATIONS 

While six species of pinnipeds haul out on park 
beaches and use park waters, only the four most 
abundant (California sea lion, northern elephant seal, 
harbor seal, and northern fur seal) were selected for 
detailed long-term monitoring. The other two species 
(northern or Steller sea lion and Guadalupe fur seal) 
occur so infrequently that it is not feasible to routine
ly monitor their population dynamics. However, areas 
historically used by these species will be surveyed and 
their presence recorded. 

All beaches on the five park islands have been 
selected for monitoring through ground and/or aerial 
census techniques. However, application of the tech
niques vary for each species and for certain rookery 
areas because of characteristics of the species 
monitored (such as sensitivity to disturbance and 
timing of pupping) and species distribution. 

Two basic types of indexes are used to monitor chan
ges in populations of wildlife. They are: 

• indexes that track the size of the population 

• indexes that track the "condition" of an average 
individual in the population (Hanks 1981). 

Population indexes characterize changes in popula
tion size independent of environmental or habitat con
ditions. Population indexes that are commonly used 
in pinniped management include counts of pups, 
counts of hauled animals, and mark/recapture es
timates of an entire population (Eberhardt I978). Con
dition indexes track how the average condition of an 
animal in a population changes overtime. Therefore, 
these indexes may change when the population level 
is constant, but habitat conditions vary. Commonly 
used condition indexes in pinniped management in
clude the average age of sexual maturity, the average 
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age of the population, length to girth ratios, rates of 
agonistic encounters, food habits, and time spent 
feeding. Other condition indexes are described in 
Eberhardt and Stnrff (1977). 

Prudent management of wildlife resources requires 
that both types of indexes are used (DeMaster 1984). 
When these indexes are used in combination, it is pos
sible to discriminate between a population that is 
declining because of a reduction in habitat quality ver
sus a reduction caused by high levels of incidental 
take. It is also possible to predict whether a popula
tion is likely to decline, increase, or remain constant. 
Without this dual-index approach, it is neither possible 
to determine causes of changes observed in popula

tion levels, nor to tailor prudent management respon
ses. 

This handbook only describes techniques used to 
monitor changes in population size (population in
dexes) because this is the level of long-term monitor
ing likely to continue under present funding. A sound 
resource management program should include the 
monitoring techniques described in this handbook, as 
well as research designed to monitor the condition of 
animals in the population. Funds to initiate monitor
ing of pinniped condition will be requested in coopera
tion with National Marine Fisheries Service and 
California Fish and Game. 
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MONITORING PROTOCOL 

SAMPLING METHODS 

Three techniques are currently used to index the 
population levels of pinnipeds in the southern Califor
nia Bight: 

• ground counts at rookeries 

• aerial counts where counts of animals are made 
from 35-mm transparencies (photographs taken 
at oblique angle) 

• aerial counts where counts of animals are made 
from 5-inch transparencies (photographs are 
taken at a vertical angle) 

A comparison of these techniques is provided in Table 
1. 

1. Ground Counts 

Ground counts are generally considered to be the 
most accurate technique for counting pups in large 
rookeries in southern California. Other techniques 
usually underestimate the number of pups present. 
Ground counts also provide an opportunity to collect 
information on condition indexes, such as food habits, 
tag resights, and weight at weaning. If the rookery is 
easily accessible, ground counts are usually the least 
expensive of the three techniques. The major disad
vantage of ground counts is the amount of distur
bance which can, if frequent enough, lead to changes 
in the distribution of animals. Therefore, counts must 
be made with minimal disturbance. Ground counts 
are used to census pup production in California sea 
lion, northern elephant seal, and northern fur seal 
breeding colonies. Counts are made after all pups 
have been born and when most pups are congregated 
into large groups. Counts are made before pups 
begin to swim. It is also desirable to schedule counts 
after most breeding activity has been completed, be
cause most of the breeding females and males have 
returned to the sea to feed. 

2. Aerial Counts (35-mm Format 
Photographs) 

Aerial counts from 35-mm transparencies (oblique 
photographs) are ideal for monitoring the distribution 

of rookeries and hauling sites. This technique is used 
to enumerate pinnipeds when they are relatively dis
persed or to obtain a qualitative description of the dis
tribution of rookeries. For example, this procedure is 
effectively used to census sea lions outside of the 
breeding rookeries and harbor seals throughout the 
Channel Islands. Coverage is relatively inexpensive 
and photographs for an entire census can be con
tracted for about $3000. 

Surveys are made while flying at altitudes of 150-300 
m and 50-100 m offshore. Flights are made in twin en
gine, high-wing aircraft. Hauling sites are 
photographed with a high quality 35-mm camera with 
a 200-mm and a 43 to 80-mm zoom lens, and a motor 
drive. High speed film (200 to 400 ASA) is used. The 
survey team consists of a pilot, observer/photo
grapher, and an assistant who serves as an observer 
and data recorder. Pinniped hauling areas are 
recorded on standard maps for each island. Voice 
recordings of the flights are made using a portable 
cassette recorder. Use of experienced observers is 
critical to obtain precise estimates with this technique. 
Inexperienced observers should initially be used as 
recorders only. 

Counts of pinnipeds are obtained by projecting 
processed slides on a large viewing screen or by view
ing under a microscope. The total numbers of pin
nipeds and pups present are scored for each area. 

One major advantage of this technique is that all five 
islands can be photographed in about four hours, 
reducing the probability of double counting animals 
on consecutive days. However, a number of 
problems should be recognized. One, it is very dif
ficult to enumerate pups from photographs because 
pups can easily blend in with the background and are 
often confused with yearlings or two-year old animals. 
Pups will generally be missed, unless light conditions 
are ideal and animals are dry. Secondly, animals in 
dense concentrations are also very difficult to ac
curately enumerate. Finally, if a hauling site is dis
turbed just before the overflight, animals will not be 
available to photograph. Therefore, flights must be 
timed when vessel traffic and human use of beaches 
are at a minimum. In addition, peak hauling times of 
many species will vary by time of day and season, and 
this must be considered when planning surveys. For 
these reasons, it is often advisable to replicate aerial 
surveys to get more precise estimates. 

Actual counts of animals from the air (rather than 
photographing the area and then counting from 
transparencies) are made when only a few animals are 
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Table 1. Summary of Pinniped Census Techniques and Their Requirements. 

TECHNIQUES REQUIREMENTS/EQUIPMENT COMMENTS 

Ground Counts Minimum 2 people 

Clicker counters 

Binoculars 

Spotting scope 

Disturbance can be problem 

Information on tags, ages, food 
habits 

Least biased 

Demands most effort 

Aerial Counts 
(35-mm format 
photographs) 

Beach Travelair, Cessna skymaster, 
or similar aircraft 

Altitude: 150300 m 

50-100 m offshore 

35-mm camera w/motor drive, 200-mm 
and 43 to 80-mm zoom lens 

High speed (400 ASA) color film 

Cassette recorder 

Dissecting scope or slide projector 

Usually underestimates pups 

Good for distribution 

Best done in replicate 

Permanent record made 

Fly during peak haulout 

Aerial Counts 
(5-inch format 
photographs) 

Contract with experienced photogrammetric 
firm necessary unless access to camera is 
possible 

Experienced person to interpret imagery 

Altitude: 150-300 m 

Directly over hauled pinnipeds 

Pre-survey determination of transects 

$20 per frame plus air time 
(15 frames for Point Bennett) 

Interpretation takes about 
about 40 hr/census 

Best with elephant seals 

Permanent record made 

Distribution on beach and length 
easily determined 

Fly during hauling periods 
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found on isolated beaches. Clicker counters and 
voice recordings using a portable cassette are used 
to count and record these visual aerial counts. 

3. Aerial Counts (5-inch Format 
Photographs) 

Aerial counts are made from photographs taken with 
vertically mounted, high resolution military reconnais
sance cameras. The photographs are taken from an 
aircraft flying at altitudes between 180 and 250 m 
above the rookeries. At these low altitudes, it is es
sential that the photographs are taken with cameras 
that have a forward image compensation system. By 
eliminating the image smear that is caused by the for
ward movement of the aircraft while the shutter is 
open, photographs of exceptionally high resolution 
can be taken. The advantage of this technique are: 
the photographs represent a permanent record of the 
distribution and numbers of animals present; the size 
and spatial relationships of the animals present can 
be determined from the photographs; there is no dis
turbance to the rookery associated with the survey; 
and a wide range of sites can be surveyed within a few 
hours and at relatively small expense ($1800 to col
lect and process vertical photographs for all northern 
elephant seal rookeries within Channel Islands Na
tional Park). Problems with this technique include the 
high cost of the photographic and image interpreta
tion equipment and the amount of time required to 
make accurate counts from the images. A complete 
count of northern elephant seal pup production at San 
Miguel Island from aerial photographs takes about 30 
hours to complete. 

Photographic missions should be scheduled for mid
day. Census flights should be made on relatively cool 
days, preferably with a high overcast. Under these 
conditions, fewer pups (California sea lions or north
ern fur seals) will be in crevasses or in tide pools where 
they are harder to count. 

As with aerial surveys involving 35-mm photography, 
daily and seasonal hauling patterns and effects of dis
turbance must be taken into account with timing over
flights. This technique allows an estimate of animal 
length to be taken directly from the image and allows 
for an analysis of spatial distribution, which oblique, 
35-mm imagery does not offer. This technique is best 
suited for monitoring sandy beaches, like Point Ben
nett, where the contrast between animals and sub
strate is great. 

Schedule and Location of Monitoring 

A schedule for monitoring each species is found in 
Table 2. The table also indicates appropriate techni
ques and which islands to monitor for selected 
species. 

Current distribution of pinnipeds by beach is sum
marized in Appendix A. The numbered locations in 
the appendix refer to a standardized numbering sys
tem of island beaches called BLM codes. This num
bering system was developed by researchers from the 
University of California, Santa Cruz as part of their 
work for the Bureau of Land Management to indicate 
marine mammal distribution in southern California. 
Through the use of these consistent location codes, 
an efficient reporting system can be maintained. 

Any changes in distribution or new trends in pup 
production from the existing distribution of pinnipeds 
must be monitored. For example, Santa Barbara Is
land has a small rookery for sea I ion and elephant seal 
pupping. Changes in current distribution of these 
pupping beaches need to be monitored. Historically, 
northern sea lions (and possibly California sea lions) 
pupped at Santa Cruz and Santa Rosa islands. These 
beaches should be carefully examined during the 
breeding season for signs of recolonization. 

Scheduling of counts must take into account permit 
requirements. Permits are required prior to aerial and 
ground surveys under the Marine Mammal Protection 
Act. Application for permits should be made well in 
advance from the National Marine Fisheries Service 
which may take up to 120 days to process and grant 
the permit. 

Recording the Data 

All census data are recorded so that it can be easily 
transcribed on the pinniped census data form (Appen
dix B). Use of the data entry form will help ensure that 
data are collected consistently from year to year and 
will allow the data to be more easily managed. 

Any dead or beached cetaceans (whales or dolphins) 
should be reported to the Southwest Regional Office 
of the National Marine Fisheries Service. 
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Table 2. Schedule and Location of Counts for Pinniped Monitoring 

DATES TARGET SPECIES AND AGE LOCATION - TECHNIQUE 

February 14-28 

April 14-28 

May1 -15 

May 25 June 10 

July 15-30 

Northern elephant seal 
(pup production) 

Harbor seal 
(pup production) 

California sea lion 
(premature births) 

Harbor seal SMI - A3 
(all hauled animals) 

California sea lion 
Northern fur seal 
Guadalupe fur seal 
Northern sea lion 

SMI - GO, A5 
SRI - A3 
SCI - A3 
ANI - A3 
SBf- A5 

SMI - A3 
SRI-A3 
SCI - A3 
ANI - A3 
SBI-A3 

SMI - GO 

SRI - A3 
SCI - A3 
ANI - A3 
SBI - A3 

SMI - GO, A5 
SRI - A3 
SCI - A3 
ANI - A3 
SBI - A5 

Location 

SMI San Miguel Island 
SRI - Santa Rosa Island 
SCI - Santa Cruz Island 
ANI - Anacapa Island 
SBI - Santa Barbara Island 

Technique 

GO - Ground counts at preselected haulouts 
A3 - Aerial Counts, 35-mm format photographs. 
A5 - Aerial Counts, 5-inch format photographs 
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Monitoring Techniques by Target 
Species 

California Sea Lions 

Premature Births at San Miguel Island 

A ground survey of all hauling areas on Point Bennett 
is made in early May to document the number of 
premature births. Two to three biologists survey ail 
hauling areas on foot and record the number of 
premature sea lion pup carcasses. The biologists 
work independently. Carcasses are marked with red 
surveyors tape and deposited in groups of 10 to 20 in 
single locations in each general area to avoid recount
ing in later surveys in May or to avoid counting as full 
term neonatal mortalities in late July. The numbers of 
premature pups counted by each biologist are 
summed for each general area and later for all of Point 
Bennett. A thorough survey requires seven to eight 
hours to complete. 

Pup Production 

Sea lion hauling and breeding areas in the Point Ben
nett area are surveyed in late July and early August to 
document peak pup abundance. Most pups are born 
by June 20 and the majority of these remain on the 
rookery through early August. Breeding occurs from 
about June 20 to July 20. By late July, female abun
dance declines as an increasing number of parous 
females lengthen their feeding trips at sea. Following 
the breeding season, many adult males return to sea. 
Therefore, all live pups are present on the rookery in 
late July and many of the lactating females and the 
males are at sea. 

Ground censuses are conducted on sunny days with 
little or no wind to minimize the effects of disturbance. 
Censuses are begun late in the morning when most 
animals have moved from the interior hauling grounds 
to, or just above, the splash zone. A team of two to 
four biologists, experienced in censusing pups, walks 
slowly well above the beach crest to "ease" the adults 
into the water but yet far enough from the pups so that 
they neither panic nor move about very much. Sub
sections are then selected by the team and pups in 
that subsection are enumerated by each biologist. 
The counts for each subsection are compared and 
accepted only if they are within 10 percent of the mean 

count. If not, counts for the subsection are repeated. 
Each biologist's counts are summed for the subsec
tions. Pup production is estimated as the average of 
all of the total counts for the team. 

At Castle Rock, a team of two biologists are used to 
enumerate pups. Adult and sub-adult animals are 
"eased" into the water. A great deal of care is needed 
to avoid injury to animals as they are pushed toward 
the water. Once the adults and sub-adults are 
cleared, pups are counted as described for Point Ben
nett. This survey is ideally done between 1000 and 
1400 hours and generally takes two hours to com
plete. 

Sea lion pups at Santa Barbara Island are counted by 
ground surveys conducted in late July as described 
above for Point Bennett. Ground counts are difficult 
at Santa Barbara Island and should be conducted 
carefully to minimize disturbance. A single, ex
perienced observer can move slowly above the 
rookeries to make counts with a minimum of distur
bance. Gulls also disturb the sea lions, so observers 
must also minimize disturbance to gulls as well. 

Aerial surveys using 5-inch format photographs are 
made in the last two weeks of July at San Miguel and 
Santa Barbara islands. Flights should be made at 
mid-day with a relatively low tide. Ideally, 
photographs will be taken on a cool day with some 
cloud cover to reduce the number of pups that will 
seek shady areas or go into the water to escape the 
heat. Photographs should cover Point Bennett, 
Castle Rock, Richardson Rock, Judith Rock, and all 
of Santa Barbara Island. 

Hauled Animals Outside Breeding Rookeries 

Surveys of hauled sea lions outside of breeding 
rookeries are conducted by aircraft, and counts are 
made from 35-mm color photographs. Surveys are 
flown during selected times (as indicated in schedule 
in Table 2). Special attention should be given to his
torically used hauling sites and rookeries. Counts 
made during the breeding season are used to docu
ment changes in the distribution of rookeries. Counts 
made outside of the breeding season are used to 
monitor any changes in the distribution of hauling that 
may be associated with seasonal hauling patterns, 
vessel traffic, and beach disturbance. 
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Northern Fur Seals Harbor Seals 

Northern fur seals occur only at Adams Cove on San 
Miguel Island and on nearby Castle Rock. Pupping 
generally begins in late May and is completed by late 
July. The mean date of birth is June 26. Pup produc
tion and mortality can be monitored daily from obser
vation blinds along the bluffs overlooking Adams 
Cove with binoculars or 15-60x telescopes 
throughout the breeding season. This is becoming 
more and more difficult as pups are now distributed 
all the way to the spit leading to Cormorant Rock. 
Counts of pups at Castle Rock and Adams Cove are 
conducted during the California sea lion ground or 
aerial counts for pups. 

Northern Elephant Seals 

A ground count of elephant seal pups is made during 
the last two weeks of February on San Miguel and 
Santa Barbara islands. Most of the cows have left by 
this date. At San Miguel Island, pups will be in large 
concentrations inland of the beach crest, as well as in 
isolated groups in the arroyos of Adams Cove. In ad
dition, cows and pups will be scattered along the en
tire south side of San Miguel Island and in Otter 
Harbor At Point Bennett, counts are made by two ob
servers. Discrete areas of the beach are marked in 
the sand, and counts of all elephant seal pups are 
made within a subsection by both observers. Subsec
tions are about 20 m to 40 m wide and no more than 
100 m long. If counts are not within 10 percent of each 
other, additional counts are made until agreement is 
reached. The entire point can be counted in about 6 
hours by experienced observers. Counts at each 
beach are tallied separately. 

An aerial survey (5-inch format) is made at the same 
time as the ground count at San Miguel Island. All 
breeding sites are photographed. Pups, adult 
females, and adult males are enumerated from the im
agery. 

At Santa Barbara Island, pups can be counted by 
ground observers from the cliffs above the rookeries 
with 7-1 Ox binoculars. This survey takes about 3 
hours. Aerial surveys of elephant seal pups are also 
made. The overhanging cliffs of the north side of the 
island make vertical photography impractical. In this 
area the aircraft should be banked so that shallow 
angle oblique photographs can be collected. 

For Pacific harbor seals, the entire cohort of pups is 
never hauled out simultaneously. The period of pup
ping extends over a two-month period, while the 
weaning period is less than one month after parturi
tion. Pup production is measured through aerial 
counts made in mid- to late April. These counts are 
considered minimum estimates of pup production 
and are used to establish temporal trends in pup 
production from island to island. 

The proportion of the total population that is hauled 
out will vary by time of day, area, tides, weather, and 
season. The most consistent and highest proportion 
of the total population will haul out in early afternoon 
during the molt period. Therefore, counts of harbor 
seals (hauled animals) should be made at mid-day 
during the molt period of late May to early June. Ideal
ly, a series of two to five daily counts are made in order 
to estimate the daily variation in hauled animals. 

Neither pup counts nor counts of hauled animals 
provide a good estimate of the total population. 
However, if counts are made annually at a consistent 
time of year using the same techniques, the data can 
be used to monitor changes in distribution and rela
tive abundance of harbor seals. 

Harbor seal surveys are made using an oblique aerial 
survey with 35-mm transparencies as described 
under aerial counts (35-mm photographs). Total 
numbers of harbor seals and numbers of pups present 
are counted from the projected slides. 

Guadalupe Fur Seals and Northern Sea 
Lions 

These two species have been seen hauled out only in 
the Point Bennett area and at Castle Rock on San 
Miguel Island in recent years (1980 to present). Fewer 
than three Guadalupe fur seals and six northern sea 
lions have been counted at any one time since 1981. 
Although two northern sea lion pups at San Miguel Is
land (Castle Rock) were reported in 1981, there have 
been no pups reported for either species since 1982. 
Castle Rock is difficult to census and only experienced 
research personnel should survey Castle Rock for 
either species. To document the presence of adults 
and pups of both species, check Point Bennett and 
Castle Rock where they have been previously 
reported from early June to late July. 
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DATA MANAGEMENT 

Analysis 

Total counts of all seals and pups are analyzed in two 
ways. First, a qualitative comparison of beach use for 
both pupping and hauling for ail six species is made 
from year to year. Changes in haul out patterns can 
reflect changes in population levels or changes in the 
level of disturbance around areas critical to breeding 
and feeding. A second analysis involves a quantita
tive comparison of the population index of choice for 
each species. Counts are presented by year and by 
island. A regression of log-transformed counts 
against time can be fitted to a straight line to deter
mine the rate of growth of the population. A sig
nificantly positive slope implies the population is 
increasing. A negative slope implies the population is 
decreasing. A nonsignificant slope infers that there is 
no consistent change in population size. Additional 

information can be gained by looking at the pattern in 
the residuals or fitting a second degree polynomial to 
the data set (DeMaster et al. 1982, Boveng et al. 1988). 

Reporting 

A report generating system has been developed at the 
Southwest Fisheries Center to facilitate rapid presen
tation of survey data collected in a specified form 
based on the pinniped census form (Berkson 1984). 
The system involves an interactive, user friendly 
program to manipulate information from specified sur
veys. The computer prompts the user to specify types 
of information desired and then requests the user to 
designate an output format. Plots or tables can be 
generated for counts by age/sex class, species, is
land, year, and month. In addition, plots or tables of 
the percentage of a particular age/sex class of a 
species relative to the total number of counted 
animals can be generated. 
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A P P E N D I X A. Distribution of Pinnipeds and Maps of BLM Location Codes 

Table A-1. Distribution of Pinnipeds by Beach. Data are from 1975-1982 (Bonnel et al. I980 and Stewart 
1981, 1982). 

* indicates pupping occurs on that beach 
Numbers refer to BLM location codes in Figures A-1 to A-5. 

Distribution and BLM Location Codes A- 1 

SPECIES SAN SANTA SANTA ANACAPA SANTA 
MIGUEL ROSA CRUZ ISLAND BARBARA 
ISLAND ISLAND ISLAND ISLAND 

Northern fur seal 102* 
111* 

Northern elephant seal 110* 302-304 
119* 308 
120* 310* 
146* 311 
147* 317 
151*-159* 322 
161 
171 
172 

California sea lion 102* 615 641 660 302* 
103* 621 643 670 303* 
110*-119* 645 680 304-307 
120 646 308*-312* 
151-156 648 313 
161 649 314 
171* 317* 
172 318* 

322-324 
325* 

Harbor seal 121 611 641* 660* 306 
122* 612*-615* 643 670* 316* 
123 617*-619* 645* 680 
130*-132* 621* 647* 
134* 622 649* 
142*-144* 624*-626* 651* 
145 653 
146* 654* 
147* 656* 
157* 658* 
159* 

Northern sea lion 110 
111 

Guadalupe fur seal 110 
111 



SAN MIGUEL ISLAND 

Figure A - 1 . Pinniped BLM Location Codes 

A-2 Distribution and BLM Location Codes 



SANTA ROSA ISLAND 

Figure A - 2. Pinniped BLM Location Codes 

Distribution and BLM Location Codes A-3 



SANTA CRUZ ISLAND 

Figure A - 3. Pinniped BLM Location Codes 

A-4 Distribution and BLM Location Codes 



ANACAPA ISLAND 

Figure A - 4. Pinniped BLM Location Codes 

Distribution and BLM Location Codes A-5 



SANTA BARBARA ISLAND 

Figure A - 5. Pinniped BLM Location Codes 

A-6 Distribution and BLM Location Codes 
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Data Requirements for Pinniped Census Data Form 

FIELD 

1 
2 
3 
4 

5 
6 

7 
8 

9 
10 
11 

12 
13 
14 

DATA 

Date 
Time: start 
Time: end 
Island 

Beach 
Survey platform 

Field party leader 
Counts 

Zalophus 

Callorhinus 

Mirounga 

Phoca 

Arctocephalus 
Eumetopias 

Wind speed 
Wind direction 
Cloud cover 

Temperature 
Tide height 
Disturbance 

CODES 

yr/mo/day 
military 
military 
SMI ANI 
SRI SBI 
SCI 
BLM code 
GO - ground count 
A3 - aerial count, 35-mm format 
AV - aerial count, visual 
A5 - aerial count, 5-in format 
W - vessel, visual count 
initials 

total counts 
pup counts 
total counts 
pup counts 
total counts 
pup counts 
total counts 
pup counts 
total counts 
total counts 
mph 
8pts 
c - clear (0% clouds) 
s - scattered (1 -50% clouds) 
b - broken (50-98% clouds) 
o - overcast (100% clouds) 
centigrade 
F3.1 meters 
P - people on beach 
V - vessel near beach 
D - dog on beach 

FIELD 
LENGTH 

6 
4 
4 
3 

3 
2 

3 

4 
3 
4 
3 
4 
3 
4 
3 
2 
2 
2 
2 
1 

2 
3 
2 

COLUMNS 

1-6 
7-10 
11-14 
15-17 

18-20 
21-22 

23-25 

26-29 
30-32 
33-36 
37-39 
40-43 
44-46 
47-50 
51-53 
54-55 
56-57 
58-59 
60-61 
62 

63-64 
65-67 
68-69 

B-2 Data Form and Data Requirements 
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perience (1985-1988) conducting the monitoring program. Many of the techniques described in the original 
handbook had not been extensively field tested prior to our efforts, and many techniques used in long-term in
vestigations had to be scaled down from research-approach levels to monitoring levels. It was therefore not 
surprising to encounter unanticipated problems in carrying out some of the prescribed tasks set forth in the first 
edition. This revision identifies the problem-areas and incorporates newer techniques and revised methodology 
to refine and streamline the seabird monitoring program. Updating a manual such as this is, of course, an on
going process and is subject to the bounds of our perceptions and the constraints and inconvenience of limited 
resources. No doubt techniques for seabird monitoring at Channel Islands National Park will continue to evolve 
as new methods are incorporated and solutions to new problems are found. 

DBL and FG 
August 1988 
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INTRODUCTION 

The purpose of this handbook is to outline a 
methodology for monitoring selected seabird 
species in Channel Islands National Park. The 
methods have been derived from both long-standing 
studies of certain species and recent work with 
other birds not monitored in the past. Consistent 
with Channel Islands monitoring goals, the data will 
be used to detect changes in populations over a 
period of time rather than to determine the cause of 
such changes. To detect these changes, important 
parameters included in the seabird monitoring 
program are: 

• abundance of breeding birds 

• reproductive success 

• phenology, and 

• population age structure. 

All of these reflect important trends in population 
dynamics. The number of breeding birds may rep
resent either reproductive effort or adult population 
size; changes in either category affect the total num
ber of young recruited to the population. Reproduc
tive success is measured by the number of fledged 
young, and is the most direct measure of the addi
tion of young to the population. Chick survival can 
be affected by changes in phenology (timing of egg-
laying, hatching and fledging). Age structure repre
sents relative numbers of non-breeding juveniles 
and breeding-age adults in the population; changes 
in this parameter affect the number of breeding at
tempts and recruitment of young. When available, 
other parameters such as food use and chick 
growth rates are valuable to measure because they 
provide data for interpreting observed changes in a 
biologically meaningful way. 

Despite the benefits of a program containing the 
parameters outlined above, experience has shown 
that practical considerations often limit the number 
of parameters that can be effectively measured as 
well as the number of species monitored. For in
stance, the particular measurements taken for a 
given species may be limited by nesting habits, 
response to human intervention, experience of per
sonnel, and time and monetary constraints. Similar

ly, of the eleven seabird species that nest in Channel 
Islands National Park, only six can reasonably be 
monitored; difficulties such as inaccessible nests, 
nocturnal behavior, and variable breeding sites 
preclude using the others. This handbook, then 
reflects a compromise between an ideal monitoring 
program and a practical one. 

MONITORING DESIGN 
CONSIDERATIONS 

In designing effective techniques to monitor 
seabirds on the Channel Islands, decisions were 
made as to which species would be monitored, the 
islands on which they would be monitored, 
parameters to be measured, and reasons for these 
choices. 

CHOICE OF SPECIES 

Table 1 shows the spatial distribution of the eleven 
seabird species that nest in Channel Islands Nation
al Park. Several species were eliminated as 
monitoring targets primarily because certain aspects 
of their biology preclude obtaining reliable data. 
The three species of storm-petrel (Leach's Storm-
Petrel (Oceanodroma leucorhoa), Ashy Storm-
Petrel (0. homochroa), and Black Storm-Petrel (0. 
melania)) are nocturnal and secretive, and their 
breeding phenology and biology on the Channel Is
lands are poorly documented. It is therefore 
probably too costly to collect quality information for 
these species. Of the three cormorant species, 
Brandt's Cormorant (Phalacrocorax penicillatus) is 
probably unsuitable for monitoring. Although abun
dant and widespread throughout the islands, this 
species frequently shifts nest sites, making data col
lected from samples difficult to interpret. 

Of the three alcid species that nest here, Pigeon 
Guillemot (Cepphus columba), Xantus' Murrelet 
(Synthliboramphus hypoleuca), and Cassin's Auklet 
(Ptychoramphus aleuticus), the guillemot is the 
most difficult to monitor. This species nests in 
caves, making it very awkward to determine the size 
of the nesting population or measure other impor
tant parameters. The following species have, there-
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fore, been chosen for the monitoring program: 

• California Brown Pelican (Pelecanus 
occidentalis californicus) 

• Double-crested Cormorant (Phalacrocorax 
auritus) 

• Pelagic Cormorant (Phalacrocorax pelagicus) 

• Western Gull (Larus occidentalis) 

• Xantus' Murrelet (Synthliboramphus hypoleuca) 

• Cassin's Auklet (Ptychoramphus aleuticus) 

The selected species are diverse and provide broad 
geographic coverage of the park islands. Some are 
sensitive to oil or chemical pollution, changes in 
food availability and abundance, and human distur
bance; changes in these populations may suggest a 
more widespread problem affecting other species as 
well. Most of these species also have existing 
baseline data for certain parameters with which 
comparisons of future data can be made. 

California Brown Pelicans breed predictably on the 
north slopes of West Anacapa Island each year and 
build large nests that are observable from a dis
tance. Double-crested Cormorants rarely change is
land colony sites and their nests are also 
conspicuous. Although both species are highly vul
nerable to the effects of disturbance, accurate and 
reliable data can be collected at a distance for each. 
Pelagic Cormorants, at the southern extreme of their 
range, breed in small numbers on the Channel Is
lands and hence were not initially included in the 
Seabird Monitoring Program in 1982. Since 1984, 
however, they have consistently nested on Anacapa 
Island where sub-colonies have been accessible 
and easily censused. Although this is a small breed
ing population, it has expanded since its inception, 
and data on abundance of breeding adults, 
reproductive success, and phenology can be easily 
obtained for monitoring purposes. Western Gulls 
are highly visible surface nesters and, compared to 
cormorants and pelicans, are much less sensitive to 
human disturbance and thus are readily studied. 
Xantus' Murrelets nest in crevices and small caves 
that are usually accessible with minimal disturbance. 
Cassin's Auklet, a burrowing species, is locally the 
least known of the targeted species. Monitoring this 

species, although somewhat difficult, is worthwhile 
because the site of its largest colony, Prince Island, 
supports the greatest number of seabirds in the 
park, they are primarily plankton-feeders (unlike 
most other monitored park seabirds), and they are 
likely to be sensitive to oil pollution (and may there
fore be a good indicator species). 

In addition to these six seabird species, monitoring 
the Snowy Plover (Charadrius alexandrinus), a 
shorebird which nests on San Miguel, Santa Rosa, 
and Santa Cruz islands will begin during the 1989 
breeding season. The Snowy Plover is listed by the 
State of California as a "Species of Special Con
cern" (Remsen 1978) and information about its 
breeding biology and abundance in Channel Islands 
National Park is currently very limited. 

Ancillary observations of breeding season activities 
of Brandt's Cormorants, Pigeon Guillemot and 
Xantus' Murrelets should be made when the oppor
tunity arises as follows: 

Brandt's Cormorant nesting should be documented 
each year on Santa Barbara, Sutil, and Prince is
lands This species nests consistently at Prince Is
land, in small caves and on the cliff ledges of 
Webster Point on Santa Barbara Island, on the north 
ledges of Sutil Island, and on Gull Island. These 
areas can be surveyed by boat once or twice each 
breeding season for the presence of nests, although 
accurate nest counts or observations of nest con
tents are often difficult Brandt's Cormorants also 
nest rarely on West Anacapa Island (at Sea Lion 
Cove in 1970 and Rat Rock in 1982), and should be 
looked for in the course of monitoring activities If 
consistent breeding occurs, routine monitoring of 
this species should be incorporated into the 
program. 

Pigeon Guillemot numbers in the nearshore vicinity 
of Anacapa, Prince, and Santa Barbara islands 
should be noted in the course of other monitoring 
activities as a relative index of breeding effort. 
Counts are best done during June and July when 
adult birds are tending young which no longer re
quire the constant presence of an adult at the nest. 
Adults at this time are easily observed flying in and 
out of the nesting caves and in pairs on the water as 
they forage. Data on number of pairs breeding have 
been collected annually on East and West Anacapa 
islands since 1982; annual breeding records should 
be maintained. 
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Table 1. Distribution of Seabirds Nesting in Channel Islands National Park (from Hunt et al. 1980). 

FAMILY 

Storm-Petrels 
Hydrobatidae 

Cormorants 
Phalacrocoracidae 

Pelicans 
Pelecanidae 

Gulls 
Laridae 

Alcids 
AJcidae 

SPECIES 

Ashy Storm-Petrel 
(Oceanodroma homochroa) 

Black Storm-Petrel 
(0. melania) 

Leach's Storm-Petrel 
(0. leucorhoa) 

Brandt's Cormorant 
(Phalacrocorax penicillatus) 

• Double-crested Cormorant 
(P. auritus) 

• Pelagic Cormorant 
(P. pelagicus) 

• California Brown Pelican 
{Pelecanus occidentalis californicus) 

• Western Gull 
(Lams occidentalis) 

• Cassin's Auklet 
(Ptychoramphus aleuticus) 

Pigeon Guillemot 
(Cepphus columba) 

• Xantus' Murrelet 
(Synthliboramphus hypoleuca) 

ANI 

0 

A 

A 

L 

L 

A 

A 

I 

SBI 
(see 

A 

L 

? 

A 

A 

0 

A 

A 

A 

A 

L 

SLAN D 

SCI SMI SRI 
key below) 

A 

? 

? 

A 

A 

0 

A 

A 

A 

A 

L 

L 

L 

L 

L 

0 

A 

L 

L 

A 

? 

? 

A 

A 

A 

A 

Seabirds 3 

Key: ANI = Anacapa Is. SBI = Santa Barbara Is. SCI = Santa Cruz Is. 
including Sutil Is. including Gull Is. and Scorpion Rock 

SMI = San Miguel Is. SRI = Santa Rosa Is. 
including Prince Is. 

Distribution: 
A = Active Colony L = Largest Colony • = Monitored Species 
0 = Occasional Colony ? = Probably Present 



Xantus' Murrelets almost certainly nest in the Arch 
Rock/Landing Cove area of East Anacapa Island. 
Adult birds are consistently heard calling from the 
water beneath the cliffs in April, May, and June; 
adult pairs are seen in the vicinity prior to breeding 
season; and a newly fledged chick was observed at 
Arch Rock in June 1985. Surveillance for the 
presence of this species on East Anacapa, including 
estimates of numbers of calling birds from the cliff 
tops between the Landing Cove and the southward 
bend in the service road should be maintained. 

CHOICE OF ISLANDS 

The recommended island monitoring sites for the 
selected species are shown on Table 2. While it 
may be desirable to monitor the birds on all the is
lands where they occur, small population sizes or 
difficult access make this inadvisable if not physical
ly impossible. The following selected colonies are 
relatively accessible and provide broad coverage: 

CHOICE OF PARAMETERS 

For practical reasons, the recommended pa
rameters (breeding bird abundance, reproductive 
success1, phenology, and population age structure) 
can not be measured for all the selected species. Of 
major concern in choosing the parameters is the 
potential disturbance and consequential breeding 
failures for both target species and other birds nest
ing in the same area. Pelicans and cormorants are 
particularly sensitive to human disturbance and for 
other species, such as murrelets and auklets, exist
ing population sizes may be too small on some is
lands to risk regular monitoring. Due to variable 
disturbance potentials at different sites the number 
of parameters measured changes with species nest
ing locations. For example, whereas three of the 
suggested parameters may be possible to measure 
for Double-crested Cormorants on Anacapa Island, 
only one can likely be measured for this species on 
Prince Island (see Table 3 ). 

SANTA SAN 
ANACAPA GULL PRINCE BARBARA MIGUEL 
ISLAND ISLAND ISLAND ISLAND ISLAND 

Double-crested Cormorant 

Pelagic Cormorant 

California Brown Pelican 

Western Gull 

Xantus' Murrelet 

Cassin's Auklet 

Snowy Plover 

X 

X* 

X* 

X* 

Too few 

Not present 

Not present 

Not present 

Not present 

Not present 

X 

Too tew 

Too difficult 

Not present 

X* 

Too difficult 

Not present 

X 

Too difficult 

X* 

Not present 

X 

Not present 

X 

X 

X* 

Too few 

Not present 

Not present 

Not present 

Not present 

Not present 

Not present 

Not present 

X 

' Variously defined, but usually one of the following: a) percent fledging of hatched chicks (fledging success); b) percent fledging of 
eggs laid (reproductive success), c) number of chicks fledged per nest (productivity); or, d) the number of chicks fledged per colony 
(total productivity). 

Seabirds 

Table 2. Island Monitoring Sites for Selected Seabirds/Shorebird in Channel Islands National Park. 
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SOURCES OF VARIABILITY 

As highly mobile animals, seabirds fluctuate in num
bers with respect to time of year, activities within 
seasons, and time of day. An effective monitoring 
effort must attempt to account for the variation 
caused by these natural fluctuations, as well as that 

introduced by observer error, and then distinguish 
between these sources of variability and those 
owing to changes in the environment. The following 
guidelines are recommended to minimize the ob
server sources of variability: 

Table 3. Recommended Parameters to Measure for Selected Species in Channel Islands National Park. 

California Brown 
Pelican 

Double-crested 
Cormorant 

Pelagic Cormorant 

Western Gull 

Xantus' Murrelet 

Cassin's Auklet 

Snowy Plover 

ANACAPA 
ISLAND 

Breeding 
birds 

Reproduction 
Phenology 

Breeding 
birds 

Reproduction 
Phenology 

Breeding 
birds 

Reproduction 
Phenology 

Breeding 
birds 

Reproduction 
Phenology 
Age Structure 
Food use 
Growth rates 

GULL 
ISLAND 

Breeding 
birds 

PRINCE 
ISLAND 

Breeding 
birds 

Breeding 
birds 

Reproduction 
Phenology 

Breeding 
birds 

Reproduction 
Phenology 

SANTA 
BARBARA 
ISLAND 

Breeding 
birds 

Reproduction 
Phenology 

Breeding 
birds 

Reproduction 
Phenology 

Breeding 
birds 

Reproduction 
Phenology 
Age Structure 
Food use 
Growth rates 

Breeding 
birds 

Reproduction 
Phenology 

SAN 
MIGUEL 
ISLAND 

Birds on 
beach 
Females 
on beach 
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MEASUREMENTS 

Defining measurements carefully is one of the most 
important ways to control variability. Ambiguous 
counting units or ones for which a subjective 
decision must be made are a common source of 
error even among experienced counters. We have 
attempted to be precise in defining the measure
ments for each parameter, but even these may be 
subject to change if more specificity is required. 

OBSERVERS 

Even with well-defined counting units, observer error 
is inherent in seabird censusing. Continuity of ex
perienced observers is required for accurate cen
susing (Richardson et ai. 1981; Harris and Murray 
1981) This is especially true when counts must be 
obtained from a long distance (e.g., Brown Pelican 
observations, and Western Gull total nest count on 
Santa Barbara Island). If observers change, then 
the departing observer should train the incoming 
observer to maintain a minimal level of continuity. 
Incoming observers should have prior experience 
censusing seabirds, or. at the least, censusing of 
animal populations in the field. 

COUNTING 

Proper monitoring requires careful observations to 
minimize sampling error. Methods used for long
distance censusing must be consistent from year to 
year for all species and measurements. When cen
susing a particular area or sample of the population, 
it is recommended that when multiple observers are 
available, they count independently, record results, 
and recount the same area. Results should not be 
discussed among observers prior to the second 
count, as doing this will prejudice the recount. All 
counts may then be averaged for an estimate of the 
sample mean. This counting method allows calcula
tion of observer variability. When a single observer 
is present, recounts should routinely be made and 
averages taken. Counts obtained from close-range 
work (e.g., in established grids or transects, or from 
areas of low population density), do not require 
repeating. 

inexperienced observers may introduce greater 
potential for misleading results than single counts by 
someone experienced in censusing from a vessel. 
Counts obtained from close-range work (e.g., in es
tablished grids or transects, or from areas of low 
population density), do not require repeating. 

TIMING OF COUNTS 

One approach recommended throughout this 
manual and also used by others attempting to deal 
with natural fluctuations in seabird numbers (Lloyd 
1975; Richardson et al. 1981; Harris and Murray 
1981), is to census during a particular stage of the 
breeding season. The distribution of seabirds 
during the non-breeding season is highly variable 
and difficult to interpret. Monitoring efforts are thus 
focused on breeding birds, which predictably gather 
in colonies at certain sites each year to mate and 
raise young. Also, the diurnal patterns of colony at
tendance fluctuate depending on the stage of breed
ing and time of day. Knowledge of breeding 
behavior is therefore necessary for determining the 
optimum census times, (La when attendance is 
most stable). Uoyd (1975) found that daily atten
dance of razorbills and guillemots became less vari
able as incubation progressed and was most stable 
during the nestling period (from hatching to fledg
ing). Similarly, for Western Gulls, the most stable 
period is after peak egg-laying; during this 7 to 10 
day period, most gulls have laid eggs and the first 
young are hatching, so counts of birds on nests (to 
estimate pairs) will be most accurate. The pattern of 
colony attendance also varies for some species 
within a single day, and censuses should be timed 
accordingly. Consistency is of key importance -
once a time for counts is chosen, adhere to it as 
much as possible. 

Counts made from boats can be especially difficult. 
Observers must be experienced to maintain count 
continuity and reasonable accuracy in a moving 
vessel in unstable conditions. Multiple counts using 
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DISTURBANCE 

Disturbance during a critical time in the breeding 
cycle can have severe detrimental effects by caus
ing injury, direct mortality of young, and nest aban
donment. Predation by gulls or ravens on 
unattended eggs and chicks is often a serious con
sequence of human disturbance. Monitoring per
sonnel must be extremely cautious and follow 
outlined procedures for approaching observation 
points and working in or near seabird colonies. 

WEATHER 

The influence of weather conditions on monitoring is 
discussed in the species accounts, but note that 
good weather is required for good counts no matter 
how precise one's timing or how experienced the 
observers. Weather also influences colony atten
dance by seabirds; thus, when possible, make 
counts under similar conditions each time, but avoid 
censusing in adverse weather conditions (e.g., high 
winds or heavy fog) which will obviously hamper ob
servations and compromise data. 

This methods section is organized first by species, 
then by island. The following is an outline of the 
basic format for each species shown in actual type 
styles used within the text. (To avoid unnecessary 
repetition, certain categories have been omitted 
when not applicable.) 

SPECIES 

BREEDING BIOLOGY AND PLUMAGE 

FIELD METHODS BY ISLAND 

(Table showing...) 
Parameters and Measurements 

Areas to be censused 

Methods 

Potential Problems 

MONITORING PROTOCOL 

SAMPLING METHODS 

The methods suggested in this section were derived 
from long-term research on specific populations 
(Brown Pelicans and Double-crested Cormorants on 
Anacapa Island; Western Gull and Xantus' Murrelet 
on Santa Barbara Island) and from work during the 
1982 field season which developed methods for pre
viously unstudied populations. These methods have 
since been tested during subsequent field seasons. 
Cassin's Auklet monitoring methods were developed 
in 1986, as modified from ongoing studies of this 
species on the Farallon Islands by Point Reyes Bird 
Observatory and University of California at Davis re
searchers. Snowy-Plover monitoring methods have 
evolved over several seasons (1985-1988). Since 
some methods, such as those for Snowy Plovers, 
still require more testing, they should not be con
sidered inflexible or as the final word on monitoring 
techniques. Year-to-year variability may dictate im
provisation or revision of methodology, and any 
method is subject to modification with respect to 
practical problems encountered in the field. 

Recommended Methods 

Boat Surveys 
Land Surveys 
Locating Colonies 
Abundance of Breeding Birds 

- total nest count 
Reproductive Success 

- sample chick count 
Chick Mortality 

- post season nest count 
Phenology 
Age Structure 
Band Sightings 
Monitoring Schedule 

Monitoring Schedule 

Time Required 

Recording Data 

Safety 

Special Equipment 
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CALIFORNIA BROWN PELICAN 

BREEDING BIOLOGY AND PLUMAGE 

West Anacapa Island is the site of the largest and 
most consistent Brown Pelican nesting colony in 
southern California (Figure 1). The historical 
records suggest that pelicans nested here nearly 
every year, while at other colony sites (Santa Bar
bara Island, Scorpion Rock, and Prince Island), 
nesting is ephemeral or irregular (see Gress and 
Anderson 1983; Hunt and Ingram 1982). Nesting on 
Santa Barbara Island, however, may have occurred 
much more frequently than the scant historic 
records indicate. No pelican nesting was reported 
on Santa Barbara Island for at least 25 years prior to 
1980 (Gress and Anderson 1983); however, nesting 
occurred in 1980, 1983, and 1985-88 (Figure 4) 
(Anderson and Gress 1983; Lewis and Gress MS; 
Sowlsetal. 1980). 

Brown Pelicans are colonial nesters, building large 
bulky nests on the ground or in shrubs. Nests from 
previous years generally remain unused or a new 
nest may be built on top of an old one, but most 
often an entire new nest platform is built each year. 
Colony sites may be used in consecutive years or 
new areas may be colonized. Nesting may be a 
synchronous effort or may consist of several 
asynchronous units (sub colonies) established over 
a period of several months in one or several loca
tions on island colony sites. 

Since 1969, when continuous observations began, 
the earliest breeding on Anacapa and Santa Barbara 
islands was initiated in mid-December; the latest 
date tor initiation of nesting during the same period 
was mid-May (Anderson and Gress 1983; Gress and 
Anderson 1984; 1985; Lewis and Gress MS). 

Brown Pelicans generally begin breeding when 3-5 
years old (occasionally a sub-adult will nest, but 
their breeding success is usually lower). Pair bonds 
are formed at the nest site and eggs are usually laid 
about one week after commencement of courtship 
and nest-building. The clutch nearly always consists 
of 3 eggs; both parents participate in incubation 
during which they never leave the nest unattended 
unless the nest is abandoned. The incubation 
period is about 30 days. 

Newly-hatched chicks are altricial; they are unable 
to hold their heads upright and are helpless for 5-7 
days after hatching. They require constant protec
tion from temperature extremes and predation until 
about 3 weeks of age Both parents participate in 
feeding the young. Nest abandonment and starva
tion of young occur when food resources are 
scarce, resulting in reduced breeding success and 
lower mean brood size Chicks up to about 5 weeks 
old generally stay on or near the nest site; older 
chicks tend to wander farther from the nest and will 
often gather in small groups (creches). Chicks from 
the same brood, however, tend to stay together and 
will remain loosely attached to the nest site. Hedg
ing occurs at 11-14 weeks of age (13 is typical). 
Once young birds leave the colony they rarely 
return, although fledglings often beg from adults 
while roosting in the colony area and gather in loaf
ing groups during the period immediately following 
fledging. These groups occupy the shoreline or 
waters close to the colony site, remaining from 
several days to several weeks. 

There is little evidence (based on plumage charac
teristics, color of soft parts, and behavior) that 
California Brown Pelicans regularly lay a replace
ment clutch if the first clutch is destroyed or aban
doned, renesting rates, therefore, are probably 
negligible. The 1978 breeding effort on Anacapa Is
land appears to be the only year since studies 
began in 1969 in which significant renesting oc
curred (Anderson and Gress 1983). 

Brown Pelicans have highly complex plumage se
quences and molt somewhere on their bodies 
throughout most of the year. There are three molts 
and three feather generations per year as shown in 
Appendices A-2 and A-3. Breeding plumage is at
tained prior to onset of courtship behavior with a 
molt of head and neck feathers and is characterized 
by a dark neck stripe and chest. They begin a full 
body molt while raising their young with "winter" 
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plumage characterized by a white head and neck. 
Additionally, coloration of the pouch, bill, feet, legs, 
bare skin, etc., also varies with season. One of the 
most striking color changes is the bright red pouch 
attained by adults of both sexes at the onset of 
breeding; the pouch color begins fading soon after 
eggs are laid and incubation begins. Subadults will 
occasionally show red on their pouches as well. 

Complete descriptions of both adult and chick-
plumage characteristics can be found in Appendices 
A-1, A-2, and A-3. 

through 1988. Colony sites are unpredictable from 
year to year; pelicans may breed in the same ap
proximate area for several consecutive years, or 
they may completely shift to another part of the is
land. Several disjoined sites can also occur. Usual
ly there is some overlap with the previous years' site. 
All known sites, therefore, should be checked at the 
beginning of the breeding season. 

Methods 

Potential Problems 

Areas to be censused 

At Anacapa, Brown Pelicans nest only on West Is
land. Nesting areas are almost always on the north 
slopes but they also occur on rare occasions on the 
southwest slopes, on the flat plateau/interior bluff 
areas and also in the canyons on the north side. 
Figure 1 shows pelican nesting sites used from 1969 

A major problem in censusing Brown Pelicans on 
Anacapa Island is to have a clear view of the breed
ing birds, their nests and nest contents. Obstruction 
by vegetation or terrain, distance, fog, and sea con
ditions all limit the quality of observations. Using a 
boat is essential for finding colony locations, observ
ing breeding progress, and censusing portions of 
the colony that can only be seen from the water. 
However, with the incumbent problems of motion 
and drift due to sea conditions, boat observations 
are often difficult and a good deal of practice is 
necessary before an observer gains confidence. 
Sea sickness can also be a problem for those who 
are susceptible. 

Another major potential problem is colony distur
bance when surveys are conducted on land. Distur
bance at critical times in the breeding cycle can 
have severe detrimental effects on breeding success 
with the greatest impact occurring during the early 
stages of nesting. Brown Pelicans will easily aban
don nests when disturbed, leaving unattended eggs 
and young chicks vulnerable to predation by gulls 
and ravens. Hyper- or hypothermia in young can 
also occur when nesting adults are away from the 
disturbed nest site for prolonged periods. Older, 
more mobile young may suffer injury or starvation if 
they are incapable of returning to the nest site. 
Chronic loss of food from regurgitation occurring as 
a fright response can also have an affect on the 
growth of young birds. Young pelicans of nearly 
fledging age but not yet fully developed may be 
forced to fly prematurely and can die from broken 
limbs or starvation. Even a one-time disturbance, if 
severe enough and at a critical time, can cause 
abandonment of a colony or sub-colony. In light of 
the potential consequences of disturbance, it is es
sential that monitoring personnel be extremely 
cautious and follow the outlined procedures for ap
proaching observation points. 
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FIELD METHODS FOR 
ANACAPA ISLAND 

Parameters Measurement 

Abundance of 1) Incubating birds 
breeding birds 2) Pairs at nest site 

3) Young at nest site 
4) Nest count 

(post breeding survey) 

Reproductive 1) Chicks 9-14 weeks old 
success 2) Brood size and 

age of young 
3) Mortality of young 

(post breeding survey) 

Phenology 1) Direct observation or 
dates based on age 
of young 

Population 1) Plumage 
age structure a) Juvenile (brown head) 

b) Sub-adult (white on 
head, white belly) 

c) Adult (white head, 
dark belly) 

2) Band sightings 



Figure 1. California Brown Pelican Nesting Sites - West Anacapa Island, 1969 -1988. 

Recommended Methods 

Boar Surveys 
Rather than working from a large vessel, it is recom
mended that observers work independently from a 
small boat, (e.g., 4 meter inflatable Avon with 15 hp 
outboard motor). This recommendation is made for 
the following reasons: 

• rocking due to swells is greatly reduced, 

• maneuverability and access to the shore are 
improved, and 

• pressures of tight schedules and hurried surveys 
sometimes associated with crews on larger boats 
are avoided. 

Also, when operating independently, monitoring per
sonnel have greater flexibility in arranging censusing 
activities to take advantage of favorable weather and 
sea conditions. Observations/censuses are best 
made with 10x binoculars while drifting 25-150 m off
shore of specific colony areas. Morning is generally 
the best time for observations by boat. At this time 
the water is usually calmest; also, as the day 
progresses, light refraction and glare intensify (espe
cially along the north shore of West Anacapa) so 
that by mid-afternoon, long-distance viewing be
comes impossible. 

Land Surveys 
Only a portion of the nesting colonies are visible 
from the water. Therefore, in addition to boat sur
veys, observations from points on land are neces
sary. During land censuses extreme caution must 
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be taken to avoid disturbing nesting birds. Ob
servers should never get closer than 50 meters from 
the nearest nest; they should stay low and move 
slowly and quietly to minimize the effect of their 
presence. Sudden movement or noise can flush the 
birds from their nests, resulting in abandonment, 
egg and chick predation, or other consequences. 
Particular care should be taken to avoid sudden ap
pearances over low ridges; when surprised, chicks 
may panic and jump off cliffs or be injured while flee
ing. Young chicks driven long distances (or out of 
view) from their nests may not find their way back. 

Access to observation points on West Anacapa 
Island is either from Rat Rock at the island's west 
end, or from Climb Spine (the ridge between Cherry 

Canyon and Canada Por Nada; see Figure 3). From 
Rat Rock observers must go ashore (at a narrow 
surge channel at the west end of Sea Lion Cove) in 
an inflatable boat, then climb a steep rocky slope to 
reach the western terraces. If the colony site is in 
the Amphitheater area, one must climb Summit 
Peak (elevation 293 meters), which takes about 45 
minutes, and proceed to Camel Peak (elevation 253 
meters), which takes another 30 minutes. A small 
trail to Camel Peak from Rat Rock has been in use 
since 1978, but in early spring may be grown over 
with grasses in some places. After crossing the 
western terraces, the route continues along the 
southern ridge (Summit Ridge) over Summit Peak 
and along Saddle Ridge to Camel Peak. 

Figure 2. California Brown Pelican Observation Points - West Anacapa Island. 
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Figure 3. California Brown Pelican Research Place Names - West Anacapa Island 

For quick access to the Interior Bluffs or the Am
phitheater observation points, the Climb Spine route 
may be used. This access requires no pelicans to 
be nesting on East Interior Bluff nor in the lower part 
of Cherry Canyon. Observers must go ashore at the 

base of Climb Spine in a small inflatable boat. The 
approach is a steep, somewhat difficult ascent/de
scent plus traverse of a steep slope with loose ter
rain; it should not be attempted by inexperienced 
climbers. Travel time to top is about 15 minutes. 
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Specific observation points used to census pelicans 
on West Anacapa Island are shown in Figure 2. To 
view nesting on West Interior Bluff and Summit 
Canyon Bluff, observations should be made from 
East Summit Ridge and Saddle Ridge observation 
points. Observations of North Bluff and Oak 
Canyon Bluff nesting are best made from the West 
Summit Ridge site just below Summit Peak. Surveil
lance of Cherry Canyon and parts of East and Mid
dle Interior Bluffs are made from Cherry Canyon 
Overlook and Upper Cherry Canyon observation 
point. Observations of the remaining portions of the 
Interior Bluff area are made from the Middle Bluff ob
servation point. Colony sites in the Amphitheater 
area are best viewed from the four points on Camel 
Peak and its ridges. Use of a spotting scope, aug
mented by 10x binoculars, is essential from any of 
these observation points. If nesting sites are located 
at any other areas in Figure 3 (e.g., the north slopes 
not visible from land observation points, especially 
those close to the water), observations will probably 
have to be by boat in order to avoid unacceptable 
disturbance. 

Locating Colonies 
Since pelican nesting areas are impossible to 
predict each year, beginning in January and con
tinuing until nesting has been ascertained, the north 
slope areas of West Anacapa Island should be sur
veyed at least monthly by boat. Areas used for nest
ing in prior years should be especially closely 
examined. Initially, pelican nesting activity can be 
difficult to discern because of thick vegetation, 
rough terrain, and lack of tell-tale signs, such as 
trampled vegetation and obviously well used nest 
sites. As the colony size increases, nesting areas 
become more conspicuous, with vegetation becom
ing less of a visual barrier as it is trampled and dries 
up in late spring. Also, the amount of "whitewash" 
increases at nest sites and roosts in the colony area, 
particularly once hatching has begun. 

Abundance of Breeding Birds 
- total nest count 

A total nest count usually requires censusing from 
the water as well as from land points on the island 
since not all nests are visible from either water or 
land. The number of active nests is obtained by 
counting incubating or brooding birds on nests and 
pairs of birds with larger, visible chicks on nest sites. 
When only chicks are visible at the nest, the parents 
may be away foraging; these nests are censused by 
the presence of chicks alone. Nests within the 
colony that have been completed, but for some 

reason deserted, are counted as ABANDONED. 
Averages of active + abandoned nests are summed 
to obtain the total nest count for each census. 

To aid censusing, natural boundaries such as 
ravines, vegetative patterns, rocks and other 
geological markings, and nest groupings can be 
used to define nesting sub-units within each colony. 
Each sub-unit should be identified by name or num
ber and mapped for comparison with future or past 
counts of the same area. Censusing by sub-units 
greatly simplifies counting of large numbers of nests 
and aids comparisons of breeding events over time. 

Reproductive Success 
- sample chick count and brood size 
Productivity is determined by estimating the number 
of young fledged per nesting attempt. Determining 
fledging success in a synchronous breeding effort is 
relatively easy; however, for an asynchronous 
breeding effort it is much more difficult. In a relative
ly synchronous effort the eventual number that 
fledge can be reasonably estimated by counting the 
number of chicks that reach at least 9 weeks of age 
(once a chick is about 9 weeks old, the probability of 
its fledging is high). Pelican nesting, however, is 
usually highly asynchronous and can extend over a 
nine month period (Gress and Anderson 1983). 

If all or most nests are visible from a boat or island 
observation points, relatively accurate total chick 
counts are possible. However, it usually is not pos
sible to see all nests and chicks without causing un
acceptable disturbances. The colony should 
therefore be sampled by locating and mapping 
areas where a sub-colony or group of nests can be 
seen clearly and where data can be obtained 
without creating disturbance. Whenever possible, 
make a total chick count for each sub-colony area, 
but in areas where some nests and chicks are 
obscured, use sample counts of at least 30 nests 
representing the entire spectrum of colony growth. 
Survey each sample area monthly to determine 
brood size and age of chicks per active nest and 
note the number of abandoned nests. It is best to 
determine the specific weekly age of all chicks in the 
sample; Appendix A-1 gives the characteristics of 
chick ages by week. 

The determination of chick ages requires field ex
perience with pelicans. If one finds it impossible to 
resolve chick ages to within one week (using the 
criteria in Appendix A-1), then the broader 
catagories in Table 4 (page 14) may be substituted. 
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By following the chicks in each sample through the 
breeding season, an observer can estimate the 
number of young that fledge from each nesting 
group, as well as the number in each brood. Brood 
sizes are best determined at ages 3-6 weeks. After 
six weeks of age, chick often gather in mixed-brood 
groups (creches), making brood-size estimates dif
ficult or impossible. 

More than two counts per census will be required 
because not all young will be visible in any one 
count; chicks are very mobile and may be momen
tarily hidden by vegetation, nest structures or ter
rain After several counts, the minimum number of 
young associated with each nest or area becomes 
more clearly defined, and a sample variance can be 
estimated. Productivity computations include in
completely-built and abandoned nests, as well as 
those nests which produce fledged young. 

Chick Mortality 
- post-season nest count 

A complete colony census should be conducted at 
the end of the breeding season (after all or most of 
the young have fledged) to count chick carcasses 
and examine nests. This should be done by mid-
September before the first winter rains. Nests of the 
year in each sub-colony or area are counted and 
marked with lead-free spray paint (red or blue is 
best) to avoid recounts. Prior years' nests are 
usually readily distinguished from nests of the cur
rent year: material from old nests will appear 
weatherworn and gray; bowl linings (grasses, 

seaweed and other plant material) of abandoned 
nests will appear fresh in the present year and will 
generally not be present in old nests; old nests will 
often be overgrown by vegetation (especially by 
wild cucumber and morning glory vines). Often, by 
close examination, traces of paint from previous 
years' surveys can be found on sticks in old nests. 
Although the current year's nests which produced 
young will be heavily trampled, they are generally 
recognizable by being filled and "cemented" over by 
fresh white guano. Guano in old nests will appear 
weathered, deteriorated and much grayer; much of 
the previous year's guano will have been washed 
away by winter rains. For mortality data, carcasses 
of chicks are located, counted, and marked with 
lead-free spray paint (to avoid double-counting); the 
approximate age at death and brood size (if it can 
be determined) are recorded. In most years, the 
majority of chick carcasses found are 2-4 weeks of 
age. Carcasses are usually desiccated and found 
intact in the colony, often in the nests from which 
they were hatched. However, many carcasses are 
also found scattered or buried; therefore, be sure to 
search under vegetation close to nests, and to sift 
through nest contents for the remains of small dead 
chicks which can be buried under debris, dirt or 
covered by the guano of surviving chicks of the 
brood. The number of carcasses counted obviously 
represents a minimum mortality figure. Several at
tempts to determine a "missing chick carcass factor" 
have given an average of about 10% carcasses 
missed. 

Chicks will appear as small downy white to large grey/brown, according to the following broad categories: 

CATEGORY PELICAN CHICK AGING CHARACTERISTICS 

I. 1 -4 weeks Most of the 1 -2 week olds will be closely brooded and usually not visible; 
the 3-4 week olds will be downy white with no dark feathers showing. 

II. 5-8 weeks These are intermediate size chicks still characterized by white down but with 
varying degrees of dark feathers beginning to emerge on the back and wings 
Heads and necks of 7-8 week old chicks are light dusky brown 

III. 9-14 weeks Chicks have obvious wing feathers and their heads, necks, backs, and wings 
are mostly dusky brown, becoming darker with increasing age. 
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Phenology 
The date when nesting begins is not predictable. 
Since 1969 onset of breeding has varied from mid-
December to mid-May (Anderson and Gress 1983; 
Gress and Anderson 1983; Lewis and Gress, MS). 
Phenological dates (within a week or so) can be es
timated from chick ages and the known incubation 
and fledging periods. 

Age Structure 
- plumage 

When censusing breeding birds, the number of nest-
associated (but not incubating) birds and those loaf
ing on the periphery of the nesting area should also 
be counted. Although four age classes can be 
identified at this time of year, distinguishing between 
juveniles, sub-adults and adults is sufficient for 
monitoring purposes, and it is relatively easy to 
record age-ratios at the same time by using the fol
lowing classifications (see Appendix A): 

• Juveniles - brown heads/white bellies 

• Sub-adults - adult-like white heads/white bellies 

• Adults - white heads/dark bellies 

When possible all of Anacapa Island should be cir
cumnavigated by boat for a complete census of 
roosting pelicans. In the event that time considera
tions, weather or sea conditions prevent surveying 
all three islands, at the very minimum the north 
shore of West Anacapa should be surveyed. 

flange that sticks out) and "butt-end" (two ends of 
the band meet flush). These are usually very difficult 
to discern at a distance, but with careful observation 
this can be done with a spotting scope up to about 
30 m away. Whenever possible the type of small 
band should be identified. If the type of band can
not be readily identified, state as such in field notes, 
but do not guess. Record the size of the band on 
each leg for double-banded birds, or the sequence 
of bands if all are on one leg. In some years, 
colored plastic bands and streamers have also been 
placed on pelican legs in addition to the metal 
USFWS bands. Record accurately whether it is a 
band or streamer, its color, the leg or legs to which 
attached, and position relative to metal band (for ex
ample, "white band over lock-on metal on left leg 
and blue band on right leg"). Try to describe colors 
as accurately as possible (i.e., "grass" green, yellow-
green, aquamarine, lavender, dark blue, etc.), and 
even provide a sample of that color if possible. 
Plastic streamers are usually attached to the USFWS 
band with a "jess knot" and were originally about six 
inches in length. However, many of these become 
worn down or torn and may be considerably shor
tened when sighted. All marked birds will have at 
least one metal USFWS band on one leg. At the end 
of the breeding season, band sighting data should 
be forwarded to: 

Daniel W. Anderson 
Department of Wildlife and Fisheries Biology 
University of California 
Davis, CA 95616. 

Band Sightings 
During censuses, examine exposed legs of pelicans 
for the presence of bands and color-markers. U.S. 
Fish and Wildlife Service metal bands have been 
placed on the legs of California Brown Pelican 
chicks in the Channel Islands and Mexico since 
1971. Data from these bands have yielded valuable 
information on population age structure, move
ments, and recruitment. 

Monitoring Schedule 
Begin looking for pelican nesting activity between 
early January and early February. Monthly visits 
should be made thereafter until the last group of 
young are ready to fledge; the last regular trip for 
monitoring purposes is usually in late August. 
Another visit to examine nests and determine chick 
mortality may be done in September after the last 
young have fledged. 

When a band is sighted, record the leg which has 
the band; sometimes both legs have bands or one 
leg will have two bands. (All double-banded 
pelicans are from Anacapa Island.) Some of the 
double-banded birds will have two sizes of bands at
tached: a small band which is about 1/2 inch wide 
and a larger band which is about 1 inch wide. There 
are two kinds of small bands: "lock-on" (which has a 

Time Required 

The time required to measure each parameter is 
highly variable and depends on such factors as ex
perience of observers, locations of sub-colonies, 
and weather and sea conditions. Assuming good 
weather, the surveys can be done in one day in the 
earliest stages of colony building, but can take at 
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least three to four days per month after the chicks 
begin hatching. The in-colony nest survey and car
cass count at the end of the season will take two to 
three days. 

Recording Data 

A convenient way to record census data is to have 
an observer verbally give census data to another 
person who acts as the recorder. Binocular or spot
ting scope observations can thus proceed without 
interruption for note taking, and the risk of double-
counting or omissions is minimized. Field forms are 
not useful for most of these surveys; such forms 
would necessarily be too complex to be of practical 
use rf they included all possible situations en
countered, if an observer must work alone, a small 
hand-held tape recorder is the best means of taking 
data; however, caution must be taken that the bat
teries are fresh and the recorder is functioning 
properly. Check the recorder often, otherwise data 
can be easily lost. 

Nests are recorded as "occupied" (a nest covered 
by a bird incubating eggs or brooding small chicks 
so that contents can not be seen) or "abandoned' (a 
nest built but no adults or young present). At a dis
tance an abandoned nest may be differentiated from 
a previous year's nest in that the bowl of an aban
doned nest contains fresh grasses and other vegeta
tion, whereas old nests appear gray and have no 
bowl-lining material. Often a bird may be roosting 
on an abandoned nest giving the appearance of an 
occupied nest, if the bird is a sub-adult, then it is 
probably roosting and should be counted as such 
unless chicks are observed. When recording data, 
setting up columns in a field notebook works well, 
where occupied nests, abandoned nests, and 
pelicans by age classes (adult, sub-adult and 
juvenile birds) may simply be recorded by hash 
marks in respective columns. 

Once a sub-colony has reached its peak and no 
more nests are being built within the sub-unit, nest 
counts per se are no longer necessary; emphasis 
then shifts to the determination of fledging success. 
In sample areas, brood sizes and ages can be 
recorded as follows: 

For brood sizes: 
B/1, B/2, or B/3 = broods of 1, 2 or 3 chicks 

With specific ages of chicks: (see Appendix A-1) 
B/2-6 = brood of 2 chicks, 6 weeks old; 
B/1-2 = brood of 1 chick, 2 weeks old, etc. 

If age categories are used: (see Table 4, page 14) 
B1-I = brood of one chick, 1-4 weeks old; 
B3-II= brood of 3 chicks, 5-8 weeks old, etc. 

The above abbreviations can be called out by the 
observer to the recorder. 

When shoreline surveys of roosting pelicans are 
conducted, a convenient way of recording the infor
mation is by writing the data on maps coinciding 
with location of observation. Photocopies of topog
raphy maps of Anacapa Island (one for West Island 
and another for East and Middle islands), placed in a 
covered clipboard work well for this purpose. 
Pelican age-ratio data, including band sightings, can 
also be recorded on the maps and transferred to 
field notes later. 

When censusing, always record basic environmental 
data (cloud cover, wind, temperature, visibility) and 
note observation points. Weather conditions should 
be updated throughout the day, especially taking 
note of sudden changes from earlier conditions. 
Field notes should also include overview comments 
on vegetation type and density within sub-colony 
areas, as well as ancillary observations of pelican 
nesting biology, courtship displays, numbers of red-
pouched adults present, numbers of sub-adults 
breeding, and numbers of juveniles present. 

Safety 

If operating a boat independently, basic skills in boat 
operation, safety, knowledge of sea conditions, and 
local weather patterns are essential. Always have a 
Park Service radio which includes marine band fre
quencies, basic tools, emergency food, water, com
pass, warm clothing, essential spare engine parts, 
boat repair kit, anchor, oars, sufficient gasoline, and 
life preservers. Be particularly cognizant of sudden 
changes in weather and sea conditions. Also, have 
some type of sun screen (SF-15 or better) and hat. 

Ocean swells are often large at Rat Rock, and going 
ashore can be hazardous. Deck or tennis shoes 
should be worn on boats and when disembarking 
from boat to island. Since such landings are likely 
to be wet, carry hiking boots and an extra pair of 
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socks in packs and change from boat shoes once 
on dry land. Gear that may be damaged by 
seawater should be placed in heavy-duty plastic 
bags or watertight vinyl bags which have been 
securely tied off. 

If climbing on West Anacapa from Rat Rock to the 
observation points, the first slope ascended (West 
End) is steep and consists of loose rock and soil; do 
not trust any rock to be solid. Most people find this 
to be a difficult climb; because of loose rock and 
fatigue, the descent can be particularly treacherous. 
Also, Western Gulls nest on this slope and will 
harass intruders from mid-April through June (see 
Western Gull section); wearing a hat in gull breeding 
areas is recommended. If ascending Climb Spine, 
extreme caution must be used; the very steep, 
precipitous slope and loose terrain make this ap
proach potentially dangerous. Wearing boots while 
hiking on West Anacapa is highly recommended. 
Cactus does not present a problem en route to the 
observation points and is only likely to be en
countered on the south-facing canyon walls; never
theless caution should be taken. 

The trail over Summit Peak is steep in places and 
traverses areas of loose rock and soil, but in general 
should present no problem to someone in 
reasonably good physical condition. To minimize 
trampling of vegetation and possible erosion, use 
the existing trail and avoid making new ones. Be
cause of heavy brush in places, wearing shorts is 
not recommended. Always bring adequate water 
and a lunch or trail food for a full day's hike. 

Special Equipment 

1. Inflatable boat with floorboards (e.g. 4 m Avon) 
with outboard engine (at least 15 hp), and 
necessary accessories: 

repair kit 
tool kit 
extra prop 
anchor 
extra line 
oars and safety equipment. 

Plastic sacks and vinyl watertight bag should be 
kept on board to protect gear from getting wet. 

2. Inflatable dingy (3 m) with oars. 

3. Spotting scope with zoom lens or one with 
variable eye pieces (recommendation: 20x wide 
angle, 25x and 40x) and tripod. Good quality 
10x binoculars. 

4. Rucksack for carrying supplies and equipment 
on land and on boat; an extra day pack is 
needed for items used only on the boat. 

5. Ensolite foam pad is useful to sit on while 
observing colony. 

6. Boat shoes; hiking boots. 

7. Small, hand-held field tape recorder with extra 
batteries and tapes. 
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Figure 4. California Brown Pelican Nesting and Observation Sites - Santa Barbara Island. 
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FIELD METHODS FOR 
SANTA BARBARA ISLAND 
including Sutil Island 

Parameters Measurement 

Abundance of 1) Incubating birds 
breeding birds 2) Pairs at nest site 

3) Young at nest site 
4) Nest count 

(post breeding survey) 

Reproductive 1) Chicks 9-14 weeks old 
success 2) Brood size and 

age of young 
3) Mortality of young 

(post breeding survey) 

Phenology 1) Direct observation or 
dates based on age 
of young 

Population 1) Plumage 
age structure a) Juvenile (brown head) 

b) Sub-adult (white on 
head, white belly) 

c) Adult (white head, 
dark belly) 

2) Band sightings 

Areas to be censused 

Brown Pelicans occasionally nest on Santa Barbara 
and Sutil islands, but until recently nesting there has 
probably been rare. Since 1980, pelican nesting on 
Santa Barbara Island has occurred each year except 
1981, 1982 and 1984. The nesting effort has ranged 
from 21 pairs (1983) to 1441 pairs (1986). Nesting 
sites include the north slopes and west cliffs (includ
ing lower terraces) of Signal Peak, Webster Point, 
Graveyard Canyon (including adjacent slopes and 
terraces) and the sea slopes between Cat Canyon 
and the south end of Southeast Rookery, in addition 
to the upper terrace of Sutil Island (Figure 4). 

using the island trail system. Nesting on the 
southeast sea slopes and Signal Peak west cliffs will 
have to be observed from off-trail and/or by boat. 
Maintain a safe distance (100 m) from nesting ac
tivity, especially during early stages. Because por
tions of the trail may be near nesting sites, remain as 
inconspicuous as possible to avoid disturbance. 

Methods 

Follow the relevant procedures outlined for monitor
ing Brown Pelicans on Anacapa Island as they per
tain to Santa Barbara Island. 

Potential Problems 

In addition to the problems of obscured viewing, 
boat motion, and disturbance as outlined for 
Anacapa Island, observers should be particularly 
mindful of off-trail dangers at Santa Barbara Island. 
Workers must always beware of steep, unstable 
slopes and encounters with cholla cactus. The west 
cliffs of Signal Peak are especially difficult to census 
because of these factors. (See "Safety below.) 

Recommended Methods 

Boat Surveys 
Most pelican nesting sites on Santa Barbara Island 
should be visible from land-based observation 
points. However, some portions of Sutil Island, and 
parts of Santa Barbara's deeper ravines (e.g. 
Graveyard Canyon) may only be viewed from 
seaward. If possible, make boat observations from 
a small inflatable craft dedicated to the task as 
described for Anacapa Island. 

Land Surveys 
The majority of pelican observations on Santa Bar
bara Island will usually be land-based. Specific ob
servation points will depend on colony or 
sub-colony locations and their areal extent, which 
may change within a breeding season. Whenever 
possible make censuses from designated trails to 
avoid unnecessary off-trail damage. 

These areas (and other sites on the island 
perimeter) should be checked periodically begin
ning in late December for the presence of nesting 
pelicans. Make observations of the entire island, 
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Suggested observation points are shown in Figure 4 
as described below: 

For nesting on the broad north-facing slope of Sig
nal Peak, observations usually can be made from 
Elephant Seal Cove Trail 50-100 m below (west of) 
the saddle (#1), or from further down the trail, 
above the north bend across West Terrace (#2). 

Nesting on the west cliffs and terraces of Signal 
Peak can be viewed from several points above or 
partially down the cliff face (#3). Nesting on 
Webster Point may be seen either from Elephant 
Seal Cove Trail (#4, south side of point) or from 
Elephant Seal Point (#5, north side of point). 

Graveyard Canyon poses visibility problems, but 
most nesting there can usually be censused from 
either of the canyon rims (#6, north or south), taking 
care to avoid disturbance of birds nesting on the ad
jacent terraces Nesting on the southeast slopes of 
the island should be viewed from the bluff edge 
above (#7), or by boat. 

Locating Colonies 
Since pelican nesting sites are impossible to predict 
each year, beginning in January, all areas of Santa 
Barbara and Sutil islands must be checked for nest
ing activity. Monitoring efforts must in part depend 
upon input from resident rangers and other park 
personnel who are often the first to see early nesting 
activity and all such personnel should be instructed 
as to what nesting signs to look for. It is important 
that this information be channeled back to the 
monitoring staff and if such reports are vague or un
certain, an on-site visit should be scheduled for no 
later than mid-February each year. 

Unlike West Anacapa Island, concealment of early 
nesting activities in thick vegetation is generally not 
a problem on Santa Barbara Island. However, nest
ing activity on the lower terraces of Signal Peak's 
west cliffs can be difficult to see; careful observa
tions (perhaps by boat) may be necessary there, as 
well as in the lower reaches of Graveyard Canyon. 
Early-stage nesting on Sutil Island must also be in
dependently assessed; this is most easily done by a 
pass-by of a NPS vessel making personnel changes 
on Santa Barbara Island. 

Abundance of Breeding Birds 
- total nest count 
Determination of the number of pelicans nesting on 
Santa Barbara Island may require censusing from 
both land-based and on-water locations. As on 
Anacapa Island, a total nest count is made, consist
ing of the sum of averages of replicate counts of all 
active + abandoned nests within sub-colony areas. 
For details, see Anacapa Island. 

Reproductive Success 

- sample chick count and brood size 

See Anacapa Island 

Chick Mortality 

- post season nest count 

See Anacapa Island 

Age Structure 

- plumage 

See Anacapa Island 

Band Sightings 

See Anacapa Island 

Monitoring Schedule 

See Anacapa Island 

Time Required 
The time required to measure each parameter is 
highly variable, depending on observer experience, 
locations of sub-colonies, and weather and sea con
ditions. Usually surveys of Santa Barbara Island 
pelican nesting can be accomplished in a few hours. 
In years of large nesting effort, allow a day or two for 
the post-season in-colony nest survey and carcass 
count. 
Recording Data 

See Anacapa Island 
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Safety 

Boats-
In addition to the pertinent boating safety comments 
contained in the Anacapa Island section, the follow
ing considerations specific to Santa Barbara Island 
should be kept in mind. Boat observations may be 
from either the 6 m hard-bottom, 60 hp "attack" 
Avon or from the smaller 4 m, 15 hp inflatable. 
Either boat may be launched from the landing cove 
dock using the crane and appropriate harnesses. 
Workers must be trained and certified for crane and 
boat use. If the crane is not functioning, the smaller 
Avon can be launched with some difficulty from the 
adjacent rocky shoreline. This procedure requires 
two persons. During periods of south swells, the 
launch area can become quite treacherous. Always 
use caution and prudent judgement when making 
launch decisions. Winds and associated surface 
chop at Santa Barbara Island typically emanate from 
the west, increasing in intensity during the after
noon. Boat observations on the west side of Santa 
Barbara, (including Sutil Island) are thus often pos
sible only during morning hours. When circum
navigating Santa Barbara and Sutil islands, exercise 
ordinary seamanship skills, maintain safe distances 
from exposed shorelines, offshore rocks and 
"boilers", and beware of entanglement in thick kelp. 
Southwest swells curling around the southeast 
corner of Santa Barbara and the southwest corner 
of Sutil islands can be particularly deceptive and 
dangerous. Avoid the foul area around Webster 
Point, except on the finest days. Always carry ap
propriate clothing and floatation gear (cushions or 
vests), tools and spare parts kit and a National Park 
Service/Channel Islands Park radio with marine 
band frequencies (in waterproof case). 

On Land -
Land-based observations of pelicans on Santa Bar
bara Island often require dangerous off-trail hiking 
and rock-climbing which should be attempted only 
by competent climbers. Nesting and (especially) 
post-nesting censuses of pelicans on the west cliffs 
and terraces of Signal Peak must be done with ex
treme caution. Unstable rocks, gravel-covered 
rocky slopes and coastal cholla characterize this 
treacherous area. The steep cliffs of west and north 
Santa Barbara Islands are generally unstable. Do 
not venture close to cliff edges or overhangs. Chol
la attacks are common during off-trail activities on 
Santa Barbara Island. Cany a comb or pocket-knife 
to remove offending joints without further injury. 

In addition to the above, always take appropriate 
precautions against sunburn (SF-15 or better 
sunscreen, plus protective clothing) and carry suffi
cient water to prevent dehydration. 

Special Equipment 

Special equipment needed for pelican monitoring on 
Santa Barbara Island is identical to gear require
ments for Anacapa Island, except Item Number 2, 
(inflatable dinghy) is not necessary here. 
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DOUBLE-CRESTED CORMORANT 

BREEDING BIOLOGY AND PLUMAGE 

Double-crested Cormorants breed colonially in rela
tively small sub-colonies on West Anacapa, Santa 
Barbara, and Prince islands. They breed more or 
less synchronously usually beginning between late 
March and late April. Nests are large and built of 
sticks on bare rocks or ground; they resemble 
California Brown Pelican nests but are smaller. Like 
pelicans, Double-crested Cormorants may nest in 
the same areas utilized in the previous year or they 
may switch to a new area. Usually there is an over
lap of nesting locations from one year to the next. 
Nest sites are generally located on exposed, inac
cessible slopes or cliff ledges. On West Anacapa, 
Double crested Cormorants may also nest within the 
Brown Pelican colony (F Gress, unpub. data). 

During the breeding season, Double-crested Cor
morants are easily distinguished from other cor
morant species. They have bright orange gular 
pouches and (for a brief period during courtship) 
white plumes above the eyes; the plumes are lost 
soon after incubation begins. They frequently roost 
with Brandt's Cormorants and because of 
similarities, the two species can be confused. 
Brandt's Cormorants have an extensive buffy brown 
band of feathers posterior to the gular pouch. The 
lower mandible and gular pouch of the Double-
crested Cormorants are bright orange or yellow-
orange, whereas Brandt's Cormorants' pouches are 
vivid cobalt blue during the breeding season. Also, 
Double-crested Cormorants' plumage appears 
shinier and much more iridescent than the dull black 
plumage of Brandt's, particularly while breeding. 
The much smaller Pelagic Cormorant has a slim 
neck, smaller head and noticeably thinner bill than 
the other two species; during the breeding season, 
Pelagic Cormorants have a prominent white patch 
on each flank which is conspicuous in flight. 

Newly-hatched Double-crested Cormorant chicks 
are purplish-black and naked. Black down appears 
in about five to six days and the chick is covered by 
down at two weeks. Juvenile plumage is complete 
after about eight weeks and is worn for ap
proximately 12 to 13 months; their coloration is vari
able, ranging from light brown to brown-black 
during the first winter. Most are dull brown with 
paler brown necks and upper breasts and orange-
yellow lower mandibles and gular pouches. 

FIELD METHODS FOR 
ANACAPA ISLAND 

From two to seven eggs can be laid but three to four 
is the usual clutch size. The incubation period is 25-
30 days; both parents participate. Newly-hatched 
young are altricial and are closely brooded for the 
first two weeks. The chicks begin wandering from 
the nest after about three to four weeks and oc
casionally form small groups (creches) at about four 
to five weeks. Young cormorants have flight 
capabilities at about five to six weeks, at which time 
chicks may fly a short distance but return to the nest 
site for feeding. Fledging occurs at about ten 
weeks, at which time chicks no longer return to the 
nest site to be fed and are fully independent. 

2? Double-crested Cormorants - Anacapa Island 

Parameter Measurement 

Abundance of 1) Nest structures 
breeding birds 

Reproductive 1) Chicks on nest site 
success 2) Brood Size 

Phenology 1) Approximate dates 
based on age of chicks 



Figure 5. Double-crested Cormorant Nesting Sites - West Anacapa Island. 

Areas to be censused 

Since 1969 Double-crested Cormorants have nested 
only on Anacapa's West Island where several sub-
colonies are usually established on the north slopes 
and bluff edges during each breeding season. Like 
Brown Pelicans, they may nest consistently year 
after year in the same general areas, but may also 
shift sites between years. Areas on West Anacapa 
where Double-crested Cormorants have nested from 
1975 to 1988 are shown in Figure 5. Most nests can 
be viewed only by boat; counts of chicks in nests 
are obtained only for these closest to the water 
which can be seen clearly or for those few which 
can be seen from island observations points, as 
follows: (see Figure 5) 

"Big Cliff' can be viewed with a spotting scope 
from the bluff edge on the west side of the cove 
formed by Big Cliff. 

'Three Sisters Bluff' can be viewed from the same 
point as the Big Cliff group and also with 
binoculars from bluffs above the colony area if 
extreme caution is taken to remain 
inconspicuous. 

"West End" can be seen with binoculars when 
climbing from Rat Rock, being careful to stay on 
the south side of the ridge to remain out of view. 
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Methods Recommended Methods 

Potential Problems 

Double-crested Cormorants on Anacapa Island are 
often difficult to observe. Like pelicans, a major 
problem with surveying cormorant nests and chicks 
is to obtain a clear view of the sub-colonies. The 
small size of the sub-colonies and the proximity of 
some sub-colonies to the water on exposed cliffs, 
however, in some ways eases Double-crested Cor
morant censusing. But, while some nests are built 
on bare rock and ledges and are therefore quite 
visible, many are built among Coreopsis and other 
vegetation or are high up on bluffs and are therefore 
difficult to see. A cormorant's dark color makes 
them very difficult to see on nests, and a cormorant 
neck and head can be easily be taken for a dried-up 
Coreopsis from a distance. These problems are fur
ther compounded by the need to conduct surveys 
from a boat. Sea and weather conditions are the 
major limiting factors in obtaining data for this 
species. 

Although three species of cormorants are known to 
nest on West Anacapa, identifying each (and their 
nests) is relatively easy. Brandt's Cormorants very 
rarely nest on Anacapa. Since 1969 they have 
nested in Sea Lion Cove on West Anacapa only in 
1970, and on the north side of Rat Rock in 1982, (F. 
Gress, unpub data). Pelagic Cormorants (q.v) nest 
in small groups or singly on ledges or cliffs, or in 
caves, but not on bluffs or in vegetation on slopes 
as do Double-crested Cormorants. Both Brandt's 
and Pelagic Cormorants build small, rudimentary 
nests constructed largely of marine algae, in con
trast to the much larger, bulkier stick nests that 
Double-crested Cormorants build; confusing a 
Double-crested Cormorant breeding effort with 
those of Brandt's or Pelagic Cormorants is therefore 
unlikely Always look for nesting of all three cor
morant species and be able to identify and separate 
them. 

Cormorants are quite vulnerable to disturbance. 
They are extremely wary and take flight from their 
nests at the slightest provocation, whether ap
proached too closely or startled by sudden noises. 
Like pelicans, their eggs and small young are very 
susceptible to gull-predation if the nest is left un
protected. 

Boat Surveys - Locating Colonies 
The north bluffs of West Anacapa must be carefully 
scrutinized for nesting activity. Look especially at 
those areas that have been colony sites in past 
years (see Figure 5). Since nest sites at the begin
ning of the breeding season are difficult to discern 
and because sub-colonies may only consist of a few 
nests, nesting areas can be easily overlooked. Look 
for cormorants in breeding plumage carrying nest
ing material in their bills flying to or from a bluff or 
circling and watch where these birds land; upon ex
amining that particular area with binoculars, the 
colony can usually be found. 

Abundance of Breeding Birds 
- total nest count 
Cormorant nests become more evident with the pas
sage of time. Conducting surveys on relatively calm 
water is essential; the boat should be as close as 
possible to the shore while still being able to clearly 
see all the nests on the slopes above. If the sub-
colony is large enough, separate it into segments; 
counting will be much easier this way. In time, the 
observer will be able to memorize the locality of in
dividual nest sites. Take several counts until satis
fied that all nests have been accounted for. 

Reproductive Success 
- sample chick count and brood size 

The number of chicks and brood sizes can be es
timated only in those sub-colonies closest to the 
water and those that can be viewed by a spotting 
scope from any available island observation points. 
The black color and small size of cormorant chicks 
make them very difficult to see; larger chicks are 
especially hard to differentiate from adults. Brood 
counts can only be made in the closest nests and 
requires considerable experience working with cor
morants. Carefully examine nests for movements 
and look for yellow pouches The best time to see 
the young is when they are being fed. Inex
perienced workers will find brood counts to be a dif
ficult if not impossible task; it is better to not attempt 
this than to press. 

Monitoring Schedule 
Begin surveying the north bluffs of West Anacapa 
for nesting activity by mid-April. Continue monthly 
surveys through August; these can be done at the 
same time pelicans are being censused by boat. 
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Time Required 

The time required to census Double-crested Cor
morants on West Anacapa Island is highly variable 
and depends on the number, size, and location of 
sub-colonies, as well as weather conditions. In op
timal weather at the peak of breeding season, 75-
100 nests spread among several sub-colonies will 
take at least four to five hours to survey, but this 
time can easily double in less favorable conditions. 
When determining age and size of broods, addition
al time will be required. Surveys should be done in 
the morning when sea conditions are usually best 
and sunlight refraction is minimal. Allow at least two 
mornings for each monthly survey. 

Recording Data 

Location of sub-colonies should be noted on a map 
of West Anacapa. In each sub-colony determine the 
number of nests built. Early in the season, all oc
cupied nests will be covered by the adult bird. Look 
carefully for abandoned nests in the same area; this 
year's abandoned nest can be easily confused with 
a nest from a previous year. Recently abandoned 
nests still appear fresh, with fresh-looking nesting 
material and fresh guano around it; older nests look 
grayer and beaten down, with no fresh nesting 
material (see discussion of pelican nests on pages 
8, 13-14). Record the number of nests in each sub-
colony by distinguishing between occupied nests 
and abandoned nests. When chicks are 2-3 weeks 
of age, they can be seen in the nest from below; 
record the brood sizes and the number of chicks in 
the sample areas where counts can be obtained. 

Special Equipment 

See Brown Pelican section for equipment needed 
for boat and land-based surveys. 
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FIELD METHODS FOR 
SANTA BARBARA ISLAND 

Parameter 

Abundance of 
breeding birds 

Reproductive 
success 

Measurements 

1) Nest structures 
2) Birds on nest 
3) Chicks at nest site 

1) Large chicks in or near 
nest site 

Areas to be Censused 

In recent years (1985 1988) Double-crested Cor
morants have occupied three distinct sub-colony 
areas on Santa Barbara and Sutil islands: 

e Spire Point/Elephant Seal Cove 

• Summit Peak West/A 1 Cliffs; and 

• Sutil Island north bluffs and cliffs 

These areas and their respective observation points 
are illustrated in Figure 6. 

Methods 

Potential Problems 

On Santa Barbara Island, as on Anacapa, observers 
need to be very careful not to disturb nesting cor
morants because of the susceptibility of eggs and 
small chicks to gull predation. 

Double-crested Cormorants on Santa Barbara Is
land often shift nesting sites between the three sub-
colony areas each year Observers should search 
the sub-colonies for new nesting areas and, if neces
sary, locate new observation points to best view 
nesting activities. This is particularly important in 
the West Cliffs area of Signal Peak where all nesting 
is not usually visible from the designated observa
tion point on Figure 6. In this area some observa
tions may have to be made from the Summit Peak 
bluffs which overlook areas of the subcolony south 
of the A1 cliff. 

As Double-crested Cormorant chicks grow they be
come more difficult to distinguish from adult birds. 
Adults are darker with somewhat glossy plumage 
but can be easily confused with larger chicks whose 
softer, velvety appearance is conspicuous only in 
certain light. The orange throat pouches of adults 
are darker in color than the yellowish pouches of 
chicks. At too great a distance, in poor light, or from 
a boat on rough seas, large chicks and adult birds 
are nearly indistinguishable. 

On Sutil Island, Double-crested and Brandt's Cor
morants may easily be confused by inexperienced 
observers. However, Double-crested typically nest 
higher on the filoplumes above the eyes also readily 
distinguishes them from Brandt's. 

Most of the designated observation points are at 
some distance from the subcolonies and require 
censusing through a spotting scope. Brood sizes 
may be difficult to determine, especially when chicks 
become old enough to wander form nest sites and 
form aggregations (creches). Brood sizes should 
be determined from a sample of clearly visible nests 
prior to creching. 

Recommended Methods 

The three subcolonies are best viewed from the ob
servation points designated on Figure 6. At the 
Spire Point/Elephant Seal Cove cliff sites, set up ob
servations on Elephant Seal Point a few meters 
below the crest. Observations of the Summit Peak 
A1 cliff site can be made from both the Elephant 
Seal Point trail where it skirts the west terrace cliffs 
(you must go off trail a few meters to near the cliff 
edge for a proper look - - be careful!) and from any 
convenient site atop Summit Peak's west perimeter, 
depending on where nesting occurs each year. 
Counts of the Sutil subcolony are conveniently 
made from the Summit Peak trail's northwest 
corner. 

A few nests are usually accessible for close viewing 
of nest contents from above the Spire Point and 
Summit Peak Cliff sites. At Spire Point these nests 
are located in the ravine adjacent to the Elephant 
Seal Cove overlook and can be clearly seen from 
the ravine edge nest to the overlook. The Summit 
Peak Cliff nests are more variable in location and 
observers must therefore find new vantage points 
each year. 
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Figure 6. Double-crested Cormorant Nesting Sites - Santa Barbara Island. 
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Make preliminary assessments of nesting activities 
through 10x binoculars, noting rock and vegetation 
patterns to help subdivide and relocate areas to be 
censused. Make a sketch of each subcolony to fur
ther aid your censusing and to compare subsequent 
counts. For final counts use a spotting scope with a 
20x eyepiece (occasionally a 40x eyepiece may help 
resolve difficult nests). 

Make counts of active and abandoned nests (see 
Anacapa Island section for characteristics), incubat
ing, brooding, and roosting adults, and of visible 
chicks. Whenever possible assign brood sizes to 
nests, but take data only on those that you are 
reasonably certain of. Make replicate counts to es
tablish sample variance. 

At the end of the season, it is useful to inspect close
ly any accessible nests for mortality and abandon
ment. Usually the only area where this is possible is 
on the lower ledges of the Summit Peak west cliffs. 
Be careful to avoid confusing Double-crested Cor
morant nests with nests of Brown Pelicans which 
also may use this area for nesting (see Anacapa Is
land Brown Pelican section for nest descriptions). 
Mark each nest with lead-free spray paint (to avoid 
double-counting) as described for pelican nests on 
Anacapa Island and note any dead chicks. Use ex
treme caution when climbing here as the footing can 
be treacherous and the area is filled with cholla. 

chicks (B2, B3, etc.); older chicks can be designated 
if desired. Sketch subcolony areas and note num
bers of nests within sections of each subcolony. 

Safety 

Always use caution when working in the vicinity of 
cliff edges, and use extreme caution when making 
the post-season nest/mortality count of the Summit 
Peak west cliff lower ledges (this count should never 
be attempted solo). If you are not an experienced 
climber and comfortably familiar with the terrain and 
conditions on Santa Barbara Island, DO NOT AT
TEMPT THE POST-SEASON NEST/MORTALITY 
COUNT OF THIS AREA. 

Special Equipment 

Santa Barbara and Prince Islands -

1. Spotting scope with 20x and 40x eyepieces; 
light-weight tripod. (Santa Barbara Is. only.) 

2. Lead-free spray paint (red or blue is best) to 
mark nests and carcasses. 

3. Hand-held clicker-counter for total nest count. 

Monitoring Schedule 
One or two counts per month of each subcolony 
should be made beginning in April and ending in 
July or August. The mortality count can be made 
anytime after all chicks have fledged and prior to the 
first winter rains. 

Time Required 

Counts of each subcolony will require up to an hour, 
depending on numbers and locations of nests, 
adults, and chicks. In addition, allow an hour com
mute (round-trip) to the Summit Peak area and an 
hour and a half for the Elephant Seal Point hike. 

Recording Data 

Use the sample nest-count abbreviations as 
described for pelicans on Anacapa Island. Since the 
ages of cormorant chicks are difficult to determine, 
simply list brood sizes for each nest with visible 
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FIELD METHODS FOR 
PRINCE ISLAND 

Parameter Measurement 

Abundance of 1) Nest structures 

breeding birds 

Productivity 2) Sample brood counts 

Areas to be Censused 
Double-crested Cormorants traditionally nest on the 
rocky upper slopes of Prince Island, in and around 
the prickly pear cactus Opuntia littoralis on the 
southeast and southwest sides (Figure 7). 

Methods 

Potential Problems 

To obtain nest and brood counts for Double-crested 
Cormorants from boat surveys can be extremely dif
ficult and requires good light, calm seas, and ex
perienced observers. Weather and sea conditions 
will often be problematic at Prince Island; conduct 
counts as early in the day as possible to take best 
advantage of the calmest winds and seas. 

Brandt's Cormorants often co-mingle with Double-
crested here, making it difficult to distinguish be
tween the two species and to differentiate between 
adults and large chicks. Refer to the Anacapa Island 
and Santa Barbara Island sections for distinguishing 
characteristics of each. 

Recommended Methods 

Boat Surveys 
Making counts from a boat is recommended as 
weather and sea conditions permit, during visits to 
Prince Island for Cassin's Auklet monitoring. Al
though these counts will often lack precision, by 
making several counts during the season, an index 
of nesting effort can be obtained. Scan the upper 
slopes of the traditional nesting areas (see Figure 7) 
with 10x binoculars and count visible adults, nests, 
and chicks. Use vegetation and rock patterns to 
subdivide the areas into distinguishable units. If 
broods are visible obtain a sample of brood sizes, 
but be careful to differentiate Brandt's from Double-

crested Cormorants (see above). This census is 
usually quite difficult; get replicate counts from ex
perienced observers if possible, with one person 
recording data. The waters here can be rough; 
using a sea-sick remedy is recommended for those 
prone to motion sickness. 

Land Survey 
Make a post-season nest/mortality count of acces
sible nests on the island. Distinguishing between 
old nests and nests of the current year requires ex
perience (see Brown Pelican section for nest 
descriptions). As on the other islands, mark nests 
with lead-free spray paint to avoid double-counting 
and record any dead chicks found. 

Monitoring Schedule -

Conduct boat censuses from March or April through 
July; this will be determined by Cassin's Auklet 
monitoring visits. The post-season nest/mortality 
count can be done in the fall (prior to the first winter 
rains) coincident with auklet nest box maintenance. 

Time Required 

The boat census work is usually done as part of a 
larger around-island census of all seabirds which 
takes about an hour. Allow three to four hours for 
the post-season nest/mortality count. 

Recording Data 

Record occupied and abandoned nests, adults, and 
chicks during the boat censuses as per pelican and 
cormorant observations on the other islands. For 
the post-season nest/mortality count, record total 
nests, old nests, and nests of the year (used and 
abandoned), and any chick carcasses found. 

Safety 

During boat censuses obtain a secure position on 
the deck or flying bridge to avoid slipping or falling 
overboard in the event of rough seas. On the post
season nest/mortality count use caution around cliff 
edges and beware of dislodging rocks on co
workers below. Perform this work only if you are ex
perienced and comfortable with climbing conditions 
on Prince Island. You should be accompanied by 
one or more persons with climbing experience. 

Double-crested Cormorants - Prince Island 29 



PRINCE ISLAND 
Locations of Double-crested Cormorant 
Nesting Sites, Western Gull Study Grids 

and Cassin's Auklet Nest Box Installations 

Figure 7. Double-crested Cormorant Nesting Sites - Prince Island 
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PELAGIC CORMORANT 

BREEDING BIOLOGY AND PLUMAGE 

Along the California coast, Pelagic Cormorants nest 
on steep rocky slopes and islets generally in small, 
scattered groups at relatively remote, precipitous 
sites. The Channel Islands are at the southern ter
minus of its range; about 85% of the California 
breeding population occurs north of Monterey Bay 
(Sowls et al. 1980). In the Channel Islands, San 
Miguel Island (including Prince Island and Castle 
Rock) harbors the most breeding pairs (ap
proximately 300 pairs in 1977); lower numbers (less 
than 100 pairs) nest on Santa Rosa and Santa Cruz 
islands (Hunt et al. 1980). On Santa Barbara and 
Anacapa islands, nesting has been considerably 
more ephemeral and only a few nests have been 
reported. 

Most of the breeding sites on the Channel Islands 
are impractical to monitor because of inaccessibility, 
low breeding numbers, or sporadic occupancy. 
However, in 1984 Pelagic Cormorants nested on 
East Anacapa Island in small (14 nests), but larger 
than usual numbers, and in 1985 nesting occurred 
on both east and west islands (27 nests total). In 

each succeeding year the number of nesting pairs 
has increased to the present (1988) total of 49 pairs. 
Because the breeding population has been consis
tent and increasing and since data on nesting effort, 
phenology, and productivity have been easy to ob
tain, Pelagic Cormorant nesting on Anacapa Island 
is being monitored. 

Pelagic Cormorant nesting usually begins in mid- to 
late March and appears to be somewhat earlier than 
that of Double-crested Cormorants; the breeding ef
fort appears to be fairly synchronous. Nests are in
conspicuous mounds composed primarily of 
seaweed (although grasses and other plant material 
are often included) built on narrow white ledges of 
sea cliffs and caves. Three to seven pale blue, 
chalky eggs are laid (usually 3-5). The incubation 
period has been variously reported to be from 26 to 
33 days (Palmer 1962); both parents incubate and 
care for the young. Although much less is known 
about the breeding biology of Pelagic Cormorants, 
the chronology of events leading to fledging is 
probably similar to that of Double-crested Cor
morants as described previously. 

Newly-hatched Pelagic Cormorant chicks are naked 
with blackish-gray skin and later acquire sooty down 
with distinctly pale thighs. Juvenile plumage is dark 
brown with paler brown underparts, but not as con
trasting as in Brandt's and Double-crested Cor
morant juveniles, both of which appear lighter in 
color (Palmer 1962). The neck and throat of juvenile 
Pelagic Cormorants show some violet gloss while 
greenish shows elsewhere; they are duller than the 
adults. Facial skin is ashy; bill and legs are brown. 

Pelagic Cormorants are perhaps the most easily dis
tinguished of the three cormorant species found in 
the Channel Islands, being noticeable smaller than 
the others. They have very slender necks ("pencil 
necks"), small heads, and thin bills. Breeding adults 
are glossy greenish black; they are much more 
iridescent than the other two species. Breeding 
adults have a conspicuous white oval patch on their 
flanks and scattered white filoplumes on the sides of 
the neck and shoulders. Adults also possess two 
short tufts on the crown and nape. The gular pouch 
and lower face of adults is an inconspicuous dull 
red. In flight Pelagic Cormorants appear more 
graceful than the other cormorant species and can 
be distinguished from the by their straighter profile 
with slender neck and smaller head outstretched. 
They also tend to be more shy and less gregarious. 
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Figure 8. Pelagic Cormorant Nesting Sites - Anacapa Island 
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FIELD METHODS FOR 
ANACAPA ISLAND 

Parameter 

Abundance of 
breeding birds 

Reproductive 
success 

Phenology 

Measurement 

1) Nest structures 

1) Chicks on nest sites 
2) Brood sizes 

1) Approximate dates 
based on age of chicks 

On West Ancapa Island, Pelagic Cormorant nests 
are scattered along the north shore in caves, grot
tos, and cliffs similar to those on East Anacapa, with 
only a few nests found in any one location (see 
Figure 8). Caves seem to be the preferred nesting 
sites on West Island; all potential sites must there
fore be surveyed by boat. Although Pelagic Cor
morants have not been discovered nesting on 
Middle Anacapa since the monitoring program 
began, a few nests have been reported historically 
(Hunt et al. 1980) and suitable nesting sites appear 
plentiful. Similarly, the few suitable nest sites on the 
south sides of the islands should be examined for 
nesting although none have been reported to date. 

Methods 

Areas to be censused Potential Problems 

Pelagic Cormorants have nested each year from 
1984 to 1988 on the steep cliffs of Twin Coves on 
East Anacapa (see Figure 8). This area has the ad
vantage of having land observation points (atop the 
cliffs overlooking the subcolony from each side of 
the cove), where most nests are clearly visible. Twin 
Coves should also be censused from a boat since 
all nests may not be seen from land. Recently, 
Pelagic Cormorants have also nested in West Land
ing Cove, Garbage Cove, Cave Cove, and Cathedral 
Cove on East Anacapa; each of these sites must be 
censused by boat. Since Pelagic Cormorant nesting 
seems to be expanding to new locations on 
Anacapa, and nesting sites may vary between years, 
all potential sites should be examined for nesting 
each year. Often, nest sites are on ledges inside sea 
caves and are not readily visible. Only one or two 
nests may be present at a particular site and can be 
easily overlooked. It is necessary, therefore, to ex
amine each cave and grotto along the north side of 
the island, as most are probably suitable for nesting. 
The caves usually have large openings with nesting 
ledges at least 5 to 15 m above the water surface. 
However, some nests are found inside relatively low 
"tunnel" caves which have multiple entrances and 
can be censused only in the calmest weather and 
sea conditions. Appropriate caves for nesting are 
limited in number but with experience become 
recognizable. Also, only certain cliff areas are 
suitable for nests; these have inaccessible sheer 
walls with rocky ledges or small holes used as nest 
sites. These too become recognizable with ex
perience. As nests are built and eggs laid, nest sites 
become "whitewashed" and more readily apparent. 

As with Double-crested Cormorants, Pelagics are 
also susceptible to disturbance-related gull preda-
tion. However, since Pelagic Cormorants nest in 
smaller groups or solitarily and often in caves, they 
are somewhat less vulnerable. In particular, when 
viewing any nest or group of nests from land, ob
servers must be cautions, keep low profiles, move 
slowly, and remain as inconspicuous as possible 
when moving to and from observation points and 
while observing. Because Pelagics tend to be close 
to the water surface (especially in caves), one must 
also use caution during boat observations to avoid 
close or rapid approaches. The sudden appearance 
of a boat accompanied by engine noise may cause 
a bird to flee its nest in a panic; in so doing it may 
accidentally kick eggs out of the nest or cause injury 
to small chicks. At cave entrances, boat observers 
should cut the engine and use oars if possible, ap
proach slowly and noiselessly, and keep an ap
propriate distance from nest sites. 

Viewing nest contents in cave sites is often difficult 
because of poor light or vantage points. Poor light in 
shadows of grottos and caves and rough sea con
ditions are the greatest deterrents to obtaining good 
chick counts. 

Large chicks may be difficult to distinguish from 
adults, but are usually easier to tell apart than 
Double-crested because nests are more accessible 
for observation and the plumages are easier to dif
ferentiate; adults are quite dark and glossy, while the 
young are grayer and duller. 
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Recommended Methods 

Locating Colonies 
(See "Areas to be censused" above.) 

Abundance of Breeding Birds 
- total nest count 
Pelagic Cormorant nests, although considerable 
smaller than Double-cresteds', are usually easier to 
see and therefore easier to census since they are 
relatively close to the water and are unobscured by 
vegetation. Furthermore, Pelagic Cormorants nests 
are solitary or in small groups, thus making census-
ing much more manageable. Locations of Pelagic 
Cormorant nests should be accurately described on 
a map with the corresponding number of nests at 
each locality 

Reproductive Success 
sample chick count and brood size 

The total number of chicks and brood sizes can be 
estimated in nests which are closest to the water 
and easiest to see. In calm sea conditions most 
chicks can be seen in these nests However, the 
best place to obtain brood size data is from land-
based observation sites, such as of Twin Coves on 
East Anacapa, where observers can look down into 
nests, but these are rare. Often the older chicks will 
creche on intertidal rocks below the nesting area; 
these must be looked for as the season progresses. 

Monitoring Schedule 
Begin the censuses of known and potential nesting 
sites on the north shores of the islands in early to 
mid-April. Continue monthly surveys through 
August or until Pelagics have ended the breeding 
season. These surveys may be done while census-
ing roosting pelicans on all three islands and nesting 
Double-crested Cormorants or pelicans on West 
Anacapa. All potential nesting sites should be 
checked at least through mid-July. In this way, late 
nesters, possible re-nesters, and those missed on 
previous surveys can be found. 

Time Required 

Census times depend on the extent of the breeding 
effort, location of nests, and weather and sea condi
tions. In good weather with relatively smooth seas, 
censuses of known and potential sites will require at 
least three to four hours. If possible, two surveys 
should be taken on two different days during each 

survey period. The second survey will usually re
quire less time since most nests will have been 
found in the prior survey. Make counts in the morn
ing to take advantage of calm sea conditions and 
the best light; however, because of better access 
and visibility of Pelagic Cormorant nests, this is not 
as critical as it is with pelican and Double-crested 
Cormorant surveys. 

Recording Data 

Locations of nesting sites should be accurately 
described and noted on a map along with the num
ber of nests and their status. During each census 
period, record the number of nests occupied by in
cubating or brooding birds (when contents are not 
visible), the number of empty or abandoned nests -
they will be hard to sport, especially if there are no 
adjacent occupied nests. When chicks are visible, 
record the brood size in sample nests where con
tents can be seen. Also note any incidental informa
tion (e.g., nest-building, courtship, feeding behavior, 
etc.) that may be of interest. 

Safety 

When making land-based observations (at Twin 
Coves) be careful around the cliff edge; it is a verti
cal drop of about 25 meters. Western Gulls will 
often dive-bomb anyone in this area, especially 
when their chicks are present. During boat surveys, 
always be aware of developing weather and sea 
conditions, and practice safe boat handling techni
ques. Be especially careful in tight caves where un
expected swells (such as wakes from passing 
freighters or tankers) can be amplified and potential
ly dangerous. See the Brown Pelican section for fur
ther boating safety considerations. 

Special Equipment 

1. 4-meter inflatable boat (Avon or equivalent) with 
15 hp outboard. 

2. 10x binoculars. 

3. Spotting scope and tripod (for land-based 
observations). 
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WESTERN GULL pelagic red crab (Pleuroncodes), shrimp, or human 
refuse. Adults are cautious during feedings and will 
sometimes delay feeding their young because low-
flying gulls will often attempt to steal food as it is of
fered. Chicks fledge at the age of 7-8 weeks. 

Western Gulls usually do not breed until their fourth 
or fifth year. Redglings are adult size but are a dark 
brown color and have a black bill. Year-old birds 
are a deep brown, mottled with grayish-white and 
have dark bills. During the second and third years, 
there is an increase toward lighter plumage with 
large individual variation. Birds begin to acquire the 
characteristic adult white plumage with brown 
remaining in the wings and black at the end of the 
tail; the bill remains black at the tip. Full adult 
plumage is characterized by a completely grey 
mantle, white head, body and tail, and a yellow bill 
with a red spot on the lower mandible. 

BREEDING BIOLOGY AND PLUMAGE 

Gulls are easily observed surface nesters. The nests 
are usually associated with vegetation: iceplant and 
sea blight {Suaeda) on Santa Barbara Island, 
iceplant and shrubby annuals on Anacapa Island, 
and iceplant on Prince Island. Nests are simple and 
are made of stems, foliage and other plant parts 
when available; nest bowls are often grass-lined. 
Gulls may also occasionally lay eggs in scrapes on 
bare ground or sand or in crevices where no vegeta
tion is present (Gull and Anacapa Islands). 

Both parents incubate the eggs and seldom leave 
the nest unattended. The female usually lays three 
eggs - one egg every other day until a clutch is com
plete. Smaller clutches (one to two eggs) are not 
uncommon, but larger ("supernormal") clutches 
(four to six eggs) are rare - supernormal clutches 
are of particular interest, and should be reported 
whenever encountered. The average incubation 
time is 29 days with a range of 26-31 days on Santa 
Barbara Island. Chicks fledge between 41 and 43 
days of age. 

Gulls are territorial in the breeding colony and 
defend territory boundaries vigorously. Egg-laying 
begins from mid-to-late April and peaks the second 
week in May. Parents feed their chicks at the nest 
site by regurgitating partially-digested fish, squid, 

FIELD METHODS FOR 
SANTA BARBARA ISLAND 

Parameter 

Abundance of 
breeding birds 

Reproductive 
success 

Chick growth 
rate 

Phenology 

Foods 

Age Structure 

Measurement 

1) Nest structures 
2) Incubating birds 

1) Large chicks (over 
500 grams) 

1) Minimum of 3 weights 
per chick 

1) Clutch initiation; hatch 
initiation 

1) Regurgitated samples 
and pellets 

1) Band sightings 
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SANTA BARBARA ISLAND 
Western Gull Count Areas, Vantage Points, and Grids 

Figure 9. Western Gull Nesting - Santa Barbara island 
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Areas to be censused 

Five, 100 meter square grids have been used since 
1975 to sample breeding pairs, fledglings, growth 
rate, phenology and foods (Figure 9). However, due 
to manpower considerations, banding, growth rates, 
mortality and reproductive success can probably 
only be accomplished in three (A, C, and D) of the 
five grids each year. Nesting effort (number of 
nests) and egg production should be measured 
each year in all grids. A total island nest count has 
been obtained annually since 1982 from vantage 
points around the island (Figure 9). Age structure 
has not been rigorously studied in the past, but age-
ratio data can be developed at least on a limited 
basis. 

Methods 

Potential Problems 

Monitoring Western Gull nesting on Santa Barbara 
Island presents problems of disturbance and 
vegetation damage. Although Western Gulls are far 
more resilient to human intrusion than are pelicans 
and cormorants, inopportune visits to gull study 
areas may cause serious impacts to them. While 
working in the gull study grids, be careful not to step 
on eggs or young chicks. Chicks sometimes do not 
hide in well-protected places, but are well-
camouflaged and thus hard to see on the ground. 
In addition, it is safest to census during the early 
morning or late afternoon to avoid heat-stressing of 
eggs and chicks. Be cognizant of chick heat stress 
symptoms (continuous panting, drooping ap
pearance, and torpor) and vacate grids accordingly. 
Young chicks (less than 2 weeks old) are especially 
at risk. Limit your time in each grid to two hours or 
less, except on cool foggy days. When working, 
move slowly and deliberately through the grids. 
This helps to maximize your awareness and mini
mize panic runs by older chicks. If a larger chick 
bolts beyond your immediate reach, crouch quietly 
until it settles; do not attempt a wild chase after it. 

While in the grids (or whenever off-trail) avoid tram
pling native plant species. Step on grassy patches 
or ice plant if possible, and avoid sea blight since it 
is an important native plant providing cover for 
chicks. When searching individual bushes, take 
care to avoid breaking the brittle Suaeda branches. 
Although rare in the gull study grids, coastal cholla 

(Opuntia prolifera) can cause painful punctures, and 
should be avoided. Always carry a comb or pocket 
knife to extract embedded choila joints. 

Recommended Methods 

Abundance of Breeding Birds 
- total nest count 

The purpose of the total nest count is to determine, 
as accurately as possible, the number of Western 
Gull pairs nesting on Santa Barbara Island each 
year. 

For the most accurate data, counts of actual nests 
or incubating birds are best made from vantage 
points where observers are able to look straight 
down on a nesting area. Of the twelve designated 
census areas in Figure 9, eight allow sufficient 
visibility for obtaining accurate nest counts from 
single viewpoints. The remaining areas, where 
visibility is limited, require viewing from two or more 
sites. Table 5 shows viewpoint numbers to be used 
for censusing each area. 

I. 
I I . 

I I I . 
IV. 
V. 

VI. 
VII. 

VIII. 
IX. 
X. 

XI. 
XII. 

AREA 

Landing Cove 
Arch Point 
Shag Rock 
Elephant Seal Cove 
North Cliff 
Webster Point 
A1 Cliff 
A1 Area 
West Colony 
Badlands 
Cat Canyon 
SE Sea Lion Rookery 

VIEWPOINTS 

1.2B, raft 
2A 
3,4 
4, 5B 
5A 
6 
7 
8 
9A, B 
10 
11 
12A, B, C, D 

Table 5. Reference numbers for Figure 9. 

Counts should be obtained during the ten-day 
period following peak egg-laying, when chicks begin 
to hatch. Peak egg-laying occurs approximately 
two and one-half weeks after egg-laying begins. 
Counts should be done at the same time of day, 
either early morning or early evening when most 
gulls are in the colony, and should be spread over 2-
3 days. Make separate counts of nests (as indicated 
by territorial or sitting birds) and individual birds, as 
both numbers are used to evaluate nesting effort. In 
large areas such as area IX (West Colony), it is easy 
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to lose track of sections previously counted; it is 
therefore useful to mentally partition the area using 
dark grassy sections, gullies, man-made trails, etc, 
being sure that all observers use the same boundary 
criteria. 

Abundance of breeding birds 
- sample nest count 

The sample grid nests have been shown to be a reli
able indicator of reproductive efforts for breeding 
pairs on the island as a whole (J. R. Sayce, unpub. 
data). To determine nesting effort and establish 
phenology, the grids must be systematically sear
ched (2-3 times over a span of 1-2 weeks) in late 
April. Initially, observers need to be shown the 100 
meter x 100 meter grid locations; even though the 
corners are marked with steel posts, these can be 
difficult to find in the dense vegetation. Corner 
stakes should be flagged with surveyor's tape each 
year. After a grid has been located, and observers 
are properly oriented, the nest search can be ac
complished by one or more workers (three to four is 
best). Each grid is searched by 5-meter by 100-
meter transects walked (remember, slowly and 
deliberately) parallel to a chosen grid boundary. 
When more than one observer is available, in
dividuals should space themselves about 5 meters 
apart for optimum coverage. Thus observers work 
their way through each grid in a series of 5-meter by 
100-meter increments, (think about it!). Use tent 
poles (two are kept on Santa Barbara for this pur
pose) to mark your incremental progress through 
the grid. Poles are placed at the ends of each tran
sect and then moved alternately and sequentially, 
(think again!) The preferred start points and tran
sect directions for each grid are as follows: 

When a nest is located, hammer a prenumbered, 
wooden stake (kept on Santa Barbara Island) into 

the ground next to it; record the stake number and 
any nest contents (number of eggs and/or chicks) 
on your data sheet. Then map the approximate nest 
locations for each grid so they can be located more 
quickly on subsequent visits. Do not record nests 
which are empty (unless they previously contained 
eggs or chicks). 

Once this routine becomes familiar and most nests 
have been staked, workers can be less rigidly sys
tematic, and can use the map to locate staked nests 
while remaining alert for new or previously missed 
nests. 

Phenology 

The time required for an egg to hatch and a chick to 
fledge are well-documented for Western Gulls on 
Santa Barbara Island. By observing the timing of 
one event (e.g., egg-laying), hatching and fledging 
dates can be accurately predicted and censuses 
timed accordingly. 

Reproductive success, chick growth rates, and 
food use 

As gull chicks grow, they may wander from their 
nests, making looking for chicks a time-consuming 
effort. The procedures outlined below attempt to 
minimize the search effort and number of visits while 
still permitting collection of good data. A minimum 
of four grid visits per year is required to measure the 
above parameters. 

Visit #1 . Workers should find as many chicks as 
possible (at least 40 in all the grids combined), 
weigh them, band them, and collect any food 
samples. If chicks are not in the nest, check the 
vegetation and gullies in the nest vicinity, moving 
more or less in a circle away from the nest. Bushes 
are favorite hiding places for chicks, but any plant 
encountered on the run may be used for cover. 
When a chick is found, pick it up gently by its back 
and folded wings. When handled, chicks will often 
regurgitate food; if this occurs, identify the food item 
to the best of your ability, and weigh it. The chick 
should then be weighed to the nearest gram Attach 
a U.S. Fish and Wildlife Service band to one of its 
legs and record the band number. For chicks 
weighing less than 100 g, use velcro bands or web
bing tags (Alliston 1975, Willsteed and Fetterolf 
1986). If age data are to be collected, also band the 
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chicks with appropriate plastic color bands and 
record the banding configuration. Replace chicks in 
a hiding place so that they do not run a long dis
tance from the nest. 

Any person banding must either have a banding per
mit or must cooperate with a licensed bander; any 
banding activities should be coordinated with Dr. 
George L Hunt, Jr. 

Visit #2. Ideally, in five days repeat the above proce
dure. Find as many of the previously banded chicks 
as possible and take weights and foods for those 
whose initial weight was 100 g or less. For others, 
simply note their presence with a minimum of han
dling to determine band numbers. Often, bands can 
be read without moving the bird itself by gently pull
ing its banded leg out from beneath it. If new chicks 
are encountered (not previously banded), band and 
weigh these. 

Visits #3 and #4. Repeat the chick census twice 
more at five day intervals. Follow the same proce
dure as for Visit #2. 

For useful growth data at least 3 weights per chick 
are required between hatching and 600 grams. For 
mortality calculations, all chicks reaching 500 grams 
in weight are counted as "fledged" because few 
chicks die once they attain this weight unless there 
is a serious heat wave (Salzman 1982). When dead 
banded chicks are found, record their band num
bers and make total mortality calculations at 
season's end. A final census should be done at the 
end of the season to count carcasses and to pull 
nest stakes. 

Age structure - band sightings 

Useful information on the age structure of this 
population would require a long-term banding 
program in which fledged birds are banded with an 
incloy (non-aluminum) band as well as color bands 
coding for island and year class In recent years, 
some birds have been individually color banded or 
banded for year class. By recording all color com
binations seen while working in the colony and 
recovering dead birds, data on age structure can 
gradually be developed. At the end of each season 
send a record of all color-band sightings to: 

Dr. George L Hunt, Jr. 
Depart, of Ecology and Evolutionary Biology 
University of California, Irvine, CA 92717 

Attempting to determine age-ratios from surveys of 
plumage characteristics is not practical because im
mature (non-breeding) birds seldom return to the 
colony. 

Monitoring Schedule 

Personnel should begin working in the grids no later 
than April 20 to record commencement of egg-
laying. All grid nests will need to be checked every 
5 days to determine time of peak egg-laying and/or 
when the first chicks appear. Enlist the cooperation 
of the island ranger to spot pipping eggs or newly-
hatched chicks if you are unable to be present on 
the island during this time. It is important to time 
your visits to coincide with peak hatching to maxi
mize the number of hatching weights (and sub
sequent weight of known-aged chicks) obtained. 
On Santa Barbara Island this usually occurs during 
late May or early June, about a week after the peak 
on Anacapa Island. The total nest count should be 
obtained during the ten-day period after peak laying 
or when chicks begin to hatch. The sample nest 
count may be obtained as a matter of course when 
chick counts are taken. Chick counts (including 
weights and food samples) should begin in mid-
June and continue through early July, with four 
counts spaced five days to one week apart. 

Time Required 

The total nest count might be obtained in one day, 
but with foggy weather this may extend to 2 or 3 
days. Be sure to count at the same time of day for 
each day censused. 

For the sample grids, we recommend checking one 
to two grids per day as can be integrated with other 
monitoring. Grids D and E contain the largest num
ber of nests, and since they are adjacent to each 
other and travel time to these grids is longest (about 
one hour round-trip from the campsite), these 
should be censused on the same day. Grids B and 
C are also adjacent to one another and can be cen
sused together. Grid A (on the southeast side) can 
be checked after grids B and C since these last 
three grids typically have fewer nests and can be 
censused more quickly. Allow about two hours for 
each grid for each day censused. When banding 
chicks, visits may take up to 50% longer. 
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Recording Data 

For data entry of nest contents use Appendix B-1, 
using the following abbreviations: 

4. Nylon-mesh "Ditty bags" to weigh chicks. 

5. Small sealing (Zip Lock) plastic bags for food 
samples. 

6. U.S. Fish and Wildlife Service metal bands. 

7. Pliers to attach metal bands. 

Data from work in the grids (nest count, chick count, 
phenology, foods, and growth rates), can be 
recorded on two data sheets Append. B-2 and B-3. 

8. Plastic color bands and information sheet with 
pre-arranged color combinations. 

When weighing chicks, first record "chick + bag" 
weight then subtract the bag weight (tare) to obtain 
chick weight. For band sightings, be certain to 
specify left (L) or right (R) leg when recording color 
combinations. As described in the Brown Pelican 
section, only record bands that can be identified 
with certainty. 

Safety 

Parent gulls will vigorously defend their eggs and 
young by 'dive-bombing" intruders, so it is advisable 
to wear something to protect your head when work
ing in the grids (e.g., a hard hat). While gull aggres
sion usually poses no real danger to workers, it can 
be unnerving and sometimes bloody painful. Hard 
hats enable workers to concentrate on what is hap
pening on the ground rather than worrying about ac
tivity overhead. The tent poles (see Special 
Equipment, below) can also be effective protection 
from attacking gulls; carry it so that the pole top is 
above your head height. 

FIELD METHODS FOR 
ANACAPA ISLAND 

Parameter 

Abundance of 
breeding birds 

Reproductive 
success 

Chick growth 
rates 

Foods 

Phenology 

Measurement 

Nest structures 

Chicks - 500 grams 

Minimum of 3 weights 
per chick 

Regurgitated samples 

Clutch initiation, 
hatch initiation 

Special Equipment 

1. You will need about 200 small numbered 
wooden stakes to mark nests. Hammering 
stakes into the ground can be done with a 
hammer, a rock or by using another stake. 

2. Two tent poles, sharp at one end for use as 
direction guides for initial nest location, and 
for protection from aggressive gulls. 

3. Three Pesola scales (300g, 500g, and 1000g) 
for weighing chicks. 

Areas to be censused 

Three 50 square meter grids were established in 
1987 on East Anacapa Island (Figure 10). These 
grids replaced the originals which were established 
below the lighthouse in 1982. Grids A and B are ad
joining, and located approximately 100 m west of 
the lighthouse. The boundary line between the two 
extends northward from the lighthouse "Warning" 
sign at the end of the public access trail. Grid C is 
on the north terrace, approximately 100 m west of 
Garbage Cove. Grid corners are marked with 1/2" 
reinforcing rods. 
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Figure 10. Western Gull Study Grids - East Anacapa Island 

A total nest count of Anacapa Island is not con
ducted due to high variation in counts. Most of the 
gulls on Middle and West Anacapa can only be cen-
sused from the water and it is thus more difficult to 
identify and accurately census breeding pairs and 
incubating birds. 

Methods 

Potential Problems 

The problems and methods outlined for monitoring 
Western Gull reproduction on Santa Barbara Island 
are applicable for censusing gulls on East Anacapa 
Island with the following changes: Western Gulls 
usually begin breeding about a week earlier on 
Anacapa compared to Santa Barbara Island (G. 
Hunt, unpub. data); therefore, observers should 
begin checking for the presence of nests in early 
April to obtain phenology (beginning of egg-laying). 
Once nests have been staked, check the grids 
weekly for additional nesting until the chick phase. 
Since the Anacapa grids are only one-quarter the 
size of the Santa Barbara grids, marking your 
progress with tent poles is probably not necessary 

as it is relatively easy to locate nests by walking 
straight lines through the grids at about 5 m intervals 
and drawing a map. 

Begin weighing, banding and recovering food 
samples from chicks when they begin to hatch 
(usually mid- to late May). Continue until four chick 
censuses, spaced five days apart, are complete. Ini
tial marking of the nests may take two or three days 
working only in early morning or late afternoon. 
Censusing each grid usually takes about two hours. 

Western Gulls nest in higher densities in the 
Anacapa grids than on Santa Barbara Island. The 
Anacapa nesting areas are more open with fewer 
hiding spots for chicks, and the grids (especially 
grid C) are located near steep cliffs. Therefore, 
workers should use extreme caution to avoid flush
ing chicks over the cliff edges. Census the grids by 
working up from below (grids A and B) or from the 
cliff edge eastward (grid C). Be particularly cautious 
when working the western edge of grid C to avoid 
falling off the cliff. 
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FIELD METHODS FOR 
GULL ISLAND 

Parameter 

Abundance of 
breeding birds 

Measurement 

Nest structures 
Incubating/territorial birds 
Adults present 

Recording Data 

Record nests and adults according to their location 
on the island (I.e., southeast cliff, north cliffs, etc.). 

Safety 

Beware of shallow rocks (boils) near the island, 
especially along the north side. 

Area to be eensused 

Most of the gulls on this small isiet build nests on the 
southeast side. All areas of the island visible from a 
boat are included in the sample. 

FIELD METHODS FOR 
PRINCE ISLAND 

Parameter Measurement 

Methods 

Potential Problem 

Since Brandt's Cormorants occupy nesting sites on 
much of the island, censuses must be conducted 
from a boat 

Recommended Methods 

Counts should be made through binoculars, as the 
survey vessel slowly circumnavigates the island at a 
distance of 100 m or so offshore. Census visible 
nests (identifiable by the presence of sitting or ter
ritorial adults) and total adults present. The nest 
count will serve only as an index to nesting effort, as 
many nests are located atop the island, out of view. 
It is recommended that two to three people count 
nests, or that an individual take multiple counts. 

Monitoring Schedule 

One or two censuses per year are recommended, 
as weather and boat scheduling allow. These 
should be done between mid-May and mid-June 
when virtually all nests have been constructed and 
most eggs have been laid. Counts usually can be 
accomplished en route to or from Prince Island. 

Time Required 

The count takes about an hour. 

Abundance of 
breeding birds 

Phenology 

Incubating birds 

Approximate clutch initiation 
and hatch initiation. 

PRINCE ISLAND 
Locations of Double-crested Cormorant 
Nesting Sites, Western Gull Study Grids 

and Cassin's Auklet Nest Box Installations 

Figure 11. Western Gull Grid Sites - Prince Island 
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Areas to be censused 

Two, 25 meter square grids are located on the 
northeast side of the island (Figure 11). These are 
adjoining, one above the other, and are marked by 
six white PVC flags each approximately .3 m high. 
The grids are positioned directly above the north 
Cassin's Auklet nest box installation. 

Methods 

Potential Problems 

To avoid disturbing sensitive species such as 
Double-crested and Brandt's Cormorants, the grids 
may need to be censused from a boat. The major 
problem with boat surveys is decreased visibility. 

Recommended Method 

For the nest count it is recommended counting the 
number of incubating birds during the period just 
after peak egg-laying as described for Western Gulls 
on Santa Barbara Island (mid- to late May). The 
best vantage point on the island for censusing the 
grids is located about three-quarters of the way up 
the east spine of the island (Figure 11). The grids 
are best viewed through 10x binoculars from the 
rocky outcrop. If cormorant nesting precludes land-
based observations, counts should be made from a 
boat below the grids. 

Monitoring Schedule 

Make counts of incubating birds in mid-to-late May. 

Time Required 

Counts of each grid will take about ten minutes. 

Special Equipment 

No special equipment other than 10x binoculars is 
required for this survey. 
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XANTUS' MURRELET FIELD METHODS FOR 
SANTA BARBARA ISLAND 

Breeding Biology 

Xantus' Murrelets nest mainly in natural rock 
crevices and small caves on cliff slopes as well as 
under bushes (Eriophyllum) spp. on Santa Barbara, 
Anacapa, Santa Cruz, and Prince islands. Typically, 
there is a small, round depression in the soil at the 
back of a burrow, where the female lays one or two 
eggs. Many of the burrows are angled so the eggs 
are not usually visible from the entrance. 

Egg-laying usually begins between early and mid-
March, although it may commence as late as mid-
April. Both parents incubate the eggs, and often 
one adult will be present in the burrow during a cen
sus. An incubating bird will sometimes leave the 
burrow when disturbed, thereby exposing the egg(s) 
to increased probability of predation by mice. In
cubation begins only after the second egg is laid 
(usually 8 or 9 days after the first), and lasts 24-39 
days (on Santa Barbara Island), averaging about 34 
days (Murray et al. 1983). Murrelet chicks go to sea 
2 3 days after hatching, presumably accompanied 
by one or both parents. 

Parameter 

Abundance of 
breeding birds 

Phenology 

Reproductive 
success 

Measurement 

Number of burrows that 
receive eggs 

Clutch initiation 
Hatch initiation 

Number of 
chicks/hatched eggs 

Areas to be censused 

A sample of burrows where murrelets have nested 
since at least 1975 have been identified with num
bered aluminum tags at both the Tent Slopes and 
Cat Canyon sites. There are 51 and 71 burrows, 
respectively, in these samples (see Appendices C-1 
and C-2 for burrow locations). Attempting to 
precisely measure reproductive success may cause 
adults to desert the nest or generate inaccurate data 
since chicks remain on the island for only a few days 
after hatching. However, a reasonable index of 
productivity can be obtained if careful observations 
are made and care taken to avoid undue distur
bance to the birds. 

Methods 

Potential Problems 

Reaching the end of a burrow can be difficult. If the 
end is out of reach or cannot be seen, do not in
clude it in the census. 

Another potential problem is nest abandonment 
from monitoring interference. Workers should be as 
unobtrusive as possible; although touching birds is 
sometimes unavoidable during censuses, birds 
should never be removed from burrows or displaced 
in order to count eggs or chicks. 
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SANTA BARBARA ISLAND 
1986 Xantus' Murrelet Sample Nest Sites 

Figure 12. Xantus' Murrelet Sample Nest Sites - Santa Barbara Island 
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Recommended Methods Time Required 

1. Look inside the entrance using a flashlight or 
reflected sunlight from an aluminum clipboard or 
mirror to illuminate the nest. This method is effec
tive with short burrows or some rock crevices. 

2. If the nest is not visible using method 1., then 
carefully insert a hand and follow the burrow con
tours until reaching the end of the burrow. This re
quires lying on the ground and can be difficult 
because burrows are often convoluted. Carefully 
feel around for eggs, incubating adults, or chicks. 

3. If the nest is in a bush, check the entire bush, 
parting the branches carefully, while looking for in
cubating adults and/or eggs in the soil. Eggs, if 
present, are usually on relatively flat ground. In
cubating birds can be remarkably difficult to see, 
even in relatively easily-checked bushes. 

Eggs should not be removed from the nest unless 
they are broken, in which case they may be 
removed to identify the cause of death. Many mur-
relef eggs are preyed upon by mice; predation is 
evident by teeth marks on the edge of a broken 
eggshell Old eggshell fragments from previous 
years are also likely to be found in burrows. These 
are dry, brittle and dirty, whereas new shells (from 
just-hatched or broken eggs) are often moist or 
have venation on internal membranes (see below). 
Workers are not likely to encounter other animals in 
murrelet burrows, mice are rarely found during a 
census because of their nocturnal habits. 

Xantus' Murrelet monitoring is simple to learn, and 
requires relatively small investments of time and 
energy per each sampling. However the sampling 
frequency (weekly) requires nearly constant 
presence on the island, given the logistics of inter-
island transportation. Therefore, it is very helpful to 
enlist the assistance of the island ranger to make 
nest checks during times when monitoring person
nel are unable to be there Also, efficiency is evident 
with teamwork; while one person checks a burrow, 
a second can find the next nest or record data. 

Monitoring Schedule 

For egg-laying dates, begin checking burrows in 
early March. Continue weekly census until all nests 
are inactive (normally by mid- to late June). 

Initially, it takes longer to check burrows, especially 
if workers are not accustomed to working on cliffs. 
The Tent Slopes site can be monitored relatively 
quickly; allow about 1-1/2 hours at first; this will 
decrease to about an hour with experience. For the 
Cat Canyon site allow 4-5 hours total, (it takes about 
one and a half hours to walk there and back). If time 
permits, it is recommended censusing these two 
sites on separate days, especially until the monitors 
become confident with the work. However, check
ing one site in the morning and the other in the after
noon of the same day is not too difficult. 

Recording Data 

When eggs, egg fragments, chicks, or adults are 
found, record the information next to the ap
propriate burrow number on the data sheet before 
going to the next burrow (see Appendix B-1, Seabird 
Nest Contents data sheet). The following abbrevia
tions have been used: 

E = egg 
BE = broken egg (if egg is cracked open or if fresh 

eggshell fragments are present) 
HE = hatched egg 
B = brooding adult 
C = chicks(s) 

If an adult is present it is difficult to tell how many 
eggs or chicks it is incubating or brooding without 
removing the bird. Do not remove the bird; simply 
note "B"" on the data sheet. 

Hatched eggs can be difficult for inexperienced ob
servers to distinguish from broken (mouse-eaten) 
eggs. Broken eggs have a shiny, adherent 
membrane on the inner shell surface and are often 
tarnished with yolk blotches or clumps of dirt. 
Hatched egg remains lack the shiny adherent 
membrane (the membrane will be loosely attached, 
and dull) and do not have incipient yolk remains or 
tooth marks. Always carefully examine egg shell 
fragments for color-matching. Mismatched base-
colors and flecking suggest the presence of more 
than one original egg. Identification of these is 
critical to any estimates of productivity. 

46 Xantus' Murrelet - Santa Barbara Island 



Safety 

The cliffs where murrelets nest are quite steep, 
gravelly, and dotted with cholla (Opuntia) "jumping 
cactus". The way to avoid accidents is to be very 
careful and use common sense. The following is 
recommended: 

1. Avoid working alone until familiar and comfort
able with climbing on the steep terrain in the study 
plot areas. 

2. Wear boots with good traction and leather up
pers to prevent slipping and to minimize cholla ef
fects (see below). 

3. Avoid cholla. A small pocket comb can remove 
cholla spines from boots. Be careful when lying 
down to check burrows; it is difficult and painful to 
remove cholla from skin. 

4. Use a zig-zag path when censusing, this is safer 
than a straight up or down route. 

5. Always take weather conditions into account 
before going to cliffs. To minimize sun glare, over
cast days are best; otherwise censuses should be 
done in the morning or afternoon. Try to avoid 
working in strong winds. 

6 Be careful: keep eyes on the ground when walk
ing and take plenty of time. 

Special Equipment 

1. Flashlight 

2. Small pocket mirror 

3. Small pocket comb 

4. Aluminum clipboard 
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CASSIN'S AUKLET FIELD METHODS FOR 
PRINCE ISLAND 

Breeding Biology 

This diving species excavates burrows in loose top-
soil or nests in rock crevices on Santa Barbara and 
Prince islands. In many areas on Prince Island bur
rows are closely packed and honeycomb the avail
able topsoil; this high-density nesting typically 
undermines the soil structure and increases the 
likelihood of burrow collapse and soil erosion. Auk-
lets excavate new burrows or renovate old one each 
year. On Prince Island the birds excavate their bur
rows as early as January, but egg-laying usually 
does not begin until early March. Laying may ex
tend well into May, thus extending fledging times to 
late August. 

Cassin's Auklet is an asynchronous breeder; while 
some early breeders have raised a chick by late 
May, others will have just laid eggs at this time. 
Typically, one egg is laid but the same pair may lay 
a second egg when the first chick is near fledging. 
Incubation, lasting about 38 days, is shared by both 
parents. Adults feed their chicks at the nest until the 
young fledge, between 41 and 45 day after hatching 

Parameter 

Abundance of 
breeding birds 

Phenology 

Reproductive 
success 

Measurement 

Nest boxes that receive eggs 

Clutch or hatch initiation 

Surviving chicks 

Areas to be censused 

In January 1986, two artificial nest box complexes 
were established on Prince Island (see Figure 13). 
One is on the lower northeast side of the island just 
below the gull grids, the other Is on the lower 
southeast side. These nest sites are to be examined 
at approximately monthly intervals throughout the 
breeding season. 

Potential Problems 

Monitoring of Cassin's Auklets on Prince Island 
poses problems of auklet burrow collapse and dis
turbance to other nesting seabirds. 

In addition to access and logistical problems in
herent to working the San Miguel Island area. Prince 
Island can often be difficult to work because boat 
captains are reluctant to subject their vessels, their 
crews, and themselves to the pounding usually 
necessary to reach this area during the early to mid 
nesting season from March through May. Therefore, 
monitoring leaders must remain flexible when 
scheduling operations at Prince Island and be 
prepared to charter a private vessel if scheduling 
conflicts arise. In the past charter vessels 'Solera" 
and "Spirit", owned and operated by Peter Howorth 
(Santa Barbara, CA., telephone 805-687-2368) have 
been used. 

Once at the island, landing may be treacherous at 
the north site but is usually easy at the south site 
(see Figure 13). When such conditions prevail, use 
of a small inflatable raft (Avon or equivalent) is 
recommended to land at the south site, then cross 
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PRINCE ISLAND 
Locations of Double-crested Cormorant 

Nesting Sites, Western Gull Study Grids 
and Cassin's Auklet Nest Box Installations 

Figure 13. Cassin's Auklet Nest Box Locations - Prince Island 
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Figure 14. 

CASSIN'S AUKLET NEST BOX DESIGN 
AND CATWALK INSTALLATION 
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the island to the north site. The preferred route (see 
Figure 13) goes east form below the south site along 
the shoreline boulders and rubble, then up and 
across the southeast talus slope to the east spine 
which must be climbed to reach the top of the island 
(be aware of Double-crested Cormorants nesting 
here.) Once on top proceed north across the flat 
summit to the northwest corner, then follow the 
rocky north spine down (east) toward Kidd Rock. 
Near the bottom traverse south across the area of 
loose soil below the nest box complex, being careful 
to stay below the auklet colony (burrows). Use the 
stepping stones below the south end of the 
boardwalk to reach the nest boxes. Be aware of 
nesting Brandt's Cormorants below this area and in 
the areas below the southeast talus slope (see 
below). 

Auklet burrows are readily collapsed by foot traffic, 
with subsequent nest abandonment or mortality of 
resident birds. Although some burrow collapse is in
evitable during the monitoring season, damage can 
be minimized by using exactly the same route on 
each visit and by using the boardwalks (Figure 14) 
during nest box inspections. For best access, ap
proach each site from below and left of the 
boardwalk. At the north site a series of stepping 
stones leads up slope to the south end of the 
walkway from about 10 m below. These stones may 
have to be repositioned each year because of slope 
movement. At the south site, stay within the 
iceplant-covered area of the slope until you reach 
the large boulder at the west end of the boardwalk. 
When hiking over the top of the island (see route 
description above) choose vegetated rocky areas 
for walking; avoid areas of high burrow density in 
soft soil. 

If burrows are accidentally collapsed, quickly ex
cavate any debris blocking the burrow chamber to 
allow nesting birds to escape. If possible, partially 
reconstruct the burrow by covering the collapse with 
a flat rock, making certain to maintain access for the 
occupants. 

Disturbance to nesting cormorants and gulls can be 
minimized by prudent strategy and cautious move
ments while on the island. Brandt's Cormorants 
regularly nest on the rocky lower perimeter of Prince 
Island but often shift colony sites between years. 
They will readily abandon nests if disturbed during 
the egg or chick phase of nesting. Always choose 
boat landing points and hiking tracks away from the 

cormorant sites, move slowly and deliberately within 
sight of nesting cormorants, and be prepared to 
abandon your activities if significant bailouts occur. 
Conceivably, in some years the potential, for cor
morant disturbance could prevent access to the 
auklet nest box sites. 

Double-crested Cormorants nest higher on the cliffs 
than Brandt's Cormorants and are thus less prone to 
disturbance from auklet monitoring activities. 
However, care must be taken to avoid their nesting 
areas while crossing the island. Be especially aware 
of appearing suddenly at the bluff edge on the west 
side of the island where the majority of the Double-
crested Cormorants traditionally nest. 

Although Western Gulls will not abandon nests in 
the face of incidental human intrusion, worker must 
take care not to step on eggs or small chicks in 
nests. As chicks grow, they may bolt from their 
nests, especially on the top of the island where 
cover is scarce./ In these circumstances it is usually 
best to keep moving deliberately through the 
colony, pausing to crouch occasionally to allow 
chicks to settle. A compromise must be maintained 
between minimizing the broad impacts of total dis
turbance time and the acute impacts of chick disper
sal, keeping in mind such factors as cumulative 
disturbance and heat stress. 

Recommended Methods 

The difficulties in monitoring burrow-dwelling 
species are well-recognized (Hunter et al. 1982; Har
ris and Murray 1981; Savard and Smith 1985). 
Various sampling methods have been developed to 
estimate the abundance of some accessible burrow
ing species, but on Prince Island the destruction of 
Cassin's Auklet burrows is an added problem. 
Therefore, rather than attempt a massive sampling 
effort there has been established two nest box com
plexes each consisting of 25 plywood nest boxes 
and a 10 m boardwalk (figures 12 and 13). These 
nest boxes planted into the soil are readily used by 
auklets for nesting. 

Two or three persons should be present for nest box 
checks. After carefully approaching the nest box 
site (see Potential Problems, above) walk along the 
boardwalk to sample nest boxes for contents on the 
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downhill side. Some boxes may be inaccessible 
from above so will have to be checked from below 
the boardwalk. Take care to avoid collapsing ad
jacent burrows. Use a small shovel and wide (4 to 6 
inch) putty knife to remove accumulated soil debris 
from boardwalk and nest box tops. 

and width of eggs to within 0.1 mm. Check eggs for 
addling by gently shaking them next to your ear and 
listen for sloshing liquid. If eggshell fragments are 
found, determine whether they are from hatched or 
broken eggs, using the criteria described for Xantus' 
Murrelets (q.v.). 

Each nest box should be checked as follows: 

1. Block the entrance with a small board to prevent 
birds from escaping. 

2. Remove the rock weight from the box lid, then lift 
the lid slightly and peek in to locate any occupants, 
(usually found at the far end of the box). 

7. After processing, replace the egg or chick in the 
nest box, reset lid and rock weight, and remove 
entrance block. Adult birds should be released into 
the entrance hole to re-enter the box themselves. 
Since adults switch incubation shifts overnight, 
repeat these operations (adult birds only) the next 
day, and check unoccupied boxes for new nesting. 

3. If an adult or large chick is present quickly reach 
in and grab it (gently but firmly) and remove it for 
banding, measuring, and weighing. Adults are 
remarkable strong with sharp claws and can easily 
break any eggs present as they struggle to escape 
your grasp. To prevent egg damage be prepared 
for a sometimes painful struggle Do not use gloves; 
they will decrease handling precision If both an 
adult and small chick are present, process the adult 
first. Small chicks wili stay quietly in the nest box 
and can be handled less forcefully. 

4. All nest box occupants should be banded with 
USFWS Size #3 Stainless steel bands to document 
renesting, mate switching, chick growth and sur
vival, and nest site fidelity. Chicks can be success
fully banded at about 5 days old, prior to this use a 
temporary Velcro band or web tag. Banding re
quires a permit or must be done in cooperation with 
a USFWS licensed bander. You cannot band birds 
under any other circumstance. 

5 After banding, measure the culmen depth (to 0.1 
mm adults only) exactly at the anterior edge of the 
nares, using precision calipers. This is a tricky 
measurement, especially with uncooperative birds, 
and should always be performed by the same per
son to encourage consistency. Within paired adults, 
this measurement is iarger in males than females 
and thus enables determination of sex. 

6. Chicks, adults and eggs are weighed in a small 
nylon bag using 100 g or 300 g Pesola spring 
scales. Note the iris color of adult birds. Adults 
have white irises, whereas those of immature birds 
are brown or flecked. Carefully measure the length 

Monitoring Schedule 

Monitoring on a monthly basis should begin in late 
February and continue at least through the chick 
phase in June and July. The frequency of counts 
may need to be increased if these data are unsatis
factory. 

Boardwalk and nest box maintenance should be 
done during the non-breeding season (September -
December) so when auklets excavate new burrows 
as early as January, nesting activities will not be in
terrupted. 

Time Required 

Nest box inspections take one to two hours per site, 
depending on number of birds present, and amount 
of excavation and banding required; the trans-island 
hike takes about a half hour each way. Therefore 
allow four to five hours on the island for each trip. 
Annual maintenance of the nest boxes and 
boardwalk can probably be completed in one day. 

Recording Data 

See Appendix B-4 for a sample data form used to 
record Cassin's Auklet monitoring information. Nest 
boxes are numbered from the left at the south com
plex, but from the right at the north complex, (i.e., at 
the south complex nest box number 1 is 
westernmost; at the north complex, box number 1 is 
northermost.) Record nest box activity status and 
contents, weights, measurements, sex of adult birds, 
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iris color, banding information, and remarks in the 
appropriate columns. The following abbreviations 
are used: 

Nest Status: 
A = Active; box contains adult, egg, or chick. 

Safety 

Figure 13 shows landing sites that have been used 
with success in the past. Landings should be at
tempted only in relatively small swells and with an 
experienced boat navigator. 

P = Prospected; fresh tracks, feathers, or 
excavation. 

When climbing on the island, be prudent and 
cautious; beware of unstable foot and hand holds. 

U = Used; knowledge or evidence of nesting 
during current season (shell fragments, 
addled egg or dead chick). 

0 = Empty; no sign of current activity. 

Special Equipment 

1. Pesola scales (100 g and 300 g) and two nylon 
bags for weighing birds. 

2. Small shovel and wide (4" - 6") putty knife for nest 
box and boardwalk excavation. 

3. USFWS (#3SS) and Velcro bands, and banding 
pliers. 

4. Precision calipers for culmen and egg 
measurements. 

5. Two small (30 cm x 30 cm) boards, (plywood or 
masonite) to block nest box entrances. 
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Nest Contents: 
A - Adult 

E = Egg 

AE = Addled Egg 

BE = Broken Egg 

HE = Hatched Egg 

C = Chick 

DC = Dead Chick 

F = Feathers 

0 = Empty 



SNOWY PLOVER FIELD METHODS FOR 
SAN MIGUEL ISLAND 

Breeding Biology and Plumage 

Snowy Plovers are small, pale, sand-colored 
shorebirds that inhabit sparsely-vegetated sandy 
areas (shores and dunes) on San Miguel, Santa 
Rosa and Santa Cruz islands (Spear 1981). Their 
nests, which are inconspicuous and extremely dif
ficult to locate, appear as slight depressions in the 
sand often near shells, vegetation, rocks or 
driftwood 

The breeding season lasts from April to July. Usual
ly three eggs are laid, but often there are only two; 
both parents incubate and care for the young. 
Snowy Plover will often feign injury to distract in
truders from the nest site, a tactic that may be effec
tive in evading the numerous island foxes (Urocyon 
littoralis) on the Channel Islands. Adults forage 
along the water's edge, and when going to or from 
the surf line they do so with distinctive rapid move
ments; like other plover species, they start, run 
several feet, then abruptly stop. 

Adults can be differentiated from juveniles by having 
distinctly dark shoulder, facial, and forehead mark
ings, whereas the juvenile markings are indistinct 
and appear washed out. Adult male marking are 
noticeably darker than those of females. 

Parameter 

Abundance of 
individual birds 

Abundance of 
breeding birds 

Measurement 

Birds on beach 
or in flight 

Numbers of females 
on beach 

Areas to be censused 

The bold lines on the map in Figure 15 show the 
areas of beach accessible for censusing Snowy 
Plovers on San Miguel Island. The remaining 
beaches on the island are narrow and covered with 
water at high tide, support naul-out or breeding 
areas for pinnipeds, or are not accessible by foot for 
censusing. 

In recent years (since 1985) increasing numbers of 
molting northern elephant seals (Mirounga angus-
tirostris) and breeding harbor seals (Phoca vitulina) 
on the south beach areas (Crook Point to Cardwell 
Point; see Figure 15) have probably reduced Snowy 
Plover nesting in that area. If pinniped occupation 
of the south beach area increases plover nesting 
could be eliminated. Monitoring, however, should 
continue, but observations in areas of pinniped oc
cupation (especially where harbor seals are breed
ing) should be conducted with considerable caution 
to minimize disturbance. 

For each survey period, begin the plover censuses 
at Simonton Cove, reached by trail from the ranger 
station. The trail is usually overgrown in the spring. 
Begin the survey at "Hidden Cove", a small beach 
northeast of the main beach area of Simonton Cove. 
"Hidden Cove" is reached by climbing the rocky out
crop at the northeast end of Simonton Cove and 
dropping down into an amphitheater where the 
Snowy Plovers nest. After surveying "Hidden Cove" 
climb back over to Simonton Cove and continue to 
survey southwest along the beach to the southern 
terminus ("Demarcation Beach") where the beach is 
interrupted by a rocky headland. Snowy Plovers 
may be found anywhere on this long strand. Look 
for nesting pairs on the upper part of the beach in 
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this area by walking along the lower edge of the 
sandy hillocks above the beach. 

standing still and they are readily visible only when 
moving (i.e., walking or running) or when in flight. 

The Cuyler Harbor survey area is reached from the 
ranger station via the Nidever Canyon trail to the 
beach. As you reach the beach, proceed eastward 
and begin the plover census. About halfway to the 
end of the beach you must skirt a rock outcropping; 
it is possible to cross this area only at low tide. Most 
of the plovers are located at the easternmost end of 
the beach. 

The South Beaches area are best reached via a trail 
from the ranger station to the top of San Miguel Hill, 
then cross-country southward down the steep 
slopes to Crook Point. Start the census from the 
western point of a small bay to the west of Crook 
Point: plovers are nearly always seen here along a 
100 m stretch of beach just east of the rocky coast 
comprising the eastern end of Tyler Bight. 

Cardwell Point is a good Snowy Plover breeding 
area but it is difficult to survey due to its width thus 
increasing the possibility of double counting of 
birds Once you know where the plovers are ag
gregating, you can concentrate censusing efforts 
there in subsequent surveys. Although there is no 
nesting on the outer point (most nests are located 
toward the bluff at the west end of the beach) many 
birds are often seen feeding there. 

Methods 

Potential Problems 

Locating Snowy Plover nests is very difficult be
cause they are very small and cryptic. In addition to 
sandy beaches, nesting also occurs above the lit
toral zone and in dunes, sometimes to an elevation 
of 15-30 meters. Looking for nests, therefore, to 
serve as an index of nesting effort is not realistic; 
most nests can not be found without prohibitive time 
investment, if at all. Moreover, island foxes may in
advertently be led to nest sites by human scent. 

The birds themselves are also quite difficult to see, 
especially on a bright day when the sun reflects 
from the sand. Their uniform sand colored upper 
surface effectively camouflages them when they are 

The potential of disturbance to pinnipeds that also 
use the beaches is also a problem, especially on the 
South Beaches. At this time of year elephant seals 
are sometimes densely packed on the beach while 
molting (not breeding), while harbor seals are breed
ing or caring for small pups in smaller groups. On 
the South Beaches even the most cursory plover 
census from a distance will cause some distur
bance; it cannot be entirely avoided. One can, 
however, minimize disturbance by moving cautious
ly. When elephant seals are on the beach work 
around and through them slowly without forcing 
them to move; they will be relatively unaffected if 
you are move slowly and deliberately. Harbor seals, 
however, are nearly impossible to not disturb. If 
possible, allow them see you at a distance so they 
won't be as startled. Walk slowly and give them 
time to slip into the water without panic; they will aL 
ways move into the water when they sight you. Ob
servers should then pass by the pups as quickly and 
inconspicuously as possible to allow the adult to 
return to them. 

Walking along the top of the bluffs overlooking the 
South Beaches to avoid pinnipeds is not necessary; 
disturbance to harbor seals is probably not sig
nificantly lessened by taking this route. The only 
way to minimize the impact of your presence on 
these extremely skittish animals is to minimize the 
number and duration of surveys. 

Strong winds, fog, glaring sun, and reflection from 
white sand can make censusing extremely difficult. 
Censuses should be postponed if fog is too thick to 
see plovers (less than 200 m visibility) or if winds ex
ceed about 15 knots. 

On the upper (northeast) area of Simonton Cove 
beach, move particularly slowly and be very careful 
where you walk, as it is easy to step on a nest ac
cidentally. Nests in this area seem to be more vul
nerable to the effects of human presence 
(disturbance, destruction of nests, and attraction of 
foxes) than in the other survey areas. If nests are 
sighted, it is important to stay away from them. 
Never pick up and handle eggs. 
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Recommended Methods 

Most of the census work can be done by one per
son, although with two people, surveys are easier 
and more efficient. Surveys on Cardwell Point and 
Glass Ball Beach almost always require more than 
one person to do an adequate census. 

Since Snowy Plover nests cannot easily be found, 
and because of the probability of attracting foxes to 
nests, it is recommended a count of females be 
taken as a measure of the number of nests. Males 
and females are sufficiently dimorphic that with a lit
tle experience, they can be readily differentiated in 
good viewing conditions. 

It has been found that the best method for obtaining 
data is to walk slowly along each survey beach as 
high up on the beach as possible; this will usually 
flush plovers down to the lower part of the beach. 
Stop every 50-75 m and scan the area in front and to 
the side of you with binoculars, but not behind (to 
avoid double-counting) except to sex or age birds 
which fly past. Pay particular attention to pebbly 
areas and to areas where piles of seaweed are lying 
on the beach; these are favorite hiding places for 
plovers. Look carefully - plovers are hard to see. 

A minimum of two full days are needed to census all 
four areas. But because of unpredictable weather 
conditions, several days on San Miguel may be re
quired to complete the surveys. It is important, 
however, to census all survey areas within a two to 
three day period, if possible, to minimize move
ments of birds between areas and thus avoid 
double-counting. 

The best time for censusing plovers is between 1000 
and 1400 hours for the most favorable weather con
ditions and when plovers are active. Don't start too 
early in the morning. 

Time Required 

Approximate times required for each survey area are 
summarized as follows: 

• Simonton Cove: 2 hour travel + 2 hours survey 

• Cuyler Harbor: 1 hour travel + 1 hour survey 

• South Beaches/Cardwell 3 hours travel + 4 
Point/Glass Ball Beach hours survey 

The above method works well on relatively narrow 
beaches. However, Cardwell Point and Glass Ball 
Beach are wider beaches than a single observer can 
effectively census. At Cardwell Point, two observers 
should walk side by side, moving simultaneously 
and stopping each 50-75 m while slowly progressing 
eastward more or less through the middle of the 
beach area. After crossing the point, turn northward 
and continue as before through Glass Ball Beach. 
Wind and glare are particular problems in this area. 

Monitoring Schedule 

Begin censusing plovers in April and continue 
through July as follows: 

• one survey in April, 

• two each in May and June (when nesting activity 
is greatest), and 

• one in July. 

Recording Data 

Record the number of males, females and juveniles 
by survey area. When nests are found, make note 
of contents (number of chicks or eggs). A sample 
field data form for Snowy Plover surveys is shown in 
Appendix B-1. 

Safety 

Unless monitors are familiar with San Miguel Island, 
it is easy to get lost, especially in foggy weather. Al
ways carry a compass and a contour map of the is
land showing trail locations. Weather conditions on 
San Miguel Island can change suddenly and 
dramatically. Dress in layers and bring clothing to 
protect against wind and cold. Carry sun screen 
and wear a hat for protection against the sun. Bring 
sufficient water and food for the long South 
Beaches/Cardwell Point/Glass Ball Beach surveys. 
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DATA MANAGEMENT 

The data generated by most of the field methods 
outlined in this handbook are conducive to statistical 
analyses for determination of interannual changes in 
nesting parameters. Normally, one might use the 
familiar Student's t-test to detect significant differen
ces in annual population and productivity means. 
However, seabird breeding distributions are distinct
ly clumped, our sampling methods are systematic 
(not srictly random), and sample variances have not 
proven to be equal. We have therefore chosen to 
use non-parametric statistical tests. In particular, we 
recommend use of the Mann-Whitney U test for 
comparisons of individual years or the Kruskal-Wal-
lis one-way ANOVA for comparing multiple years 
(Siegel 1956). These or similar statistical tests are 
available in packaged statistical programs com
patible with MS DOS (IBM-compatible) personal 
computers (e.g., SAS 1987; SPSS 1983). The 
reader should refer to Wanless et al. 1982, and 
Hatch and Hatch, 1988, for insights into detection 
and analysis of annual changes in seabird popula
tions. 
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APPENDIX A . California Brown Pelican Plumage Characteristics 

Appendix A-1: Plumage Changes in Young California Brown Pelicans 

Plumage characteristics of Brown Pelican chicks as they change weekly (from hatchling to fledgling) are 
described below. At hatching and for the first week, chicks are naked with dark purple/black skin. Down ap
pears on the back and rump in 10 to 12 days and chicks appear grayish. They are completely covered by white 
down by the third week. The first dark feathers to emerge are the scapulars and primary wing feathers which 
begin showing about 30 days after hatching. As feathers begin emerging and growing, young pelicans increas
ingly appear more brownish as down disappears. Most of the down is gone by week 10, and by the time of 
fledging, the head, neck, and back are brown, while the breast remains white. Newly-fledged birds may be con
fused with sub-adults hatched in the previous year, especially by inexperienced observers at a distance. Distin
guishing characteristics between these two groups are given at the bottom of the table. 

AGE 
CATAGORY WEEK CHARACTERISTICS 

I. 1. Purple-black, naked; uncoordinated, closely brooded. 
2. Gray, down emerging; head and neck naked; closely brooded. 
3. White, downy. 
4. White, downy, but larger. 

I I . 5. White, downy, but with first feathers emerging on wings and back 
(primaries and scapulars); gray-brown beginning to show on back. 

6. Wings totally with emerging feathers; back appearing gray-brown. 
7. Wing feathers 1/4 grown in; belly downy; head and neck mostly downy, 

but duskiness beginning to show. 
8. Wing feathers 1/2 grown in; belly with emerging feathers; head and 

neck 2/3s down, rest dusky. 

H I . 9. Wing feathers 3/4 grown in; upper belly 1/2 feathered; head and neck 
1/2 downy, rest dusky. 

10. Wing feathers complete; some down on lower belly and under wings; head 
and neck mostly gray-gray, but still lighter than that of fledged young. 

11. Last of down (under legs and wings); head and neck a more uniform brown. 
12 Full feathering; has ability to fly. 

Young-of-the-year characteristics: 
Light brown head and neck; overall appearance of clean, new feathers; clean white belly; back and wing 
feathers a rich, light brown with slight scaly appearance; line between dark and light on sides appears indefinite; 
yellowish feet; soft parts of head gray without color. 

Second-year juvenile characteristics: 
Darker, dull brown head and neck; overall appearance of scruffiness and worn feathers; white belly, but often 
soiled; back and wing feathers uniform dark, dull brown; line between dark and light sides distinct; pouch and 
feet gray; bill with orange or red tip. 

Appendix A - California Brown Pelican A-1 



APPENDIX A. California Brown Pelican Plumage Characteristics 

Appendix A-2: Seasonal Changes in Adult California Brown Pelicans 

Intensity of colors, especially in the fleshy parts, is greatest in adult and older-adult pelicans; once acquired, the 
greater intensities tend to remain. There is much age-related variation in the younger birds fending toward more 
brown feathers and less intense colors. The complex changes in appearance of the adult California Brown 
Pelican through one annual cycle, as related to molt, feather wear, and physiological condition are described 
below. Various zones in the head region are coded to the accompanying illustration shown on page A-3 and 
changes in these zones are outlined below. 

Winter 

(pr«-breeding) 

Area—Oesc r i pt i on 

1 — Nail 

2 — Upper mandible (distal) 

3 — Upper mandible (proximal) 

4 --• Lower mandible 

S — Qular pouch (proximal) 

6 — Gular pouch (distal) 

7 — Forehead 

8 -- Lower crown 

9 - Upper crown 

10 — Crest 

11 — Occiput ft nape 

12 — Upper back 

13 — Mid-back 

14 — Wing coverts 

lb — Upper breast 

16 — Jugulum 

17 — Eye-ring 

18 — Iris 

19 -- Lore 

Appearance 

ye 1 low 

yet low/some 

orange 

light blue 

1ight blue 

reddish orangs 

grey-green 

ye 1 low 

ye 1 low 

white 

white 

white 

white 

si lvei—grey 

si lver-grey 

grey-brown 

ye 11ow 

grey 

1 ight blue 

grey 

Sprir 

(breedi 

Appearsnce 

bright yellow 

yellow/orange 

pink/red 

light blue/ 

pinkish 

light blue 

bright red 

deep green 

ye11ow 

white 

white 

dark brown 

dark brown 

to dark brown 

silver-grey 

silver-grey 

dark brown 

ye 11 ow 

pink 

1ight blue 

grey pink 

g Late-Summer 

ng) (poet-breeding) 

Change 

hormonal 

hormonal 

hormonal 

hormonal 

hormonal 

hormonal 

molting 

molt 

none 

molt 

molt 

molt 

none 

none 

wear 

wear 

hormonal 

none 

hormonal 

Appearance 

yellow 

yel low/some 

orange 

grey-blue 

grey-blue 

yellow—grey 

grey 

salt ft pepper 

salt ft pepper 

salt ft pepper 

reddish brown 

(if present) 

medium brown 

medium brown 

dull brown 

dull brown 

scruffy, flecked, 

dull brown 

very faded 

grey 

brownish 

dark grey 

Change 

hormonal 

hormonal 

hormonal, 

shedding 

same 

hormonal 

hormonal 

molt 

molt 

molt 

wear 

wear 

wear 

wear, molt 

wear, molt 

wear, molt 

molt, wear 

hormonal 

hormonal 

hormonal, 

shedding 
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Colors of soft parts during seasonal changes in appearance of adult California Brown Pelican. 
Taken from Anderson and England (1987) and D. W. Anderson (unpublished field notes). 
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Appendix A-2: continued 
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APPENDIX A. California Brown Pelican Plumage Characteristics 

Appendix A-3: Five Age Classes of California Brown Pelicans 

Five age classes of the California Brown Pelican can be distinguished by external characteristics. The following 
table describes yearly molt patterns and plumage/soft part changes for each age class. Adult (breeding) 
plumage is usually attained in the fourth year. As shown in the figure, age classes are designated by abbrevia
tions which are also used in field notes. 

Molt pattern and plumage changes in the California Brown Pelican. 
Taken from Anderson and England (1987) and D. W. Anderson (unpublished field notes.) 

Bars indicate period when molt is occurring. Age 

A-4 Appendix A - California Brown Pelican 

Calendar Year 

Abbreviations are as follows: 
YY = Young-of-the-year Brown head, white belly; all soft parts on head grey without color; feet 

yellowish; line between dark and light on sides appears hazy. 
DW = Second-year bird Dark head, white belly; feet greyish; yellow bill tip; line between dark and 

light on sides more distinct. 
WW1 = Early-stage third-year bird or late-stage second-year bird; White head, white belly; head has 

appearance of faded adult; this is an intermediate stage plumage that is 
quite variable, and may last longer in males than in females. 

WW2 = Third or fourth-year bird White head, white belly; distinctly adult type head with patch of white 
remaining on belly. 

WD = Full adult White head, completely dark belly, typical adult head. 
(B) = Breeding May begin in third year, particularly with females. 

B = Breeding Usually begins in fourth year. 



APPENDIX B. Data Entry Forms 

Appendix B-1: Seabird Nest Contents 

SEABIRD NEST CONTENTS 

Island S S I fiRir, GVVJ'A" l f ? 5 P . | 

Species Western Gi/(l 19S"/ 

A/^/^/t/^/ / / / / 
/>%^%%^7// / / 

/ffi/ww/'f/ / / / / 
Nest No. / r?/#/ $/*?/ \ e / <iy / / / / Comments 

A\ 
A % 
A3 
A4 

A5 
AC 
A7 
A8 
A1 
ft 10 
A l l 

An 

l \ 
c, 
<Lx, 

c, 
<Lx. 

C , 
C i . 

c, 
c, 
c, 
£• 

C x 

C 3 

<-3 

c* 
C-, 

d . 
C-J 

Cs 
<^3 

Cx 

C3 

C x 

£> 

R.B, 

* s 
P ' « , 
c* 

A'cf 
?3 

? ' C x 

c3 
B3 

C-x 

**©, 

B3 

"B»t>, 

8| 

83 

A£ 
B3 

ft* 4 
* 1 

B, 

S 
B3 

%^ 

B, 

B z 

K 
0 

Bx 

0 

83 
B t 

83) 

Bx. 
63 

«x 

% 

IV 
Bx 
0 

EH. 

0 s, 
B„ 
B 5 

6 , . 

83 
8 x 

B^ 

4 
\ • 

rt< 

^ 

^ v? 

x< 
^ 
^ 
> 

<• 

<a 
$ 
^ 

y*> 

^ V V 

fD Outbroke,out <wUled 

r> 
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APPENDIX B. Data Entry Forms 

Appendix B-2: Western Gull Nest Data - Santa Barbara Island 

Observer 

i. 

n. 

in. 

IV. 

V. 

VI 

VI I . 

VI I I , 

IX. 

X. 

XI. 

XI I . 

Census Area 

Landing Cove 

Arch Point 

Shag Rock 

(Elephant Seal Cove 

North Cliff 

Webster Point 

At Cliff 

A1 Area 

West Colony 

Badlands 

Cat Canyon 

SE Sea Lion Rookery 

WESTERN GULL NEST DATA 
SANTA BARBARA ISLAND 

Date 

From 
Viewpoint 

1 

28 

Raft 

2A 

3 

4 

4 

5B 

5A 

6 

7 

8 

9A 

98 

10 

11 

12A 

12B 

12C 

12D 

Nests or Birds 
on Nests 

s£ 
% 

Individuals 

< $ 

< * » 

# ^ 
^ 

19 

Total 

/> 

% \? 
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APPENDIX B. Data Entry Forms 

Appendix B-3: Western Gull Chick Growth and Food Data 

Island 

Grid L 

WESTERN GULL CHICK GROWTH/FOOD 

19 

Band 
#'s 

Nest 
Wt. Fd. Wt. Fd Wt. 

• 

Fd 

> 

Wt. 

• 

^ 
\ f o V 

Fd. 

^ 

« J^ 

Wt. 

C\ 
fcS 
^ 

Fd. 

( c 

Wt. 

Ov< 

^ 
\ ^ 

Fd 

t> 
S 
<> 

Remarks 
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APPENDIX B. Data Entry Forms 

Appendix B-4: Cassin's Aukiet Nest Box Survey 

CASSIN'S AUKLET NEST BOX SURVEY 

Mcnrl Prince. I s l and Time W«- I35S Date It, Ju*e, '8£> 

nhQPrvpr T/BL/DCfc wx 6 '<^,c i* !m , T - 66* F 

Nest 
Box# 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
ris: 

Culmen 
anterior 

Wgt-Ta 

Stat 

U 

P 
u 
A 
0 
0 

u 
u 
A 
A 
P 

0 
V 
0 
A 

Cnts 

0 
0 

6 6 

l£ 
0 

tie 
<* 

«* 

^ 
A+e. 

6 6 

0 
f 

6 6 
A 
C 

R=recap 
Band* 
(L-Leg) 

ui»-l4?«v 

®-!475S 

- I 4 T H 
14-HI 

W= White 
F= Flecked 
B= Brown 

Depth: taken at 
edge of nares. 

re= * > 3 

Cul 
Dpth 

|o.e 

1.o 

Sex 

c* 

<i 

Iris 

B 

W 

w 
B 

Fd 

— 

-

— 

<?• 

\ 

Grs 
Wgt 

I4e 

nz 
S1 

IT1 
Tf.5 

^ 

Net 
Wgt 

IIS 

It. 3 
•»1 

<M-5 

0 ( 

\>S V \ \ 

Egg 
L x W 

4*4 X 3*4-

- v \ \ 

c# 
^ 
I* 

Remarks 

CfiickMi'sseA Opj+ertts^ 

AcHue.kttl-p.p4l. (A*e) 

/AcHu.|a»Vh.«4k(A<E) 

ett)«u(«4 (AS) 

pe%*Wt 

AVH- balUA afttr tep(a<*t 
in ton. CJVCJ. bu»d ofc.. 

k 
> 

Status: U= Used Contents: A= Adult 
Stat) P= Prospected (Cnts) E= Egg 

A= Active C= Chick 
j2f= Inactive A+E=.- Adult \ Egg 
D= Disturbed/ AE= Addled Egg 

Damaged HE= Hatched Egg 
BE= Broken Egg 
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APPENDIX B. Data Entry Forms 

Appendix B-5: Snowy Plover Field Data - San Miguel Island 

SNOWY PLOVER SURVEY - FIELD DATA SHEET 
San Miguel Island 

Time Start 
Time Stop 
Wind Speed/Direction 

I Date 25 jVna t 1161 Page 
Observer C-E,- CJ-lry 

Visibility Sky Condition 

Location 

Too m fj. of 
N.aftHu/G> •*»**'( 

5Vx>r>t£ fft 

3o rft frv»**~ E -

r>«t<^cW<* BSKI 

Male 

' 

* 

. 1 

Female 

1 

( 

1 

Paired 

Y=Yes 

N=No 

V 

-

M 

Fledged 

Young 

-

-

— 

- ' 

1 

Nest 

® 
-

— 

i 

Contents 

rv# 
Sr *> 

Notes/Remarks 

l l t w l +• wou«> k«r. Sfce uxs n«f nc«pr>V-«-
Co<* n-nuu* c<4 3*>'M in a nrst jerap«. UcJuH. ar»WH 
•Rtvi d»ojo bo»eli -to -Hu E . (JU»» te«dui~«. 
c l . f f a H w < £ «.$"*> W. a W n S h - r « . i > 4 . 

3 bi'nfc UAtiluul <3Ln»x»rfv4 f o ~ X u » J » v 5 nul«.. 
4 Hen ,*V C « W 7« « . H V * +Kfen ( 4 W 
f(«cj se tot d W < * . Qie d* ^«u«*pn-r"o»t 

? 

» 
l ^ 

o 
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APPENDIX C. Xantus' Murrelef Burrow Locations 

Appendix C-1 ° Burrow Locations - Tent Slopes, Santa Barbara Island 

C-1 Appendix C - Xantus' Murrelet Burrow Locations 
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APPENDIX D. 

Appendix D: Data Analysis and Reporting Guidelines 

Analysis and reporting of seabird monitoring data collected 

each year takes the form of eiri annual report to the Park. The 

kinds and duality of data collection varies each year, depending 

on tne extent of seabird breeding efforts, and on manpower, 

budget, arid logistical limitations. For example, large 

protracted nesting efforts by pelicans on both Anacapa and Santa 

Barbara islands, together with cutbacks in seasonal specialist 

hiring could preclude the attainment of complete data sets from, 

say, the gull grids. Conversely, minimal pelican nesting 

activities might allow extra visits to the auklet study complexes 

on Prince Island. Thus data analysis as reflected in annual 

reports is influenced by both the whims of nature and by 

managerial decisions. 

The annual report should be written from the standardized 

outline shown in Table D1. The contents of each major heading is 

briefly described below. 

ABSTJ3ACX- The abstract is a brief, concise synopsis of the 

salient contents of the report, including pertinent 

recommendations. It should be less than one page. 

INTRODUCTION. The introduction provides background information 

on the seabird monitoring orograrn and its goal and function 

within the Channel Islands National Park. 

NETHQDS. This section refers the reader to the seabird 

monitoring handbook and to the Species Accounts for descriptions 

of methodology. 
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Table Dl. Outline for annual report of seabird monitoring to CINP. 

Title Page 

I. Abstract 

II. Introduction 

III. Methods 

IV. Results and Discussion 

A. Species Accounts 

1. California Brown Pelican 

a. Anacapa Island 
b. Santa Barbara Island 

2. Double—crested Cormorant 
a. Anacapa Island 
b. Santa Barbara Island 
c. Prince Island 

3. Pelagic Cormorant 
a. Anacapa Island 

4. Western Gull 
a. Anacapa Island 
b. Santa Barbara Island 
c. Prince Island 
d. Gull Island 

5. Xant us' Murrelet 
a. Santa Barbara Island 

£. Cassin's Auklet 
a. Prince Island 

7. Snowy Plover 

a. San Miguel Island 

B. General Discussion 

V. Conclusions and Recommendations 

Acknow1edgements 
Literature Cited 
Fi gures 
Tables 
Append i ces 
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RESULTS ftND DISCUSSION. This combined section includes a series 

of detailed Species Recounts in which the year's seabird 

reproductive data are summarized by species and island, and a 

more broadly synoptic General Discussion section. Each Species 

Recount presents brief methodology and sampling effort summaries 

and also discusses the data obtained for that species. The 

General Discussion integrates inter-specific and intei—island 

topics such as food availability, pollutants, and oceanography 

with the reported data, as well as making comparisons with prior 

years, other species or other ecosystems. 

CONCLUSIONS AND RECONMENDRTIONS. This section draws conclusions 

about inter-annual fluctuations and long-term trends and makes 

recommendations for management plans or for more detailed 

investigations of perceived problems. It also recommends changes 

in the monitoring program or its protocols. 
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Since the annual reports are primarily archival documents, 

data analysis is usually minimal and consists mainly of simple 

data reduction processes and descriptive statistics. Following 

is a summary of expected analyses for each species: 

BROWN PELICON 

Nesting effort and productivity summaries: 

Pi. Number of: 1) nest attempts 
2) young fledged 
3) successful nests 

(=nest attempts minus abandoned nests) 
4) dead chicks (mortality) 

B. (from P above) Calculate: 

1) Productivity 
(=young fledged per nest attempt) 

2) "/. successful nests 

(=successful nests per nest attempts) 

3) Young fledged per successful nest 

4) "/. chick mortality 

DOUBLE-CRESTED CORMORANT 

Nesting effort and productivity summaries: 

P. Number of: 1) Nest attempts 

2) Young fledged 
(from maximum sample chick count) 

3) Successful nests 
(=Nest attempts minus abandoned nests) 

B. (from P above) calculate: 

1) '/• successful nests 

2) Productivity 
(=younn fledged per nest attempt) 
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PELPSIC CORMORPNT 

Nesting effort and productivity summaries: 

P. Number of: 1) Nest attempts 

2) Young fledged 
(from maximum sample chick counts) 

3) Successful nests 
(=Nest attempts minus abandoned nests) 

B„ (from P above) calculate: 

1) "/. successful nests 

2) Productivity 
(=young fledged per nest attempt) 

WESTERN GULL 

Nesting effort and productivity summaries: 

P. Number of: 1) Nesting pairs (SBI, GI) 
2) Sample nest attempts—grids (SBI, PI, PI) 
3) Sample eggs laid-grids (SBI, PI, PI) 
4) Sample eggs hatched-grids (SBI, PI, DI) 
5) Sample chicks fledge-grids (SBI,PI,PI) 

B„ (from P above) calculate (SBI and PI grids only): 

1) Mean clutch size 
2) Hatch success 

(=eggs hatched per eggs laid) 
3) Fledging success 

(=chicks fledged per eggs hatched) 
4) Reproductive success 

<=chick.5 fledged per eggs laid) 
5) Productivity 

(=chicks fledged per nest attempt) 
S) % successful nests 

Chick growth calculations: 

P. From sample grids on SBI and PI, calculate growth 
rates (grams per day) for chicks with initial 
weights of <100g and at least three weights to 
>_ 600 g. 
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XANTUS' MURRELET 

Nesting effort and productivity summaries: 

A. From SBI sample nest areas (Cat Canyon and Tent Slopes): 

1) Sample nest attempts 
<=nests with eggs laid plus renesting) 

£') Sample nest sites checked 
3) Number of successful nests 

(=nests with hatched eggs) 

Bo (from A above) calculate: 
1) Nest occupancy rates 

(=nest attempts per nest sites checked) 
£) % successful nests 

(=successful nests per nest attempts) 

CASSIN'S AUKLET 

Nesting effort and productivity summaries: 

A. From PI sample nest boxes: 

1) Sample nest attempts 
(=number of nest boxes with eggs laid 

plus renesting) 
£) Number of sample nest boxes checked 

(=50) 
3) Sample number of successful nests 

(=number of nests with fledged chicks) 
4) Sample number of eggs laid 
5) Sample number of eggs hatched 
£) Sample number of chicks fledged 

(=chicks >_100g) 
7) Sample mortality 

a) broken + addled eggs 
b) dead chicks 

B. (from A above) calculate: 

1) sample % nest occupancy 
2) sample "/• successful nests 

(nests w/fledged chicks per nests checked) 
3) sample hatch rate 

(eggs hatched per eggs laid) 
4) sample fledge rate 

(=ehicks fledged per eggs hatched) 
5) sample reproductive success 

(=fledged chicks per eggs laid) 
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6) sample mortality rates 
a) egg sample mortality rate 

(=broken/addled eggs per eggs laid) 
b) chick sample mortality rate 

(=dead chicks per eggs hatched) 
c) total sample mortality rate 

(=egg+chick mortality per eggs laid) 

Sample chick growth calculations: 

ft. Calculate sample chick growth from chick weights as 
available. 

SNOWY PLOVER 

Nesting effort summaries: 

1) Total numbers of adult birds in 
survey areas 

£) Total numbers of females in 
survey areas 

3) Total number of paired adults 
in survey areas 

4) Total number of nests found in 
survey areas. 

The data summarized for the parameters listed above should 

provide sufficient information to detect gross inter—annual 

changes in nesting populations of these species in the Channel 

Islands. Over time a sufficient body of data will hopefully be 

accumulated for more rigorous non—parametric statistical analyses 

of less obvious trends (see Data Management, above). 
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INTRODUCTION 

The productive waters of Channel Islands National 
Park support an important commercial and sport 
fishery. The shallow shelves adjacent to the islands 
provide the primary southern California habitat for 
abalone, sea urchin, lobster, and a variety of fin fish, 
all of which have sport fishing and commercial value. 
Kelp is also commercially harvested. This handbook 
uses the term "fishery" to apply to all commercially and 
sport harvested marine species including fish, inver
tebrates, and kelp. The terms "fishing," 'fishermen," 
and 'fish catch" also apply to all commercially and 
sport harvested species. 

Commercial fishermen use gill nets, traps, divers, kelp 
harvesters, and long lines in shallow park waters. In 
deeper pelagic waters, purse seines, drift gill nets, and 
trawls are used. Most recreational fishermen and 
scuba divers are attracted to near-shore island shelf 
waters, especially the areas over kelp beds because 
of the game species that they harbor. Fishing is 
monitored and regulated by California Department of 
Fish and Game in accordance with California Fish and 
Game Codes (CDFG 1986). 

fishing may have on island resources as more of the 
reporting is based on general, rather than specific, 
areas of origin. Harvest information obtained through 
this monitoring program underestimates fish take for 
the park by excluding fish which are harvested from 
the park but are reported without specific information 
as to harvest location. At this point in time, there is no 
information collected that can accurately pinpoint the 
location of the catch. 

Data limitations do not allow an accurate assessment 
of the ability of commercial fishery resources to sus
tain harvest. Neither do they provide insight into 
management for future yields in spite of natural distur
bances or the affect of fishery harvest on other species 
dependent on commercially harvested fish. For ex
ample, the endangered California Brown Pelican is de
pendent on anchovies and macherel and could be 
threatened by a reduction in their population. Until 
such time as a management plan or monitoring sys
tem is devised that provides more specific information 
for the park area, the existing information provides the 
only indication of changes in fishery resources. 

MONITORING PROTOCOL 

MONITORING DESIGN 
CONSIDERATIONS 

A monitoring program of large scale and broad scope 
is required to estimate fishery harvest. This monitor
ing program has been designed to use data that are 
being collected by the California Department of Fish 
and Game who has the regulatory authority to require 
needed data. Broad trends in the harvest of commer
cial species can be monitored for the waters of Chan
nel Islands National Park and the surrounding area by 
using and analyzing this data. However, the limits of 
the data must be recognized. While pounds of com
mercially harvested fish are reported (by species and 
area where caught), no measure of the effort required 
to catch fish is collected for most species, and no in
formation is available on fish harvest by recreational 
fishermen in private boats. Commercial fish dealers 
and processors can choose to report catch by general 
origin area that provides little information as to the 
specific origin of the harvest. It is therefore becoming 
more difficult to accurately determine how much of the 
harvest is from a relatively small area such as Chan
nel Islands National Park and what effect commercial 

This handbook provides basic instructions for obtain
ing the necessary fishery harvest data from the Califor
nia Department of Fish and Game, entering the data 
into IBM compatible computers, and creating sum
mary reports using the computer software package 
SPSS/PC+ . 

SAMPLING METHODS 

Commercial catch data are reported to California 
Department of Fish and Game. These data come from 
landing reports or fishermen log books that are re
quired for commercially harvested fish and inver
tebrates. Sport fishing catch data are collected for 
commercial passenger fishing vessels through 
monthly logs submitted by the vessel operator. 

Commercial fishermen or dealers report the location 
of their fish harvest in one of two ways: 

• by origin block (numbered 100 square mile areas 
of ocean as mapped in Appendix A - Southern 
California Fisheries Chart that identifies the loca
tion where the fish were caught) 
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• by origin zone (a larger area which covers a series 
of specific block numbers or areas of designated 
latitude) 

Information is collected for all California Fish and 
Game origin blocks for fish caught in areas that in
clude some portion of Channel Islands National Park 
(see table 1). Portions of specific origin blocks 684-
690, 707-713, 744, 745, 764, and 765 (as indicated on 
the Southern California Fisheries Chart) are within the 
park. These origin blocks are numbered 10 minute 
latitude by 10 minute longitude areas of ocean (about 
10 miles on a side). In addition, origin zone 794 is not 
on the chart but is used to report commercial landings 
for the "Northern Channel Islands" and is therefore 
monitored for commercial harvest. The general origin 
zones 600 and 700 are used to report landings of com
mercial harvest mainly from trawls and to report any 
commercial catches which are not designated to an 
origin block in the 600 and 700 series. Origin zones 
in the 1000 series were instituted in 1984 for commer
cial catch data and are used to report the origin of the 
catch from large areas of latitude. If a fisherman har
vests fish from the north side of Anacapa Island, the 

origin of the catch can be reported in one of three 
ways: 1) by specific origin block 684, 2) by specific 
origin zone 794, or 3) by general origin zone 1034. 
Detailed commercial harvest information is obtained 
in this monitoring program using only the specific 
origin data for Channel Islands National Park. Espe
cially since the institution of the 1000 numbered origin 
zones in 1984, the trend has been for increasing 
reported harvest to general origin zones. This 
problem with the reporting system could lead to 
deceiving trends in the catch data for specific origins 
of the park. Therefore, the reported harvest for 
general origins is also monitored to better interpet the 
specific origin catch data for the park. This is done by 
totaling the reported harvest for general origins (zones 
600, 700, and 1034) for each year. 

Data are collected from several California Department 
of Fish and Game sources each year to conduct this 
monitoring program. Fishery harvest data to be ob
tained are broken into the following five catagories of 
commercial harvest. No data is available for recrea
tional fishery harvest. 

Table 1. Origin blocks and origin zones for Channel Islands National Park and Adjacent waters (based 
on data from California Department of Fish and Game). 

ORIGIN NUMBER AREA COVERED 

Specific origins for Channel Islands National Park 

Specific Origin blocks 
684, 707 Anacapa Island 
685-687, 708-709 Santa Cruz Island 
688-689, 710-712 Santa Rosa Island 
690,713 San Miguel Island 
744-745, 764-765 Santa Barbara Island 

Specific Origin Zone 
7941 Northern Channel Islands 

General origin zones which include areas of Channel Islands National Park 

600 34 00' to 35 40' 
700 35 20'to 34 00' 
1034 33 40'to 34 10' 
10332 33 10'to 33 40' 

1 This block is only used for commercial data and covers data reported as fish caught around Anacapa, 
Santa Cruz, Santa Rosa, and/ or San Miguel Islands. 

2 This zone is not included because Santa Barbara Island is such a small portion of the total area of the 
zone. 
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• Commercial fishery harvest 

• Commercial spiny lobster harvest 

• Commercial kelp harvest 

• Commercial passenger fishing vessel - sport 
fishing 

• Commercial passenger fishing vessels - sport 
diving 

Information should be requested in the month of July 
each year after California Department of Fish and 
Game has compiled annual reports for the preceding 
year. Descriptions and samples of the data requested 
are found in Appendix B. 

Commercial Fishery Harvest 

This category includes all reported commercial fishery 
harvest for all commercial species except for kelp. 
Commercial catch is presented in a table format as 
total pounds of fish by origin block/species/month for 
each year. No effort data (amount of time or number 
of net sets per unit harvested) are available. 

Origin Numbers: 
Channel Islands- 684-690, 707-713, 744, 745, 

764, 765, 794 
General- 600, 700, 1034 (not entered into 

computer) 

Contact: 
Joyce Underhill (213) 590-5141 
State of California Department of Fish and Game 
Statistics 
330 Golden Shore, Suite 50 
Long Beach, CA 90801 

Data are on microfiche at the office in Long Beach. To 
obtain a copy of the commercial 1AA data summaries, 
write to Joyce Underhill with a request and specify the 
year and origin numbers. Send the request to: Joyce 
Underhill, Statistics, P.O. Box 22027, Long Beach, CA 
90801. The cost will be about $20. 

Commercial Spiny Lobster Harvest 

Data for commercial harvest of spiny lobster are ob
tained from specific origin block landings and log 
books maintained by fishermen. Origin block land
ings are reported in pounds and fishermen log book 
data are reported as the number of lobster caught. 

Spiny lobster log book data also includes the number 
of short size and legal size lobster caught for each 
origin block and the number of trap hauls as a 
measure of effort. 

Origin blocks: 
Channel Islands- 684-690, 707-713, 744, 745, 

764, 765. 

Contact: 
Ken Miller (213) 590-5164 
State of California Department of Fish and Game 
1301 W. 12th Street 
Long Beach, California 90813 

Commercial Kelp Harvest 

Information on kelp harvest is reported as total com
mercial kelp harvest for California by year. Kelp 
harvest is maintained separately from commercial 
fishery harvest data. Specific information about kelp 
harvest for Channel Islands National Park were avail
able until 1979, but no recent data are available be
cause of changes in the reporting system and 
confidentiality of the data. 

Contact: 
Rob Collins (916) 324-9676 
State of California Department of Fish and Game 
1416 Ninth Street 
Sacramento, CA95814 

Commercial Passenger Fishing Vessels 
Sport Fishing 

Annual catch and effort data are based on party boat 
fish landing reports. The total catch (number of fish 
of each species caught by year for each origin block) 
and effort (the number of anglers, total angler hours, 
and total boat days required to catch the total number 
of fish for the origin block) are reported on computer 
printouts. 

Origin blocks: 
Channel Islands- 684-690, 707-713, 744, 745, 

764, 765 

Contact: 
Mac Oliphant (213) 590-5132 
State of California Department of Fish and Game 
Planning Branch 
330 Golden Shore, Suite 50 
Long Beach, CA 90801 
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Commercial Passenger Fishing Vessels 
Sport Diving 

Data have not yet been summarized by Department 
of Fish and Game for sport diving harvest. Catch and 
effort data by origin block and species will be available 
in this category. The required log completed by boat 
operators indicates the number of each species taken, 
the number of divers on board, the number of hours 
spent diving, and the specific area (origin block) 
fished. 

Origin blocks: Channel Islands- 684-690, 707-713, 
744, 745, 764, 765. 

Contact: 
Dave Parker 
Herbert Frey (213)590-5119 
State of California Department of Fish and Game 
1301 W. 12th Street 
Long Beach, California 90813 

Raw data, fisheries charts, and species codes are lo
cated in the Science Work Room at Channel Islands 
National Park in a drawer labeled "Quadrats". 

DATA MANAGEMENT 

The following section describes data entry and 
analysis of data for sport fishing (commercial vessels), 
commercial harvest, lobster log, and dive boat (com
mercial vessels). Kelp data are not analyzed by com
puter and instead are summarized manually when 
available. Data are entered into IBM compatible com
puters. The software statistical package SPSS/PC + 
is used to tabulate and summarize data by year, 
species group, and origin. Detailed instructions are 
given on how to enter the data into the computer, 
however, some knowledge of DOS and word process
ing is helpful. 

Entry of Sport Fisheries Data Using 
SPSS/PC + 

This section explains how to enter the data into SPSS 
data files using the sport fishing data as an example. 

Enter only what is printed in boldface lettering. 

Turn on the computer 
Wait for the main menu to appear 
Type in: 

C:\BATCH > CD\FISHERY {Enter} 

This provides access to the C:\FISHERY directory 
where the fishery data and programs for SPSS are 
stored. 

Next run SPSS from the fishery directory by typing in 
the following: 

C:\FISHERY > SPSSPC {Enter} 

Now SPSS is running. The SPSS program has an 
editor that is used to create a data file. The editor is 
named REVIEW. To remove the menu from the 
REVIEW editor press: 

{ALT}M 

You are now in the REVIEW editor. The screen is 
divided into halves called windows. The upper por
tion contains the output of the current SPSS session. 
It is a temporary file named SPSS.lis and is erased 
when you exit out of SPSS. The lower window is 
sratch.PAD and it contains the output of the SPSS ses
sion. 

To call up or create a file for entering data, press down 
the shift key and at the same time press the F3 func
tion key on the left side of the key board. 

{SHIFT} F3 

Next type in the file you want to create, it will type over 
any file name that is showing. For entering sport data 
the file name should be typed in as spt(the date).dat 
so for example to enter 1986 data type in: 

SPT86.DAT {Enter} 

Start by entering the sport fishing data for that year. 
You will be using a fixed-column format and the num
bers for each variable should be entered into the 
columns assigned to that variable. For the sport data 
the column assignments are the following: 

Column 
Species code 1 - 3 
Block number 5 - 7 
Year 9 10 
Number of fish 12-17 
Anglers 19-23 
Angler hours 25-30 
Boat days 32-35 
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It is essential to enter the data into the correct column 
number. Do this for blocks 684-690, 707-713, 744, 
745, 764, 765. Anglers, hours, and boat days should 
only be entered once for each block. Use the species 
number 0 for that line of data. An example is given 
below for block 684 for 1980. 

3 684 80 1123 
51 684 80 12933 
665 684 80 1020 
0 684 80 82898 9101 4819 291 

Make sure there are no blank lines left in the file. A 
quick way to enter the data is to copy a line with the 
block number and the date. To do this type in a space, 
the block number, a space, the year, and a space. 
Then while the cursor is on that line press the F7 func
tion key twice and the block will be highlighted. 

F7 F7 

Now to copy that block press the F8 function key. 

F8 

The cursor will be to the left of the block so you can 
now enter the first species code. Press F8 again and 
enter the next species code and do this for all the 
species for that block number. After that is done, go 
back and enter the number of pounds and use the 
down arrow to move down the file to do this for each 
species code. Make sure to go back and erase the 
original copied block. 

To delete aline press down the Ctrl key and at the same 
time press the F4 function key 

{Ctrl} F4 

To get help on any of these editing commands press 
the F1 function key for the REVIEW help display. 

During data entry be sure to save the file periodically 
so that no data are lost. To do this press down the 
Shift key and at the same time press the F9 function 
key. It should display the file name to be saved so next 
press Enter. 

{Shift} F9 {Enter} 

This saves data that has been entered up to that point 
and data entry can continue. 

To quit and exit, first save what you have entered so 
far using the command above, and then to exit from 

REVIEW press down the Alt key and press F10 at the 
same time. 

{Alt} F10 

This will put you to SPSS/PC: prompt, to exit from 
SPSS type in: 

SPSS/PC: FINISH 

This will put you into C:\FISHERY, If you are done with 
the session type M to return to the main menu. 

Make sure to check the data to insure that it was 
entered accurately and in the correct format. Print the 
data file using the DOS print command, or you can 
check it as you enter it. 

Fishery Data File Names and Formats 

To enter data for commercial harvest, lobster log, and 
dive boat follow the procedures above except use dif
ferent file names and data format. For the lobster log 
and dive boat data you will be adding data to an ex
isting data file. 

Commercial Data 
File names— C(date).dat example C86.dat 

A REVIEW data file for 
each year of data. 

Data Format— Column 
Species code 1 - 3 
Block number 5 - 7* 
Year 9-10 
Pounds of fish 11 -23 

* General block data are not entered into the data file, 
and can be totaled by hand. Totals are given for all 
the general origin zones for that year not by species. 

Example of the SPSS REVIEW data file C85.dat 
entered from 1985 commercial origin block data for 
block 710 from (from Appendix B). 

4 710 85 18 
91 710 85 1324 
145 710 85 88 
151 710 85 176 
153 710 85 14 
159 710 85 1462 
165 710 85 12961 
175 710 85 40 
200 710 85 11 
222 710 85 1333 
250 710 85 53 
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400 710 85 274 
435 710 85 256 
702 710 85 806 
703 710 85 33 
704 710 85 871 
711 710 85 162300 
731 710 85 54 
752 710 85 961300 
801 710 85 350 
803 710 85 254 
820 710 85 10961 

C.P.F.V Sport Data 
File names-- Spt(date).dat example spt86.dat 

A REVIEW data file for 
each year of data 

Data Format— Column 
Species code 1 - 3 
Block number 5 - 7 
Year 9-10 
Number of fish 12-17 
Anglers 19-23 
Angler hours 25-30* 
Boat days 32-35* 

* Enter for block totals using species code 0 

Lobster Log Book Data 

Example of the SPSS REVIEW data file spt83.dat 
entered from the 1983 C.P.F.V. sport fishing origin 
block data for block 686 (from Appendix B). 

2 686 83 12 
3 686 83 1501 
40 686 83 196 
50 686 83 25 
51 686 83 375 
130 686 83 28 
145 686 83 1030 
159 686 83 4 
195 686 83 46 
222 686 83 29 
230 686 83 1 
250 686 83 4772 
260 686 83 8 
261 686 83 4 
277 686 83 2743 
278 686 83 2 
300 686 83 1 
302 686 83 1 
400 686 83 15 
475 686 83 15 
478 686 83 97 
490 686 83 851 
0 686 83 11742 1054 644 50 

File name- Lob.dat 
One REVIEW data file includes 
data for all years 

Data Format- Column 
Species code 1 - 3* 
Block number 5 - 7 
Year 9-10 
Trap hauls 12-17 
Shorts caught 19-24 
Legals caught 26-32 

*Enter S. California total using block number 0. 

Example of the SPSS REVIEW data file lob.dat 
entered from the 1985 commercial lobster log data 
(from appendix B). 

820 684 85 11585 3647 10513 
820 685 85 5627 942 3692 
820 686 85 2503 171 1294 
820 687 85 1242 161 1006 
820 688 85 2271 315 2068 
820 689 85 87 6 81 
820 690 85 0 0 0 
820 707 85 0 0 0 
820 708 85 19817 11202 14146 
820 709 85 3762 1077 3868 
820 710 85 2580 496 2089 
820 711 85 2162 96 1048 
820 712 85 416 12 113 
820 713 85 0 0 0 
820 765 85 4104 798 2885 
820 000 85 450615 407063 264432 

Dive Boat Data 
File name— Dive.dat 

One REVIEW data file includes 
data for all years 

Data Format Column 
Species code 1 - 3 
Block number 5 - 7 
Year 9-10 
Number of fish 12-15 
Number of divers 17-20* 
Number of diver hrs 22-26* 

* Enter for the first species code for each block 

Example of the SPSS REVIEW data file dive.dat 
entered from the 1983 dive boat block data for block 
765 (from Appendix B). 
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702 765 83 16 781 190 
703 765 83 754 
704 765 83 170 
705 765 83 14 
701 765 83 0 
700 765 83 42 
820 765 83 41 
719 765 83 123 
145 765 83 757 
222 765 83 10 

(NOTE: Dive boat data are not yet available to the Na
tional Park Service. The above file names and format 
should be used when the data becomes available.) 

Analysis of Fishery Data Using 
SPSS/PC + 

Once the current year of fishery data has been 
entered, summarize the data using pre-written 
programs (see Appendix C) stored in the directory 
C:\FISHERY. For the commercial and sport data all 
yearly data files must first be combined into one file. 
The best way to do this is through DOS. Start at the 
DOS prompt in the C:\FISHERY directory. You can 
combine as many years data as you would like, but 
five to six years should be sufficient. 

For the commercial data the file name which will con
tain multiple years of data is Comm.dat. To combine 
the separate files use the DOS copy command, for ex
ample: 

C:\FISHERY >copy C81 .dat + C82.dat + C83.dat 
+ C84.dat + C85.dat + C86.dat comm.dat 

This will copy the commercial data files from 1981 to 
1986 into the file comm.dat 

The command for the sport data is the same DOS 
command. 

C:\FISHERY > copy spt81.dat + spt82.dat 
+ spt83.dat + spt84.dat + spt85.dat 

+ spt86.dat spt.dat 

Up to this point you should have updated dive.dat and 
lob.dat with the current year of data, and created two 
new files with the current year of commercial and sport 
data. Comm.dat and spt.dat should have been 
created using the above DOS copy command. (One 
year of commercial data or sport data can be analyzed 
by copying it into the comm.dat file.) 

To run the programs on the data you need to enter 
SPSS again from the C:\FISHERY directory. Once in 
C:\FISHERY directory enter: 

C:\FISHERY > SPSSPC {ENTER} 

To get to the SPSS/PC: prompt press ALT key and 
F10 at the same time. 

{ALT} F10 

You need to run a different program for each data file. 
To do this for sport fishing data enter: 

SPSS/PC: INCLUDE SPT.PRO 

The computer will beep and will tell to you proceed 
with the word "more" appearing in the upper right of 
the screen. Press a key to continue until you get back 
to the SPSS\PC: prompt. 

Repeat this step for each of the data sets i.e. use the 
include command with these program file names 

comm.pro 
dive.pro 
lob. pro 

Once you have run all these programs exit SPSS using 
the FINISH command. 

SPSS/PC: FINISH {ENTER} 

Reporting 

A print out of the results of the analysis is made using 
the following DOS command. 

C:\FISHERY > PRINT SPT.RSL 

Do this for each of the data sets-- comm.rsl, dive.rsl 
and lob.rsl. 

The report print-outs include different summaries by 
year, island, species group and some even include 
graphs (see Appendix D). This information can either 
be used as is, or selected material can be put into 
tables in a final report form. 

To obtain a listing of harvest by individual species 
codes run the include command while in SPSS on the 
following files. 
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Appendix B. Fisheries Data Samples 

Commercial Fishery Harvest Data 
1985 catch by origin/species/month (from California Department of Fish and Game) 

^"^^^™ ' •** L18 *** ^^^^^"^"""^^ 

1985 ANNUAL 1AA AEPOAT (CATCH 8T OAIGIN/SPECIES/MONTH) 25-N4T-86 
P*9> 267 

NHFS . • OAIGIN 0710 LANDINGS 

SPECIES TOTAL 
JAN FES F1A« APA MAT JUN JUL AUG SEP OCT NOV OEC POUNDS 

A 18 18 
91 1324 1324 

U 5 1 * 5 26 A3 8* 
151 176 176 
153 1A 1A 
159 1A38 2A 1A62 
165 5152 663A 1175 12961 
175 AO AO 
200 11 11 
222 130 733 6 A6A 1333 
250 2 51 53 
AOO 136 26 112 77A 
A35 756 256 
702 165 15 60 308 259 806 
703 8 25 33 
70A A10 25 319 19 98 871 
711 5A596 36139 6A7A0 6825 162300 
731 5A 54 
752 136360 159850 53980 53680 2A5AO 51300 101870 3A750 86570 57300 122120 58980 961300 
801 350 550 
803 3A 220 7 " 
820 226 1790 6075 1071 1586 213 10961 

TOTALS 143828 215A8A 9197A 60996 95353 5850A 101870 5A977 86896 60682 125180 59193 115A938 

Fisheries Data Samples B- 1 

1983 ANNUAL 1AA AEPOAT (CATCH SjT OAIGIN/SPECI'S/MONTH) 2S-N»r-86 
P<f* 266 

NNFS OAIGIN 0709 LANDINGS 

SPECIES 'OTA! 
JAN FEI MM) APA HAT JUN JUL AUG SIP X T NOV DIC POUNDS 

3 99 99 
50 110290 110290 
91 A70A 369 4751 992A 

130 3 J 
1A5 10 10 20 
151 1067 • 37 1104 
133 92 272 364 
15$ 82 82 
160 19 19 
165 244$ 12590 5975 7«29 28139 
222 81 92 77 12 17 279 
230 3 J 
280 69 12 81 
400 503 303 
467 246 246 
701 142 142 
702 128 8 643 203 983 
703 4 2 6 
704 247 106 148 21 322 
711 32639 96629 1245300 1374368 
803 47 16 63 
820 7 446 303 491 937 2184 
956 216 218 
959 604 604 
999 170 170 

TOTALS 3169 143432 437 96632 664 6559 369 18499 6367 1254386 1530*15 



Commercial Spiny Lobster Log Book Data 
1985 catch and effort by origin block (from California Department of Fish and Game) 
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1983 C.P.F. V. CATCH AND EFFORT BY ORIGIN 
27-Mar-1986 
Page 1 
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TOTAL TOTAL TOTAL TOTAL 
NUMBER NUMBER ANGLER BOAT 

OF OF HOURS DAYS 
ORIGIN pISH ANGLERS 

0686 
2 Tuna, skipjack *• 
3 Bonito, Pacific 1 5 0 1 

40 Yellouitail l 9 6 

50 Mackerel, unspecified 25 
51 Mackerel, Pacific 3 7 5 

130 Barracuda, California 23 
145 Sheephead, California 1 0 3 0 

159 Shark, soupfin 4 

195 Lingcod 4 6 

222 Halibut, ".California 2 9 

230 Flounder, unspecified I 
250 Rockfish, unspecified 4772 
260 Scorpionfish, spotted 3 

261 Cabezon 4 

277 Bass, kelp 2 7 4 3 

278 Bass, barred sand 2 
300 Salmon J 

302 Salmon, Chinook * 
400 Seabass, white * 
475 Opaleye 1 5 

478 Halfmoon 9 7 

490 Whitefish, ocean a 5 1 

0686 11742 1054 6644 50 
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Commercial Passenger Fishing Vessel - Sport Diving Data 
1983 dive boat catch and effort by origin block/species (from California Department of Fish and Game) 

PACE NO 00003 

DIVEBOAT DATA BY BLOCK NUMBER 

DIVERS HOURS RED AB CRN AB PNK AB VHT AB BLK AB UI AB LOBSTE SCALLO SHEEPH HAL IBU 

R P D. T 

« BLOCK NO 762 
a* SUBTOTAL »« 

2325 376 00 0 647 224 4 38 129 62 288 243 1 

« BLOCK NO 763 
** SUBTOTAL •* 

781 190 00 16 734 170 14 0 42 41 123 737 10 

» BLOCK NO 769 

«* SUBTOTAL a« 

6 4 0 0 0 0 0 0 0 0 0 0 230 40 0 

» BLOCK NO 807 
*« SUBTOTAL *» 

3 3 7 0 0 0 0 0 0 0 87 0 0 0 0 

a BLOCK NO 813 
«* SUBTOTAL *« 

182 57.00 188 0 8 0 0 0 30 15 307 0 

• BLOCK NO 8 14 
«•• SUBTOTAL *» 

608 168 00 234 5 3 0 0 225 971 552 449 0 

» BLOCK NO 829 
«* SUBTOTAL «« 

677 164 00 0 422 89 10 9 103 6 1 275 4 

« BLOCK NO 830 
«« SUBTOTAL «« 

3 0 0 0 0 0 0 0 0 0 22 0 0 16 0 

* BLOCK NO 8 4 8 
«* SUBTOTAL *« 

4 8 B 0 0 0 0 0 0 0 0 0 0 1). 0 

« BLOCK NO 849 
«* SUBTOTAL a* 

8 2 3 2 7 7 00 20 794 160 1 4 182 2 6 354 7 
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APPENDIX C. SPSS Sample Programs 

Sample Programs C- 1 

* SPSS PROGRAM FOR COMMERCIAL ORIGIN BLOCK DATA, FILE- COMM.PRO 

data list file='COMM.dat' 
/ species 1-3 block 5-7 year 9-10 pounds 11-23. 

value lables / year 80 '1980' 81 '1981' 82 '1982' 83 '1983' 
84 '1984' 85 '1985'. 

COMPUTE FSHGRP=0. 
IF (SPECIES GE 1 AND SPECIES LE 12 ) FSHGRP=1. 
IF (SPECIES GE 50 AND SPECIES LE 55 ) FSHGRP=2. 
IF (SPECIES EQ 91 ) FSHGRP=3. 
IF (SPECIES GE 96 AND SPECIES LE 98 ) FSHGRP=4. 
IF (SPECIES GE 149 AND SPECIES LE 179) FSHGRP=4. 
IF (SPECIES GE 110 AND SPECIES LE 113) FSHGRP=5. 
IF (SPECIES EQ 145 ) FSHGRP=6. 
IF (SPECIES GE 200 AND SPECIES LE 221) FSHGRP=7. 
IF (SPECIES GE 223 AND SPECIES LE 240) FSHGRP=7. 
IF (SPECIES EQ 222 ) FSHGRP=8. 
IF (SPECIES GE 245 AND SPECIES LE 271) FSHGRP=9. 
IF (SPECIES GE 651 AND SPECIES LE 675) FSHGRP=9. 
IF (SPECIES GE 956 AND SPECIES LE 962) FSHGRP=9. 
IF (SPECIES EQ 400 ) FSHGRP=10. 
IF (SPECIES GE 700 AND SPECIES LE 708) FSHGRP=11. 
IF (SPECIES EQ 709 ) FSHGRP=12. 
IF (SPECIES GE 712 AND SPECIES LE 751) FSHGRP=12. 
IF (SPECIES GE 755 AND SPECIES LE 799) FSHGRP=12. 
IF (SPECIES GE 803 AND SPECIES LE 819) FSHGRP=12. 
IF (SPECIES GE 710 AND SPECIES LE 711) FSHGRP=13. 
IF (SPECIES GE 752 AND SPECIES LE 753) FSHGRP=14. 
IF (SPECIES GE 800 AND SPECIES LE 801) FSHGRP=15. 
IF (SPECIES EQ 820 ) FSHGRP=16. 

VALUE LABELS / FSHGRP 0 'OTHER FIN FISH' 1 'TUNA' 2 'MACKEREL' 
3 'SWORDFISH' 4 'SHARK AND SKATE' 5 'ANCHOVY' 6 'SHEEPHEAD' 
7 'FLATFISH' 8 'CALIFORNIA HALIBUT' 9 'ROCKFISH' 10 'WHITE 
SEA BASS' 11 'ABALONE' 12 'OTHER INVERTEBRATES'.13 'SQUID' 
14 'URCHIN' 15 'ROCK CRABS' 16 'SPINY LOBSTER'. 

COMPUTE ISLAND=5. 
IF (BLOCK EQ 794 ) ISLAND=0. 
IF (BLOCK EQ 684 OR BLOCK EQ 707 ) ISLAND=1. 
IF (BLOCK GE 685 AND BLOCK LE 687) ISLAND=2. 
IF (BLOCK EQ 708 OR BLOCK EQ 709 ) ISLAND=2. 
IF (BLOCK EQ 688 OR BLOCK EQ 689 ) ISLAND=3. 
IF (BLOCK GE 710 AND BLOCK LE 712) ISLAND=3. 
IF (BLOCK EQ 690 OR BLOCK EQ 713 ) ISLAND=4. 



VALUE LABELS / ISLAND 0 'NORTHERN CHANNEL ISLANDS' 
1 'ANACAPA' 2 'SANTA CRUZ' 3 'SANTA ROSA' 
4 'SAN MIGUEL' 5 'SANTA BARBARA'. 

SAVE OUTFILE='COMM.SYS'. 
GET FILE='COMM.SYS'. 

SORT BY ISLAND YEAR. 

AGGREGATE OUTFILE=* 
/BREAK = ISLAND YEAR 
/HARVEST = SUM(POUNDS). 

VARIABLE LABELS HARVEST 'HARVEST (POUNDS)'. 

SET LISTING = 'COMM.RSL'/LENGTH=55/WIDTH=79. 
SET LISTING = 'SPSS.LIS'. 
SET LISTING = 'COMM.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT=LIST 
/TITLE = 'COMMERCIAL FISHERY HARVEST BY ISLAND' 

'FOR CHANNEL ISLANDS NATIONAL PARK' 
/VARIABLES=YEAR (4) HARVEST (LABEL) 
/BREAK=ISLAND (LABEL) 
/SUMMARY=SUM (HARVEST(0)) 
/SUMMARY=MEAN (HARVEST(0)). 

SET LISTING^ OFF. 
GET FILE='COMM.SYS'. 

SORT BY FSHGRP YEAR. 

AGGREGATE OUTFILE=* 
/BREAK=FSHGRP YEAR 
/HARVEST=SUM(POUNDS). 

VARIABLE LABELS FSHGRP 'SPECIES GROUP' 
HARVEST 'HARVEST (POUNDS)'. 

SAVE OUTFILE= 'COMM2.SYS'. 
GET FILE='COMM2.SYS'. 
SET LISTING = 'COMM.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT=LIST 
/TITLE ='COMMERCIAL FISHERY HARVEST BY SPECIES GROUP' 

'FOR CHANNEL ISLANDS NATIONAL PARK' 
/VARIABLES=YEAR (4) HARVEST (LABEL) 
/BREAK=FSHGRP (LABEL) 
/SUMMARY=SUM (HARVEST(O)) 
/SUMMARY=MEAN (HARVEST(0)). 

SET LISTING = OFF. 

C - 2 Sample Programs 



GET FILE=/C0MM2.SYS/. 

SELECT IF (FSHGRP EQ 14). 

SET LISTING = 7COMM.RSL7/LENGTH=25/WIDTH=65. 

PLOT 
/TITLE=7COMMERCIAL SEA URCHIN HARVEST7 

/HORIZONTAL^7YEAR7 

/VERTICAL='POUNDS' 
/PLOT=HARVEST WITH YEAR. 

SET LISTING = OFF. 
GET FILE=7COMM2.SYS7. 

SELECT IF (FSHGRP EQ 11). 

SET LISTING = 7COMM.RSL7/LENGTH=25/WIDTH=65. 

PLOT 
/TITLE=7COMMERCIAL ABALONE HARVEST7 

/HORIZONTAL='YEAR' 
/VERTICAL^'POUNDS' 
/PLOT=HARVEST WITH YEAR. 

SET LISTING = OFF. 
GET FILE=7COMM2.SYS7. 

SELECT IF (FSHGRP EQ 9). 

SET LISTING = 'COMM.RSL7/LENGTH=25/WIDTH=65. 

PLOT 
/TITLE=7COMMERCIAL ROCKFISH HARVEST7 

/HORIZONTALS YEAR7 

/VERTICAL='POUNDS' 
/PLOT=HARVEST WITH YEAR. 

SET LISTING = OFF. 
GET FILE=7COMM2.SYS7. 

SELECT IF (FSHGRP EQ 16). 

SET LISTING = 'COMM.RSL7/LENGTH=25/WIDTH=65. 

PLOT 
/TITLE=7COMMERCIAL SPINY LOBSTER HARVEST7 

/HORIZONTALS YEAR7 

/VERTICAL='POUNDS' 
/PLOT=HARVEST WITH YEAR. 

SET LISTING = OFF. 

Sample Programs C - 3 



GET FILE='C0MM2.SYS'. 

COMPUTE GROUP=0. 
IF (FSHGRP GE 1 AND FSHGRP LE 2) GROUP=l. 
IF (FSHGRP EQ 5 ) GROUP=2. 

VALUE LABELS / GROUP 0 'ALL OTHER SPECIES' 1 'TUNA AND MACKEREL' 
2 'ANCHOVY'. 

SORT BY GROUP YEAR. 

AGGREGATE OUTFILE=* 
/BREAK = GROUP YEAR 
/POUNDS=SUM(HARVEST). 

VARIABLE LABELS POUNDS 'HARVEST (POUNDS)' 
GROUP 'SPECIES CATAGORIE'. 

SET LISTING - 'COMM.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT - LIST 
/TITLE= 'COMMERCIAL HARVEST LESS ANCHOVY, TUNA AND MACKEREL' 
/VARIABLES=YEAR POUNDS (LABEL) 
/BREAK= GROUP (LABEL) 
/SUMMARY = SUM(POUNDS(0)) 
/SUMMARY • MEAN(POUNDS(0)). 

SET LISTING* OFF. 
GET FILE='COMM2.SYS'. 

SORT BY YEAR. 

AGGREGATE OUTFILE=* 
/BREAK=YEAR 
/POUNDS=SUM(HARVEST). 

VARIABLE LABELS POUNDS 'HARVEST (POUNDS)'. 

SET LISTING = 'COMM.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT - LIST 
/TITLE= 'COMMERCIAL HARVEST FOR CHANNEL ISLANDS NATIONAL PARK' 
/VARIABLES=YEAR POUNDS (LABEL) 
/BREAK" (NOBREAK) 
/SUMMARY = SUM(POUNDS(0)) 
/SUMMARY = MEAN(POUNDS(0)). 

SET LISTING - 'COMM.RSL'/LENGTH"25/WIDTH"65. 

PLOT 
/TITLE"'TOTAL COMMERCIAL HARVEST' 
/HORIZONTAL"'YEAR' 
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/VERTICAL='POUNDS' 
/PLOT=POUNDS WITH YEAR. 

SET LISTING = OFF. 

* SPSS PROGRAM FOR C.P.F.V. SPORT FISHNG ORIGIN BLOCK DATA, FILE-
SPT.PRO 

data list file='spt.dat/ 

/ species 1-3 block 5-7 year 9-10 numbers 11-17 
numang 19-23 hours 25-30 days 32-35. 

select if (species gt 0). 

COMPUTE FSHGRP=0. 
IF (SPECIES GE 1 AND SPECIES LE 2 ) FSHGRP=1. 
IF (SPECIES EQ 3 ) FSHGRP=23. 
IF (SPECIES GE 4 AND SPECIES LE 12 ) FSHGRP=1. 
IF (SPECIES EQ 40 ) FSHGRP=22. 
IF (SPECIES GE 50 AND SPECIES LE 55 ) FSHGRP=2. 
IF (SPECIES EQ 13 0 ) FSHGRP=3. 
IF (SPECIES eg 14 5 ) FSHGRP=4. 
IF (SPECIES EQ 195 ) FSHGRP=5. 
IF (SPECIES GE 200 AND SPECIES LE 221) FSHGRP=6. 
IF (SPECIES GE 223 AND SPECIES LE 240) FSHGRP=6. 
IF (SPECIES EQ 222 ) FSHGRP=7. 
IF (SPECIES eq 245 ) FSHGRP=8. 
IF (SPECIES GE 246 and species le 259) FSHGRP=9. 
IF (SPECIES EQ 260 ) FSHGRP=10. 
IF (SPECIES EQ 261 ) FSHGRP=11. 
IF (SPECIES GE 262 AND SPECIES LE 272) FSHGRP=9. 
IF (SPECIES EQ 275 ) FSHGRP=12. 
IF (SPECIES EQ 276 ) FSHGRP=13. 
IF (SPECIES EQ 277 ) FSHGRP=12. 
IF (SPECIES EQ 278 ) FSHGRP=13. 
IF (SPECIES EQ 400 ) FSHGRP=14. 
IF (SPECIES EQ 478 ) FSHGRP=15. 
IF (SPECIES EQ 490 ) FSHGRP=16. 
IF (SPECIES EQ 651 ) FSHGRP=17. 
IF (SPECIES GE 652 AND SPECIES LE 664) FSHGRP=9. 
IF (SPECIES EQ 665 ) FSHGRP=18. 
IF (SPECIES GE 666 AND SPECIES LE 675) FSHGRP=9. 
IF (SPECIES GE 956 AND SPECIES LE 962) FSHGRP=9. 
IF (SPECIES GE 700 AND SPECIES LE 708) FSHGRP=19. 
IF (SPECIES EQ 719 ) FSHGRP=20. 
IF (SPECIES EQ 820 ) FSHGRP=21. 

VALUE LABELS / FSHGRP 0 'OTHER INVERTS & FISH' 1 'TUNA' 
2 'MACKEREL' 3 'BARRACUDA' 4 'SHEEPHEAD' 5 'LINGCOD' 6 'OTHER 
FLATFISH' 7 'CALIFORNIA HALIBUT' 8 'COWCOD' 9 'OTHER 
ROCKFISH' 10 'SCORPIONFISH' 11 'CABEZON' 12 'KELP BASS' 13 
'SAND BASS' 14 'WHITE SEA BASS' 15 'HALFMOON' 16 'OCEAN 
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WHITEFISH' 17 'OLIVE ROCKFISH' 18 'BLUE ROCKFISH' 
19 'ABALONE' 20 'SCALLOPS' 21 'SPINY LOBSTER' 22 'YELLOWTAIL 
23 'PACIFIC BONITO'. 

SAVE OUTFILE='SPT.SYS'. 
GET FILE='SPT.SYS'. 

SORT BY FSHGRP YEAR. 

AGGREGATE OUTFILE=* 
/BREAK=FSHGRP YEAR 
/HARVEST=SUM(NUMBERS). 

VARIABLE LABELS FSHGRP 'SPECIES GROUP' 
HARVEST 'HARVEST (NUMBER OF FISH)'. 

SET LISTING = 'SPT.RSL'/LENGTH=55/WIDTH>79. 
SET LISTING = 'SPSS.LIS'. 
SET LISTING = 'SPT.RSL'/LENGTH=55/WIDTH=85. 

REPORT FORMAT=LIST 
/TITLE='C.P.F.V. SPORT FISHING HARVEST BY SPECIES GROUP' 

'FOR CHANNEL ISLANDS NATIONAL PARK' 
/VARIABLES=YEAR (4) HARVEST (LABEL) (OFFSET(5)) 
/BREAK=FSHGRP (LABEL) 
/SUMMARY=MEAN(HARVEST(0)). 

SET LISTING = OFF. 

data list file='spt.dat' 
/ species 1-3 block 5-7 year 9-10 numbers 11-17 

numang 19-23 hours 25-30 days 32-35. 

select if (species eq 0). 

COMPUTE ISLAND=5. 
IF (BLOCK EQ 684 OR BLOCK EQ 707 ) ISLAND=1. 
IF (BLOCK GE 685 AND BLOCK LE 687) ISLAND=2. 
IF (BLOCK EQ 708 OR BLOCK EQ 709 ) ISLAND=2. 
IF (BLOCK EQ 688 OR BLOCK EQ 689 ) ISLAND=3. 
IF (BLOCK GE 710 AND BLOCK LE 712) ISLAND=3. 
IF (BLOCK EQ 690 OR BLOCK EQ 713 ) ISLAND=4. 

VALUE LABELS / ISLAND 1 'ANACAPA' 2 'SANTA CRUZ' 3 'SANTA ROSA' 

4 'SAN MIGUEL' 5 'SANTA BARBARA'. 

SAVE OUTFILE = 'SPT2.SYS'. 

GET FILE = 'SPT2.SYS'. 

SORT BY ISLAND YEAR. 
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AGGREGATE OUTFILE=* 
/BREAK = ISLAND YEAR 
/HARVEST = SUM(NUMBERS) 
/ANGNUM = SUM(NUMANG ) 
/ANGHR = SUM(HOURS ) 
/BTDAY = SUM(DAYS ). 

COMPUTE CPUE = HARVEST/ANGHR. 

VARIABLE LABELS HARVEST 'HARVEST (NUMBER OF FISH)' 
ANGNUM 'NUMBER OF ANGLERS' 
ANGHR 'ANGLER HOURS' 
BTDAY 'BOAT DAYS' 
CPUE 'CPUE (FISH/ANGLER HOUR)'. 

SET LISTING = 'SPT.RSL'/LENGTH=55/WIDTH=85. 

REPORT FORMAT = LIST 
/TITLE = 'C.P.F.V. SPORT FISHING TOTAL HARVEST, EFFORT AND CPUE' 

'FOR EACH OF THE CHANNEL ISLANDS BY YEAR' 
/VARIABLES = YEAR (4) HARVEST ANGNUM ANGHR BTDAY CPUE (LABEL) 
(OFFSET(6)) 
/BREAK = ISLAND (LABEL) 
/SUMMARY = SUM (HARVEST(0) ANGNUM (0) BTDAY (0) ) 
/SUMMARY = MEAN(HARVEST(0) ANGNUM (0) BTDAY (0) CPUE (1)). 

SET LISTING=OFF. 

GET FILE = 'SPT2.SYS'. 

aggregate outfile=* 
/break=year 
/harvest=sum(numbers) 
/angnum=sum(numang) 
/anghr=sum(hours) 
/btday=sum(days) . 

compute CPUE=harvest/anghr. 

VARIABLE LABELS HARVEST 'HARVEST (NUMBER OF FISH)' 
ANGNUM 'NUMBER OF ANGLERS' 
ANGHR 'ANGLER HOURS' 
BTDAY 'BOAT DAYS' 
CPUE 'CPUE (FISH/ANGLER HOUR)'. 

SET LISTING = 'SPT.RSL'/LENGTH=25/WIDTH=65. 

REPORT FORMAT = LIST 
/TITLE = 'C.P.F.V. SPORT FISHING HARVEST AND EFFORT DATA' 

'FOR CHANNEL ISLANDS NATIONAL PARK' 
/VARIABLES = YEAR (4) HARVEST ANGNUM ANGHR BTDAY CPUE (LABEL) 

(OFFSET (6)) 



C 8 Sample Programs 

/BREAK = (NOBREAK) 
/SUMMARY = SUM (HARVEST (0) ANGNUM (0) BTDAY (0) ) 
/SUMMARY = MEAN (HARVEST (0) ANGNUM (0) BTDAY (0) CPUE (1) ). 

plot 
/title-'CPFV HARVEST FOR CHANNEL ISLANDS NATIONAL PARK' 
/horizontal'YEAR' 
/vertical='NUMBER OF FISH' 
/plot=harvest with year. 

plot 
/title-'CPFV CPUE IN CHANNEL ISLANDS NATIONAL PARK' 
/horizontal'YEAR' 
/vertical-'FISH/ANGLER HOUR' 
/plot=CPUE with year. 

plot 
/title-'CPFV BOAT DAYS IN CHANNEL ISLANDS NATIONAL PARK' 
/horizontal-'YEAR' 
/vertical-'BOAT DAYS' 
/plot-btday with year. 

* SPSS PROGRAM FOR SPINY LOBSTER LOG BOOK DATA, FILE- LOB.PRO 

data list file-'lob.dat' 
/ species 1-3 block 5-7 year 9-10 traps 12-17 

shorts 19-24 legals 26-32. 
value lables / year 80 '1980' 81 '1981' 82 '1982' 83 '1983' 

84 '1984' 85 '1985'. 

COMPUTE ISLAND-5. 
IF (BLOCK EQ 0 ) ISLAND-0. 
IF (BLOCK EQ 684 OR BLOCK EQ 707 ) ISLAND-1. 
IF (BLOCK GE 685 AND BLOCK LE 687) ISLAND-2. 
IF (BLOCK EQ 708 OR BLOCK EQ 709 ) ISLAND-2. 
IF (BLOCK EQ 688 OR BLOCK EQ 689 ) ISLAND-3. 
IF (BLOCK GE 710 AND BLOCK LE 712) ISLAND-3. 
IF (BLOCK EQ 690 OR BLOCK EQ 713 ) ISLAND-4. 

VALUE LABELS / ISLAND 0 'SOUTHERN CALIFORNIA' 
1 'ANACAPA' 2 'SANTA CRUZ' 3 'SANTA ROSA' 
4 'SAN MIGUEL' 5 'SANTA BARBARA' 

COMPUTE POUNDS = LEGALS * 2.10. 
IF (BLOCK EQ 684) POUNDS = LEGALS * 1.80. 
IF (BLOCK EQ 685) POUNDS = LEGALS * 2.01. 
IF (BLOCK EQ 686) POUNDS = LEGALS * 2.30. 
IF (BLOCK EQ 687) POUNDS = LEGALS * 2.23. 
IF (BLOCK EQ 688) POUNDS = LEGALS * 2.29. 
IF (BLOCK EQ 689) POUNDS = LEGALS * 2.14. 
IF (BLOCK EQ 69 0) POUNDS = LEGALS * 2.14. 
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IF (BLOCK EQ 707) POUNDS = LEGALS * 1.50. 
IF (BLOCK EQ 708) POUNDS = LEGALS * 1.56. 
IF (BLOCK EQ 709) POUNDS = LEGALS * 1.94. 
IF (BLOCK EQ 710) POUNDS = LEGALS * 2.26. 
IF (BLOCK EQ 711) POUNDS = LEGALS * 2.43. 
IF (BLOCK EQ 712) POUNDS = LEGALS * 2.63. 
IF (BLOCK EQ 713) POUNDS = LEGALS * 2.63. 
IF (BLOCK EQ 765) POUNDS = LEGALS * 1.60. 

SAVE OUTFILE=/LOB.SYS/. 
GET FILE='LOB.SYS'. 

SORT BY ISLAND YEAR. 

AGGREGATE OUTFILE=* 
/BREAK=ISLAND YEAR 
/LEGAL=SUM(LEGALS) 
/NUM_TRAP =SUM (TRAPS) 
/SHORT =SUM (SHORTS) 
/LBS =SUM (POUNDS). 

COMPUTE LPT=LEGAL/NUM_TRAP. 
COMPUTE SPT=SHORT/NUM_TRAP. 

VARIABLE LABELS / LEGAL 'NUMBER OF LEGAL SIZE LOBSTER TRAPPED' 
SHORT 'NUMBER OF SHORT SIZE LOBSTER TRAPPED' 
NUM_TRAP 'NUMBER OF TRAP HAULS' 
LPT 'LEGALS CAUGHT PER TRAP HAUL' 
SPT 'SHORTS CAUGHT PER TRAP HAUL'. 

SET LISTING = 'LOB.RSL'/LENGTH=55/WIDTH=79. 
SET LISTING = 'SPSS.LIS'. 
SET LISTING = 'LOB.RSL'/LENGTH=55/WIDTH=85. 

REPORT FORMAT=LIST 
/TITLE = 'COMMERCIAL SPINY LOBSTER LOG BOOK CATCH AND EFFORT DATA' 

'FOR CHANNEL ISLANDS NATIONAL PARK BY ISLAND' 
/VARIABLES=YEAR (4) LEGAL SHORT NUM_TRAP LPT SPT (LABEL) (OFFSET(6)) 
/BREAK=ISLAND (LABEL) 
/SUMMARY= SUM (LEGAL SHORT NUM_TRAP) 
/SUMMARY= MEAN (LEGAL SHORT NUM_TRAP LPT (2) SPT (2) ) 
/SUMMARY= STDEV(LEGAL SHORT NUM_TRAP LPT (2) SPT (2) ). 

SET LISTING=OFF. 

GET FILE='LOB.SYS'. 

SELECT IF (BLOCK GT 0). 

AGGREGATE OUTFILE=* 
/BREAK= YEAR 



/LEGAL=SUM (LEGALS) 
/NUM_TRAP =SUM (TRAPS) 
/SHORT =SUM (SHORTS) 
/ L B S =SUM (POUNDS). 

COMPUTE LPT=LEGAL/NUM__TRAP. 
COMPUTE SPT=SHORT/NUM_TRAP. 

VARIABLE LABELS / LEGAL 'NUMBER OF LEGAL SIZE LOBSTER TRAPPED' 
SHORT 'NUMBER OF SHORT SIZE LOBSTER TRAPPED' 
NUM_TRAP 'NUMBER OF TRAP HAULS' 
LPT 'LEGALS CAUGHT PER TRAP HAUL' 
SPT 'SHORTS CAUGHT PER TRAP HAUL' 
LBS 'POUNDS OF LEGAL LOBSTER TRAPPED'. 

SET LISTING = 'LOB.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT=LIST 
/TITLE = 'COMMERCIAL SPINY LOBSTER LOG BOOK CATCH AND EFFORT DATA' 

'FOR CHANNEL ISLANDS NATIONAL PARK' 
/VARIABLES=YEAR (4) LEGAL SHORT lbs NUM_TRAP LPT SPT (LABEL) 

(OFFSET(6)) 
/BREAK=(NOBREAK) 
/SUMMARY= MEAN (LEGAL SHORT LBS NUM_TRAP LPT (2) SPT (2) ) 
/SUMMARY= STDEV(LEGAL SHORT LBS NUM_TRAP LPT (2) SPT (2) ). 

SET LISTING = OFF. 

GET FILE='LOB.SYS'. 

SELECT IF (BLOCK EQ 0) . 

AGGREGATE OUTFILE=* 
/BREAK= YEAR 
/LEGAL=SUM(LEGALS) 
/NUM_TRAP =SUM (TRAPS) 
/SHORT =SUM (SHORTS) 
/LBS =SUM (POUNDS). 

COMPUTE LPT=LEGAL/NUM_TRAP. 
COMPUTE SPT=SHORT/NUM_TRAP. 

VARIABLE LABELS / LEGAL 'NUMBER OF LEGAL SIZE LOBSTER TRAPPED' 
SHORT 'NUMBER OF SHORT SIZE LOBSTER TRAPPED' 
NUM_TRAP 'NUMBER OF TRAP HAULS' 
LPT 'LEGALS CAUGHT PER TRAP HAUL' 
SPT 'SHORTS CAUGHT PER TRAP HAUL' 
LBS 'POUNDS OF LEGAL LOBSTER TRAPPED'. 

SET LISTING = 'LOB.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT=LIST 
/TITLE = 'COMMERCIAL SPINY LOBSTER LOG BOOK CATCH AND EFFORT DATA' 
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'FOR SOUTHERN CALIFORNIA (including Channel Islands 
Natl Park)' 

/VARIABLES=YEAR (4) LEGAL SHORT lbs NUM_TRAP LPT SPT (LABEL) 
(OFFSET(6)) 

/BREAK=(NOBREAK) 
/SUMMARY= MEAN (LEGAL SHORT LBS NUM_TRAP LPT (2) SPT (2) ) 
/SUMMARY= STDEV(LEGAL SHORT LBS NUM_TRAP LPT (2) SPT (2) ). 

SET LISTING = OFF. 

* SPSS PROGRAM FOR SPORT DIVE BOAT ORIGIN BLOCK DATA, FILE- DIVE.PRO 

data list file = 'dive.dat' 
/ species 1-3 block 5-7 year 9-10 numbers 12-15 

divers 17-20 hours 22-26. 

COMPUTE FSHGRP=0. 
IF (SPECIES GE 1 AND SPECIES LE 2 ) FSHGRP=1. 
IF (SPECIES EQ 3 ) FSHGRP=23. 
IF (SPECIES GE 4 AND SPECIES LE 12 ) FSHGRP=1. 
IF (SPECIES EQ 40 ) FSHGRP=22. 
IF (SPECIES GE 50 AND SPECIES LE 55 ) FSHGRP=2. 
IF (SPECIES EQ 130 ) FSHGRP=3. 
IF (SPECIES eq 145 ) FSHGRP=4. 
IF (SPECIES EQ 195 ) FSHGRP=5. 
IF (SPECIES GE 200 AND SPECIES LE 221) FSHGRP=6. 
IF (SPECIES GE 223 AND SPECIES LE 240) FSHGRP=6. 
IF (SPECIES EQ 222 ) FSHGRP=7. 
IF (SPECIES eq 245 ) FSHGRP=8. 
IF (SPECIES GE 246 and species le 259) FSHGRP=9. 
IF (SPECIES EQ 260 ) FSHGRP=10. 
IF (SPECIES EQ 261 ) FSHGRP=11. 
IF (SPECIES GE 262 AND SPECIES LE 272) FSHGRP=9. 
IF (SPECIES EQ 275 ) FSHGRP=12. 
IF (SPECIES EQ 276 ) FSHGRP=13. 
IF (SPECIES EQ 277 ) FSHGRP=12. 
IF (SPECIES EQ 278 ) FSHGRP=13. 
IF (SPECIES EQ 400 ) FSHGRP=14. 
IF (SPECIES EQ 478 " ) FSHGRP=15. 
IF (SPECIES EQ 490 ) FSHGRP=16. 
IF (SPECIES EQ 651 ) FSHGRP=17. 
IF (SPECIES GE 652 AND SPECIES LE 664) FSHGRP=9. 
IF (SPECIES EQ 665 ) FSHGRP=18. 
IF (SPECIES GE 666 AND SPECIES LE 675) FSHGRP=9. 
IF (SPECIES GE 956 AND SPECIES LE 962) FSHGRP=9. 
IF (SPECIES GE 700 AND SPECIES LE 708) FSHGRP=19. 
IF (SPECIES EQ 719 ) FSHGRP=20. 
IF (SPECIES EQ 820 ) FSHGRP=21. 

VALUE LABELS / FSHGRP 0 'OTHER INVERTS & FISH' 1 'TUNA' 2 
'MACKEREL' 3 'BARRACUDA' 4 'SHEEPHEAD' 5 'LINGCOD' 6 'OTHER 
FLATFISH' 7 'CALIFORNIA HALIBUT' 8 'COWCOD' 9 'OTHER 
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ROCKFISH' 10 'SCORPIONFISH' 11 'CABEZON' 12 'KELP BASS' 13 
'SAND BASS' 14 'WHITE SEA BASS' 15 'HALFMOON' 16 'OCEAN 
WHITEFISH' 17 'OLIVE ROCKFISH' 18 'BLUE ROCKFISH' 19 
'ABALONE' 2 0 'SCALLOPS' 21 'SPINY LOBSTER' 22 'YELLOWTAIL' 
23 'PACIFIC BONITO'. 

COMPUTE ISLAND=5. 
IF (BLOCK EQ 684 OR BLOCK EQ 707 ) ISLAND=1. 
IF (BLOCK GE 685 AND BLOCK LE 687) ISLAND=2. 
IF (BLOCK EQ 708 OR BLOCK EQ 709 ) ISLAND=2. 
IF (BLOCK EQ 688 OR BLOCK EQ 689 ) ISLAND=3. 
IF (BLOCK GE 710 AND BLOCK LE 712) ISLAND=3. 
IF (BLOCK EQ 690 OR BLOCK EQ 713 ) ISLAND=4. 

VALUE LABELS / ISLAND 1 'ANACAPA' 2 'SANTA CRUZ' 3 'SANTA ROSA' 
4 'SAN MIGUEL' 5 'SANTA BARBARA' 

SAVE OUTFILE = 'DIVE.SYS'. 
GET FILE = 'DIVE.SYS'. 

SORT BY FSHGRP YEAR. 

AGGREGATE OUTFILE=* 
/BREAK = FSHGRP YEAR 
/HARVEST - SUM(NUMBERS). 

VARIABLE LABELS HARVEST 'HARVEST (NUMBER OF FISH)' 
FSHGRP 'SPECIES GROUP'. 

SET LISTING = 'DIVE.RSL'/LENGTH=55/WIDTH=79. 
SET LISTING = 'SPSS.LIS'. 
SET LISTING = 'DIVE.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT = LIST 
/TITLE = 'DIVE BOAT HARVEST FOR CHANNEL ISLANDS NATIONAL PARK' 

'BY SPECIES GROUP AND YEAR' 
/VARIABLES = YEAR (4) HARVEST (LABEL) (OFFSET(3)) 
/BREAK = FSHGRP (LABEL) 
/SUMMARY = SUM(HARVEST(0)) 
/SUMMARY = MEAN(HARVEST(0)). 

SET LISTING= OFF. 

GET FILE='DIVE.SYS'. 

SORT BY ISLAND YEAR. 

AGGREGATE OUTFILE=* 
/BREAK = ISLAND YEAR 
/HARVEST = SUM(NUMBERS) 
/NUM_DIVE - SUM(DIVERS ) 
/NUM_HOUR = SUM(HOURS ). 
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COMPUTE H_PER_HR = HARVEST/NUM_HOUR. 

VARIABLE LABELS HARVEST 'HARVEST (NUMBER OF FISH)' 
NUM_DIVE 'NUMBER OF DIVERS' 
NUM_HOUR 'NUMBER OF DIVER HOURS' 
H_PER_HR 'NUMBER OF FISH CAUGHT/DIVER HOUR'. 

SET LISTING = 'DIVE.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT = LIST 
/TITLE = 'DIVE BOAT TOTAL HARVEST, EFFORT AND CPUE' 

'FOR EACH OF THE CHANNEL ISLANDS BY YEAR' 
/VARIABLES = YEAR (4) HARVEST NUM_DIVE NUM_HOUR H_PER_HR 
(LABEL) (OFFSET(3)) 
/BREAK = ISLAND (LABEL) 
/SUMMARY = SUM (HARVEST(0) NUM_DIVE (0) NUM_HOUR (0) ) 
/SUMMARY = MEAN(HARVEST(0) NUM_DIVE (0) NUM_HOUR (0) 

H_PER_HR (1)). 

SET LISTING=OFF. 

SORT BY YEAR. 

AGGREGATE OUTFILE=* 
/BREAK = YEAR 
/NUM_FISH = SUM(HARVEST) 
/DIVERS - SUM(NUM_DIVE ) 
/HOURS = SUM(NUM_HOUR ). 

COMPUTE FSH_HR = NUM_FISH/HOURS. 

VARIABLE LABELS NUM_FISH 'HARVEST (NUMBER OF FISH)' 
DIVERS 'NUMBER OF DIVERS' 
HOURS 'NUMBER OF DIVER HOURS' 
FSH_HR 'NUMBER OF FISH CAUGHT/DIVER HOUR'. 

SET LISTING = 'DIVE.RSL'/LENGTH=55/WIDTH=79. 

REPORT FORMAT = LIST 
/TITLE = 'DIVE BOAT TOTAL HARVEST AND EFFORT' 

'FOR CHANNEL ISLANDS NATIONAL PARK' 
/VARIABLES - YEAR (4) NUM_FISH DIVERS HOURS FSH_HR (LABEL) 
(OFFSET(3)) 
/BREAK = (NOBREAK) 
/SUMMARY = MEAN (NUM_FISH (0) DIVERS (0) HOURS (0) FSH_HR 
(1)) • 
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APPENDIX D. SPSS Report Sample for Commercial Passenger Fishing Vessel 
Sport Fishing Data 

Report Sample D 1 

C.P.F.V. SPORT FISHING HARVEST BY SPECIES GROUP 
FOR CHANNEL ISLANDS NATIONAL PARK 

SPECIES YEAR HARVEST (NUMBER OF 
GROUP FISH) 

OTHER INVERTS & FISH 

80 466.00 
81 201.00 
82 478.00 
83 178.00 
84 1294.00 

85 180.00 

MEAN 4 66 

TUNA 

81 89.00 
82 10.00 
83 4756.00 
84 354.00 

85 67.00 

MEAN 1055 

MACKEREL 

80 44061.00 

81 25618.00 
82 13096.00 
83 8886.00 
84 13690.00 

85 16365.00 

MEAN 20286 

BARRACUDA 

80 17.00 

81 128.00 
82 369.00 
83 106.00 
84 2684.00 
85 2844.00 

MEAN 102 5 



D- 2 Report Sample 

C.P.F.V. SPORT FISHING HARVEST BY SPECIES GROUP 
FOR CHANNEL ISLANDS NATIONAL PARK 

SPECIES YEAR HARVEST (NUMBER OF 
GROUP FISH) 

SHEEPHEAD 

80 4193.00 
81 7777.00 
82 4599.00 
83 7600.00 
84 9545.00 

85 5845.00 

MEAN 6593 

LINGCOD 
80 8166.00 
81 7682.00 
82 4388.00 
83 1556.00 
84 857.00 

85 1491.00 

MEAN 402 3 

OTHER FLATFISH 
80 1299.00 
81 1061.00 
82 612.00 
83 687,00 
84 2095.00 

85 2762.00 

MEAN 1419 

CALIFORNIA HALIBUT 

80 239.00 
81 649.00 
82 388.00 
83 326.00 
84 245.00 
85 271.00 

MEAN 3 53 



Report Sample D-3 

C.P.F.V. SPORT FISHING HARVEST BY SPECIES GROUP 
FOR CHANNEL ISLANDS NATIONAL PARK 

SPECIES YEAR HARVEST (NUMBER OF 

GROUP FISH) 

COWCOD 

80 1135.00 
81 1328.00 
82 1322.00 
83 243.00 
84 751.00 

85 310.00 

MEAN 84 8 

OTHER ROCKFISH 

80 454904.00 
81 432166.00 
82 402882.00 
83 209843.00 
84 158802.00 

85 174804.00 

MEAN 305567 

SCORPIONFISH 

80 4240.00 
81 4618.00 
82 5992.00 
83 1835.00 
84 3692.00 

85 4553.00 

MEAN 4155 

CABEZON 

80 431.00 
81 307.00 
82 323.00 
83 152.00 
84 49.00 
85 56.00 

MEAN 2 2 0 



0-4 Report Sample 

C.P.F.V. SPORT FISHING HARVEST BY SPECIES GROUP 
FOR CHANNEL ISLANDS NATIONAL PARK 

SPECIES YEAR HARVEST (NUMBER OF 

GROUP FISH) 

KELP BASS 

80 29798.00 
81 77638.00 
82 21938.00 
83 17731.00 
84 19277.00 

85 27425.00 

MEAN 32301 

SAND BASS 
80 308.00 
81 447.00 
82 153.00 
83 299.00 
84 426.00 

85 1199.00 

MEAN 4 72 

WHITE SEA BASS 

80 97.00 
81 72.00 
82 882.00 
83 60.00 
84 25.00 

85 43.00 

MEAN 197 

HALFMOON 

80 11355.00 
81 14098.00 
82 6297.00 
83 1899.00 
84 24142.00 
85 3370.00 

MEAN 10194 



C.P.F.V. SPORT FISHING HARVEST BY SPECIES GROUP 
FOR CHANNEL ISLANDS NATIONAL PARK 

SPECIES YEAR HARVEST (NUMBER OF 

GROUP FISH) 

OCEAN WHITEFISH 

80 9804.00 
81 7767.00 
82 6678.00 
83 11238.00 
84 40656.00 

85 27902.00 

MEAN 17341 

OLIVE ROCKFISH 

. 81 2200.00 
82 1435.00 
83 148.00 
85 285.00 

MEAN 1017 

BLUE ROCKFISH 

80 1145.00 
81 4343.00 
82 1351.00 
83 163.00 
84 7.00 

85 7934.00 

MEAN 2491 

ABALONE 

82 1036.00 

MEAN 103 6 

SCALLOPS 

82 1100.00 

MEAN 1100 
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D-6 Report Sample 

C.P.F.V. SPORT FISHING HARVEST BY SPECIES GROUP 
FOR CHANNEL ISLANDS NATIONAL PARK 

SPECIES YEAR HARVEST (NUMBER OF 

GROUP FISH) 

SPINY LOBSTER 

81 17.00 

82 847.00 

MEAN 4 3 2 

YELLOWTAIL 
80 98.00 
81 299.00 
82 111.00 
83 2790.00 
84 9585.00 

85 1700.00 

MEAN 2431 

PACIFIC BONITO 

80 3000.00 
81 27562.00 
82 5201.00 
83 12606.00 
84 31128.00 
85 4762.00 

MEAN 14 04 3 



Report Sample D-7 

C.P.F.V. SPORT FISHING TOTAL HARVEST, EFFORT AND CPUE 
FOR EACH OF THE CHANNEL ISLANDS BY YEAR 

ISLAND YEAR HARVEST NUMBER ANGLER BOAT CPUE (FISH/ 
(NUMBER OF HOURS DAYS ANGLER 

OF ANGLERS HOUR) 
FISH) 

ANACAPA 
80 99545.00 10778.00 57434.00 384.00 1.73 
81 126654.0 12121.00 61579.00 398.00 2.06 
82 69900.00 9217.00 49835.00 303.00 1.40 
83 29950.00 6258.00 24840.00 224.00 1.21 
84 146070.0 27043.00 151269.0 862.00 .97 
85 74561.00 13245.00 73127.00 462.00 1.02 

SUM 546680 78662 418084 2633 

MEAN 91113 13110 439 6.9 1.4 

SANTA CRUZ 

80 117146.0 9559.00 47460.00 472.00 2.47 
81 106884.0 9335.00 46930.00 461.00 2.28 
82 62840.00 6821.00 35310.00 331.00 1.78 
83 44844.00 4996.00 30561.00 263.00 1.47 
84 53547.00 7631.00 43469.00 298.00 1.23 
85 76577.00 9555.00 53333.00 445.00 1.44 

SUM 461838 47897 257063 2270 

MEAN 76973 7983 378 9.6 1.8 

SANTA ROSA 

80 130259.0 9438.00 44119.00 351.00 2.95 
81 90918.00 7613.00 36236.00 293.00 2.51 
82 80685.00 7115.00 35184.00 280.00 2.29 
83 87402.00 7261.00 36366.00 285.00 2.40 
84 33356.00 3643.00 18104.00 159.00 1.84 
85 50188.00 4998.00 26037.00 205.00 1.93 

SUM 472808 40068 196046 1573 
MEAN 78801 6678 32674 262 11.8 2.3 



D 8 Report Sample 

C.P.F.V. SPORT FISHING TOTAL HARVEST, EFFORT AND CPUE 
FOR EACH OF THE CHANNEL ISLANDS BY YEAR 

ISLAND YEAR HARVEST NUMBER ANGLER BOAT CPUE FISH/ 
(NUMBER OF HOURS DAYS ANGLER 

OF ANGLERS HOURS 
FISH) 

SAN MIGUEL 

80 119782.0 7738.00 32354.00 261.00 3.70 
81 144279.0 10099.00 44529.00 328.00 3.24 
82 149805.0 10546.00 47643.00 365.00 3.14 

83 69859.00 5186.00 25653.00 203.00 2.72 
84 36763.00 3047.00 15379.00 119.00 2.39 
85 48939.00 3586.00 18619.00 138.00 2.63 

SUM 569427 40202 184,177 1414 

MEAN 94905 6700 236 14.1 3.0 

SANTA BARBARA 

80 108024.0 8178.00 51258.00 292.00 2.11 
81 147339.0 12066.00 75901.00 365.00 1.94 
82 118258.0 9626.00 58697.00 292.00 2.01 
83 51047.00 5589.00 35268.00 188.00 1.45 
84 49568.00 5393.00 34750.00 185.00 1.43 
85 33898.00 3680.00 25215.00 136.00 1.34 

SUM 508134 44532 281089 1458 
MEAN 84689 7422 243 11.4 1.7 



Report Sample D-9 

C.P.F.V. SPORT FISHING HARVEST AND EFFORT DATA 
FOR CHANNEL ISLANDS NATIONAL PARK 

YEAR HARVEST NUMBER ANGLER BOAT CPUE (FISH/ 
(NUMBER OF HOURS DAYS ANGLER 

OF ANGLERS HOUR) 
FISH) 

80 574756.0 45691.00 232625.0 1760.00 2.47 
81 616074.0 51234.00 265175.0 1845.00 2.32 
82 481488.0 43325.00 226669.0 1571.00 2.12 
83 283102.0 29290.00 152688.0 1163.00 1.85 
84 319304.0 46757.00 262971.0 1623.00 1.21 
85 284163.0 35064.00 196331.0 1386.00 1.45 

SUM 2558887 251361 9348 

MEAN 

426481 41894 1558 1.9 

SPSS/PC+ 
2/26/87 

CPFV HARVEST FOR CHANNEL ISLANDS NATIONAL PARK 
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APPENDIX E. California Fish and Game Species Codes 

Species Codes E- 1 

SPECIES SPECIES SPECIES 
EXT COMMON SCIENTIFIC 

CODE NAME NAME 

1 Tuna, yellowfin Thunnus albacares 
2 Tunai skipjack Euthynnus pelamis 
3 Bonito, Pacific Sarda chiliensis 
4 Tunai bluefin Thunnus thynnus 
9 Tuna, albacore Thunnus alalunga 
6 Tuna, unspecified Scombridae 
8 Tuna, bigeye Thunnus obesus 
9 Tuna, skipjack, black Euthynnus lineatus 
ii Tuna, longtail Thunnus tonggol 
12 Tuna, blackfin Thunnus atlanticus 
19 Mackerel, bullet Auxis rochei 
40 Yellowtail Seribla lalandi 
41 Jack crevalle Caranx hippos 
42 Jacks, unspecified Carangidae 
43 Amberjack. Pacific Seriola colburni 
50 Mackerel, unspecified Scomber / Trachurus 
51 Mackerel. Pacific Scomber japonicus 
52 Sierra Scomberomorus sierra 
55 Mackerel, jack Trachurus symmetricus 
57 Wahoo Acanthocybiurn solanderi 
80 Dutterfish. Pacific Peprilus simillimus 
91 Swordfish Xiphias gladius 
92 Marlin. striped Tetrapturus audax 
95 Sailfish Istiophorus platypterus 
96 Shark, white Carcharodon carcharias 
97 Shark, bigeye thresher Alopias superci1iosus 
98 Shark, pelagic thresher Alopias pelagicus 
100 Sardine. Pacific Sardinops sagax caeruleus 
101 Sardine, juvenile Sardinops sagax caeruleus 
105 Herring.* round Etrumeus teres 
110 Anchovy, northern Engraulis mordax 
111 Anchovy, deepbody Anchoa cornpressa 
113 Anchovy, slough Anchoa de1icatissima 
121 Herring, Pacific Clupea harengus pallasi 
130 Barracuda. California Sphyraena argentea 
135 Mullet, striped Mugil cephalus 
144 Senorita Oxyjuliscalifornica 
145 Sheephead, California Semicossyphus pulcher 
146 Wrasse, rock Halichoeres semicinctus 
149 Shark, black tip Carcharhinus limbatus 
150 Shark, unspecified P leurotremata 
151 Shark, bonito Isurus oxyrinchus 
152 Shark, spiny dogfish Squalus acanthias 
153 Shark, leopard Triakis semifasciata 
154 Shark, brown smoothhound Mustelus henlei. 
155 Shark, common thresher Alopias vulpinus 
156 Shark, basking Cetorhinus maximus 
159 Shark, smooth hammerhead Sphyrna zygaena 



FISH & GAME SPECIES CODES 
2 6 - N o v - 8 4 0 3 : 3 i PM DFG 

E 2 Species Codes 

15? S h a r k i s o u p f i n G a l e o r h i n u s z y o p t e r u s 
160 Shark, cow Hexanchidae 
161 Shark, sixgill Hexanchus griseus 
162 Shark, sevengill Notorynchus maculatus 
163 Shark, swell Cephaloscy11ium ventriosum 
164 Shark, dusky Carcharhinus ohscurus 
165 Shark. Pacific angel Squatina californica 
166 Ratfish Hydrolaguscolliei 
167 Shark, blue Prionace glauca 
168 Shark, salmon Lamna ditropis 
16? Shark, horn Heterodontus francisci 
170 Ray. unspecified Rajiformes 
171 Ray. bat Myliobatis californica 
172 Ray. Pacific electric Torpedo californica 
173 Stingray Dasyatidae 
174 Guitarfish. shovelnose Rhinobatos productus 
175 Skate, unspecified Rajidae 
176 Skate, big Rajabinoculata 
177 Skate. California Raja inornata 
178 Skate, thornback P latyrhinoidi3 triseriata 
17? Shark, gray smoothhound Mustelus californicus 
180 Smelt, true Dsmeridae 
181 Grunion. California Leuresthes tenuis 
182 Smelt, surf Hypomesus pretiosus 
184 Jacksmelt Atherinopsis cal iforniensis 
185 Smelt, whitebait AHosmerus elongatus 
186 Topsmelt Atherinops affinis 
187 Smelt, night Spirinchus starksi 
188 Eulachon Thaleichthys pacificus 
18? Silversides Atherinidae 
190 Sablefish Anoplopoma fimbria 
191 LOUVAR LUVARUS IMPERIALIS 
195 Lingcod- Ophiodon elongatus 
196 Tomcod. Pacific Microgadus proximus 
197 Cod. Pacific Gadus macrocepha1 us 
198 Grenadiers Macrouridae 
200 Sole, unspecified P leuronectiformes 
201 Flounder, arrowtooth Atheresthes stomias 
202 Sole, bigmouth Mippoglossina stomata 
203 Sole, rock Lepidopsetta bilineata 
204 Sole, fantail Xystreurys liolepis 
205 Sole, sand Psettichthys melanostictus 
206 Sole. English Parophrys vetulns 
207 Sole, rex G1 yptoeepha1 us zachirus 
208 Sole, butter Isopsetta isolepis 
209 Sole, petrale Eopsetta Jordan! 
210 Sole, slender Lyopsettaexilis 
211 Sole. Dover Microstomus pacificus 
212 Sole, tongue Symphurus atricauda 
220 Halibut, unspecified P1 euronectiformes 
221 Halibut, Pacific Hippoglossus stenolepis 
222 Halibut, California Paralichthys californicus 

Page 2 
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Species Codes E-3 

225 Sanddab Citharichthys spp. 
226 Sanddab* longfin Citharichthy3 xanthostigma 
227 Sanddab* Pacific Citharichthys sordidus 
22B Sanddab* speckled Citharichthy3 stigmaeus 
230 Flounder* unspecified PIeuronectidae 
231 Flounder* starry Platichthys stellatus 
235 Turbot* curlfin P leuronichthys decurrens 
236 Turbot* diamond Hypsopsetta guttulata 
237 Turbot* c-o Pleuronichthys coenosus 
239 Turbot, hornyhead Pleuronichthys verticalis 
237 Turbot, spotted P leuronichthys ritteri 
240 Turbot P leuronectidae 
245 Rockfish, cowcod Sebastes levi3 
246 Rockfish, whitebelly Sebastes vexillaris 
247 Rockfish, canary Sebastes pinniger 
247 Rockfish, vermilion Sebastes miniatus 
250 Rockfish, unspecified Scorpaenidae 
251 Rockfish, black-and-yellow Sebastes chrysomelas 
252 Rockfish, black Sebastes melanops 
253 Rockfish, bocaccio Sebastes paucispinis 
254 Rockfish* chilipepper Sebastes goodei 
255 Rockfish, greenspotted Sebastes chlorostictus 
256 Rockfish, starry Sebastes constellatus 
258 Rockfish* China Sebastes nebulosus 
257 Rockfish, yellowtail Sebastes flavidus 
260 Scorpionfish, spotted Scorpaena guttata 
261 Caberon Scorpaenichthys marmoratus 
262 Thornyhead Sebastolobus spp. 
263 Rockfish, gopher Sebastes carnatus 
265 Rockfish, yelloweye Sebastes ruberrimus 
267 Rockfish, brown Sebastes auriculatus 
268 Rockfish, rosy Sebastes rosaceus 
267 Rockfish, widow Sebastes entonelas 
270 Rockfish, splitnose Sebastes diploproa 
271 Rockfish, Pacific Ocean perch Sebastes alutus 
272 Sculpin, staghorn Leptocottus armatus 
273 Sculpin, yellowchin Icelinus quadriseriatus 
275 Bass, rock Paralabrax spp. 
276 Bass, spotted sand Paralabrax maculatofasciatus 
277 Bass, kelp Paralabrax clathratus 
278 Bass, barred sand Paralabrax nebulifer 
280 Bass, giant sea Stereo.I episgigas 
290 Greenling, kelp Hexagrammus decagrammus 
271 Triggerfish Balistidae 
272 Mo la, common Mola mola 
300 Salmon Oncorhynchus spp. 
301 Salmon, chum Oncorhynchus keta 
302 Salmon, Chinook Oncorhynchus tsbawytscha 
303 Salmon, pink Oncorhynchus gorbuscha 
304 Salmon, coho Oncorhynchus kisutch 
316 Trout, rainbow Salmogairdnerii 
320 Catfish, unspecified Siluriformes 



FISH & GAME SPECIES CODES 
2 6 - N o v - 0 4 0 3 : 3 2 PM DEO 

E-4 
Species Codes 

Pa$ts A 

322 Catfish* square tail Ictalurus nebulosus 
324 Shad* threadfin Dorosoma petenense 
329 Shad* american Alosa sapidissima 
339 Bass* striped Roccus saxatilis 
349 Carp Cyprinus carpio 
346 Hardhead* freshwater My lopharodon eenocephalus 
347 Splittail Pogonicbthys macrolepidotus 
34S Hitch Lavinia exilicauda 
347 Blaekfish* Sacramento Orthodon microlepidotus 
361 Stickleback* threespine Gasterosteus spp. 
369 Squawfish Ptychocheilus grandis 
379 Sucker Catostomidae 
400 Seabass. white Atractoscion nobilis 
410 Seabass* totuava Cynoscion macdonaldi 
4J9 Snapper -Mexico- Lutianidae 
420 Croaker* unspecifed Sciaenidae 
421 Croaker* black Cheilotrema saturnum 
422 Croaker* spotfin Roncador stearnsii 
423 Croaker* yellowfin Unbrina roncador 
426 Corbina* California Menticirrhus undulatus 
427 Corvina* shortfin Cynoscion parvipinnis 
430 Grouper Mycteroperca / Epinephelus 
431 Cabrilla* spotted Epinephelus analogus 
432 Grouper* broomtail My c: teroperca xenarcha 
439 Croaker* white Genyonemus lineatus 
440 Queenfish Seriphus politus 
449 Flyingfisb Cypselurusspp. 
446 Saury* Pacific Cololabis saira 
450 Eel Osteichthyes 
451 Eel* blenny Lumpenus anguillaris 
452 Eel* California moray Gymnothorax mordax 
453 Lamprey. Pacific Lampetra tridentata 
454 Wolf-eel* Anarrhichthys ocellatus 
455 Cusk-eel* spotted Chilara taylori 
456 Monkeyface-ee1 Cebidichthys violaceus 
457 Hagfish Eptatretus spp 
467 Opah Lampris regius 
470 Sturgeon Acipenseridae 
473 Lizardfish* California Synodus lucioceps 
475 Opal eye Gire11a nigricans 
476 Needlefish. California Strongylura exilis 
477 Bonefish Albula vulpes 
478 Ha Ifmoon Medialuna californiensis 
477 Blacksmith Chromis punctipinnis 
480 Sargo Anisotremus davidsonii 
481 Dolphinfish Coryphaenahippurus 
482 Garibaldi Hypsypopr, rubicundus 
483 Mudsucker* longjaw Gillichthys mirabilis 
484 Salema Xenistius californiensis 
485 Midshipman* plainfin Porichthys notatus 
486 Goby* bluebanded Lythrypnus dalli 
470 Whitefish* ocean Caulolatilus princeps 



FISH & GAME SPECIES CODES 
2 6 - N o v - 8 4 0 3 : 3 2 PM DFO Pat*t* 5 

Species Codes 
E-5 

471 Killifish, California Fundulus parvipinnis 
475 Hake. Pacific Merluccius productus 
501 Kelpfisb, giant Hefcprostichus rostratus 
510 Kelpfishes Gibbonsia spp. 
550 Surfperchi unspecified Embiotocidae 
551 Surfperch, barred Amphistichus argenteus 
552 Surfperch. black Embiotoca jacksoni 
553 Surfperch. redtail Amphistichus rhndoterus 
554 Surfperch. shiner Cymatogaster aggregata 
556 Surfperch. white Phanerodon furcatus 
557 Surfperch. walleye Hyperprosopon argenteum 
558 Surfperch. rubberlip Rhacochilus toxotes 
557 Surfperch. pile Uamalichthys vacca 
560 Surfperch. calico Amphistichus koelzi 
561 Surfperch. dwarf Micrometrus minimus 
562 Surfperch. rainbow Hypsurus caryi 
563 Surfperch. pink Zalembius rosaceus 
601 Kahawai Annipis trutta 
602 Zebraperch Hermosilla azurea 
651 Rockfish. olive Sebastes serranoides 
652 Rockfish. grass Sebastes rastrelliger 
653 Rockfish. pink Sebastes eos 
654 Rockfish. greenstriped Sebastes elongatus 
655 Rockfish. copper Sebastes caurinus 
657 Rockfish. flag Sebastes rubrivinctus 
658 Rockfish. treefish Sebastes serriceps 
657 Rockfish. kelp Sebastes atrovirens 
660 Rockfish. honeycomb Sebastes umbrosus 
661 Rockfish. greenblotched Sebastes rosenblatti 
662 Rockfish. bronzespotted Sebastes gilli 
663 Rockfish. bank Sebastes rufus 
664 Rockfish. pinkrose Sebastes simulator 
665 Rockfish-. blue Sebastes mystinus 
666 Rockfish. squarespot Sebastes hopkinsi 
667 Rockfish. blackgill Sebastes me 11anostomus 
668 Rockfish. stripetail Sebast>es saxicola 
667 Rockfish. speckled Sebastes ovalis 
670 Rockfish. swordspine Sebastes ensifer 
671 Rockfish, calico Sebastes dallii 
672 Rockfish, shortbelly Sebastes jordani 
673 Rockfish, chameleon Sebastes phillipsi 
674 Rockfish, aurora Sebastes aurora 
675 Rockfish. redbanded Sebastes babcocki 
700 Abalone Haliotis spp. 
701 Abalone, black Haliotis cracherodii 
702 Abalone, red Haliotis rufescens 
703 Abalone, green Haliotis fulgens 
704 Abalone, pink Haliotis corrugata 
705 Abalone, white Haliotis sorenseni 
706 Abalone, threaded Haliotis assimilis 
707 Abalone, pinto Haliotis kamtschatkana 
708 Abalone, flat Haliotis walallensis 



FISH & GAME SPECIES CUUES 
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E-6 Species Codes 

709 Limpet, unspecified Archaeogastropoda 
710 Squid, jumbo Doscidicus gigas 
711 Squid, market Loligo opalescens 
712 Octopus, unspecified Octopus spp. 
717 Scallop, tueathervane Patinopecten caurinus 
718 Scallop, rock Hinnites multirugosus 
719 Scallop, unspecified Pectinidae 
720 Clam, unspecified Divalvia 
721 Clam, common littleneck Protothaca staminea 
722 Clam, Pismo Tivela stultorum 
723 Clam, softshell Mya arenaria 
725 Clam, northern razor Siliqua patula 
726 Clam, gaper Tresus nuttalli 
727 Clam, common Washington Saxidomus nuttalli 
728 Clam, California jackknife Tagelus ca 1 ifornianus 
729 Sea slug Opisthobranchia 
730 Mussel Mytiius spp. 
731 Whelk Kellettia spp. 
732 Snail, sea Gastropoda 
733 Clam, freshujater Corbicula fluminea 
734 Clam, purple Nuttallia nuttallii 
735 Clam, rosy razor Solen sicarius 
736 Snails, moon Polinices spp. 
737 Clam, northern quahog Mereenaria mercenaria 
740 Oyster, unspecified Ostreidae 
741 Oyster, eastern Crassostrea virginica 
742 Oyster, California native Ostrea lurida 
743 Oyster, giant Pacific Crassostrea gigas 
745 Oyster, european flat Ostrea edulis 
746 Snail, bubble Bulla gonldiana 
749 Sea hare Aplysia spp. 
750 Echinoderm, unspecified Echinodermata 
751 Seastars Asteroidea 
752 Urchin, sea Strongylocentrotus spp. 
753 Urchin, purple sea Strongy1ocentrobus purpuratus 
755 Cucumber, sea Holothuroidea 
756 Urchin, lytechinus Lytechinus anamesus 
760 Sponges Porifera 
769 Invertebrates, colonial Cnidaria 
771 Coral, purple Allopora, californica 
701 Snail, freshwater Gastropoda 
799 Mollusk, unspecified Moll use a 
000 Crab, Dungeness Cancer magister 
001 Crab, rock Cancer spp. 
803 Crab, spider Loxorhynchus spp. 
004 Crab, king Paralithodes spp. 
005 Crab, sand Emerita, analoga 
806 Crab, shore Pachygrapsuscrassipes 
807 Crab, pelagic red Pleuroncodes planipes 
808 Crab, tanner Chionoecetes tanneri 
809 Crab, box Mursiagaudichaudii 
BIO Shrimp, bay Cragonidae 



FISH l< GAME SPECIES CODES 
2 6 - N o v - 8 4 0 3 : 3 2 PM DFG Page 7 

##**#&#*.##»#*•**#•«•«-##*##•«-####*•»•»• End o f f i l e »#•*•*•*##**•»*#*##»•!*#•»########»#•» 

Species Codes 
E- 7 

911 Shrimp, ghost Callianassa cal iforniensis 
812 Shrimp, Pacific Ocean Pandalus Jordan! 
813 Prawn, ridgeback Eusicyonia ingentus 
814 Shrimp, unspecified Crustacea 
815 Prawn, spot Pandalus platyceros 
818 Shrimp, red rock Lysmata californica 
817 Shrimp, brine Artemia salina 
820 Lobster, California spiny Panulirus interruptus 
825 Crayfish, signal Pacifastacus leniusculus 
826 Barnacle Cirripedia 
827 Crayfish, ved swamp Procambarus clarkii 
828 Crayfish, unspecified Astacidae 
830 Spiders, sea Pycnogonida 
840 Tunicates Urochordata 
850 Worms, marine Polychaeta 
851 Themiste Themiste spp. 
860 Chiton, unspecified Po 1 yp lac ophora 
89? Crustacean, unspecified Crustacea 
915 Lancelets, amphioxus Branchiostoma ca 1 iforniense 
920 Frog Rana spp. 
921 Frog, bull Rana cater.bfana 
930 Turtle Chelonia mydas 
931 Terrapin Malaclemys spp. 
950 Kelp Hacrocystisspp. 
951 Agar Gelidium spp. 
953 Algae, marine Phycophuta 
956 Rockfish, group bocaccio/chi 1 i Sebastes/group 
957 Rockfish, group bolina Sebastes/group 
758 Rockfish, group deepwater reds Sebastes/group 
95? Rockfish, group red Sebastes/group 
960 Rockfish, group small reds Sebastes/group 
761 Rockfish, group rosefish Sebastes/group 
962 Rockfish, group gopher Sebastes/group 
992 Trawled fish for animal food Dsteichthyes 
997 Trawled fish, unspecified Dsteichthyes 
99? Fish, unspecified Dsteichthyes 
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INTRODUCTION 

Visitor use is monitored in parks to determine who is 
visiting, what they are doing during their visit, what ser
vices and facilities are needed, what interpretation ser
vices may be appropriate, and what level of demand 
and impact to park resources can be anticipated. Use 
patterns vary in response to demography, seasons, 
and marketing efforts by the National Park Service or 
local tourism interests. 

Many visitors to Channel Islands National Park never 
visit the islands except vicariously through the main
land visitor center, located in the Ventura Harbor. 
These mainland visitors (147,000 visitors in 1987) do 
not directly impact park resources, but they do indi
cate interest in the park and provide an outstanding 
opportunity to dispense information on park ecosys
tems and their values. Appropriate visitor behavior 
and heightened environmental awareness can be en
couraged through educational programs and exhibits 
at the mainland visitor center that will hopefully lead 
to more sensitive visitor use of limited and fragile 
resources. 

Carrying capacities have been established by park 
managers and are listed in Table 1 (National Park Ser
vice 1985). The number of visitors is limited at one 
time for each island under National Park Service 
management and for overnight campgrounds on 
Anacapa, Santa Barbara, and San Miguel islands. 
These carrying capacities are intended to limit im
pacts to resources and promote a high quality visitor 
experience. 

Virtually every visitor to the park islands arrives by 
boat. Boating activity within park boundaries is not 
regulated and may constitute a major potential source 
of disturbance to marine life, especially sea birds and 
marine mammal rookeries. Both non-consumptive 
recreational activities and consumptive uses of 
marine resources such as fishing, commercial and 
sport diving, and kelp harvest are conducted from 
boats. Boats also constitute potential sources of pol
lution from fuel, cargo, and sewage. Information 
about the number, distribution, and types of boats in 
the park is needed to efficiently allocate park person
nel for visitor services and law enforcement, deter
mine levels of disturbance, and define relationships 
among harvest levels and resource conditions. 

Island 

Anacapa Island 
East 

Middle 

West 

San Miguel Island 

Santa Barbara Island 

Santa Rosa Island 

Day Use 

75 people at one time by tour boat 
plus individual boaters NTE 100 total 

Small groups by advance arrangement 
and accompanied by a ranger 

Frenchy's Cove—30 people at one time; 
up to 75 in supervised group; 
rest of island closed 

Cuyler Harbor area-35 to 50 people, 
up to 100 allowed periodically; landing 
by permit only when NPS personnel 
are present 

100 people at one time 

By permit only when NPS representative 
is present 

Overnight Use 

30 maximum 

none 

none 

Lester Ranch - experimental 
supervised camping, NTE 30 
people at one time 

30 maximum 

Subject to further study 

Visitors 1 

Table 1. Established Island Day Use and Overnight Carrying Capacities. 



MONITORING DESIGN 
CONSIDERATIONS 

Patterns of visitor use and numbers of visitors have 
been selected for long-term monitoring at Channel Is
lands National Park. The parameters of visitation 
monitored are the number of visitors utilizing park 
facilities and interpretive services and the number, dis
tribution, and types of boats bringing visitors to the 
park islands. This information is recorded as counts 
of visits for certain periods of time or for certain inter
pretive activities. 

Visitor counts are required throughout the National 
Park System for every park unit. These counts are 
summarized as monthly public use reports, first in a 
detailed report for Channel Islands National Park, and 
then in a summary version on Form 10-157 as part of 
a nationwide statistical report of park visitation. To 
provide an estimate of total visitation for Channel Is
lands National Park, it is not only necessary to count 
attendance at programs and facilities, but also to es
timate boating activity in park waters. The one-nauti
cal mile of water around each island within the park 
boundary is used by a variety of recreational and non-
recreational visitors who may or may not come 
ashore. Actual daily observations of selected 
anchorages and a regression model are used to es
timate boating activity. 

MONITORING PROTOCOL 

SAMPLING METHODS 

Visitation to Facilities and Islands 

Daily counts are made of all visitors to National Park 
Service facilities and programs. At the mainland 
visitor center, counts are made of the total number of 
visitors, visitors viewing audiovisual programs, par
ticipants in special events, and tour buses. These 
counts are recorded on the data form in Appendix A. 

On the islands, resident park personnel count visitors 
that come ashore and stay in selected anchorages on 
Anacapa, Santa Cruz, Santa Rosa, San Miguel, and 
Santa Barbara islands. Total visitation, as well as the 
number of visitors that stay overnight in campgrounds 
and that participate in programs and walks, are 

recorded on the data forms in Appendices B and C. 
Specific instructions for making the counts are in
cluded on the data forms. 

Boating Activity 

The number, type, and distribution of boats in Chan
nel Islands National Park are monitored by daily ob
servations of boats in easily visible anchorages. 
These observations are expanded to estimate park-
wide usage by a regression model developed from 
aerial surveys conducted in 1981 and 1982 (Davis 
1983). 

Daily observations of boats are made at anchorages 
by resident personnel and are recorded on the Island 
Statistics data form in Appendix B. Boat observations 
are made from the west end of East Anacapa Island 
of Frenchy's Cove and East Fish Camp, from East 
Santa Cruz of Smuggler's Cove, from Johnson's Lee 
on Santa Rosa Island of South Point to Ford Point, 
from the ranch center on Santa Rosa Island of 
Becher's Bay, from San Miguel Island of Cuyler Har
bor, and from Santa Barbara Island of the landing 
cove. Observations are made mid-day for Anacapa 
and Santa Cruz islands; early morning for San Miguel 
and Santa Barbara islands; and evening for Santa 
Rosa Island. Observations are made at various times 
because of boating distance from the mainland and 
the type of boating activity. Some anchorages are 
likely to be used primarily for day trips (Anacapa and 
Santa Cruz islands) and have highest visitation at mid
day, while those further offshore are more likely to be 
used by fishermen or as overnight anchorages with 
visitors departing in the morning. 

DAILY BOAT OBSERVATIONS AT ANCHORAGES 

ISLAND 

Anacapa 

Santa Cruz 
Santa Rosa 

San Miguel 
Santa Barbara 

ANCHORAGE 

Frenchy's Cove 
East Fish Camp 
Smuggler's Cove 
Becher's Bay 
Johnson's Lee 
Cuyler Harbor 
Landing Cove 

TIME 

mid-day 
mid-day 
mid-day 
evening 
evening 
morning 
morning 

Multipliers are used to determine the number of park 
visitors on boats. The multipliers are based on actual 
counts of people on board commercial fishing and 
recreational boats made by park rangers and by a sur
vey conducted at Santa Barbara Harbor (Brady I979). 
Additional information on the actual number of people 
on boats may result in revision of these multipliers. 
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To determine the number of park visitors on boats the 
following data and multipliers are used: 

Private vessels (weekdays) 3.5 people/boat 
Private vessels (weekends 

and holidays) 5.5 people/boat 
Commercial boat 2.0 people/boat 
Party (sport diving and 

fishing boats) count or estimate 
Concession tour boat count supplied by 

concessionaire 

A regression model, initially developed through a 
design study using data collected over a 13-month 
period in 1981 and 1982, estimates numbers and dis
tributions of boats in the park based on daily obser
vations at anchorages on Anacapa and Santa Barbara 
islands (Davis 1983). The methods used to develop 
the model are described here to facilitate periodic 
revision of the regression coefficients to reflect chan
ges in patterns of visitor use over time. Accuracy of 
the model may also be improved by incorporating 
daily observations of boats in anchorages not avail
able in 1982, such as Smugglers Cove, Santa Cruz Is
land, and Johnson's Lee, Santa Rosa Island and by 
updated counts. The design study recommended 
that revisions be made at five year intervals until chan
ges in the coefficients cease to be significant. 

To update the model, aerial surveys should be con
ducted on two randomly selected week days and two 
randomly selected weekend days for each month over 
a one-year period. Weather and sea conditions should 
be recorded for each flight. Observations should be 
made from altitudes of 200-250 m, along a flight path 
running west along the park boundary, one mile south 
of the northern islands from Anacapa to San Miguel, 
and returning along the park boundary to the east, one 
mile north of the islands. Observed vessels should be 
categorized by type as commercial fishing, sportfish-
ing, party-dive, recreational power, recreational sail, 
or other (freighter, tanker, tour, patrol, etc.). Distribu
tions of boats may be determined by recording their 
locations in 89 predetermined areas. These predeter
mined areas include 16 offshore zones (1 to 6 nauti
cal miles from the islands coinciding with the Marine 
Sanctuary), 16 nearshore zones ( nautical mile from 
the islands coinciding with the boundary of the park), 
and 3 inter-island passages for vessels in transit; and 
54 commonly used anchorages for vessels at anchor. 
Observations from the aerial surveys should be 
recorded on the data form in Appendix D to assure 
completeness and accuracy. In lieu of aerial surveys 
for Santa Barbara Island, complete surveys may be 
made visually from the island on the same days that 

aerial surveys are conducted on the northern islands 
and recorded on a similar data form. The observa
tions of total boat populations in the park may then be 
regressed on the counts of boats in anchorages at 
Santa Barbara, Anacapa, Santa Cruz, and Santa Rosa 
islands to produce the predictive equations. 

DATA MANAGEMENT 

Monthly Public Use Report 

A monthly public use report is generated from data 
collected and recorded on field data forms. A visitor 
statistic computer program using Lotus software 
facilitates analysis and reporting. 

A copy of the report generated is included in Appen
dix E. Monthly and year-to-date statistics are 
developed. This report is further summarized to fur
nish statistical information required each month on 
form 10-157 (also in Appendix E) for all National Park 
Service areas. 

Specific instructions for the use of the Lotus program 
that analyzes and reports visitor statistical information 
and generates the monthly public use report are found 
in Appendix F. 

Estimating Boat Activity 

A stepwise multiple regression analysis is used to 
develop equations for estimating the number of boats 
in the following seven zones: 

• the marine sanctuary (1 to 6 nautical miles off
shore) 

• the park (1 nautical mile offshore) 

• Anacapa Island anchorages 

• Santa Barbara Island anchorages 

• Santa Cruz Island anchorages 

• Santa Rosa Island anchorages 

• San Miguel Island anchorages 

Island observations are used as independent vari
ables, and aerial counts are used as dependent vari
ables for each of the seven zones in this analysis. 
There were clear differences in the numbers, types, 
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and distributions of boats between the summer 
months and the rest of the year, therefore, regression 
equations were developed for both summer, 
Memorial day weekend through Labor day, and the 
remainder of the year for each of the seven zones. 
The estimated numbers of boats in each zone and for 
each season are calculated using the equation in 
Table 2. 

The computer model automatically selects the ap
propriate coefficients (Table 2), adjusts the regression 
constant for the number of days in the month, makes 

all of these calculations, prints the results in the sum
mary table, adds the zone totals for fiscal and calen
dar years, and calculates the mean number of boats 
in each zone for each season. 

The model provides estimates of total boating activity 
in the park and sanctuary and in the anchorage zones 
for Santa Barbara and Anacapa islands. As addition
al daily observations become available for other 
anchorage areas (Santa Cruz and Santa Rosa islands) 
because of resident observers on these islands, bet
ter predictions can be made. 

Table 2. Regression Coefficients Used to Estimate the Daily Number of Boats within Channel Islands 
National Park 

COEFFICIENTS 

Summer (June-Aug) Winter (Sept-May) 

Zone 

Anacapa 
Santa Barbara 
Santa Cruz 
San Miguel 
Santa Rosa 
Park 

m 

3.39 
0.61 
2.07 
0.39 
0.05 
5.14 

n 

0.45 
0.47 
1.58 
0.09 
0.16 
0.98 

b 

5.00 
2.10 

68.80 
5.20 

13.10 
94.10 

R2 

.96* 

.79* 

.70* 

.33NS 

.15NS 

.78* 

m 

4.20 
1.10 
4.54 
0.23 
0.41 
1.03 

n 

-2.08 
0.12 
4.61 
0.35 
0.98 
5.50 

b 

19.40 
3.60 

20,10 
3.90 
6.80 

35.50 

R2 

.73* 

.97* 

.91* 

.83* 

.72* 

.92* 

z = mx 4 ny + b; where: 

z = estimated number of boats in the zone 

m = regression coefficient for Anacapa anchorage count 

n = regression coefficient for Santa Barbara anchorage count 

b = regression constant (y - intercept) 

x = Anacapa anchorage count 

y = Santa Barbara anchorage count 

R2 = multiple regression coefficient 

* = P < 0.01 

NS = not significant, P > 0.25 
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APPENDIX A. Data Form, Mainland Visitor Center 

MAINLAND VISITOR CENTER 
Monthly Visitor Count 

Month 

Date Total # 
of Visitors 

i 

i 

Tour 
Busses 

Visitors 
at Movie 

I 

Phone 
Calls 

^ w \ r 

Programs: Eve, Sun, Special Events 
Program Type 

f \ V , 

<&%y 
& W 
l \ \^ 
s>v 

f* of People 

! 
i 1 

1 i 

total 

On Site 
? of Groups # of People 

i 

i 

I 

Data Form, Mainland Visitor Center A- 1 



APPENDIX B. Data Form, Island Visitor Statistics 

ISLAND VISITOR STATISTICS 
Monthly Visitor Count 

Date 

Island 

Recreational Visitors 

Visitors 

on Boats 

Overnight 1 Campers 

on Boats 

I 

1 
l 

i 

Actually 

on Shore 

1 

Month 

Non-recreational visitors 

Visitors 

on Boats 

Overnight 

on Boats 

_«Mt. 
J^V 

! rt&W* 
i<s\ v£SV 

! 
iV> 

I 

! 

1 
! j 

i 

! i 

1 

I 

1 
1 

! 1 | 1 
i I 

1 ' 1 
! 

i 
! 

Overnight 

on Shore 

Anchorage Counts 

Location 

1 

Location 

2 

| 
i 

I 

I 

| 

i i 

1 : i | ! 1 1 
1 ' 1 

total | 

B- 1 Data Form, Island Visitor Statistics 



EXPLANATION OF ISLAND VISITOR STATISTICS 

RECREATIONAL VISITORS 

Definition. Anyone that enters the land or water of 
the park for recreation purposes. NPS personnel and 
their immediate families are not reported as recreation 
visitors. 

Visitors on Boats. Recreational day and overnight 
visitors within one mile of the islands. 

Count people or use these multipliers: 

Private vessels, weekdays: 3.5 per boat 
Private vessels, weekends and holidays: 5.5 per 

boat 
Party boat: count or estimate 

Overnight on Boats. People spending their night 
hours on boats. These people should also be counted 
as day visitors (in Visitor on Boats category) for each 
day they are in the park. 

Campers. Recreational visitors who stay in desig
nated campgrounds. 

Actually on Shore. All recreational visitors that actual
ly set foot on the islands. 

NON-RECREATIONAL VISITORS 

Definition. Reportable - Non-recreation visits in
clude ranchers and their guests as part of the special 
use permit; travel through park waterways or use of 
the park as part of, or incidental to, the pursuit of gain
ful occupation. Includes commercial fishermen; 
photographers and writers when they are on or 
around the island but not under contract/or employed 
by NPS; tradesmen and pilots servicing facilities 
within, or making deliveries to, destinations within the 
park; employees of any other federal, state, or local 
agency on business in the park; and researchers who 
are not NPS employees. 

Nonreportable - Non-recreation visits by NPS per
sonnel (defined as NPS employees and their im
mediate families, contractors, and concessioners). 

Visitors on Boats. Include the crews of party and dive 
boats within one mile of the island. Count people or 
use this multipier: 

Commercial boat: 2.0 per boat 

Party Boat: actual count or estimate 

Overnight on Boats. In the case of some fishing boats, 
people sleep during the day and fish at night, so count 
them as overnight on boat. 

Overnight Ashore. Reportable nonrecreation visitors 
as defined above who stay in designated 
campgrounds or other lodging facilities. 

ANCHORAGE COUNT 

1. Fill in location(s) of anchorage in island statistics 
form 

2. Mark which days are Saturday, Sunday, or 
holidays 

3. Count all boats in the anchorage, underway and 
anchored at these times: 

Al: 

SCI: 
SRI: 

SMI: 
SBI: 

East Fish Camp-
Frenchy's Cove-
Smuggler's Cove-
Becher's Bay-
Johnson's Lee-
Cuyler Harbor-
Landing Cove ~ 

1200-1300 
1200-1300 
1200-1300 
1800 
1800 
0800 
0800 

4. For each unobserved high visitation day, plug in 
the average number of boats counted on the 

observed high visitation days of the month. 

total number of boats = average boats per day 

total number of days boats were counted 

5. If there are blank weekdays, find the average 
number of boats per weekday and plug that 
average into the empty spots. IMPORTANT: DO 
NOT MIX WEEKDAY AVERAGES WITH HIGH 
VISITATION DAY AVERAGES, BE SURE TO 
KEEP THEM SEPARATE. 

Data Form, Island Visitor Statistics B-2 



APPENDIX C. Data Form, Island Interpretive Activities 

ISLAND INTERPRETIVE ACTIVITIES 
Monthly Visitor Count 

Is 

Date 

Information 

/Orientation 

# Pgms. #Vis. 

1 
1 

i 1 

i 
i 

i 

sland Month 

General Interp. 

Walks 

# Pgms. #Vis. 

Island Interpretation 

Programs 

Type of Program 

<k 
^y\\t. 

. < * * $ « * 

AW 
<f>m>" 

! i 

! i 

'. \ 
| 

i 
\ 

\ 

1 
! 

1 1 1 

i 1 1 

# Pgms. 

• 

Evening 

Programs 

#Vis. |#Pgms.j # Vis. 

i 
1 

| 

! 

| 

1 

i 
i 1 

1 ! 

i 

1 

| 

1 

i i 

i i 

| 

1 i 
i 

: 
1 

! 

1 

! 

i 
1 ! ! 

total 

C- 1 Data Form, Island Interpretive Activities 



APPENDIX P. Data Forms, Aerial Boat Survey 

Date:_ 

Day: 

/ / Observer: 

Wind Direction: 

Wave Direction: 

Cloud Cover: % 

Air Temperature °F 

Velocity: Kts 

Height: f t 

Vi s i b i 1 i ty Mi 1 es 

F l i g h t Time: Take-off , Land 

NUMBER OF BOATS 

Island 

A 

A 

A 

A 

A 

A 

0 

C 

C 

C 

C 

C 

C 

C 

C 

c 

c 

c 

Location 

1-6 mi SE 

1 mi SE 

EAST FISH CAMP 

CAT ROCK 

1-6 mi SW 

1 mi SW 

S ANACAPA PASSAGE 

1-6 mi SE 

1 mi SE 

HUNGRY MANS 

SMUGGLERS 

YELLOW BANCS 

MIDDLE 

VALLEY 

BLUE BANKS 

ALBERTS 

COCHES PRIHOS 

WILLOWS 

Other 
Ship 

Comm. 
Fishing 

v ^ 
N&U" 

Sport 
Fishing 

v# 

Dive 

rO 

& 

Rec. 
Power 

Rec. 
Sail 

Data Form, Aerial Boat Survey D- 1 



IIUI'IOLK u r DUMiO 

Island 

C 

C 
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1-6 mi SW 
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SF D RP RS 

D-2 Data Form, Aerial Boat Survey 



3 Of 4 
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M 
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Data Form, Aerial Boat Survey D-3 
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NUMBER OF BOATS 
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^ 
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OS CF 

NATURAL HISTORY OBSERVATIONS AND NOTTS: 

SF RP RS 

D-4 Data Form, Aerial Boat Survey 
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SANTA BARBARA ISLAND BOAT SURVEY 

Date: / / Observer: 

Day: Air Temperature: °F 

Wind Direction: Velocity: Kts 

Wave Direction: Height: ft 

Cloud Cover: % Visibility: Miles 

Time of Observation: , To 

NUMBER OF BOATS 

Island 

B 

B 

B 

B 
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# jS?1 
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Fishing 

% y^ 

Dive 
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Data Form, Aerial Boat Survey 0-5 



CHANNEL ISLANDS NATIONAL PARK DAILY ANCHORAGE SURVEY 
Aerial Boat Survey Data Form 
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D-6 Data Form, Aerial Boat Survey 



APPENDIX E. Sample of Monthly Public Use Reports 

Oays/Nn> 

Entsr 1 boats E. Fish Caep: 

Enter 1 boats Frsochy's: 

Entap t boats SB! Cove-. 

Entar Non-Rec Ovarnita Ashore Ah 

Entar Non-Rac Ovarnita Ashora S8I: 

Enter Ron-Rec Ovarnita Ashore SUT: 

Enter 1 people at Caapqround Al: 

Entar 3 people at Caapground SB I: 

Enter 1 Rec Visitors Ashora Ah 

Enter 1 Rec Visitors Ashora SB I: 

Enter 3 Roc Visitors Ashore SNh 

Enter Visitor Canter Count: 

Entar 3 Sunday Special Pgas V.C: 

To 3 people 8 Sunday Pgas V.C: 

Enter 3 Evening Pgas to V.C: 

To 3 people 1 evening pgas V.C: 

Enter 3 of Tour Busses: 

Enter 3 people at Vis Center File-. 

Entar Total Onsite Prograas: 

Enter 3 people at Onsite Prograas: 

Enter Total Offsite Prograas: 

Entar 3 people 8 Offsite Prograas: 

Enter 3 IPCO day trips to Ah 

Enter 3 people on AI trips: 

Enter 3 IPCO day trips to SBh 

Enter 3 people on SB1 trips: 

Enter 3 IPCO day trips to SMI: 

Enter 3 people on SMI trips: 

Enter 3 IPCO day trips to SCh 

0 

Enter 3 peopia Non-tanding/Other: 

Enter 3 Info/Orientation Pgas Ah 
To 3 people Al; 

11 

Jen 
83 

58 

18 

a 
a 
a 
25 

0 

3873 

85 

184 

3369 

9 

520 

a 
a 

i 

2731 

12 

235 

1 

357 

21 

550 

0 

3 

0 

0 

s 
112 

1300 

21 

143 

29 

Fab 

57 

52 

S8 

0 

a 
0 

16 

0 

3274 

23 

93 

3878 

8 

433 

3 

0 

1 

JOSS 

13 

528 

1 

15 

29 

955 

0 

0 

3 

3 

7 

219 

1171 

31 

505 

31 

Mar 

46 

39 

0 

0 

8 

3 

35 

3 

3336 

0 

33 

11740 

11 

574 

3 

0 

0 

3855 

18 

354 

3 

77 

40 

1359 

0 

3 

0 

0 

4 

125 

'970 

>1 

559 

30 

Apr 

70 

120 

12 

3 

0 

0 

19 

75 

4518 

170 

76 

11094 

4 

118 

0 

0 

a 

4061 

30 

1138 

4 

112 

39 

1896 

0 

0 

0 

a 
1! 

747 

371 

32 

531 

31 

May 

39 

93 

341 

2 

3 

6 

158 

56 

4254 

704 

266 

13147 

2 

42 

0 

0 

2 

1972 

50 

2328 

2 

SS 

56 

1685 

2 

50 

3 

3 

12 

318 

577 

47 

123 

30 

Jun 

96 

52 

145 

0 

0 

0 

118 

90 

2496 

919 

138 

14392 

4 

279 

8 

312 

1 

5476 

44 

i960 

1 

20 

45 

'281 

8 

11 

0 

3 

12 

795 

331 

S3 

ISO 

31 

Jul 
164 

119 

235 

0 

0 

0 

179 

70 

5573 

1863 

673 

19453 

4 

157 

9 

366 

3 

7514 

36 

1365 

0 

0 

0 

0 

0 

0 

3 

0 

0 

3 

3 

70 

1739 

31 
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199 

176 

439 

9 

3 

0 

225 

186 

8862 

3912 

2128 

20673 

5 

342 

9 

381 

2 

7437 

17 

775 

3 

120 

SI 

'944 

7 

231 

1 

22 

20 

522 
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'551 

30 
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119 

72 

355 

0 

a 
0 
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22 

5075 

2450 
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12033 

1 

55 

2 

73 

2 

1050 

0 
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7 

23S 

30 

905 

3 

HI 

2 

54 

13 

550 

1051 

12 

;io 

31 

Oct 

68 

93 

212 

0 

0 

0 

58 

4 

2741 

710 

207 

8725 

a 
0 

2 

38 

a 

2862 

9 

306 

5 

1903 

13 

432 

30 

Nov 

98 

68 

171 

0 

0 

0 

I2S 

8 

3942 

812 

0 

3373 

0 

0 

2 

56 

1 

32S1 

7 

222 

4 

208 

18 

219 

31 

Dec 

38.5 

S7 

104 

a 
0 

0 

a 
0 

S8I 

372 

0 

781S 

0 

0 

1 

40 

1 

2281 

3 

145 

2 
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3 

152 

Tear-To-Oate 

1147.50 

1007.00 

2120.00 

20.00 

3.00 

6.00 

1095.00 

501.30 

49126.00 

11860.00 

3981.00 

0.00 

146722.00 

18.00 

2527.30 

33.00 

1316.00 

14.00 

0.00 

51551.00 

219.00 

10082.00 

35.00 

3264.00 

0.00 

311 00 

10275.00 

20.00 

436.00 

3.00 

75.00 

30.00 

2568.00 

7578.00 

0.30 

174.00 

361S.0O 

Public Use Reports E- 1 

Monthly Public Use Report 

Channel Islands National Park 6 National Marina Sanctuary 

Revised 9/10/84 J . Lssrfl 

Sueeter (June - August) Ninter (Septeeber - May) 

Island M N B M N 8 

AI 3.39 0.45 5.00 2.19 3.00 15.87 

SS! 0.61 0.17 2.10 1.10 0.12 3.50 

SCI 2.07 1.58 68.80 0.00 1.61 20.06 

SMI 0.39 -0.09 5.20 0.23 0.35 3.90 I * MX • NV • 8, .here: 

SRI 0.05 0.16 13.10 0.00 0.58 7.08 X»AI ANCHORACE COUNT 

PARK S . I 4 0 98 94 10 1 0 3 5 . 5 0 35 .50 Y=SANTA 8AR8ARA ISLAND ANCHORAGE COUNT 

SANCTUARY 6 . 5 1 2 .57 9 4 . 2 0 5.01 4.03 53.80 M,N,B»CONSTANTS 



E-2 Public Use Reports 

Days/No.J 3! 29 31 30 31 30 31 31 30 31 30 31 

Jan Fab Man Apr May Jun Jul Aug Sap Oct lav Doc Year-To-Oat i 

Enter t General I n t a r p Hikes A1: 11 13 13 11 17 IS 31 37 IS 13 II A 191.80 
To I paopla A l : 221 217 244 191 ASS 1722 S84 030 209 2S9 211 72 S474.00 

Entar I Evaning Program A l : 1 0 2 0 0 2 S 10 I 0 0 1 28.00 
T o t paopla M i S 0 38 0 0 12 OS 90 20 0 3 7 239.00 

Entar I Underwater Pgaa A l : O O O O O S 8 9 2 1 0 0 2S.00 
To I paopla A l : 0 0 0 0 0 125 302 ASS 02 48 0 0 1014.00 

0.00 
Entar I I n f a / O H a n t a t l o n Pgaa SSI: (I 0 0 3 0 5 29 17 SS 0 12 0 122.00 

To I paopla SOI: 0 0 0 12 0 37 3S7 444 340 0 16 0 1246.00 
Entar t Ganaral I n t a r p Hikes SSI : 0 0 0 0 0 1 7 3 3 0 0 0 14.00 

To I paopla SS I : 0 0 0 0 0 3 20 20 27 0 0 0 70.00 
Entar I Evaning Prograaa SB 1: 0 0 0 0 0 0 0 0 0 0 0 0 0.00 

To t paopla SOI: 0 0 0 0 0 0 0 0 0 0 0 0 0.00 
Entar I Tldapool Malks SSI: 0 0 0 0 0 0 0 0 0 0 0 0 0.00 

To I paopla SBI: 9 0 0 0 0 0 0 0 0 0 0 0 0.00 

Entar I !nfo /0r1antat1on Pgaa SMI: 0 I 1 1 0 0 27 36 9 3 2 0 80.00 
To t paopla SMI: 0 5 17 7 0 0 137 157 ST 35 2 0 128.00 

Entar t Ganaral I n t a r p Hikes SMI: 0 1 1 1 0 0 14 25 S 3 2 0 S3.00 
To 4 paopla SMI: 0 6 17 7 0 0 91 121 51 30 2 0 343.00 

Entar J Evaning Prograaa S M I : 0 0 0 0 0 0 0 0 0 0 0 0 0.00 
To t paopla SMI: 0 !l 0 0 0 0 0 0 0 0 0 0 0.00 

0 0 0 0 0 0 0 O.OO 
RESULTS 0.00 

0.00 
Total Anchoraga Count Ah 139.00 119.00 85.00 190.00 192.00 158.00 283.00 37S.0O 191.00 151.00 1S5.00 105.SO 
Total Anchoraga Count SBI: 48.00 58.00 0.00 12.00 341.00 145.00 235.00 439.00 355.00 212.00 171.00 104.00 

O.OO 
Boat-Oayf Ah 827.30 749.84 109.12 922.20 343.45 952.12 1142.74 1344.22 924.39 853.86 069.54 754.02 10692.70 
Boat-Oaya S8h 270.26 242.26 205.10 310.44 363.72 299.20 451.10 576.78 360.70 303.14 311.12 240.13 3941.95 
Boat-Oaya SCh 843 14 849.12 521.86 S57 12 2193.87 1270.25 1705.21 2645 S5 2238.35 1599.10 1390.11 110130 17115.16 
9oat-0ays SMh 169.67 160.77 140.45 164.90 294.41 204.09 268.24 360 80 285.18 229.83 215.03 18157 2664.94 
Boat-Oaya SSI: 247 32 238.36 219.48 219.36 417.25 236.50 355.78 474 10 418.30 342.44 311 SB 279.80 3820.98 
Boat-Oaya PARR: 1507.67 1471.07 1188.05 1326.70 3173.75 2025.24 2684.49 3901 25 3214.23 2422.03 2176.48 1781.17 26872 14 
Boat-Oaya SANCTUARY: 2565.97 2397.27 2098.75 2625.66 4015.47 2399.41 4049.66 5338.22 4013.02 3287.73 3144.75 2621.81 39157 72 

0.00 
V1a1tor-0aya Ah. 2895.83 2624,44 2481.32 3227 70 3302.08 2982.42 3999.59 4704.77 323S.37 2987.81 3043.74 2639.OS 38124.71 

Recreational : 2171.87 1968.33 186144 2420.78 2476.56 2236.82 2999.69 3528.68 2426.52 2240.86 2282.81 1979.29 28593 53 
Non-Recreational 723.96 6S6 I I 520.48 808.93 825.52 745.61 999.90 1176.19 808.84 746.95 760.94 659.76 9531 18 

Visl tor-Oays SBI: 945.91 847.91 717 85 1114.64 1273.02 1047.20 1578.85 2018.73 1262.45 1060.99 1088.92 840.46 13796 83 
Recreational 709.43 635.93 538.39 835 91 954.77 785.40 1184.14 1514.05 946.B4 795.74 818.69 630.34 10347 52 
Non-Recreational 236.48 211 38 179 46 278 54 316.26 261.80 394.71 504.68 315.61 265 25 272.23 210.11 3449.21 

V1a1tor-0aya SCI: 2950.99 2971.92 2176.51 2299.92 7578.55 4445.88 5966.24 9259.78 7834.23 5597 13 4865.39 3854.55 59303.06 
Recreational ; 2213.24 2228.94 1632.38 1724.94 5758.91 3334.41 4476.18 6944.83 5875.87 4197.85 3649.04 2890.91 44927 30 
Non-Recreational 737.75 742.38 S44.13 574.96 1919.64 1111 47 1492.06 2314.34 1958.56 1399.28 1216.3S 963.64 14975.77 

Via l tor -Daya SMh 593.84 562.70 4 9 1 5 8 577.15 995.44 714 32 938.84 1262.80 998.13 804.41 7S2.5I 635.48 9327.2? 
Recreational 445.38 422.02 358.5B 432 86 746.58 535.74 704.13 347 10 748.60 503.30 564.45 476.51 6995.45 
Non-Recreat1onal '48 46 140.67 122.89 144.29 248.86 178.58 234.71 315.70 249.S3 201.10 188.15 1S8.87 233182 

Vla l tor-Oaya SSI: 365.62 836.36 768.18 767 75 1460.41 1037.75 1245.23 1659.35 1464.05 1138.54 1090.53 373.30 13373.08 
Recreational : 549.22 527.27 576.14 575.82 1095.31 778,31 933.92 1244.51 1098.04 898.91 917.90 734 48 10029 81 
Non-Recreational 216.41 209.09 132.05 191.34 365.10 259.44 311.31 414 84 366.01 239.64 272.53 244.83 3343 27 

Visi tor-Oays PARR: 5276.85 5148.75 4158.18 4643.45 11108.15 7388.34 9395.72 13654 38 11249 81 8477 11 '617 58 5234 38 3405247 
Recreational 3957 53 386I.S5 3118.53 3482.59 3331.12 5315 25 7046.79 10240.78 3437 35 5357.33 57'3 0S 4575.55 70539.15 
Non-Recreational 1319.21 1297 19 '039.54 1160.86 2777.04 1772.09 2348.93 3113.59 2912 45 2119.38 '304.42 '558.52 23513.12 

V i s i t o r - l a y s SANCTUARY: 3380.39 8330.15 7345.63 7139 81 14054 15 10497 34 14173.31 13883 77 14045.57 '1537.36 '100S.63 3176.32 137052.00 
7.00 

Recreational V l a i t t : 13326.63 9744.05 3095.S6 3472.89 19363.23 12986.93 17344.85 24419.85 19533.02 15094.49 13844 IS 11387.18 174612.32 
Non-Recreat1onal V l s i t a : 1319.21 3248.02 2698.55 3157 53 6454.41 4328798 5781 52 8139.95 5511.01 5031.50 4614.72 3795.73 55081.31 

Total V i s i t s : 14645.85 12992.07 10794 21 12630.52 25817.55 17315.30 23125.45 32S59.30 25044.03 20125 98 18458.86 15182 91 229694 23 
Corrected Total V1a1ts 14645.00 12992.00 10793.00 12529.00 25817.00 17314 00 23125.30 32558.00 26044,00 20125 00 18458.00 15182.00 223682 00 

Recreational V la t tor -Noura: 102009.96 39335.91 83652.15 91902.60 209807.13 138384.12 183712.62 261283.50 211521.24 159131.64 144147.99 118097.15 1802986.01 
Non-Recreational V is i tor -Hours : 31661.07 77952.42 64785.26 75783.12 154905.87 103895.40 138758.76 195358.80 156264.15 120755 88 110753.15 91097.48 1321951.37 

Total V is i tor -Hours : 133671.03 177288.33 148417.41 167685.72 384713.00 242279.52 322471.38 455642.30 357785 39 279887.52 254901.15 209194.52 3124937.37 
Corrected Total V is i tor -Hours . . 133670.00 177287.30 148417.00 167685.00 364712.00 242279.00 322470.00 456641.00 357785.00 279886.00 254900.00 209194 30 3124926.30 

Overnite Rec V i s i t o r s A f l o a t . . . A h 1107.55 1003.85 949 33 1234 60 '263 04 1140.78 1523.84 1799.57 1237.53 1142.34 1164,23 1009.44 14582 70 
Overnite Rec V i s i t o r s Af loat S 8 I : 3 5 1 8 1 324.33 274.58 426.31 486.93 400.55 503.91 772 16 482.89 405.83 415.51 3 2 1 4 7 5277 29 
Overnito Rec V i s i t o r s A f l o a t . . S C h 1128.75 1135.76 832.52 879.72 2937.04 1700.5S 2282.85 3541.36 2995.59 2140 30 185101 1474 3? 22912.32 
Overnite Rec V i s i t o r s A f l o a t . SMI. 227.15 215.23 188.03 220.76 380.75 273.23 359.11 483.02 38178 307 58 287.87 243,01 3567.58 
Overnite Rec V is i to rs A f l o a t . . S R I : 331.10 319.91 293 83 293.67 558.61 396.94 416 30 534.70 560.00 458 44 417.13 374 58 5115.20 
Overnite Rec V is i to rs Af loa t .Park : 2018.39 1969.39 1590.50 1776.12 4248.87 2711.29 3593.36 5222.30 4303.OS 3242.49 2913.76 2384.53 35975.07 
(517 of Rec Boaters Stay Overnite) a 00 



Public Use Reports E-3 

IR™ ™VIT) U.S. DEPARTMENT OF INTERIOR 
NATIONAL PARK SERVICE 

MONTHLY PUBLIC USE REPORT 
MONTH *NO rua UPDATE PARK CATE 

PARK r.0J,S'oT.!o"'o"T CODE CODE M O N T H Y E A " GORY « / « 

I Ul ^LJLJUU 
1 2 - 5 8-7 8-9 10-11 12 

CURRENT M O N T H YEAR-TO-DATE 

RECREATION NONRECREATION TOTAl . 

VISITS I I I I ^ _ _ _ _ _ _ _ ' 
13 20 21 - 27 

CURRENT M O N T H YEAR-TO-DATE 
RECREATION NONRECREATION TOTAL 

VISITOR H O U R S l 1 | J ' 
28 38 37 - 43 

CURRENT M O N T H YEAR-TO-OATE 

NFS CAMPGROUNDS 

RECREATION OVERNIGHT STAYS I J I 

CONCESSIONER LODGING I ' _ _ _ _ _ _ _ _ _ _ Tama 
44 50 

RMrasMn 

I I Vahtclaa 

I _ _ ^ _ ^ ^ _ ^ _ 
T O T A L _ _ _ 

| f ' 
NPS CAMPGROUNDS ' ' _ _ ^ ^ _ _ _ _ _ VISITOR HOUR APPENDIX 

57 83 • • 

NPS BACKCOUNTRY < ' — _ _ _ ^ ^ ^ ^ ^ 
84 70 

NPS MISCELLANEOUS * ' ^ ^ — — ^ ^ — ^ ^ — 
7 1 - 7 5 

N O N R E C R E A T I O N OVERNIGHT I | 

STAYS | I 
78 80 

TOTAL OVERNIGHT STAYS 

SPECIAL USE OATA | MONTH YEAR-TO-OATE SPECIAL USE DATA (cont'd) MONTH YEAR TO DATE 

• h 
b , 

= 1 

8 k 

• I 

I m 

V n 

M U L T I P L I E R S : c Othar Factor* (Soaciry Natural 

a Privata Motor Vehictaa. Waakdaya ^ ^ _ _ _ ^ _ _ _ ^ _ ^ ^ _ _ _ ^ _ _ ^ ^ _ ^ _ _ _ ^ _ _ _ _ _ _ ^ _ ^ _ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Saturday*. Sunday*. Holtdava: _ ^ _ _ _ _ ^ _ ^ ^ ^ ^ ^ _ ^ _ ^ ^ _ _ ^ ^ _ ^ _ _ ^ ^ _ ^ _ ^ _ 

b Ad|u*lmant for Tratlar Aalas Countad ^ ^ ^ ^ ^ ^ _ _ _ _ _ ^ ^ _ ^ ^ _ ^ ^ ^ _ 

R E M A R K S : ' ~~ 

SIGNATURE TITLE DATE: 



APPENDIX F. Spreadsheet: Visitor Statistics 

The following instructions are for the use of the Lotus 
program that analyzes and reports visitor statistics 
and generates the monthly public use report. 
Keystrokes to be typed or actions to be taken are in
dicated in bold. 

Use Sperry computer located in Interpretation 
Division which has SPREADSHEET located on hard 
disk. 

Insert floppy disk labeled "VISITOR STATISTICS 1988" 
(or current year) in disk drive. 

Read from SYSTEM ACCESS MENU. 

Enter A{return} 
1 {return} [1-2-3 Spreadsheet] 
Any key [to continue] 

After blank spread sheet appears: 

Enter /FR [command to retrieve file] 
a:statcy88 [file to be retrieved] 

To hold your titles across the spreadsheet for later 
months: 

Move cursor so MONTHLY is highlighted 
Enter AWT {return} 
Highlight BOTH {return} 

To enter data, use statistics compiled by island 
rangers, interpreters, and Island Packers Company 
on applicable data sheets in each of the following 
categories. See "Location of Data for Lotus Monthly 
Public Use Report" on the next three pages in order 
to correctly locate the data that are required for each 
data entry in the computer program. After each 
entry, hit {Return}. 

After all data is entered, to recalculate: 

Enter F9 [Key] 

Note: the figures used for the Monthly Public Use 
Report (form 10-157) are found in column N. 

To clear worksheet titles: 

Enter /WT 
Highlight CLEAR 
Enter {return} 

MAKE SURE YOU SAVE EVERYTHING AT THIS 
POINT. Then: 

Enter/FS {return} 
Highlight REPLACE 
Enter {return} 

To print, use Lotus spreadsheet in dual disk drive: 

Insert LOTUS 1-2-3 floppy disk in A disk drive 
Insert VISITOR STATISTICS 1988 floppy in B 

disk drive 
Highlight 1-2-3 
Enter {return} 
Enter ANY KEY to continue 
Enter /FR 
Enter B:STATCY 88 {return} 

To print, use a dot matrix printer. Turn printer on and 
insert wide computer paper. 

For pitch select CD (condensed print) 
Enter /P 
Highlight PRINTER 
Enter {return} 
Highlight RANGE 
Enter {return} 

CHANGE RANGE will appear 

Enter A1...0129 
Enter {return} [prints out entire report] 

(NOTE: In the above entry, use O as in Octopus, not 
zero) 

Highlight GO 
Enter {return} 

To quit 

Enter /q 
Highlight YES 
Enter {return} 

To exit Lotus system when using Lotus 1-2-3 floppy 
Enter /e 

F-1 Spreadsheet: Visitor Statistics 



Location of Data for Lotus Monthly Public Use Report (continued on next page) 

Data Entry Prompt 

# boats E. Fish Camp 
# boats Frenchy's 
# boats SBI Cove 
2 # boats SCI Scorpian 
2 # boats SCI Smugglers 
2 # boats SMI Cuyler 
2 # boats SRI Becher's Bay 
2 # boats SRI Johnson's Lee 

Non-Rec Overnight Ashore Al 
Non-Rec Overnight Ashore SBI 
2Non-Rec Overnight Ashore SCI 
Non-Rec Overnight Ashore SMI 
2Non-Rec Overnight Ashore SRI 

# people at Campground Al 
# people at Campground SBI 
2 # people at Campground SCI 
2 # people at Campground SMI 
# people at Campground SRI 

# Rec Visitors Ashore Al 
# Rec Visitors Ashore SBI 
2 # RecVisitors Ashore SCI 
# Rec Visitors Ashore SMI 
2 # Rec Visitors Ashore SRI 

Visitor Center Count 
# Sunday Special Pgms V.C. 
# people at Sunday Pgms V.C. 
# Evening Pgms to V. C. 
# people evening pgms V.C. 
# of Tour Buses 
# people at Vis Center Film 
Total Onsite Programs 
# people at Onsite Programs 
Total Offsite Programs 
# people Offsite Programs 

Data Sheet1 

B 
B 
B 
B 
B 
B 
B 
B 

B 
B 
B 
B 
B 

B 
B 
B 
B 
B 

B 
B 
B 
B 
B 

A 
A 
A 
A 
A 
A 
A 
A 
A 
3 

3 

Data Sheet Column 

Anchorage Counts 
Anchorage Counts 
Anchorage Counts 
Anchorage Counts 
Anchorage Counts 
Anchorage Counts 
Anchorage Counts 
Anchorage Counts 

Non-rec. Visitors Overnight Ashore 
Non-rec. Visitors Overnight Ashore 
Non-rec. Visitors Overnight Ashore 
Non-rec. Visitors Overnight Ashore 
Non-rec. Visitors Overnight Ashore 

Rec. Visitors Campers 
Rec. Visitors Campers 
Rec. Visitors Campers 
Rec. Visitors Campers 
Rec. Visitors Campers 

Rec. Visitors Actually on Shore 
Rec. Visitors Actually on Shore 
Rec. Visitors Actually on Shore 
Rec. Visitors Actually on Shore 
Rec. Visitors actually on Shore 

Total # of Visitors 
Programs 
Programs 
Programs 
Programs 
Tour Buses 
Visitors at Movie 
Onsites, # of groups 
Onsites, # of people 
(from monthly schedules) 
(from monthly schedules) 

DATA SHEET CODE: A = Mainland Visitor Center; B = Island Visitor Statistics; C = Island Interpretive Activities; 

IPCO = Island Packers Company trnasmittal (tour boat concessionaire) 

2 
Not yet in computer system, needs to be added when program is updated 

3 
Check outreach calendar for monthly schedule 

Spreadsheet: Visitor Statistics F-2 



Location of Data for Lotus Monthly Public Use Report (continued) 

Data Entry Prompt 

#IPCO day trips to Al 
# people on Al trips 
# IPCO day trips to SBI 
# people on SBI trips 
# IPCO day trips to SCI 
# people on SCI trips 
# IPCO day trips to SMI 
# people on SMI trips 
2 # IPCO day trips to SRI 
2 # people on SRI trips 
# people Non-Landing/Other 

# Info/Orientation Pgms Al 
To # people Al 
# General Interp Hikes Al 
To # people Al 
# Evening Programs Al 
To # people Al 
# Underwater Pgms Al 
To # people Al 
2# tidepool/other programs Al 
2To # people Al 

# Info/Orientation Pgms SBI 
To # people SBI 
# General Interp Hikes SBI 
To # people SBI 
# Evening Programs SBI 
To # people SBI 
# tidepooi walks SBI 
To # people SBI 

2 # Info/Orientation Pgms SCI 
2To # people SCI 
2 # General Interp Hikes SCI 
2To # people SCI 
# Evening Programs SCI 

2To # people SCI 
2 # Island interp pgms SCI 
2To # people SCI 

Data Sheet1 

IPCO transmittal 
IPCO transmittal 
IPCO transmittal 
IPCO transmittal 
IPCO transmittal 
IPCO transmittal 
IPCO transmittal 
IPCO transmittal 
IPCO transmittal 
IPCO transmittal 
IPCO transmittal 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

Data Sheet Column 

# of programs 
# of visitors 
# of programs 
# of visitors 
# of programs 
# of visitors 
# of underwater programs 
# of visitors 
# of other island interp programs 
# of visitors 

# of programs 
# of visitors 
# of programs 
# of visitors 
# of programs 
# of visitors 
# of other island interp programs 
# of visitors 

# of programs 
# of visitors 
# of programs 
# of visitors 
# of programs 
# of visitors 
# of other island interp programs 
# of visitors 

DATA SHEET CODE: A = Mainland Visitor Center; B = Island Visitor Statistics; C = Island Interpretive Activities; 

IPCO = Island Packers Company transmittal (tour boat concessionaire) 

2 
Not yet in computer system, needs to be added when program is updated 

F-3 Spreadsheet: Visitor Statistics 



Spreadsheet: Visitor Statistics F-4 

Location of Data for Lotus Monthly Public Use Report (continued) 

Data Entry Prompt Data Sheet1 Datasheet Column 
2 # Info/Orientation Pgms SRI C # of programs 
2To # people SRI C # of visitors 
2 # General Interp Hikes SRI C # of programs 
2To # people SRI C # of visitors 
2 # Evening Programs SRI C # of programs 
2To # people SRI C # of visitors 
2 # Island interp pgms SRI C # of other island interp programs 
2To # people SRI C # of visitors 

# Info/Orientation Pgms SMI C # of programs 
To # people SMI C # of visitors 
# General Interp Hikes SMI C # of programs 
To # people SMI C # of visitors 
# Evening Programs SMI C # of programs 
To # people SMI C # of visitors 
2 # Island interp pgms SMI C # of other island interp. programs 
2To # people SMI C # of visitors 

DATA SHEET CODE: A = Mainland Visitor Center; B = Island Visitor Statistics; C = Island Interpretive Activities; 

IPCO = Island Packers Company transmittal (tour boat concessionaire) 

2 
Not yet in computer system, needs to be added when program is updated 
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INTRODUCTION 

Weather exerts a strong influence on mortality rates, 
growing conditions, and long term population 
trends. Therefore, continual weather monitoring is 
a key factor in the study of population dynamics and 
an important aspect of the long-term monitoring 
program at Channel Islands National Park. Up-to-
the-minute weather information is also important to 
the logistical support of park operations, transporta
tion to the islands by aircraft or vessel, and visitor 
safety. Such information can be vital in the case of 
visitor use in an area of sometimes rapid and violent 
weather change. Established data of prior weather 
occurrences is also needed in any attempts to 
predict conditions influencing spread of oil spills, air 
pollution, or other unforeseen environmental 
hazards. 

County repeater on Sisar Peak. Data are accessible 
by trained users at the receiving station and via tele
communications. The Ventura County Rood Con
trol District and the National Weather Service, Los 
Angeles, also have receiving stations which directly 
receive the stored data transmitted by the Channel 
Islands National Park weather stations. Similarly, 
park headquarters has the ability to receive data 
from any of the Ventura County weather stations by 
initializing their numbers on the computer. 

MONITORING PROTOCOL 

All weather stations currently in use in Channel Is
lands National Park are Sierra-Misco, Inc., Model 
5081 Real Time Event Reporting Weather Stations 
coupled with International Hydrographic Services 
Enhanced Alert Software. These stations are totally 
self-contained, packaged weather stations used to 
automatically report weather data from remote sites 
to a central location. The main housing acts as a 
support for the solar panel, sensors, and antenna 
tower and also functions as a weather proof housing 
for the transmitter. 

This Handbook Contains: 

• Diagram and specifications for a typical 
automated recording/reporting weather station 
(see Figure 1 and Table 1). 

• Weather station location descriptions including 
computer identification numbers. 

MONITORING DESIGN 
CONSIDERATIONS 

A system of automated weather stations has been 
established on Anacapa, Santa Barbara, Santa Cruz, 
San Miguel, and Santa Rosa islands. The individual 
site locations were chosen to represent weather 
conditions at the highest, most unobstructed portion 
of each island. Weather parameters measured are 
wind speed and direction, rainfall, relative humidity, 
temperature, barometric pressure, and soil moisture. 
All weather data are transmitted to a computer 
receiving station at park headquarters via a Ventura 

• General monthly and biannual maintenance 
requirements and maintenance log. 

• Maintenance log (see Appendix A ). 

• Data access information. 

• Technical descriptions of sensors along with 
individual maintenance requirements and 
troubleshooting techniques supplied directly 
from manufacturer (see Appendix B). 

Available from park headquarter files is extensive 
Sierra-Misco, Inc. schematics, wiring diagrams, and 
installation documentation. 
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Figure 1. Diagram of Sierra-Misco, Inc., Model 5081 Real Time Event Reporting Weather Station. 
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Table 1. Sierra-Misco, Inc., Model 5081 Real Time Event Reporting Weather Station. 

SPECIFICATIONS 

SIERRA-MISCO, INC. 
Model 5081 Real Time Event Reporting Weather Station 

Antenna: Model 5050ANT Omni Antenna 

Height From Ground: 18 feet 

Barometric Pressure: ModeM520 Sensor 

Humidity/Temperature: Model 2042 Sensor 

Model 4550 Radiation Shield 
Power Supply: Model 5031-12 Gel Cell Battery 

Model 5033-0.4 Solar Panel with Regulator Circuit 
which produces 400 mA and allows for 
continuous operation of the station. 

Precipitation: Model 5050P Sensor 
Orifice Diameter: 12" 
Ht. Orifice from ground: 13'8" 

Soil Moisture: Model 3051 Sensor 

Transmitter: Model 5050 Transmitter 
Model 5050AO Analog Option 
Model 5050CP Connector Package and 

Signal Conditioning Card 

Wind Direction: Model 5050WD Sensor 
Output - 0 to 1,000 ohms 

Wind Speed Sensor: Model 5050WS 
Output - AC voltage 
Threshold -1.5 mph 
Range-1.5 to 200 mph 
Distance Constant -10 feet 
Turning Radius - 2.75 inches 
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WEATHER STATIONS 
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SAN MIGUEL ISLAND 
Location San Miguel Hill 

Elevation 253.3 m (831 ft.) 
Longitude 122° 01.8' 
Latitude 34° 02.0' 

Computer 
Sensors Present ID# 

Wind Speed & Direction 167 
Rainfall 170 
Relative Humidity 171 
Temperature 172 
Soil Moisture 173 
Barometric Pressure 174 

Soil Moisture Sensor Location 
1 m (3 ft.) South of Station 
Depth of 30 cm (1 ft.) 

Station Installed 09/10/85 
Standard Height of 6.1 m (20 ft.) 

SANTA ROSA ISLAND 
Location Between Soledad Peak 

and Black Mountain 
Elevation 373.4 m (1,225 ft.) 
Longitude 120° 05.3' 
Latitude 33° 57.7' 

Computer 
Sensors Present ID# 

Wind Speed & Direction 177 
Rainfall 180 
Relative Humidity 181 
Temperature 182 
Soil Moisture 183 
Barometric Pressure 184 

Soil Moisture Sensor Location 
1 m (3 ft.) South of Station 
Depth of 30 cm (1 ft.) 

Station Installed 05/29/86 
Standard Height of 6.1 m (20 ft.) 

ANACAPA ISLAND, East Island 
Location Near Ranger House 
Elevation 45.7 m (150 ft.) 
Longitude 119° 21.8' 
Latitude 34° 01.0' 

Computer 
Sensors Present ID# 

Wind Speed & Direction 187 
Rainfall 190 
Relative Humidity 191 
Temperature 192 
Soil Moisture 193 
Barometric Pressure 194 

Soil Moisture Sensor Location 
2 m (6 ft.) South of Station 
Depth of 30 cm (1 ft.) 

Station Installed 01/31/85 
Standard Height of 6.1 m (20 ft.) 

SANTA BARBARA ISLAND 
Location Signal Peak 
Elevation 190.2 m (624 ft). 
Longitude 119° 02.2' 
Latitude 33° 28.0' 

Computer 
Sensors Present ID# 

Wind Speed & Direction 147 
Rainfall 150 
Relative Humidity 151 
Temperature 152 
Soil Moisture 153 
Barometric Pressure 154 

Soil Moisture Sensor Location 
3.8 m (11 ft.) South of Station 
at East Edge of Coastal Sage 

Depth of 30 cm (1 ft.) 

Station Installed 06/26/85 
Station Height Altered to 4.9 m (16 ft.) 
Above Ground Level. 



W — © — E 

CHANNEL ISLANDS NATIONAL PARK 
A Weather Monitoring Locations 

Figure 2. Map of Weather Monitoring Locations 
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WEATHER STATION 
MAINTENANCE 

EQUIPMENT NEEDED 

Located at Each Station: 

12' Stepladder 

Carried in Weather Toolbox: 

Solder 
Voltmeter 
Soldering Iron 
Thermometer 
Butane for Soldering Iron 
Compass 
Crimping Tool 
Dummy Load 
Lugs and Connectors 
Altimeter 
Hacksaw and Hacksaw Blades 
Two Alien Wrench Sets 
Level 
Needle Nose Pliers 
Pocket Knife 
Wire Cutters 
Vise Grips 
Small Files 
Duct Tape 
Wrenches 
Electrical Tape 
Measuring Tape 
Silicone Caulking and Gun 
Phillips & Regular Screwdrivers 
Spare Cap for Temp/Humidity Sensor 
Lubricant 

Spare Parts List: 

Model 1520 Barometric Sensor 
Model 4550RS Radiation Shield 
Model 5033-0.4 Solar Panel 
Model 5050ANT Omni Antenna with Cable and 

Mounting Hardware - Specify Frequency 
Model 5050HT Humidity/Temperature Sensor 
Model 5050P Complete Tipping Bucket/Sensor 
Model 5050WD Wind Direction Sensor 
Model 5050WS Wind Speed Sensor 
Antenna Mast 
Antenna Mast Cross Pipe, Set of 2 
Antenna Cable, 18 feet Long 
Funnel with Screens 
Funnel Screen - Large Outer 
Funnel Screen - Small Inner 
Relative Humidity /Temperature Sensor Cable 
Sensor Arm Elbow Fitting 
Sensor Arm Hose Clamp, Size 16 (3/4" to 1-1/2") 
Sensor Arm Tee Fitting 
Top Section with Funnel and Screen 
Wind Direction Sensor Support Pipe 
Wind Speed Sensor Support Pipe 
Wind Sensor Signal Cable for both 

Direction and Speed 

Nylon Rope 

Not in Toolbox: 

Sandpaper and Rustproof Paint 
Water and Clean Rags 

In Addition, for Six Month Maintenance 
Schedule: 

Spare Parts and/or Information May Be Obtained By 
Contacting: 

SIERRA-MISCO, INC 
1825 Eastshore Highway 
Berkeley, California 94710 
(415) 843-1282 

Batteries, Psychrometer, and Anemometer 
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GENERAL MAINTENANCE 

MONTHLY MAINTENANCE 

1. Unscrew two screws on radiation deflector 
plates and remove by sliding downward. 

4. Clean entire rain gauge apparatus including 
the screen and tipping bucket. 

2. Unscrew black fluted, plastic cap from base of 
temperature/relative humidity sensor and 
replace with clean cap, being careful not to 
touch the sensor wires or to screw on too 
tightly. Retain the old cap to be cleaned later 
as follows: 

Soak in distilled water; clean, dry, lubricate 
and store for future use. 

3. Clean solar panel with cloth and water. 

4. Check level of rain gauge and clean funnel 
so as to be free of debris. 

5. Check overall station for rust, deteriorating 
wires and corroded connectors. 

6. Lubricate all bolts and nuts to prevent 
corrosion. 

7. Make note of any problems to be repaired 
next servicing. 

8. Complete Maintenance Record for station 
(see Appendix A for Maintenance Log). 

SIX MONTH MAINTENANCE 

5. Replace batteries: 
a. Slide batteries out of transmitter and unhook. 
b. Hook up new batteries. 
c. Check voltage to transmitter: 

Place voltmeter dials on DC and 20. 
Place black probe of voltmeter to TP1 pin 
on ID side of transmitter board. 
Place red probe of voltmeter to 
top red wire pin below TP1. 

d. Put batteries back in can, checking to make 
certain they are still connected. 

6. Push "Test" button on bottom of transformer, 
then call headquarters to see if data was 
received instantaneously. 

7. Verify data: 
a. Compare readings with thermometer, 

anemometer, and psychrometer. 
b. If not in agreement, recalibrate using 

directions found in Appendix B. 

8. Lower the transmitter back into the cylinder and 
then replace the barometric pressure sensor. 

9. Place the tipping bucket back in the rain can 
and make certain that it is level, using the 
leveling bubble on top. 

Same as Monthly Maintenance schedule above 
plus the following: 

1. Remove rain can and set on ground. 

2. Remove the barometric pressure box and 
then the transmitter by pulling up with the 
nylon rope contained within the support 
housing. 

3. Unscrew the rain gauge cable from the 
transmitter, being certain you do not tip the 
bucket before this is completed. 

10. Place the screen back on the rain can. 

11. Place rain can back on top making certain that 
the tipping bucket is level by using the leveling 
bubble on top. 

12. Complete Maintenance Record for station. 

13. When back in office, check computer for 
erroneous data sent during maintenance period 
and edit out any extraneous test data. 
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DATA MANAGEMENT 

Weather stations on the islands and in the local area 
transmit weather data receivable by an antenna on 
the Channel Islands National Park headquarters 
building. The computer operates 24 hours a day 
and receives and stores all incoming weather data. 

Data Access Instructions 

Section 1 gives you the identification numbers of 
both the weather stations and their individual sen
sors which you will need to refer back to in order to 
access the desired data. A copy of this information 
is also posted above the computer/monitor. 

Section 2 will help you get started by accessing the 
"Data Display Programs" menu. 

Section 3 describes in detail the ways of displaying 
the desired data. 

Section 4 instructs you in how to use the printer for 
printouts of weather data. 

Section 5 describes how others can access the 
weather data in this computer from another com
puter. 

Section 6 tells you how to turn off the monitor when 
you are finished with the system. This is important! 

If you need more information than what is provided 
in this handbook the International Hydrographic 
Services (Division of Sierra-Misco) documentation 
for the weather software is in the white binder near 
the computer. 

For problems with the software, contact either: 
Dave Leader or Brett Forrester 
Sierra-Misco - Sacramento Division 
916-929-8861. 

SECTION 1. Group and Sensor Names 
and Numbers: 

GROUP NUMBERS 

It is possible to either obtain ALL weather factors 
from ONE place, i.e., Group 3, Santa Rosa Island, or 
obtain ONE weather factor for ALL places, i.e., 
Group 9, Temperature. 

Group 1 - Santa Barbara Island Weather 
Group 2 - Anacapa Island Weather 
Group 3 - Santa Rosa Island Weather 
Group 4 - San Miguel Island Weather 
Group 5 - Ventura (County Center)Weather 

The above Group Numbers display wind speed and 
direction, precipitation, relative humidity, tempera
ture, soil moisture (except Ventura), and barometric 
pressure at each location, while the following Group 
Numbers will display individual weather factors at all 
locations: 

Group 6 - Wind Speed and Direction 

Catalina Island 
Ventura 
Santa Barbara Island 
San Miguel Island 
Santa Rosa Island 
Anacapa Island 
Santa Cruz Island 

Group 7 - Precipitation 

Santa Barbara 
San Miguel 
Santa Rosa Island 
Anacapa Island 
Santa Cruz Island 

Tell them our weather modum is (805) 644-8406. 
With this information they will be able to access the 
computer directly to lead you through any problems 
you may have. 

For local help with the system contact: 
Ms. Dolores Taylor, Sr. Engineer 
Ventura County Flood Control District 
(805)654-2014. 

Group 8 - Relative Humidity 

Ventura 
Santa Barbara Island 
San Miguel Island 
Santa Rosa Island 
Anacapa Island 
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Group 9 - Temperature Group 11 - Barometric Pressure 

Ventura 
Santa Barbara Island 
San Miguel Island 
Santa Rosa Island 
Anacapa Island 

Ventura 
Santa Barbara Island 
San Miguel Island 
Santa Rosa Island 
Anacapa Island 
Santa Cruz Island 

Group 10 - Soil Moisture 

Santa Barbara Island 
San Miguel Island 
Santa Rosa Island 
Anacapa Island 

SENSOR NUMBERS: 

The following is a list of the sensors, their type and 
location as well as their individual code numbers 
which you will need in order to access data. 

Catalina Island 

100 = Wind Speed and Direction 
103 = Precipitation 

171 = Relative Humidity 
172 = Temperature 
173 = Soil Moisture 
174 = Barometric Pressure 

Ventura (County Center Building) Santa Rosa Island 

107 = Wind Speed and Direction 
110 = Precipitation 
111= Relative Humidity 
112 = Temperature 
113 = Soil Moisture (not operating) 
114 = Barometric Pressure 

177 = Wind Speed and Direction 
180 = Precipitation 
181 = Relative Humidity 
182 = Temperature 
183 = Soil Moisture 
184 = Barometric Pressure 

Santa Barbara Island Anacapa Island 

147 = Wind Speed and Direction 
150 = Precipitation 
151 = Relative Humidity 
152 = Temperature 
153 = Soil Moisture 
154 = Barometric Pressure 

187 = Wind Speed and Direction 
190 = Precipitation 
191 = Relative Humidity 
192 = Temperature 
193 = Soil Moisture 
194 = Barometric Pressure 

San Miguel Island 

167 = Wind Speed and Direction 
170 = Precipitation 

Santa Cruz Island 

540 = Wind Speed and Direction 
543 = Precipitation 
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SECTION 2. Accessing the Menu: 

For BEGINNERS 

The CURSOR: is the flashing dash you see on the 
screen. When you press a key on the keyboard, it 
will show on the screen where the cursor was lo
cated and the cursor will move one space to the 
right. 

The ENTER (or Return) Key must be pressed 
after any instructions you give the computer (such 
as "login" or "user"). 

The four ARROW keys move the cursor around on 
the screen so you can place the cursor where you 
wish to make a data entry. When using these arrow 
keys to move the cursor, nothing else is happen
ing... you are just moving the cursor. These arrow 
keys are also the numbers 4, 8, 6 and 2 if the "NUM 
LOCK" key is engaged. If you are getting a number 
instead of moving the cursor, press NUM LOCK and 
this will put you back to the arrow keys or visa versa. 

Another key marked with a left arrow is the BACK
SPACE key which is located at the end of the top 
row, just to the right of the + = key. This key 
moves the cursor to the left BUT AT THE SAME 
TIME IT ERASES WHATEVER IS JUST TO THE LEFT 
OF THE CURSOR, thus, in effect, erasing BACK
WARDS. 

The DEL key (Delete) erases whatever the cursor is 
marking, and this continues in such a manner as to 
erase FORWARD. 

NUMBER KEYS - You have a choice to use either' 
the numbers appearing across the top of the 
keyboard, or the "adding machine-like" keys on the 
right end of the keyboard. Some people prefer to 
use the top numbers for numbers and leave the right 
end just for the arrow functions. If, however, you are 
familiar with a 10-key adding machine and have a 
large group of numbers to be entered, it is generally 
faster to use the right end keyboard by engaging the 
NUM LOCK key. 

If the screen seems to be stuck - pressing a key 
does not do anything, and the cursor will not move -
hold down CTRL and press BREAK (Scroll Lock) 
key at the same time. This will give you a #, $ or % 
sign in the lower left corner of the screen. Type 
login and user and press Enter. 

ESC KEY (Escape) must be used to exit whatever 
you are doing and get back to the DATA DISPLAY 
PROGRAMS menu. You may be asked if you want 
to "Execute? (y/n)", answer "n". If you press the ESC 
key when you are already at the MASTER or DATA 
REPORT PROGRAMS menus, you will get a $ or % 
sign. Type user and press Enter. 

If you accidentally ESCape from the menu, you will 
see a #, $ or %. Type login and user and press-
Enter. 

CAPSLOCK KEY switches you to all upper case or 
lower case letters, but DOES NOT AFFECT the 
!@#$% ~ &*0_ + }{":? keys which are obtained by 
using the "Shift" key. 

PRTSC KEY (Print Screen) is for printing whatever 
appears on the screen. Hold down CTRL, ALT and 
PRTSC together and then release. This will print ex
actly what is shown on the screen. If the printer fails 
to function immediately, make certain: 

• It is turned on (small green light will show beside 
the word "Power") and is joined to the weather 
computer, not to the computer on the right which 
is used by research. 

• The small green light next to SEL (Select) is on. If 
you have opened the printer for any reason, the 
SEL light may be off - simply press the SEL button 
and the printer will start. 

(Go to Section 4 for more complete instructions con
cerning the use of the printer. 

GETTING STARTED 

Not Normal - computer and monitor both turned off. 

The computer assigned to weather data accumula
tion is supposed to run 24 hrs. a day. If, however, it 
has accidentally been turned off, 

• Turn computer on (switch on back right side), and 
turn the screen on by using the "Pull-On" switch 
on front of monitor. The system will go through a 
number of checks and give you a login: prompt. 
Type user and press Enter. 

You will get the "DATA DISPLAY PROGRAMS" menu 
as shown in Example 1. Go on to Section 3. 
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International Hydrological Services 
Enhanced ALERT System 

Version 1.34, January 1987 
DATA DISPLAY PROGRAMS 

a evout Single station display 
b group Precip.group display 
c pmap Display sensor map 
d sensout Sensor name display 
e sensgroup ... Sensor group display 
f statreport .. Statistical group display 
g timeplot .... Alpha time series plot 
h plot Graphics time series plot 
i plot4 4 Graphics time series 
j gmap Graphics sensor map plot 

0 To RETURN to MASTER MENU 

Example 1. 

Normal - computer is running but monitor is off. 

• Turn on the screen using the "Pull-On" knob on 
front of monitor. 

If the screen has the "MASTER MENU" or "DATA 
REPORT PROGRAMS" menu there will also probably 
be a $, # or % sign in the lower left hand corner. If 
this is the case, 

• Type login (lower case) and user and press 
Enter. Go on to Section 3. 

If the screen shows an A or C on the lower left side 

• Press ALT and DEL at the same time, release. 
You will get an orange, blue, and black screen. 
Press 9 and then the Enter key. 

You will get a $, #, or % prompt on the lower left 
hand corner, 

• Type login, and press Enter; type alert and Enter; 
type help and Enter. 

You should now have the "MASTER MENU" or 
"DATA REPORT PROGRAMS" on the screen and a $ 
in the lower left corner. 

• Type login and press Enter. Type user and press 
Enter. 

This will give the "DATA DISPLAY PROGRAMS" 
menu as shown in Example 1. Go on to Section 3. 

SELECTIONS -

The menu shown in Example 1 allows you to select 
how you would like to see the weather data. 

The options which are the best for viewing Channel 
Islands and vicinity weather data are: 

a - to display a single sensor at a time (see list of 
sensor numbers in Section 1). 

e - to display a group of sensors (see list of 
group numbers in Section 1). 

f - to display averages, minimums or maximums 
for sensors over a specified period of time. 

h - plot one or two sensors on a line graph. 

i - plot one to four sensors on a line graph. 

Details on how to use each of these options follows 
in Section 3. 
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The screen should have the "DATA DISPLAY 
PROGRAMS" menu as shown in Example T, go on 
to Section 3. 



SECTION 3. How to Retrieve Desired Data: 

72 Weather Monitoring Handbook 

____ _ . 
International Hydrological Services 

Enhanced ALERT System 
Version 1.34, January 1987 
DATA DISPLAY PROGRAMS 

a evout ....... Single station display 
b group ....... Precip.group display 
c pmap ........ Display sensor map 
d sensout ..... Sensor name display 
e sensgroup ... Sensor group display 
f statreport .. Statistical group display 
g timeplot .... Alpha time series plot 
h plot Graphics time series plot 
i plot4 4 Graphics time series plot 
j gmap Graphics sensor map plot 

0 To RETURN to MASTER MENU 

Strike the key for the desired utility or <ESC> to exit -> 
V / 

If you select a single... Single station display, (which the National Weather Service calls evout for "Event 
Out") you will obtain the following: 

Enter Command Options. Press Fl to EXECUTE. 
Program? evout 

Enter ending date (MM DD YY) -> 
Enter ending time (HHMM) -> 
Enter starting date (MM DD YY) -> 
Enter starting hour (HH) -> 
Enter number of entries to display -> 

If you press Enter after each line, it will ask you for the sensor number you wish to see and give you the latest 
data for that sensor. (Sensor 152 was selected for this example.) 

Aug 18 88 7:43:09 
Sensor # 152 Santa Barbara Islan Temperature Sensor 

DATE TIME degrees F 
08/18 0703 76 
08/18 0601 75 
08/18 0459 75 
08/18 0358 75 
08/18 0256 73 
08/18 0154 74 
08/18 0052 75 
08/17 2350 75 
08/17 2248 73 
08/17 2146 71 
08/17 2044 67 
08/17 1942 64 
08/17 1840 60 
08/17 1739 62 
Aft /1 7 1 Z 0 7 zc 

V J 



If you want to see data from some other time period, enter in the ending data and hour and the starting date 
and hour of the time period you want to see. Dates are entered with a space between the month, day, and 
year. If you do not enter the ending hour and starting hour, the program will assume the last hour available. 

Prnflraffi, «,„«..• Aug 18 88 7:51:28 
Program: evout 

Enter ending date (MM DD YY) -> 08 10 && 
Enter ending time (HHMM) -> 2400 
Enter starting date (MM DD YY) -> 08 10 88 
Enter starting hour (HH) -> 01 
Enter number of entries to display -> 

Sensor # 540 Santa Cruz Island Uind Sensor 
DATE TIME speed direction 
08/10 23:49:16 3.5 mph 140 deg (25) 
08/10 23:38:28 3.3 mph 130 deg (24) 
08/10 23:27:20 2.9 mph 130 deg (23) 
08/10 23:14:31 2.8 mph 150 deg (22) 
08/10 23:01:18 3.6 mph 130 deg (21) 
08/10 22:50:53 3.6 mph 120 deg (20) 
08/10 22:40:34 3.1 mph 150 deg (19) 
08/10 22:28:28 0.7 mph 150 deg (18) 
08/10 21:38:40 2.8 mph 130 deg (17) 
08/10 21:25:14 2.6 mph 060 deg (16) 

If you select d sensout... Sensour name display, you will obtain a list of sensor names and numbers. (It is 
easier and faster to simply look up this information either in Section 1 of this handbook or refer to the sheets on 
the wall above the computer monitor.) 

Aug 18 8 8 8 : 0 6 : 0 0 ^ 

Program: sensout 
Enter s to sort sensors by number -> s 
Enter sensor type to display (? for list) -> ? 

Sensor Type # .... Sensor Type Name 
0 Stream Gage Float 
1 Temperature Sensor 
2 Precipitation Gage 
3 Snou Sensor (uater equiv.) 
19 Uind Sensor 
20 Relative Humidity Sensor 
22 Barometric Pressure Sensor 
23 Stream Gage PT 
24 Soil Moisture 

PI ease enter the sensor type # (ESC to exit) 

Number 19 was chosen for this example: 

IHS: Sensout 
31 sensors defined in database 
107 Ventura County Cent Uind Sensor 
147 Santa Barbara Islan Uind Sensor 
167 San Miguel Island Uind Sensor 
177 Santa Rosa Island Uind Sensor 
187 Anacapa Island Uind Sensor 
540 Santa Cruz Island Uind Sensor 

Aug 18 &Q 8 : 0 6 : 4 9 
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If you select e sengroup... Sensor group display, you will obtain the following: 

Aug 18 8 8 8 : 1 8 : 1 3 ^ 

Program: sensgroup 
Enter group number (0 for list) -> 1 
Enter ending date (Mrl DD YY) -> 07 10 88 
Enter ending time (HHflM) -> 2400 
Enter time step Cm ! h ! dl -> lh 
Enter number of periods to display -> 24 
If you uant printer output, enter p -> p 

Aug 18 88 8:25:26 
Group Name 

Santa Barbara Island Ueather 
# 147 # 150 # 151 # 152 # 153 # 154 

Data for uind precip rhumid temp soil baropr 
7/10/88 mph in rh% degF % mb 

2400 3 0.00 0.957 59. 4.7 1022.0 
2300 4 0.00 0.441 64. 4.7 1022.0 
2200 5 0.00 0.539 63. 3.9 1022.3 
2100 7 0.00 0.730 61. 5.1 1021.0 
2000 9 0.00 0.699 62. 4.7 1020.7 
1900 10 0.00 0.918 60. 4.3 1019.7 
1800 11 0.00 0.996 63. 4.3 1018.3 
1700 10 0.00 0.996 64. 5.5 1018.3 

If you enter a group number and then press the return key after the remaining questions, you will get a group 
display of the most recent data by hour. If you want to see data from an earlier date, enter the date and the last 
hour of that date you wish to see. 

Time step: specifies whether the data will be displayed in minutes, hours, or days and should be entered as 
(number of)m, or (number of) h, or (number of)d. i.e. 24h; 30d; etc. 

Number of Periods: is the total number of time steps to display. 
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You then may choose either to enter a group number such as Group 1 for Santa Barbara weather. 

Or, say, Group 9 for the Temperature from all the islands. 
r~~~ ~ ~~ Aug 18 88 8 : 2 6 : 1 8 > 

G r o u p Name 
Temperat ure 

» 152 # 19.2 # 172 # 182 # 112 
Data for temp temp temp temp temp 
8/10/88 degF degF degF degF degF 

2400 59 58 59 61 59 
2300 60 59 61 61 59 
2200 59 59 60 60 59 
o i n n ^ A ^ A î o ê g ^Q 

^ _ ) 



If you select f statreport... Statistical group display, you will obtain, 

r Aug 18 88 8 : 3 1 : 4 8 ^ 

Program: average 
Enter group number -> 1 
Enter ending date (MM DD YY) -> 9 30 85 
Enter ending hour (HH) -> 24 
Enter time step Cm ! h ! d3 -> Id 
Enter number of periods to display -> 30 
If you want printer outputi enter p -> p 

V ) 
With this program you will get a maximum value, minimum value, and an average value for each sensor in the 
group over the specified period of time. Questions are answered in the same manner as for e group. For 
these averages the time step would be 1d (one day) and the number of periods would be however many days 
you wish to see displayed, i.e. 30 (30 days). 

f ~~~ ~ ~ — — Aug 18 88 8:32:44 ̂  
« 147 H 150 tt 151 « 152 tt 153 tt 154 

Date/Time 11/27 11/27 11/27 11/27 11/27 11/27 
Data for wind precip rhumid temp soil baropr 
24 hours mph in rh% degF X s mb 
9/30/85 

Max 12.8 _____ 1.00 68.0 255.0 1027.3 
Min 0.0 0.88 60.0 255.0 1021.7 
Avg 6.6 0.98 63.1 255.0 1025.2 

9/29/85 
Max 7 .2 1.00 64 .0 255.0 1027.3 
Mm 0 .0 _____ 1.00 60 .0 255.0 1024.7 
Avg 3 .2 1.00 61 .9 255.0 1026.2 

9 /28 /85 
Max 14.6 _____ 1.00 65 .0 255.0 1024.3 
Mm 0 .0 _____ 1.00 59 .0 255.0 1022.0 
Avg 6 .9 _____ 1.00 62 .2 255.0 1022.7 

9 /27 /85 
Max 14.2 1.00 73 .0 255.0 1023.7 
Mm 0 .0 0 .82 63 .0 255.0 1019.0 
Avg 7.2 0.99 64.8 255.0 1021.9 

9/26/85 
Max 8.1 1.00 71.0 255.0 1025.0 
Min 0.0 0.81 63.0 255.0 1021.7 
Avg 4.2 0.96 65.7 255.0 1023.4 

9/25/85 
Max 8.9 1.00 76.0 255.0 1024.3 
Min 0.0 0.90 65.0 255.0 1019.0 
* • • - ~ ~ n n o to c ~ c - n •»-->-> - . 
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This program will give you a line graph of data over a specified period of time for one or two sensors. 
Color: is best for viewing on the screen. 
Hirez: is black and white high resolution, which is best for printing and will fit twice as many data point on the 
graph as would color. 
Ending date and hour: are the last date and hour for which you wish to see data. 
Time step: is the time increment (assumed to be hours unless other wise specified). 
Number of days to display: is self explanatory. 
Number of extents: allows you to view data on the graph a specified number of days before or after the date 
indicated. You can see data before and after the date specified by striking the left or right arrow key depending 
on which way you want to go. The plot is shifted by one quarter of the screen with each arrow key entry. To 
change the "jump size" from quarter screen, use the number keys. For example, to jump a full screen of data at 
a time, press the 4 key, then the desired arrow key. Exit a plot by striking either the Enter key or ESCape key. 

Line designations for the plot are located in the lower left and right corners of the screen. Labels for the sen
sors are located on the top left and right. The first sensor specified will be on the left. 
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If you select h plot... Graphics time series plot you will obtain, 

Aug 18 && 8 : 3 5 : 1 2 

Program: plot 
Enter plot type [ l=color 2=hirez J -> 2 
Enter sensor number(s) -> 152 
Enter ending date (MM DD YY) -> 10 31 85 
Enter ending hour (HH) -> 24 
Enter time step Cm ! h ! d] -> Id 
Enter number of days to display -> 31 
Enter number of extents (DEFAULT = 0) -> 

To print the plot as shown on the screen, hold down the CTRL, ALT, and PRTSC keys together. 



If you select i plot 4... 4 Graphics time series plot, you will obtain: 

With this program you are able to display up to four sensors at one time. Each is scaled and labeled in its own 
individual graph, and plotted one graph above the other. 

The first sensor specified is the bottom graph with the sensor name on the upper left. The second sensor is the 
second graph from the bottom, with the name the second from the upper left, etc. The questions are answered 
the same as in option "h" above. To print, hold down the CTRL, ALT, and PRTSC keys simultaneously. 

Following are two examples of this program: 
The first asks for wind speeds on October 31, 1985, (a predicted Santa Ana wind day) at Ventura and Santa 
Barbara, Santa Cruz, and San Miguel islands. The first sensor specified will be on the bottom of the graph. 

^~~ Aug 18 88 8 : 3 6 : 4 4 ^ 

See Example 2 on the next page. 
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f Aug 18 88 8:35:45 ^ 
Program: p1ot4 

Enter plot type [ l=color 2=hirez 3 -> 2 

Enter sensor number(s) -> 107 147 540 167 

Enter ending date (MM DD YY) -> 10 31 85 

Enter ending hour (HH) -> 24 

Enter time step Cm ! h ! d3 -> lh 

Enter number of days to display -> 1 



The second example shows how to get the weather conditions (wind, relative humidity, temperature, and 
barometric pressure) at Santa Barbara Island on September 20,1985. 

Aug 18 88 8 : 3 9 : 4 6 
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Program; plot4 

Enter plot type C l=color 2=hirez ] -> 2 
Enter sensor number(s) -> 154 151 152 147 
Enter ending date (MM DD YY) -> 9 20 85 
Enter ending hour (HH) -> 24 
Enter time step Cm ! h ! d] -> lh 
Enter number of days to display -> 1 



SECTION 4. Operating the Printer: 

The printer for the Channel Islands National Park 
weather monitoring computer is an NEC P3. This is 
a Near Letter Quality Dot Matrix printer. The on/off 
switch is on the back right side. Following is a 
description of the indicator lights and buttons on the 
top of the printer: 

Indicator Lights -

• Power - green light means power means power is 
on. 

• SEL - green light means printer is ready to print. 

• P. E. - red light means printer is out of paper. 

Switches -

• FONT - press to select font type (see font digital 
indicator inside of printer under cover). SEL light 
must be off to change font. See examples of font 
types below. 

• SEL - press to turn light off (or on) so as to be able 
to use other switches. 

• TOF - press to automatically feed paper to top of 
the next sheet. The top of the sheet can also be 
set using the roller knob on the right side of the 
printer. (The SEL light must be off in order to do 
this.) 

• LF - press to automatically feed paper line by line. 
(The SEL light must be off for this function.) 

Font Types and Their Numbers: 

1 T h i s i s an example o f f o n t 1 , PICA CORRESPONDENCE QUALITY. 

2 T h i s i s an e x a m p l e o f f o n t 2, PICA NEAR-LETTER QUALITY. 

3 T h i s i s an examp le o f f o n t 3 . ELITE CORRESPONDENCE QUALITY. 

4 This i s an example of font 4, ELITE HEAR-LETTER QUALITY. 

5 This is an example of fon t 5. PROPORTIONALLY SPACED CORRESPONDENCE. 

6 This i s an example of font 6, PROPORTIONALLY SPACED NEAR-LETTER. 

7 This is an exuple of font 7, CONDENSED PRINT. 

0 T h i s i s an example o f f o n t 0 , PICA HIGH SPEED. 
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SECTION 5: Accessing Channel Island 
NPS Weather Data from 
Another Computer: 

The Channel Islands Weather Monitoring System 
can be accessed by most other computers or 
printers via a telephone modem connection. The in
terested party must have a minimum of a 300 baud 
acoustical modem and a printer. A computer with a 
1200/300 baud modem is preferred for easier access 
and speed. 

This weather computer will recognize the following 
terminal parameters: 

« 300 or 1200 baud rate 

• Even or no parity 

« 7 or 8 data bits 

• 1 stop bit. 

For an interested party to call up this computer they 
should... 

Dial (805) 644-8406. Once they are connected they 
should press their Enter key. 

They will see a Login: prompt. They must type 
user to reach the "Data Display Programs" 
described in detail in Section 3. You can lead them 
thru the program using Section 3 of this handbook 
as a guide. 

SECTION 6. When You are Finished: 

Press ESCape once. 
This will return you to the "Data Display Programs" 
menu. Simply turn off the monitor by pressing in 
on the Pull On/Push Off button. 

Please, NEVER TURN OFF MONITOR UNTIL YOU 
HAVE THE "DATA DISPLAY PROGRAMS" MENU ON 
THE SCREEN. 
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APPENDEX B. 

TECHNICAL DESCRIPTIONS OF SENSORS 

INDIVIDUAL MAINTENANCE REQUIREMENTS 
AND 

TROUBLESHOOTING TECHNIQUES 

MODEL 5081 

REAL TIME EVENT REPORTING WEATHER STATION 





SIERRA/MISCO, INC. 
BASIC GAUGE INSTALLATION 

INSTRUCTION MANUAL, Document #A102791 

1.0 INTRODUCTION 

The Real Time Event Reporting Stations are totally self-contained 
packaged stations used to automatically report from remote sites 
to a central site. The main housings act as the antenna tower 
and weather proof housing for the electronics package and must be 
installed correctly to achieve proper operation. 

2.0 SITE SELECTION 

2.1 The operation of se1f-reporting data collection system 
is dependent upon the transmission of radio signals from the 
event reporting gauge site to the radio receiver station. A 
clear radio path between the transmitter and the receiver with no 
intervening obstructions is referred to as a "line of sight radio 
path". It is desirable to have all radio paths in a system be 
line of sight. If line of sight radio paths are not used, some 
loss of data can be expected, especially during poor transmission 
times such as clear, hot periods. It is possible this loss of 
data will effect the accuracy of your forecasts. Where line of 
sight radio paths do not exist between the reporting gauge and 
the receiving station, a repeater site can be established. 

2.2 Radio communications can be affected by many factors: 
Terrain features such as mountains and the natural curvature of 
the earth's surface. Heavy stands of timber and other vegetation 
which can block signals with increasing effectiveness as they 
become wet or snow covered. Large masses of metal adjacent to 
the transmission path in the vicinity of the transmitter which 
can reflect and/or interfere with radio transmissions. Temporary 
signal absorption by personnel in close proximity to the antenna. 
Atmosphere conditions which reflect or refract the radio path 
from its normal propagation path. Reflection generally takes 
place from a cloud layer and for rainfall data generally enhances 
the received signal. Refraction which causes a deterioration of 
the signal will be most prevalent during hot, dry summer 
afternoons. Temporary signal loss during hot, dry we at tier does 
not impact precipitation data collection ability but may be 
significant for a stream gauge. 

This manuals includes: 

6 pages Text 
A101019 Radio Path Check List 

R - .1 
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2.3 Although gauges can be effectively sited using topographic 
maps, to verify "line of sign" radio paths, the exact placement 
of the gauge at a site must always consider local obstructions 
(hills, knolls, trees, heights of structures) which are not 
indicated on topographic maps. Where uncertainty exists, radio 
paths can be verified by radio voice communication between the 
proposed gauge site and the receiving station. When running radio 
path tests on paths which are not line of sight, or it is 
uncertain if paths are line of sight, an 18 db fade margin is 
recommended. To accomplish this fade margin if field strength 
meters are not available, use omni antennas and lower power 
transmitters than will be used in the final configuration. For 
example, if a 4 watt transmitter with zero gain omni antennas at 
both receiver and transmitter enables a signal to just break 
squelch, then the addition of 6 db high gain antennas at both 
receiver and transmitter plus use of 8 watt instead of 4 watt 
transmitter will give 15db fade margin. 

Receive antenna 6 db 
Transmit antenna 6 db 
Power 4 to 8 watts 3 db 

Total Margin 15 db 

Frequently a change of 10 or 20 feet in the proposed location is 
sufficient to bypass an obstruction between the transmitter and 
receiver. 

2.4 The selection of the reporting gauge site should also give 
consideration to other data collection system factors: 
Permanency in order to insure a long, stable data record. Access 
to the site for installation and maintenance. Natural hiding 
ability to reduce vandalism. Potential future obstructions such 
as building sites and vegetation growth as well as future 
obstructions along the radio path. Areas which have tall trees 
should be taken into account when plotting and testing radio 
paths. If trees are deciduous (seasonally without leaves), test 
should be done when the trees have their full foliage. 

2.5 In terms of system installation, the system can be on 
line more quickly and efficiently if the central data collection 
site is installed first and its receiving station operation 
verified before field work begins. All radios which report 
directly to the central site, including repeaters, should then be 
installed. Finally, those sites which require repeater radio 
paths should be installed. 

2.6 After choosing the site and prior to gauge installation, the 
radio path should be verified by data (preferably) or voice 
communication between the proposed gauge site and the receiving 
station. The verification should be done on approximately the 
same frequency that the system will be using. Occasionally a high 
gain antenna and/or a higher tower will be installed at river 
gauge sites in order to get signals through with good 
reliability. Normally radio path work should be done under less 
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favorable conditions than will be encountered during critical 
operating times. It is recommended that radio paths be checked 
in clear warm weather. 

3.0 INSTALLATION 

3.5 Feed the cables from the antenna mast section through the 
strain relief couplings near the top of the stand pipe leaving U -
shaped sections of cable on the outside for a drip line. If the 
gauge being installed has more than one cable in the antenna mast 
section it is best to thread first the cable which goes through 

3.1 On arrival at the site, unpack the contents of the boxes. 
Refer to the Assembly Diagram for the gauge being installed. Be 
sure to remove all items that are packed inside the standpipe. 

3.2 While one or two installation team members begin digging the 
hole another team member inventories and checks the equipment. 
Refer to the manual(s) for the equipment being used for test 
procedures. 

3.3 The hole for the gauge is normallly 24" deep with a 
diameter of about 24 inches. In areas of no frost the sides can 
be straight. In areas with frost the sides should slope outward 
from top to bottom with the bottom diameter several inches larger 
than the top. After the hole is dug, put some loose dirt in the 
bottom, add water and tamp the base flat and level. This is 
necessary to insure maximum contact between the bottom of the 
gauge and the ground for lightning strike grounding protection. 
In heavy frost areas it may be necessary to dig the hole deeper 
than 24 inches, refer to local building codes if you are unsure. 

3.4 It is usually easiest to assemble the antenna mast and 
antennas and any external equipment to the standpipe prior to 
putting the standpipe into the ground. Begin by attaching antenna 
cable to the antenna. Place silicone grease around the male 
threads of the antenna connector on the antenna, taking care not 
to get any on the center element. Secure the antenna cable 
connector to the antenna. Route the antenna cable to the antenna 
mast base enclosure by threading the cable through the antenna 
mast. The cable for directional antennas can be routed outside 
alongside the antenna mast and secured with tie wraps. Refer to 
Assembly Diagram for the specific gauge being installed. Then 
attach antenna to the mast with the U bolts and hardware 
provided. When installing gauges with precipitation sensors, the 
antenna must be positioned on the mast so that the ground plane 
r a dials will not be over the gauge orifice when mounted to the 
gauge. When using an omni antenna only 3 of the ground plane 
radials are connected to the antenna. The fourth is kept as a 
spare. If a directional antenna is used, attach to the mast with 
mounting gear provided so that when the gauge is installed in the 
ground the antenna will point in the correct direction. 
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the topmost strain relief and work downwards, ending by threading 
the last cable through the bottommost strain relief. For 
example, on the 5081 weather station there are numerous cables 
which are routed into the standpipe as follows: The solar panel 
cable is threaded through the top strain relief. The antenna 
cable is then threaded through the strain relief next underneath. 
Then, working downward, the wind sensor cable, temperature and 
humidity cable, and finally any other optional sensor cables 
through the bottom strain relief. Then secure the antenna mast 
assembly to the side of the standpipe with 8 alien screws. It is 
best to start all 8 alien screws prior to tightening them. 

3.6 If the gauge being installed has external wind sensor arms, 
use a carpenters level and adjust the sensor arms until sensor 
support pipes are straight up and perpendicular to the ground. 
Be sure to tighten all set screws once this is done. Align the 
wind direction sensor with respect to north by loosening the 
three set screws on the side of the sensor support pipe and 
facing the scribed "N" on the side of the sensor towards north. 
Then tighten the set screws, taking care that the sensor 
orientation does not change. 

3.7 If the gauge being installed lias a solar panel, it should be 
mounted so that it will receive maximum sunlight throughout the 
year. In the Northern Hemisphere it should face soutli and in the 
Southern Hemisphere it should face north. Tn choosing a site, 
sucli variable conditions as overhead obstructions, shadows, and 
the relatively lower arc of the sun in winter must also be 
considered. 

3.8 Begin mixing the concrete. If rock rubble is available to 
steady the gauge, the mix can be more fluid. If rock rubble is 
unavailable, use a slightly drier mix for faster setting. Place 
the gauge in the hole with the base plate making good contact 
with the ground. Improved contact may be made by putting soft or 
wet soil on hole bottom. This increases chances of station 
surviving lightning strike. In areas of extremely high lightning 
potential. lightning rods are recommended to be installed at the 
base of the gauge. When positioning the gauge over the hole, 
several factors must be considered: orientation of solar panel, 
orientation of directional antenna, if gauge has precipitation 
sensor antenna must not obstruct orifice and orientation of 
antenna mast in relation to orifice should be positioned so that 
the antenna mast is on the side of the gauge away from the 
prevailing wind direction during most storms. Place 
approximately 6 inches of dirt-free rock rubble around the gauge, 
taking care not to dent the aluminum. Add concrete while 
maintaining the gauge in a vertical position. Use a carpenter s 
level to verify maintaining a vertical gauge position while 
alternately adding 6-inch layers of rock rubble and concrete. 
bach layer of concrete should be tamped to assure elimination ol 
temporary voids. When the concrete is slightly above ground 
level, slope it away from the gauge using a trowel. This will 
direct water away from the base of the gauge. If rock rubble is 
not available, the gauge may be set completely in concrete. This 



will require an additional 2 sacks of concrete. When the base 
section of the gauge is rigid, proceed with the installation. 

3.9 Extra care should be taken in connecting the antenna cable, 
sensor cables, solar panel and battery to the electronics 
package. First untangle all the cables and neatly arrange them 
parallel to each other. Connect the antenna cables first. Then 
connect the battery leads from the electronics package to the 
battery observing correct polarity; red to positive, black to 
negative. Finally, connect the solar panel and sensor cables, 
talcing care to keep the cables from getting snarled or tangled. 
When all the cables are attached, place a cable tie approximately 
every 12 inches along the cables to keep them from becoming 
tangled . 

3.10 Verify all internal settings of the electronic package are 
set properly and/or reset, check signals with wattmeter or remote 
station tester as described in manual for electronics package in 
use. Then place into the protective housing and secure tightly 
with the two latch knobs. Attach the lifting rope to the handle 
on the top of the electronics package securely; if the rope 
becomes separated from the handle, the electronics package may be 
difficult to retrieve from the bottom of the standpipe. Drop 
scraps of foam or other cushioning material into the bottom of 
the standpipe and carefully lower the electronics package into 
the standpipe using the lifting rope to keep the strain off the 
cables. Place top section or cap onto standpipe and secure into 
place with the four alien screws provided. 
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4.0 INSTALLATION CHECKLIST 

4.1 Pre-Site Check 
Site use and access authorization 
Radio frequency licensing 
Radio path verification 
Site characteristics (trees, structures, etc.) 

4.2 Equipment Condition Check 
Battery charge 
Sensor calibration 
Electronics Package operation 

4.3 Suggested Installation Equipment Checklist 
Remote station tester or tuned radio 
Watt meter 
Ladd er 
Square, flat shovel 
Heavy breaker bar 
Tamping tool 
Pruning shears 
Concrete mixing box or wheelbarrow 
Mortar mixing hoe and trowel 
Screwdriver with 1/8" wide blade 
Set of alien wrenches 
Needle nose pliers 
Set of open end wrenches 1/4 to 3/4" 
Rat tail file 
Hand drill and drill bits 
18" carpenter's level 
10' measuring tape 
50 ohm RF dummy load with BNC connector 

4.4 Installation Supplies 
3 to 5 90-pound sacks of redi-mix concrete 
2 five-gallon containers of water 
Silicone grease 
Plastic electrical tape 
Scraps of styrofoam or other cushioning materials 

SIERRA-MISCO, INC. 
1825 East shore Highway 
Berkeley, California 94710 
Telephone: (415) 843-1282 
Telex: 275945 SMBK UR 

Checked By 

Approved By jj/I. ) A^LTT— ^ 
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SIERRA-MISCO, INC. 
MODEL 5081 SELF-REPORTING WEATHER STATION 
INSTRUCTION MANUAL, Document #A102857-1 

1.0 INTRODUCTION 
1.1 General Description 

1.2 Specifications 

2.0 INSTALLATION 

3.0 OPERATION 
3.1 Digital Sensors 
3.2 Wind Sensors 
3.3 Standard Analog Sensors 
3.4 Optional Analog Sensor 

4.0 SENSORS 
4.1 Analog Sensor Calibration 
4.2 Humidity and Temperature Sensor Calibration 
4.3 Wind Sensors 
4.4 Barometric Pressure 

5.0 MAINTENANCE 

6.0 TROUBLESHOOTING 
6.1 General 
6.2 Checking and Replacing Sensors 
6.3 Return Proceedure 

This manual includes: 

8 pages Text 
A100964 Calibration Curve, %RH vs 0-5v 
A101096 Calibration Curve, -80 to 175 degrees F vs 0-5v 
A101044 Voltage vs Binary Code Curve 
A106309 Sensor Cable Diagram, Barometric Pressure 
A107369 Sensor Cable Diagram, Wind Speed/Wind Direction 
B107417 Six Parameter Weather Station PCB Assembly Diagram 
C102303 Assembly Diagram 
C107416 Six Parameter Weather Station PC Board Schematic 
C107418 Six Parameter Weather Station Wire Diagram 

Add to this manual: 

Basic Gauge Installation Manual 
Transmitter Manual 
Solar Panel Manual 
Sensor Manuals as required, 

standard set consists of models 1522, 204?, and 5050P 
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1.0 INTRODUCTION 

1.1 General Description 

The 5081 Real Time Event Reporting Weather Station is a totally 
self-contained, packaged weather station used to automatically 
report weather data from remote sites to a central site. The 
station consists of an array of sensors, a transmitter, a solar 
panel, interconnecting cables, antenna and station housing. 
Sensors are supplied complete with cables and connectors. The 
main housing acts as the sensor support, antenna tower and 
weather proof housing for the transmitter. 

1.2 Specifications 

Equipment Supplied -
Transmitter: Model 5050 Transmitter with 5050AO Analog Option, 

5050CP Connector Package and signal conditioning 
Power Supply: Model 5031 gel cell battery augmented with 

Model 5033 Solar Panel 
Antenna: 5050ANT Omni antenna, height from ground: 18 feet 
Dimensions: Refer to Assembly Diagram (drawing /'C102303) 
Shipping 
Weight: Between 85 and 110 pounds, depending on options 

Standard Sensors -
Precipitation: Model 5050P Tipping Bucket 

Height of orifice from ground, 13'8" 
Orifice 12" diameter 

Humidity/Temperature: Model 2046 
with radiation shield Model 4550 

Barometric Pressure: Model 1522 
Wind Speed: Model 5050WS 
Wind Direction: Model 5050WD 
Optional Sensors: One digital, one analog, as specified 

2.0 INSTALLATION 

Refer to Basic Gauge Installation Manual 

3.0 OPERATION 

The 5081 standard weather station has two types of sensors, 
digital sensors and analog sensors; refer to the Six Parameter 
Weather Station Wire Diagram, drawing C107418. Digital sensors 
operate in the event mode. Analog sensors are all operated 
either in the timed mode or the event mode. For detailed 
operational information on the transmitter refer to the model 
5050 manual. 

3.1 Digital Sensors 

The signals from the precipitation sensor and extra digital 
sensor, such as a 5050LL-FT float sensor, go directly from the 
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sensor interconnect PC board to the digital accumulators on the 
transmitter PC board. Each time an incremental change occurs the 
signal adds one to the accumulator and the transmitter transmits 
the sensor ID number with the new accumulator number. 

3.2 Wind Sensors 

The wind speed and wind direction signals are transmitted 
simultaneously; the sensors are designed to transmit on an event 
basis. The transmitter will send each kilometer (or mile) of 
wind run and the instantaneous wind direction as each kilometer 
is counted. Each turn of the cup anemometer produces a voltage 
pulse which is counted in a counter on the weather station board. 
When 1308 counts are recorded, the counter resets itself. When 
the counter resets itself, a count is sent to the transmitter 
board. One unit is added to the accumulator and simultaneously 
the transmitter board powers up the 5V to the wind direction 
sensor. The voltage from the wiper of the IK wind direction 
potentiometer is fed through the weather station board to the 
transmitter board where it is read by the analog to digital 
converter. The transmitter then transmits the wind sensor ID 
number (which is the ID number set on the transmitter minus 3 ) , 
an accumulator number and the wind direction in binary code. The 
accumulator for wind speed resets to 00 after it reaches 31. The 
computer calculates the wind speed based on the difference in 
time between the accumulator numbers. Refer to the Model 5050 
manual for details of wind message transmission format. The 
computer algorithm requires several sequential wind transmissions 
in order to validate and file accurate wind speeds and wind 
directions. Transmissions initiated by the test button on the 
board will not give accurate readings in the computer. The only 
way to get accurate wind information is to have the anemometer 
and counting circuit go through the full counting sequence. 

3.3 Standard Analog Sensors 

Analog sensors, whether operated in the timed or event mode (see 
transmitter manual) operate as follows: the 12V switched voltage 
is switched on and routed to the weather station board or 
directly to the individual sensor signal conditioning board. 
There it is changed to the individual sensors required power up 
•voltage--or if the same routed directly to the sensor 
interconnection board via J 1 4 . As all sensors used with the 
transmitter power up very quickly (less than 5 milliseconds) the 
signal out of the sensor returns through the sensor cable almost 
simultaneously. The signal is sent to the weather station board 
via J 1 4 conditioned to a 0-5V signal and sent via J3 to the logic 
board to be read by its A to D converter. In order to calibrate 
the analog sensors while connected to the 5050 transmitter, the 
power must be turned onto the sensor interface board. This can 
be easily done by depressing the reset or the test button on the 
logic board. It is best to use the reset button as it will not 
cause the transmitter to transmit every 14 seconds. 
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3.4 Optional Analog Sensor 

4.0 SENSORS 

The 5081 standard sensor package includes: wind speed/wind 
direction, temperature/relative humidity, precipitation, 
barometric pressure, one spare analog (0-5VDC) and one spare SPDT 
digital input contact closure. Available optional sensors 
include: river level, soil moisture, evaporation, solar radiation 
and temperature. Specific information about the sensors can be 
found in the manuals supplied with each sensor. 

4.1 Analog Sensor Calibration 

All analog sensors are signal conditioned to give 0-5V out. This 
output is read in the analog section of the logic board by the 
analog to digital converter. The relationship between the DC 
analog voltage and the digital binary code is shown on Drawing 
A101044. 

4.2 Humidity and Temperature Sensor Calibration, Model 2046 

4.2.1 Temperature Sensor Calibration 

To properly calibrate this sensor, it must be calibrated at both 
a high and low temperature. The only test which can be performed 
in the field is to compare the ambient temperature with a 
thermometer and see if the transmitted reading is within your 
desired accuracy requirements. We recommend a pre-calibrated 
spare sensor and PC board set be taken into the field as 
replacements and if the reading does not correspond to the 
desired degree of accuracy, the sensor and PC board may be 
swapped and the old set be recalibrated back at the central 
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If you did not order an optional analog sensor with your weather 
station, the optional analog sensor port will not be operational. 
If at a later date you order an analog sensor to operate with the 
5081 weather station, check to see if the transmitter has the 
Weather Station Signal Conditioning PC Board installed. If not, 
one is required. If it has one already, the following must be 
done on the standard weather station board at J10 jumper, Pin 1 
to Pin 24. This routes the signal from Pin A J21 (analog 4 Pin 
MS connector) on the top of the transmitter back through the 
weather station board to Pin 11 of J3 of the transmitter logic 
board. Refer to Model 5050 Transmitter manual. Next, on the 
Logic PC Board, to get that signal into Pin 11 of U7, you need to 
replace the jumper between Pin 11 and ground with C24 capacitor 
1000 pf. Refer to Drawing C107416. In order to get VCS (12V) to 
the sensor to power it, you need to jumper at J10 of the weather 
station board Pin 13 or 14 to Pin 19 or 20. After making the 
change, connect the battery and 1) measure the VCS 12VDC at Pin C 
of the Analog connector. Do this while pressing the reset 
button; 2) measure the signal voltage from the sensor going to 
the logic board between TP, (ground) and Pin 11 of U7. 
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station. One test that can performed in the field is check the 
voltage supplied to the 2046 sensor to be sure that it is 12.0 
VDC +- 1.0 volt. Use an accurate digital voltmeter to do this. 
Check the voltage at pin E of the sensor connector on the 
transmitter using test point 1 for ground. An accurate 
thermometer should be used to calibrate the 2046 temperature 
sensor; check the voltage output of the 2046, refering to 
calibration curve #A101096. If it is not correct refer to the 
2046 m a n u a l . 

4.2.2 Humidity Sensor Calibration 

A quick field check of the humidity sensor can be done using a 
sling psychrometer . Refer to the calibration curve #A100964. If 
the reading is off by more than the specified tolerance refer to 
the 2046 manual for correction procedure. 

4.3 Wind Sensors 

4.3.1 Wind Direction 

The accuracy of the wind direction reading depends on correctly 
setting the zero or crossover point of the pot. The body of the 
vane is marked "N". When the pointer is lined up with "N" this 
is north. To accurately set the north point a digital voltmeter 
should be used. North should be true north, not magnetic. It is 
recommended a map be used and a landmark with a known bearing 
from the gauge be used to establish proper orientaion. A compass 
is not as accurate since metal objects and deviations between 
magnetic and true north can produce errors. 

4.3.2 Wind Speed 

The 5081 transmits a report for each kilometer (or mile) of wind 
run. This report consists of a sensor ID number, a wind run 
accumulator number and a wind direction value. The wind run is 
determined by a counting circuit on the Weather Station PC board 
which counts the rotations of the anemometer (two AC cycles per 
revolution). When the counting circuit reaches 1308, the 
equivalant of one kilometer of wind run, it produces a pulse 
which adds one to the wind speed accumulator on the Logic PC 
Board and the new accumulator number and the wind direction are 
transmitted as a single message. The Logic PC Board wind speed 
accumulator rolls over (returns to 00) at 31. The actual wind 
speed is computed at the receiving site based on the time 
interval between transmissions. 

4.4 Barometric Pressure 

Refer to the Model 1522 Barometric Pressure Sensor Manual 
enclosure. The output of the barometric pressure sensor is 0 to 
5V . It is set at the factory for an 85 mb span and unless 
specified in the order it will be set for sea level elevation. 
The computer will decode the transmission to read from 950 to 
1035 mb. The calibration curve supplied with the sensor should 
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be checked. If you are going to locate your weather station at a 
point other than sea level, an adjustment for the change in 
elevation must be made, otherwise the instrument's calibration 
will not be readable by the computer. Refer to the 1522 manual 
for more information. 

A.5 Precipitation 

Refer to the 5050P Manual. 

5.0 MAINTENANCE 

As long as the data coming to the central station is consistant 
and no troubles are detected, the weather station need only be 
visited once a year. 

5.1 If a solar panel is not used, the battery should be replaced 
with a freshly charged battery once a year. The battery must be 
charged very carefully in order to be sure it is fully charged. 
Its charged capacity should be checked by discharging it. Refer 
to battery curves and battery section of 5031 manual. If a solar 
panel is used, the solar panel output should be checked and the 
solar panel cleaned. Refer to Model 5033 Manual. 

5.2 The silica gel absorbant packet in the transmitter should be 
replaced with a new or freshly charged packet. The packet can be 
recharged by heating to 250 degrees F for sixteen hours. 

5.3 Whenever going to a site, it is desirable to check all the 
cables and connectors as well as the forward and reverse power in 
order to be sure the antenna and antenna cable have no been 
damaged during the year. If a directional antenna is used at the 
site its bearings should be checked to be sure it is still 
correct. 

5.A The sensors should be serviced as outlined in their separate 
manuals. 

5.5 The outer rain gauge collection funnel should be cleared of 
all debris. Ensure that the funnel nipple is clear by running a 
brush or large pipe cleaner through it. Also clean the drain 
screens. 

6.0 TROUBLESHOOTING 

6.1 General 

6.1.1 If the station does not transmit correctly, first check 
all battery connections to ensure a solid connection. Check the 
transmitter set switches and be sure it been powered up 
correctly. Check the battery while the unit is attempting to 
transmit to be sure it has sufficient voltage to power the 
instrument and is securely in place; also check the battery 
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6.2.2 Wind Speed Sensor 

The wind speed sensor can be checked and/or replaced without 
powering down the transmitter by disconnecting the sensor cable 
at the transmitter. First check the output of the sensor by 
connecting an ohmmeter across pins A and B of the cable 
connector; spinning the anemometer by hand should produce an 
output of approximately half of a volt. Refer to section 3.2 for 
technical details of sensor output. If the sensor needs to be 
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terminals to ensure that they are clean and provide solid contact 
with the battery. 

6.1.2 Check the sensor cable connections both at the sensors and 
at the transmitter; cable shorts can cause lack of readings. If 
a connection is found to be loose, tighten it and check to see if 
the problem has been corrected. 

6.2 Checking and Replacing Sensors 

6.2.1 Wind Direction Sensor 

The wind direction sensor can be checked and/or replaced without 
powering down the transmitter by disconnecting the sensor cable 
at the transmitter. First check the resistance of the 
potentiometer in the sensor by connecting an ohmmeter across pins 
D and E of the cable connector; it should read 1000 ohms (IK) 
regardless of the position of the wind vane. Be sure the nuts on 
the bottom of the sensor to not make contact with the sensor 
support pipe or incorrect analog values may result. Next connect 
the ohmmeter across pins C and D of the cable connector and 
observe the readings with relation to the direction of the vane; 
North equals 0 or 1000 ohms, East equals 250 ohms, South equals 
500 ohms and West equals 750 ohms. Slowly rotate the vane until 
the reading suddenly changes from 1000 to 0 ohms: this is the 
north point, essentially the point at which the vane tip should 
be pointing north indicating a wind coming FROM the north. Check 
to see that the north point has been set correctly by comparing 
the direction of the vane with the north line scribed on the 
sensor casing and the meter reading. If it is off, rotate the 
sensor support post to correct. If the potentiometer needs to be 
replaced, leave cable disconnected from transmitter. Loosen but 
do not remove the set screws on the sensor arm which secure the 
wind direction sensor in place. Gently lift the sensor up a few 
inches giving access to the underside of the sensor casing. 
Remove the metal retaining ring and carefully separate bottom and 
top sections. Remove the vane from the top section by pulling up 
on it with a firm steady pressure. Remove the nut which holds 
the potentiometer i n place. Make a note of which color wire goes 
to which terminal and then cut the three wires to the 
potentiometer as close to the terminals as possible and solder 
them to the replacement potentiometer. Refer to Sensor Cable 
Diagram, Wind Speed/Wind Direction, drawing #A107369. Reverse 
steps to reassemble and realign north point as described in this 
sect ion . 



replaced; leave cable disconnected from transmitter. Loosen but 
do not remove the set screws on the sensor arm which secure the 
wind speed sensor in place. Gently lift the sensor up a few 
inches giving access to the wires underneath. Cut the two wires 
at the covered splice and solder replacement sensor to the wires 
as follows: Red to Red, Brown to Black. Refer to Sensor Cable 
Diagram, Wind Speed/Wind Direction, drawing #A1C7369. Reverse 
steps to reassemble, 

6.2.3 Barometric Pressure Sensor 

Check the barometric pressure sensor as descrioed in the 1522 
manual, If the sensor needs to be replaced, first disconnect the 
cable at the transmitter and pull up on the sensor to remove from 
the mnanting plate inside standpipe. If a replacement sensor is 
to be installed be sure to remove the mounting plate and hardware 
from the old sensor and attach to the new one. 

6.2.a Precipitation Sensor 

Refer to 5050P Tipping Bucket Rain Gauge Manual 

6.2.5 Humidity and Temperature Sensor 

Check the sensor as outlined in the 2046 manual. If the sensor 
needs to be replaced, first remove access plate and disconnect 
the wires from the terminal block. Then loosen ths U-bolt and 
gently slip sensor off end of sensor arm. Reverse steps to 
reassemble taking care to observe the correct wiring at the 
terminal block as described in the 2046 manual. 

6.3 Return Proceedure 

If it becomes necessary to return any componant of the station to 
the factory for any reason, call Sierra-Misco at (415) 843-1282 
between 9:00 AM and 3:00 PM (Pacific Standard Time) and ask for 
a Return Authorization Number to be assigned to your instrument. 
Carefully pack the instrument so that it will not be damaged in 
shipment and write the Return Authorization Number on the box and 
on any paperwork included in the box with the instrument. It is 
helpful to also include a short description of the problem. If 
you are unable to reach us by telephone, please write a detailed 
description of the problem and under what conditions it failed, 
or other reason for return, and include it with the instrument. 

SIERRA-MISCO, INC. 
1825 Eastshore Highway 
Berkeley, California 94710 
Telephone: '(415) 843-1282 
Telex: 275945 SMBK UR 

Checked By 

A p j) r o v e d B,y 
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