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Abstract The California sheephead, Semicossyphus pul-
cher Ayres (Labridae), is a carnivorous, temperate,
rocky-reef/kelp-bed species that is highly sought in rec-
reational and commercial fisheries. Fine-scale acoustic
telemetry tracking was used to ascertain the home range
and habitat utilization of S. pulcher. Sixteen adult
S. pulcher (26–38 cm SL) were surgically fitted with
small acoustic transmitters and manually tracked for up
to 144 h during multiple, 24-h periods between March
2001 and August 2002 within the Catalina Marine Sci-
ence Center Marine Life Reserve (33�26¢N; 118�29¢W).
A geographic information system was used to calculate
home range sizes (95% kernel utilization distributions)
and habitat use. Tracking of the first five fish over 24 h
confirmed that S. pulcher were strictly diurnal, so the
remaining 11 fish were tracked from 1 h before sunrise to
1 h after sunset. Home ranges varied greatly, from 938 to
82,070 m2, with a mean (±SD) of 15,134±26,007 m2.
Variability in home range sizes among fish was attrib-
uted to differences in habitat shape (embayment vs.
contiguous coastline) and to natural habitat boundaries
(deep, sandy expanses) in adjacent areas within the re-
serve. There was a significant relationship between fish
length and proportion of time spent in different habitats

(sand vs. reef). S. pulcher were found within rocky-reef
areas 54% of the time, and, within these areas, a greater
percentage of daytime was spent in high-relief areas.
Based on the relatively small size and persistence of
home ranges of adult S. pulcher, no-take reserves, if they
contain appropriate habitat, would provide adequate
protection for their stocks.

Introduction

The number of studies on the effectiveness of marine
reserves for protecting fish stocks has recently increased
(Roberts 1994; Johnson et al. 1999; McClanahan and
Mangi 2000; Meyer et al. 2001; Roberts et al. 2001), but
critical information on movement patterns, space use,
and habitat preference of fished species is still lacking
(Gerber et al. 2003). New marine reserves are being
developed in the absence of this critical information, but
knowledge of the relationship between habitat use and
movements of fished species can be used to quantify the
effectiveness of established reserves and serve as a basis
for development of future reserves (Kramer and Chap-
man 1999; Eristhee and Oxenford 2001; Lowe et al.
2003).

Movement patterns vary widely among fish species,
but marine reserves would be predictably most effective
for species that use a home range, an area consistently
occupied for feeding, reproduction, and shelter seeking
(Barrows 1996). Most coral- and rocky-reef-associated
fishes are thought to have defined home ranges, al-
though the size and fidelity may vary ontogenetically
and seasonally and with habitat availability (Matthews
1990; Kramer and Chapman 1999; Lowe et al. 2003).
How much home ranges vary within reef-associated
species and how nearshore microhabitats influence size
and fidelity of home ranges remain uncertain for many
species.
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The California sheephead Semicossyphus pulcher
(Labridae) is a carnivorous, temperate, rocky-reef/kelp-
bed fish, which is highly sought in recreational and
commercial fisheries in California and Mexico. Current
regulations are based primarily on minimum size
restrictions (>25 cm SL) (CA DFG regulations, 2004).
Dietary studies indicate that S. pulcher feeds on a wide
variety of macroinvertebrates (e.g. mollusks, echinoids,
brachyurans, polychaetes, and bryozoans) while forag-
ing over rock and sand habitats (Cowen 1986; Hobson
and Chess 1986, 2001; Johnson et al. 1994). S. pulcher
are considered essential in regulating urchin popula-
tions, which forage on kelp, and therefore have an
indirect effect on kelp density and distribution (Cowen
1983, 1986; Dayton et al. 1998). In situ diver observa-
tions indicate that S. pulcher is diurnally active, return-
ing to a home shelter at night (Wiley 1974; Ebeling and
Bray 1976; Hobson et al. 1981). A previous tag and re-
capture study of S. pulcher at an artificial reef suggests
that these fish exhibit strong fidelity to the reef (Johnson
et al. 1994). Nevertheless, diver observations and tag
and recapture methods may be insufficient for resolving
fine-scale movement patterns and habitat use of fishes.

Because S. pulcher is a protogynous hermaphrodite,
environmental and social factors can affect the size at sex
change and population sex ratio (Warner 1975; Cowen
1990), thereby making it difficult to predict the extent to
which traditional management strategies (i.e. size and
bag limits) protect stocks. The species’ economic value,
complex life history, and ecological importance make it
a candidate for management using a reserve system.
Furthermore, study of this species may provide critical
insight into the influence of habitat on movement pat-
terns of reef-associated species.

In this study, we used short-term (multiple, 24-h
periods), high-resolution tracking via acoustic telemetry
to determine the home range size and habitat use of
adult, legal-sized (>25 cm SL) S. pulcher in the Catalina
Marine Science Center Marine Life Reserve at Santa
Catalina Island. A geographic information system
(ArcView GIS) was used to overlay movement data over
high-resolution benthic habitat maps, which enabled us
to better understand the effect of habitat on the move-
ment patterns of S. pulcher. Data acquired in this study
were used to determine the effectiveness of the reserve in
protecting the areas and habitats necessary for the for-
aging, spawning, and refuge-seeking behaviors of adult
S. pulcher.

Materials and methods

Study site

The study was conducted at Catalina Marine Science
Center Marine Life Reserve, Santa Catalina Island,
California (33�26¢N; 118�29¢W) (Fig. 1), a no-take re-
serve designated in 1988 encompassing 130,000 m2

(Senate Bill 2131, 1988). This reserve is on the wave-
protected leeward side of the island, and includes kelp
beds, rocky reefs, and mud/sand habitats. There are also
anthropogenic habitats, such as a boulder riprap, a pier,
a floating dock, and mooring blocks. The reserve has
two distinct areas: a large, sandy cove (250 m·300 m)
and a long, narrow stretch of rocky reef (600 m) bor-
dering the coastline. The Cove is bordered on two sides
by steep rocky reefs and a rock rubble beach opposite its
mouth. Depths in the Cove range from 0 to 40 m. The

Fig. 1 Shaded relief map of
Catalina Marine Science Center
Marine Life Reserve at Santa
Catalina Island, California,
showing bottom topography.
Reserve boundary represented
by black dashed line. Dotted
bathymetry lines represent 10-m
depth increments. Pier/dock
complex extends out from
boulder riprap area
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narrow, contiguous reef (Outside Wall), directly east of
the Cove, is made up of steeply sloping rock walls and
rocky rubble. This reef extends 50–80 m from the land,
sloping quickly to a depth of 50 m, where it meets a
sand/mud habitat. The reserve boundary passes just
outside the mouth of the Cove and closely borders
(within �50 m) the length of the Outside Wall (Fig. 1).

Tracking

Sixteen Semicossyphus pulcher Ayres were caught by
hook and line at various locations within the reserve.
Fish were anesthetized to level 4 (total loss of equilib-
rium) with MS-222 (Finquel 0.15 g l�1) (Summerfelt and
Smith 1990). A 1-cm incision was made 1 cm from the
ventral midline between the pelvic fins and the anus, and
a small acoustic transmitter (Vemco V8SC-6L and -1L,
22 mm·8 mm diam. or 26 mm·8 mm diam., respec-
tively) was placed within the visceral cavity. The incision
was closed with two to three surgical sutures (Ethicon
Chromic Gut 2–0), and the fish were transferred to a tub
of seawater for recovery. The time from capture to re-
lease was 6–15 min. During recovery, the standard
length (SL) of each fish was measured and the fish was
tagged externally in the dorsal musculature with a plastic
dart tag for visual identification. The sex of each fish was
determined visually by its color pattern (Warner 1975).

Each fish was released at the site of capture and fol-
lowed continuously from a 5-m Boston Whaler equipped
with a side-mounted directional hydrophone (Vemco
model V10) and an acoustic receiver (Vemco model VR-
60), as described by Holland et al. (1993). Each fish’s
position was determined at 15-min intervals using GPS
(Garmin-48). Fish were tracked over multiple (2–6) 24-h
periods (24 h after initial position fix) for up to
5 months after tagging. Initially, fish were tracked dur-
ing both day and night periods (n=5 fish/3 tracks each);
however, these tracks and diver observations confirmed
the quiescent state of S. pulcher at night, as observed
previously in diver surveys (Wiley 1974; Ebeling and
Bray 1976; Hobson et al. 1981). The remaining 11 fish
were tracked during periods from 1 h before sunrise to
1 h after sunset, but the nighttime location of each fish
was periodically checked throughout its tracking period.

Data analysis

Position fixes derived via fine-scale tracking were plotted
on a geo-referenced map of the reserve (supplied by
California State University Monterey Bay Seafloor
Mapping Lab) in ArcView GIS. We estimated home
ranges using ArcView GIS (ver. 3.2) with the ‘‘Animal
Movements Analyst Extension’’ (AMAE; Hooge et al.
1999, 2001). To describe each fish’s home range, we
calculated a 95% kernel utilization distribution (KUD),
an area that a fish has a 95% probability of being found
within during a given time (total duration of track)
(Worton 1989; White and Garrott 1990; Seaman and

Powell 1996). When using the AMAE to calculate the
KUD, the ad hoc value was used for the smoothing
function. The KUD crossed over land in some locations,
and this area was subtracted from the total area. Home
range sizes of males and females were compared using a
t-test, and linear regression was used to examine rela-
tionships between fish size and movement patterns (i.e.
home range size and distance traveled per day). Total
distance traveled per day was calculated by taking the
mean of the cumulative distances between each succes-
sive position fix determined for each day a fish was
tracked, which was normalized by the total number of
position fixes. A minimum convex polygon was drawn
around the outermost position fixes for each fish to
determine the aspect ratio of a fish’s home range (Eris-
three and Oxenford 2001). To calculate the aspect ratio
of a home range, the maximum distance across the
polygon (max. length) and the maximum distance per-
pendicular to max. length (max. width) were determined,
and then the max. width was divided by the max. length.
The aspect ratio was used to describe the shape of the
home range polygon, with a number closer to 1 repre-
senting a circular home range and closer to 0 describing
an elongated home range.

Home range sizes were examined in relation to the
reserve size as a percentage of the total reserve area
(130,000 m2). In addition, the percentage of time that
each fish spent outside the reserve boundary was calcu-
lated using only daytime position fixes due to S. pulcher
being quiescent at night.

The geological habitat map was derived from multi-
beam side-scan sonar data of the reserve (H.G. Greene
and R. Kvitek, personal communication) and adjacent
areas (2-m grid resolution) and plotted in ArcView GIS.
For biological habitat, the location of giant kelp (Mac-
rocystis pyrifera) in the reserve was determined by taking
GPS positions of kelp canopy, including the fronds that
reached the surface, to create a geo-referenced kelp
coverage map. We overlaid position fixes over kelp cover
to examine the association of S. pulcher with kelp. To
simplify this analysis we separated kelp (biotic habitat)
from geological habitat, due to the ubiquitous coverage
of kelp over each category of rocky substratum to
depths of 25 m. Kelp cover was only determined once
(May 2001) due to the difficulty of taking the measure-
ments each time a fish was tracked. A habitat selection
index (HSI) was used to determine each fish’s preference
or avoidance of the habitat (geological and biological)
available within its home range. This index is calculated
by dividing habitat utilization (percent of position fixes
over a given habitat) by habitat availability (percent of
each habitat type available in the reserve). Thus, relative
preference or avoidance is shown by the degree of
deviation in a positive or negative direction from a value
of 1 (Winter and Ross 1982). Habitat availability was
calculated by measuring the proportional area of each
habitat within the total area of a minimum convex
polygon encompassing 100% of the position fixes for
that fish.
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Results

Sixteen adult Semicossyphus pulcher (26–38 cm SL) were
each tracked for up to 144 h (range: 51–144 h) over
multiple days between March 2001 and September 2002.
Nine of the 16 fish tracked possessed male coloration
and ranged from 26.5 to 38 cm SL, while females ranged
in size from 26.5 to 36.5 cm SL. Males and females were
not significantly different in length (t=1.75, P=0.11).

Home range size

Home range sizes of fish varied greatly, ranging from
938 to 82,070 m2, with a mean (±SD) of
15,134±26,007 m2 (Table 1; Fig. 2a–c). Mean home
range sizes were not significantly different between males
(14,111±24,849 m2) and females (16,448±29,395 m2)
(t=0.17, P=0.86). All fish tracked showed overlap in
daily activity spaces of each successive 24-h period, but
there was some variability in daily activity space size
(Table 2). The overall maximum linear distance each fish
moved varied from 61 to 848 m, with a mean of
205±191 m. Total distances traveled per day ranged
from 554 to 3,320 m, with a mean of 1,357±952 m
day�1 (Table 1).

There was no significant relationship between home
range size and fish SL (F=2.27, R2=0.22, P=0.17), but
there was a significant positive relationship between
mean distance traveled per day and SL (F=5.60,
R2=0.29, P=0.03) (Fig. 3). Fish within the Cove had
significantly smaller home ranges than fish tracked
along the Outside Wall, just east of the Cove (Mann–
Whitney U-test: U=66, P=0.02). Home ranges within
the Cove area tended to be elliptical in shape (mean
aspect ratio: 0.57±0.05), while home ranges along the

Outside Wall were significantly more elongate (mean
aspect ratio: 0.21±0.02) (Mann–Whitney U-test:
U=111, P=0.003).

All six of the S. pulcher tracked along the Outside
Wall crossed the reserve boundary, with between 2%
and 98% of the position fixes of these fish lying outside
the reserve. Fish no. 13 had a home range in an area
where the marine reserve boundary was located just
50 m from land; and, while it used the rocky area within
the reserve at night, its daytime use of the nearby sand
habitat was primarily outside the boundary (98%). Only
three fish (nos. 12, 14, and 15) of the ten caught and
tracked within the Cove crossed the boundary, and
<1% of their total position fixes were outside the
boundary. Individual home ranges occupied on average
11.6±20.0% (mean±SD) of the total reserve area
(130,000 m2), with a range of 0.7–63.1% (Outside Wall
fish: 1–63% and the Cove fish: 0.7–5%) (Table 1). Al-
though several, S. pulcher spent considerable time out-
side the reserve, none of the fish ever entirely left the
reserve to establish a home range in another area over
successive tracks. The fish consistently revisited the same
locations during each successive track, indicating strong
site attachment.

Diel activity patterns

Tracking data confirmed that all S. pulcher were strictly
diurnal. The fish tracked continuously throughout the
night did not move more than a meter at any time, and
none of the fish (n=43) tracks that were discontinued an
hour after sunset were ever found in a different location
when reacquired the subsequent morning prior to sun-
rise. Fish left their rest area just after first light (nautical
twilight) and moved 30–800 m away to a foraging area

Table 1 Semicossyphus pulcher. Sheephead tracked at Catalina
Marine Science Center Marine Life Refuge, Santa Catalina Island,
California. Home ranges determined using 95% kernel utilization
distribution. Distance traveled per day is the summation of dis-
tances between position fixes in each successive 24-h period. Loca-

tions caught were Big Fisherman’s Cove (C) or along the Outside
Wall (OW). Percent of reserve area represents home range as a
percentage of the total reserve area (130,000 m2).Aspect ratio is the
max. width/max. length of minimum convex polygon home range
(SL standard length;M male; F female; C Cove;OW Outside Wall)

Fish no. Sex SL (cm) Dates tracked Home range
(m2)

Distance traveled
day�1 (m)

Location caught Percent of
reserve area

Aspect ratio

1 M 34.0 Mar–Jun 2001 3,521 1,096 C 3 0.29
2 M 33.5 Jun–Jul 2001 1,130 757 C 1 0.25
3 F 26.5 Jun–Jul 2001 2,013 728 C 2 0.68
4 F 28.5 Jun–Nov 2001 6,580 1,049 C 5 0.53
5 M 29.6 Jun–Oct 2001 6,690 1,195 C 5 0.47
6 F 26.5 Jul–Sep 2001 16,356 1,618 OW 13 0.18
7 F 36.5 Aug–Sep 2001 82,070 3,162 OW 63 0.11
8 M 31.0 Sep–Oct 2001 2,634 1,161 OW 2 0.23
9 M 26.5 Oct–Nov 2001 1,803 718 C 1 0.57
10 M 31.0 Nov–Dec 2001 75,247 3,121 OW 58 0.08
11 M 33.0 Feb–Mar 2002 3,620 850 C 3 0.75
12 M 34.0 Mar 2002 938 554 C 1 0.76
13 F 28.0 Apr–May 2002 1,930 667 OW 1 0.49
14 F 31.0 Jun–Jul 2002 4,676 1,003 C 4 0.43
15 F 28.0 Jul 2002 1,515 719 C 1 0.95
16 M 38.0 Aug 2002 31,424 3,320 OW 24 0.17

304



before returning to the same rocky rest area (within 2 m)
each night just after sunset. One fish (no. 4) used a dif-
ferent nighttime location on one of the six nights it was
tracked, but all other fish returned to within a few me-
ters of their previous nighttime refuge, indicating high
site fidelity to night refuges.

Habitat use

The categories of geological habitat type as determined
by multibeam side-scan sonar were generally described

as rocky wall (>15� slope solid bedrock), steep rocky
rubble (>12� slope, loose rocks over bedrock), boulders
(rocks >1 m diam.), rocky rubble (<12� slope, loose
rocks over bedrock), and mud/sand (Electronic Sup-
plementary Material S1). Biological habitat was de-
scribed as areas of kelp (Macrocystis pyrifera) cover
(Electronic Supplementary Material S1). During day-
light, S. pulcher exhibited the highest mean percent use
of mud/sand (46±32%) followed by rock wall
(22±17%), steep rocky rubble (17±24%), boulder
(7±12%), and rocky rubble (8±20%) (Fig. 4). Mean
percent use of kelp (M. pyrifera) by S. pulcher during

Fig. 2a–c Semicossyphus
pulcher. Shaded relief maps of
the reserve showing bottom
topography with overlying
position fixes and 95% kernel
utilization distribution home
range estimates for: a fish
nos. 1, 2, 3, 4, 5, and 9; b fish
nos. 11, 12, 14, and 15; and c
fish nos. 6, 7, 8, 10, 13, and 16.
Sex, standard length (SL, cm),
and home range size (HR, m2)
given for each fish. Home
ranges defined by several
polygons represent shifts
between nighttime and daytime
locations
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daylight hours was 47±31% (Fig. 4). Mean percent
utilization of the four rocky reef types combined, was
54±32%. The degree of habitat preference or avoid-
ance was calculated as the HSI for each fish for each
habitat. S. pulcher exhibited the greatest HSI for boul-
ders (4.56±7.73) followed by rock wall (3.15±2.74),
steep rocky rubble (0.74±0.41), mud/sand (0.71±0.50),
and rocky rubble (0.66±0.86) (Fig. 4). S. pulcher
exhibited selection for kelp areas with an HSI of
1.65±1.44 (Fig. 4). There was a significant positive
relationship between the percent use of mud/sand hab-
itat and fish size (SL) inside the Cove, with the larger
fish having a greater percentage of position fixes over
mud/sand (R2=0.41, F=5.6, P=0.04); however, there
was an inverse relationship for fish in the Outside Wall
area, with larger fish utilizing rocky reef areas at a
higher percentage than sand areas (R2=0.62, F=6.5,
P=0.06) (Fig. 5). S. pulcher used only rocky areas
during nighttime resting periods, regardless of sex, size,
or home range location. Of the S. pulcher tracked, 38%
used rock wall at night, followed by steep rocky rubble
(31%), boulders (19%), and rock rubble (13%). Of the
16 fish tracked, only one fish (no. 4) changed its night
rest area during a tracking period, moving from rock
rubble to rock wall habitat over two successive tracks,
but returning to its original rest area on the fourth
night.

Discussion

This study examined fine-scale movement patterns of
legal-sized adult Semicossyphus pulcher for the first time.
In addition, the combination of fine-scale acoustic
tracking with the use of high-resolution habitat maps
provided a powerful tool to ascertain the effects that
different habitat types may have on the size and shapes
of fishes’ home ranges. All fish tracked were represen-
tative of the adult size classes found within the Catalina
Island population (Warner 1975).

Home ranges of adult S. pulcher varied considerably
among individuals (938–82,070 m2). Intraspecific vari-
ability in movement patterns of fishes have been ex-
plained by numerous factors, including body size (Fitch
and Shapiro 1990; Morrissey and Gruber 1993; Kramer
and Chapman 1999), sex of fish (Hoffman 1983; Shpigel
and Fishelson 1991; Bradbury et al. 1995), reef shape
(Barrett 1995; Zeller 1997; Eristhee and Oxenford 2001),
and habitat availability (Matthews 1990).

Although there was not a positive relationship be-
tween home range size and body size (SL) for S. pulcher
in this study, the distance traveled per day (rate of
movement) was positively related to body size. In
mammalian systems, the relationship between home
range size and body size is well documented and varies

Fig. 2a–c (Contd.)
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with trophic position (i.e. herbivore/carnivore) (Hares-
tad and Bunnell 1979). Several studies on fish have
found that body size influences home range and rate of
movement (Morrissey and Gruber 1993; Kramer and
Chapman 1999) and that resource demand increases
with body size (Brett 1965). In S. pulcher, because there
was a positive relationship between fish size and rate of
movement and not with home range size, rate of
movement may be a better indicator of resource demand
than home range size.

Male and female S. pulcher had overlapping home
ranges, and there was no difference in home range size
between the sexes. Typically, differences in home range
size between sexes for labrid species are due to their

mating system and territoriality (Hoffman 1983; Mar-
tel and Green 1987; Bradbury et al. 1995). S. pulcher
are not typically considered territorial; however, a
study by Adreani et al. (2004) found that male S.
pulcher were increasingly territorial throughout the day
during periods of spawning activity. Spawning activity
occurs around sunset, so it may be that they only have
differences in space utilization for short periods (late
afternoon) on various days during the spawning season
(June–September). Because we only tracked fish of
lengths above the recreational and commercial size
limits (>25 cm SL), this limited our study to the up-
per size classes of mature females at Catalina Island
(Warner 1975). Therefore, it is possible that the lack of

Fig. 2a–c (Contd.)
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a difference in home range size between males and
females is simply due to not having smaller females in
the sample. Regardless of any spawning-related
movements, no difference was detected in home range
sizes of males and females during the spawning period.

Habitat shape (embayment vs. narrow, contiguous
rocky coastline) and habitat type (sand/mud vs. rocky
reef) appeared to have the greatest influence on the size
and shape of home ranges of S. pulcher in this study.
Fish tracked along the Outside Wall followed the reef
contours and had larger home ranges with lower aspect
ratios than fish within the Cove. Thus, the size and shape
of the Cove may have reduced the size and affected the
shape of those home ranges. Eristhee and Oxenford
(2001) found that home range shape of Kyphosus sec-
tatrix (Kyphosidae) was more elongated (low aspect
ratio) on a narrow fringing reef with a steep depth gra-
dient, when compared to home ranges in a nearby area
with a wide patch-type reef. Zeller (1997) also observed

that home ranges for Plectopomus leopardus (Serrani-
dae) on fringing reefs were more elongated than on
isolated patch reefs; however, contrary to the present
study, home ranges of P. leopardus were smaller on
linear fringing reefs than on patch reefs. This difference
between S. pulcher and P. leopardus in home range shape
and size may be simply related to their difference in
foraging strategies, in that S. pulcher searches for ben-
thic invertebrates, while P. leopardus is a sit-and-wait
piscivore.

Table 2 Semicossyphus
pulcher. Daily activity spaces
for 16 sheephead. Each daily
activity space represents the
95% kernel utilization
distribution (KUD) calculated
for each 24-h period (daylight),
indicated as days 1–6

Fish no. Day 1
(m2)

Day 2
(m2)

Day 3
(m2)

Day 4
(m2)

Day 5
(m2)

Day 6
(m2)

Mean daily
KUD (m2)

Standard
deviation (m2)

1 10,913 1,844 1,673 1,286 3,929 4,662
2 1,298 1,105 820 1,074 240
3 801 498 3,536 1,393 1,557 1,371
4 4,334 1,519 16,672 7,066 1,875 1,182 5,441 5,937
5 9,906 5,754 7,454 10,726 2,436 7,255 3,339
6 20,367 7,739 18,722 23,461 19,432 16,771 17,749 5,374
7 76,842 126,938 101,890 35,423
8 6,326 3,046 1,790 3,721 2,342
9 1,860 1,479 1,670 269
10 74,840 62,088 93,780 76,903 15,946
11 1,611 3,992 3,321 4,497 3,355 1,259
12 769 505 1,060 778 278
13 914 1,874 2,201 1,663 669
14 3,235 3,231 5,053 3,350 4,898 3,953 936
15 1,273 674 2,128 1,358 731
16 38,434 35,060 29,081 34,192 4,737
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geological (rock wall, steep rocky rubble, boulders, rock rubble,
and mud/sand) and biological (Macrocystis pyrifera) habitat types
by the 16 sheephead and mean habitat selection index (HSI, +SD)
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In the present study, S. pulcher had a larger home
range than was found in a study of similar-sized tem-
perate labrids. Labrids, being reef/structure-associated
fish, are generally thought to exhibit high site attach-
ment and have relatively small home ranges (e.g. Barrett
1995; Bradbury et al. 1995; Chapman and Kramer
2000). Two of the larger labrids (Notolabrus fucicola and
N. tetricus) in temperate waters in the southern hemi-
sphere had smaller home ranges (225–725 and
�1,750 m2, respectively) than S. pulcher; however, these
estimates were based on 1-h SCUBA observations. If S.
pulcher were tracked for short periods (1 h), home ran-
ges would be grossly underestimated, having a range of
154–9,434 m2, approximately ten times smaller than our
estimates made over longer tracking periods. Thus, it is
important to define the temporal scales at which a home
range or a fish’s site fidelity is measured and to under-
stand the limitations at those scales.

In this study, fish were found in a variety of habitats
andwere associatedwith rocky-reef areas (rockwall, steep
rocky rubble, boulders, or rock rubble) 54% of the time,
only 8%more often than mud/sand habitat. In a study of
diet and prey distribution, Johnson et al. (1994) estimated
thatS.pulcherused artificial rocky-reef habitat 70%of the
time, followed by ecotone (sand/reef interface) (15%),
and sand habitats (5%).Althoughfish in the present study
did appear to follow reef contours and use reef habitat in a
slightly greater proportion than sand, the estimate of reef
use was significantly less than reported by Johnson et al.
(1994). The difference between these two studies may re-
flect differences in prey composition and prey availability
between an artificial reef and a natural habitat. For the
most part, the movement and habitat use patterns deter-
mined in the present study agree with previous fish count
and gut content/prey studies, in which S. pulcher was
considered mainly a rocky-reef- and kelp-bed-associated
species, with occasional to frequent foraging forayswithin

sand habitats (Hobson and Chess 1986, 2001; Johnson
et al. 1994).

S. pulcher was not strictly associated with kelp (M.
pyrifera), but did utilize areas with kelp a significant
portion of the time and showed a preference for this
habitat. Kelp was the dominant macroalga in the reserve
and covered a majority of the rock habitat. Because S.
pulcher prey on urchins that graze on kelp, increased
numbers of S. pulcher may result in an increase in kelp
density (Dayton et al. 1998). Therefore, S. pulcher may
be selecting areas with kelp due to increased habitat
complexity, which likely offers additional feeding
opportunities and potential refuge from large predators
(e.g. Hobson and Chess 1986, 2001; Johnson et al. 1994).

Sand habitat within the reserve appears to be used
more than expected by S. pulcher, based on other studies
that emphasize use of the rocky reef. The pattern of sand
habitat utilization in the reserve follows the availability
of this habitat (HSI=0.71), so fish may alter their use of
sand habitat in different areas depending on its avail-
ability. Of the reef substratum, daytime habitat use ap-
peared to follow an order consistent with increasing
substratum relief, namely rocky wall>steep rocky rub-
ble>boulders>rocky rubble. Rock wall was used
(�22%) more than was expected based on its availability
(�10%), suggesting that fish selected this habitat
(HSI=3.15). Matthews (1990) found a similar high-re-
lief habitat selection behavior by rockfish and attributed
this habitat preference to the higher densities of prey and
cover available in high-relief habitats. Boulder habitat
had the highest mean habitat selection index value
(HSI=4.56), which may be partially attributed to a large
percentage of position fixes around sunrise and sunset
within this frequently used nighttime resting habitat and
to the scarcity of this habitat in the reserve.

Fish tracked within the Cove showed a relationship
between body size and habitat use, with larger fish using
sand significantly more than smaller fish. S. pulcher have
been reported to vary their diet with availability of prey
in different locations and to exhibit ontogenetic shifts in
prey selection (Cowen 1986; Hobson and Chess 1986,
2001). Hobson and Chess (2001) and Cowen (1986)
found that larger S. pulcher (>25 cm) shift to more
heavily armored prey. The difference observed in the
time that larger fish in the Cove spent over the sand
might simply be due to their ability to excavate out
larger prey (mollusks) within the sediment. However, the
opposite relationship was found for the fish tracked
along the Outside Wall, that is, larger fish spent less time
in sand habitats and more time in reef habitats than
smaller fish. This pattern may have been due to site-
specific differences in types of available prey. Two other
studies in the reserve found significantly lower abun-
dances of Centrostephanus coronatus, a reef-dwelling
urchin, in the Cove than along the Outside Wall (S.
Sharfi 2000 and B. Kay 2003, unpublished data). Nelson
and Vance (1979) found that only larger sheephead
could successfully prey on these urchins. Because they
are abundant along the Outside Wall, larger fish may
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spend more time over the reef than sand, in order to
utilize this prey. This difference in prey availability may
also explain the disparity in time allocated to different
habitats by larger fish (i.e. they may switch to the most
available prey within the different locations). More
information is needed about the prey composition and
availability in these two areas relative to the diets of
different-sized S. pulcher, in order to determine how
foraging may influence these movement patterns.

The home ranges observed for S. pulcher were rela-
tively small compared to the size of the reserve, with fish
spending most of their time within the reserve. However,
all six fish tracked along the Outside Wall crossed the
reserve boundary at some point, primarily where the reef
contours cross the boundary. Their movements were
mainly along and near the base of the reef in the sand
ecotone, appearing to avoid traversing the 40-m-deep
sand channel between the Outside Wall and Bird Rock
(�200 m north). If the reserve boundary were 40 m
seaward from its present location, none of the six Out-
side Wall fish would have been found outside the
boundary. In a similar telemetry study in the reserve,
Lowe et al. (2003) found that kelp bass (Paralabax
clathratus) also did not cross the deep sandy expanse
between the Outside Wall and Bird Rock. This suggests
that the habitat break (long stretches of sand without
reef) bordering the reserve may serve as a natural
boundary for reef-associated species such as S. pulcher,
in some cases increasing the degree of protection pro-
vided within a relatively small area.

Although the deep sand area bordering the Outside
Wall limited S. pulcher movement away from the reef,
this narrow habitat tended to increase the distance
moved along the reef, the directionality, and the size and
shape of their home ranges. This increased the proba-
bility of the fish crossing the boundary at the ends of the
reserve. Fish tracked within the Cove rarely exceeded its
confines, and these fish showed more circular paths than
fish on the Outside Wall. Therefore, the shape of the
habitat relative to the reserve boundary may influence
the degree that fish cross the boundary, and thus may
result in varying density gradients across differing types
of habitat.

Kramer and Chapman (1999) suggested that maxi-
mizing the area to boundary length ratio would effec-
tively increase population sizes and mean fish size within
a reserve. If the Cove and the Outside Wall areas were
considered separate reserves, the Cove had a 4.5 times
greater area to boundary length ratio (188:1) than the
Outside Wall (42:1) and had the lowest percentage of
fish crossing the boundary. This provides evidence to
support this theory.

Reserves must contain the habitat essential for S.
pulcher feeding (reef and sand), reproduction, and shel-
ter (rocky holes and crevices); however, given these, the
next most important factors may be the size of the re-
serve and its shape. By increasing the area to boundary
length ratio, spillover would be minimized and a larger
stock of fish could be protected. Alternatively, if a

greater spillover potential is desired, the area to
boundary length may be adjusted. This study provides
the foundation to assess the potential for spillover and
to predict the overall effectiveness of reserves to manage
S. pulcher stocks. Considering the increased global use
of reserves for management and the number of species
assumed to be protected by reserves, movement studies
are necessary for other target species.

Acknowledgements This labor-intensive study could not have been
completed without the invaluable help of D. Cartamil and Y. Pa-
pastamatiou. In addition, we thank the people who helped with the
many hours of tracking and diving: A. Beck, C. Snellen, C. Jack-
son, E. Jarvis, G. Hoisington, J. Vaudo, K. Anthony, L. Galima, S.
Sharfi, S. Mutz, and S. Neumann. The bulk of support for this
work was supplied by the National Fish and Wildlife Foundation
Grant project no. 2000-0117-000, with additional support from
California Sea Grant College Prog. NOAA NA06RG042 2002-03,
proj. no. R/F-192. This work was done under California State
University Long Beach Animal Care Protocol no. 186, which
complies with the current laws of the country in which the exper-
iments were performed. Additional scholarship awards adding to
the support of this project included both the S.C.T.C. Marine
Biology Educational Foundation award and the California State
University Long Beach Loomis Award. We greatly thank the
Wrigley Marine Science Center for the use of their facilities, with
the working support of K.A. Miller, C. Yonker, N. Murphy, and
D. Smith.

References

Adreani MS, Erisman BE, Warner RR (2004) Observations of
courtship behavior and spawning in the California sheephead,
Semicossyphus pulcher (Pisces: Labridae). Environ Biol Fishes
71:13–19

Barrett NS (1995) Short- and long-term movement patterns of six
temperate reef fishes (families Labridae and Monacanthidae).
Mar Freshw Res 46:853–860

Barrows E (1996) Animal behavior desk reference, 2nd edn. CRC
Press, Boca Raton, Fla., USA

Bradbury C, Green JM, Bruce-Lockhart M (1995) Home ranges of
female cunner, Tautogolabrus adspersus (Labridae), as deter-
mined by ultrasonic telemetry. Can J Zool 73:1268–1279

Brett JR (1965) The relation of size to rate of oxygen consumption
and sustained swimming speed of sockeye salmon (Oncorhyn-
chus nerka). J Fish Res Board Can 22:1491–1501

Chapman MR, Kramer DL (2000) Movements of fishes within and
among fringing coral reefs in Barbados. Environ Biol Fishes
57:11–24

Cowen RK (1983) The effect of sheephead (Semicossyphus pulcher)
predation on red sea urchin (Strongylocentrotus franciscanus)
populations: an experimental analysis. Oecologia 58:249–255

Cowen RK (1986) Site-specific differences in the feeding ecology of
the California sheephead, Semicossyphus pulcher (Labridae).
Environ Biol Fishes 16:193–203

Cowen RK (1990) Sex change and life history patterns of the la-
brid, Semicossyphus pulcher, across an environmental gradient.
Copeia 3:787–795

Dayton PK, Tegner MJ, Edwards PB, Riser KL (1998) Sliding
baselines, ghosts, and reduced expectations in kelp forest
communities. Ecol Appl 8:309–322

Ebeling AW, Bray RN (1976) Day versus night activity of reef
fishes in a kelp forest off Santa Barbara, California. Fish Bull
(Wash DC) 74:703–717

EristheeN,OxenfordHA (2001)Home range size anduse of space by
Bermuda chub Kyphosus sectatrix (L.) in two marine reserves in
the SoufriereMarineManagement Area, St Lucia,West Indies. J
Fish Biol 59:129–151

310



Fitch WTS, Shapiro DY (1990) Spatial dispersion and non-
migratory spawning in the bluehead wrasse (Thalassoma bifas-
ciatum). Ethology 85:199–211

Gerber LR, Botsford LW, Hastings A, Possingham HP, Gaines
SD, Palumbi SR, Andelman S (2003) Population models for
marine reserve design: a retrospective and prospective synthesis.
Ecol Appl 13:47–64

Harestad AS, Bunnell FL (1979) Home range and body weight—a
reevaluation. Ecology 60:389–402

Hobson ES, Chess JR (1986) Relationships among fishes and their
prey in a nearshore sand community off southern California.
Environ Biol Fishes 17:201–226

Hobson ES, Chess JR (2001) Influence of trophic relations on form
and behavior among fishes and benthic invertebrates in some
California marine communities. Environ Biol Fishes 60:411–
457

Hobson ES, McFarland WN, Chess JR (1981) Crepuscular and
nocturnal activities of Californian nearshore fishes, with con-
sideration of their scotopic visual pigments and the photic
environment. Fish Bull (Wash DC) 79:1–30

Hoffman SG (1983) Sex-related foraging behavior in sequentially
hermaphroditic hogfishes (Bodianus sp.). Ecology 64:798–808

Holland K, Peterson JD, Lowe CG, Wetherbee BM (1993)
Movements, distribution and growth rates of the white goatfish
Mulloides flavolineatus in a fisheries conservation zone. Bull
Mar Sci 52:982–992

Hooge PN, Eichenlaub WM, Solomon EK (1999) The animal
movement program. USGS, Alaska Biological Science Center,
Fairbanks

Hooge PN, Eichenlaub WM, Solomon EK (2001) Using GIS to
analyze animal movements in the marine environment. In:
Kruse GH, Bez N, Booth A, Dorn MW, Hills S, Lipcius RN,
Pelletier D, Roy C, Smith SJ, Witherell D (eds) Spatial pro-
cesses and management of marine populations. University of
Alaska Sea Grant College, Fairbanks, pp 37–51

Johnson DR, Funicelli NA, Bohnsack JA (1999) Effectiveness of
an existing estuarine no-take fish sanctuary within the Kennedy
Space Center, Florida. N Am J Fish Manage 19:436–453

Johnson TD, Barnett AM, Demartini EE, Craft LL, Ambrose RF,
Purcell LJ (1994) Fish production and habitat utilization on a
southern California artificial reef. Bull Mar Sci 55:709–723

Kramer D, Chapman M (1999) Implications of fish home range
size and relocation for marine reserve function. Environ Biol
Fishes 55:65–79

Lowe CG, Topping DT, Cartamil DP, Papastamatiou YP (2003)
Movement patterns, home range and habitat utilization of adult
kelp bass (Paralabrax clathratus) in a temperate no-take marine
reserve. Mar Ecol Prog Ser 256:205–216

Martel G, Green JM (1987) Differential spawning success among
territorial male cunners, Tautogolabrus adspersus (Labridae).
Copeia 3:643–648

Matthews KR (1990) An experimental study of the habitat pref-
erences and movement patterns of copper, quillback, and
brown rockfishes (Sebastes spp.). Environ Biol Fishes 29:161–
178

McClanahan TR, Mangi S (2000) Spillover of exploitable fishes
from a marine park and its effect on the adjacent fishery. Ecol
Appl 10:1792–1805

Meyer CG, Holland KN, Wetherbee BM, Lowe CG (2001)
Movement pattern, habitat utilization, home range size and site
fidelity of whitesaddle goatfish (Parupeneus porphyreus). Envi-
ron Biol Fishes 59:235–242

Morrissey JF, Gruber SH (1993) Home range of juvenile lemon
sharks Negaprion brevirostis. Copeia 2:425–434

Nelson BV, Vance RR (1979) Diel foraging patterns of the sea
urchin Centrostephanus coronatus as a predator avoidance
strategy. Mar Biol 51:251–258

Roberts CM (1994) Rapid build-up of fish biomass in a Caribbean
marine reserve. Conserv Biol 9:815–826

Roberts CM, Bohnsack JA, Gell F, Hawkins JP, Goodridge R
(2001) Effects of marine reserves on adjacent fisheries. Science
294:1920–1923

Seaman DE, Powell RA (1996) An evaluation of the accuracy of
kernel density estimators for home range analysis. Ecology
77:2075–2085

Shpigel M, Fishelson L (1991) Territoriality and associated
behavior in three species of the genus Cephalopholis (Serrani-
dae) from coral habitats in the Gulf of Aqaba, Red Sea. J Fish
Biol 38:887–896

Summerfelt RC, Smith LS (1990) Anesthesia, surgery, and related
techniques. In: Schreck CB, Moyle PB (eds) Methods for fishery
biology. American Fisheries Society, Bethesda, pp 213–272

Warner RR (1975) The reproductive biology of the protogynous
hermaphrodite Pimelometopon pulchrum (Pisces: Labridae).
Fish Bull (Wash DC) 73:262–283

White GC, Garrott RA (1990) Analysis of wildlife radio-tracking
data, 1st edn. Academic, San Diego

Wiley JW (1974) Observations on the use of mucus envelopes by
the California sheephead, Pimelometopon pulchrum, on south-
ern California rock reefs. Copeia 3:789–790

Winter J, Ross M (1982) Methods in analyzing fish habitat utili-
zation from telemetry data. In: Proc symposium acquisition
utilization aquatic habitat inventory information. American
Fisheries Society Western Division, pp 273–279

Worton BJ (1989) Kernel methods for estimating the utilization
distribution in home-range studies. Ecology 70:164–168

Zeller DC (1997) Home range and activity patterns of the coral
trout Plectropomus leopardus (Serranidae). Mar Ecol Prog Ser
154: 65–77

311


	Sec1
	Sec2
	Sec3
	Fig1
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Tab1
	Sec9
	Fig2
	Sec10
	Fig2
	Fig2
	Tab2
	Fig4
	Fig3
	Fig5
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37
	CR38
	CR39
	CR40
	CR41
	CR42
	CR43

