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ABSTRACT

THE ROLE OF OLFACTION IN THE HCMING ABILITY
OF THE BLUE ROCKFISH, SEBASTES MYSTINUS

IN CARMEL BAY, CALIFORNIA
By

Daniel J. Heilprin

The role of olfaction in homing behavior of blue rockfish, Sebastes mystinus,
was investigated in Stillwater Cove, Carmel Bay, California. In fall 1990 and
spring 1991, 200 normal and 200 olfactory-impaired (anosmic) fish were tagged
and released at four sites (0, 1, 2.6, and 4.4 km from Stillwater Cove). Fourteen
of 100 normal and 4 of 100 anosmic fish displaced 1.2 km returned to the
location where they were caught. Only one anosmic fish displaced 2.6 km and
two normal fish displaced 4.4 km returned to their capture site. Tagged fish
were never resighted at any reef except the location of capture or release
indicating movement between reefs did not occur and home-site fidelity in this
species. Moreover, all tagged individuals were resighted within 20-25 m of their
capture location suggesting blue rockfish have small home ranges. Nine of 50
fish disptaced 1.2 km returned to their home site in fall, while 9 of 150 displaced
the same distance returned in. spring suggesting a seasonal component to
homing. Both normal (n=14) and anosmic fish (n=4) were able to return to the
capture site, however, normal fish were significantly more successful (Chi-
square, P<0.05). These results indicated olfaction was at least one factor

influencing homing success in blue rockfish.
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INTRODUCTION

Migration, movement patterns, and homing can permit fish to escape
from unfavorable conditions and to exploit habitats created by successional,
seasonal, and daily changes in the environment (Dingle, 1985). Researchers of
these phenomena have described the paths, timing, duration, speed, precision
of fish movements, and the identification of orientation cues and their mode of
detection (e.g. olfactory, celestial, and electromagnetic senses; see reviews by
Harden Jones, 1968; Leggett, 1977; Northcote, 1978; McCleave et al., 1984:
and Leggett, 1985).

The blue rockfish, Sebastes mystinus, is found commonly in kelp forests
from Pt. Santo Tomas, Baja California, to at least Vancouver Island (Miller and
Lea 1972; Love 1991). Blue rockfish are one of the few schooling rockfishes
distributed in midwater, over shallow and deep reefs, and in kelp forests
(Eschmeyer et al., 1983). Abundances of this species over their entire range
are highly variahle, with numbers reaching their greatest levels in summer and
fall and declining in winter and spring. Little information exists concerning
movement patterns and homing in this species.

Members of the genus Sebastes are generally long-lived, and much
information is available regarding growth and reproduction of some species.
Growth rates for many species, including blue rockfish are low, with males and
females growing at equal rates. Blue rockfish reach reproductive maturity at
approximately 31 cm (standard length) or 5-6 years of age (Love, 1991).
Spawning occurs between November and March, with a peak in January or
February. Beginning in April, juvenile blue rockfish recruit to kelp forests in

central and northern California, often becoming the most abundant species of



rockfish and a substantial food source for many fishes, birds, and marine
mammals (Hallacher and Roberts, 1985; Love, 1991). Additionally, Bodkin
(1986) and Miller and Geibel (1973) suggested both aduit and juvenile blue
rockfish comprise the greatest fish biomass in kelp forest communities in central
and northern California.

Because rockfishes can be found in high numbers in habitats which are
easily accessible to small boats, this genus has historically been a major part of
California's party and private vessel sport catch from Los Angeles County
northward. In 1985, rockfishes comprised 33 % of all recreational fish landed in
the state, with blue, black (Sebastes melanops ), and yellowtail (S. flavidus)
rockfish comprising 30% of this total (Lenarz, 1986). Blue rockfish are taken by
divers and occasionally hooked by pier and jetty fishermen, particularly in
central and northern California (Love, 1991). Most, however, are caught by
recreational fishermen.

This species has been over-harvested in many areas because fishing
effort has concentrated on shallow reefs and in kelp forests where limited
movement of blue rockfish occurs (Love, 1991). Successful management
programs designed to avoid overexploitation of rockfishes on specific reef
systems depend on information regarding habitat use and seasonal patterns of
movement. Due to their tendency to school, biue rockfish north of Pt.
Conception are often found with other recreationally exploited schooling fish
such as olive rockfish, Sebastes serranoides and black rockfish, S. melanops,

while they mix with kelp bass, Paralabrax clathratus; olive rockfish, blacksmith,

Chromis punctipinnis, and halfmoons, Girella nigricans south of Pt. Conception.

Adult blue rockfish reside for extended periods on shallow reefs, but tend to
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wander more on deeper reefs (Love, 1991).

Nearshore coastal fishes experience major seasonal changes in their
environment, which can influence their feeding behavior, reproductive behavior,
and movement patterns. Changes in food and habitat availability, caused by
environmental disturbances such as the E! Nifio, can produce adverse
conditions for blue rockfish. Lower zooplankton abundances, as well as loss of
kelp forest habitat from the 1983 EI Nifio event caused extreme waves and
redistribution of fish to other habitats. Stress associated with this anomalously
warm water reduced the abundance of prey for many planktivorous fishes, thus
leading to changes in habitat quality (Lenarz and Echeverria, 1986; Bodkin et
al., 1987). The poorest habitat conditions for blue rockfish occur during fall and
winter when swells from winter storms remove large amounts of giant kelp,
Macrocystis pyrifera, a major source of habitat structure in many temperate
marine reefs. Blue rockfish feed primarily on large, gelatinous zooplankton
such as thaliaceans, ctenophores, and pelagic hydrozoans, whose availability
as a food source varies seasonally (Hobson and Chess, 1988). Optimum
feeding conditions for blue rockfish in northern California occur during spring
and summer, when increased nutrients from strong upwelling and increased
daylight result in growth of diatom populations that constitute the food-base of
zooplankton (Hobson and Chess, 1988).

If blue rockfish movement patterns are affected by disturbances, such as
winter storm removal of kelp and changes in optimum feeding conditions (both
of which influence habitat quality), seasonal variation in homing performance
may occur. Experimental removal of kelp canopy yielded dramatic declines in a

number of juvenile rockfish species, with blue rockfish exhibiting the largest
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decrease (Bodkin, 1988). | have observed decreases in blue rockfish numbers
in a central California kelp forest during winter storms when large portions of
kelp are removed.

There is some disagreement concerning the definition of homing. For
this study, homing is defined as : "the return of a fish after migratory, accidental,
or experimental displacement to a place formerly occupied instead of going to
other equally probable places" (Gerking, 1959). Equally probable places refer
to areas occupied by other individuals of the same species.

Although there is little information on movement patterns, home site
fidelity, or homing behavior in blue rockfish, homing has been previously
demonstrated in several species of rockfishes: black and yellow, Sebastes
chrysomelas (Hallacher, 1984); white-sided, S. taczanowski (Markevich,
1988); yellowtail, S. flavidus (Carlson and Haight, 1972); and brown rockfishes,
S. auriculatus (W. Lenarz, NMFS, Tiburon, CA., pers. comm.). Studies
addressing movement patterns and homing may provide valuable information
on habitat preferences and habitat use (Matthews, 1990a). Homing may benefit
fishes in a number of ways. Homing may allow sdme fishes to return to natal
areas (trout and salmon) and could be beneficiai in returning to specific habitats
higher in quality then previously occupied areas. Homing may also allow
individuals to return to their home sites after foraging in different areas. If
changes in environmental conditions affect habitat quality, such as kelp canopy
persistence, then changes in homing performance and abilities may also
change.

Chemoreception may be important for successful migration and

movement in a number of fishes. According to Hara and Zielinski (1989), fishes



detect chemical cues through two major chemosensory channels, olfaction
(smell) and gustation (taste). Olfaction has been shown to be an important
sensory mechanism used for homing and migrations by a diverse array of fishes
such as chinook salmon, Oncorhynchus tshawytscha (Groves et al., 1967; Hara,
1970), longear sunfish, Lepomis megalotis megalotis (Gunning, 1959), and
tidepool sculpin, Oligocottus maculosus (Khoo, 1974). The sensory
mechanisms used by rockfishes in homing, however, have never been
investigated. The only olfactory work done on rockfishes is a description of the
olfactory apparatus in black rockfish, Sebastes melanops, by Brown (1962).

Tagging studies of sensory-impaired fishes can give direct information
about involvement of particular sense organs in homing, allowing researchers
to investigate alternate senses which may or may not play a role in homing
ability (Stasko, 1971). Sensory mechanisms such as geomagnetic detection by
Ampullae of Lorenzini or presence of magnitite and visual sun-compass
orientation have been suggested to guide the return of a number of fishes to a
home site. After an initial orientation phase, presumably using the earth's
magnetic field, juvenile lemon sharks, Negaprion brevirostris, in Bimini lagoon,
Bahamas, were able to return home from distances of up to 3 km offshore (W.R.
Strong, U.C. Santa Barbara, Santa Barbara, CA., unpubl. data). Also, visual
cues may assist homing of intertidal sculpin, although it may be less important
than olfaction (Hara, 1970; Khoo, 1974)

The objectives of this study were to: (1) determine if blue rockfish have
home sites by assessing home-site fidelity, home ranges, and movement
patterns; (2) assess the relationship of homing ability to distance displaced,

season, size, and sex; and (3) assess the role of olfaction in homing.



MATERIALS AND METHODS

Study Site

This study was done in Stillwater Cove, Carmel Bay, California (36934'N,
121056'W, Fig. 1). The cove opens to the south and is protected from large
northerly swells associated with winter storms and strong northwesterly winds
occurring in spring. During summer and fall, a dense canopy of giant kelp,
Macrocystis pyrifera may fill the cove, but is usually thinned by winter storms
(Reed and Foster, 1984). Large aggregations of adult and juvenile blue
rockfish are distributed throughout kelp ferests during summer and fall, utilizing

the canopy as a structural refuge.

Home Site Assessment

Tagged fish were used to assess home site fidelity and movement
patterns of blue rockfish between three different sites within Stillwater Cove.
Tagging was done between February and April in 1989 at Wash Rock,
Pescadero Rocks, and Arrowhead Point (Fig. 1). For this part of the study, blue
rockfish were captured by divers using hook-and-line techniques at depths of 5
to 10 m. Each fish was tagged at depth immediately after capture with a Floy
FD-67 vinyl anchor tag, inserted into the dorsal musculature. Tags were color-
coded so that fish from each reef could be distinguished. Standard lengths and
sex were not recorded. Home site fidelity, home ranges, and movement
patterns between and away from reefs were assessed by noting the location of
fish relative to their tagging location during subsequent SCUBA surveys. Fish
were surveyed using random techniques within and outside of Stillwater Cove

to determine movement patterns.



Homing Assessment

Fish were tagged between September and October (fall) in 1990 and in
April (spring) 1991 to address homing ability in this species. For this part of the
study, 200 fish were collected by divers at Wash Rock using a 20 m (5 cm mesh)
monofilament gill net. Groups of 15 to 20 fish were carefully removed from the
gill net, placed in plastic-lined canvas goody bags, and slowly brought to the
surface. Fish were placed in aerated Rubbermaid 68 L storage containers filled
with seawater for transport to the laboratory. All fish were placed in two 1000 L
fiberglass holding tanks at Hopkins Marine Station, Pacific Grove, California, for
a period of 4 to 5 days before release. Each fish was tagged with a numbered
and color-coded Petersen disc tag (Floy Tagging Co., Seattle, WA.), held in
place with a 10 cm nylon cable tie. Tags were placed in the dorsai musculature
just behind the first dorsal fin with a brass cannula. Standard length in mm and
sex (determined by presence of urogenital papillae in males) were recorded.

Role of Olfaction
Olfactory-impairment (Anosmia)

One hundred olfactory-impaired (anosmic) fish were used in this part of
the study to test whether olfaction plays a role in blue rockfish homing. Methods
used to impair olfaction in fishes have included cutting the olfactory nerves,
cauterizing the olfactory rosettes, or plugging the nares with vaseline, waxes,
latex, or cotton (Stasko, 1971). Olfactory stimuli are received by the nasal
rosettes, located within the olfactory chamber (Fig. 2). To eliminate this sensory
organ, the skin between the two nares was cut in order to expose the nasal
rosette (Fig. 2). The entire rosette was cauterized using a Realistic® butane-

powered soldering gun (1 mm tip). The entire procedure took place out of water



and lasted approximately 2 minutes per fish. Fish were returned to holding
tanks immediately after tagging and olfactory impairment. Fish were treated for
scale loss and infection during this part of the study with the fungicide
Nitrofurazone (dosage 10-15 ppm) for a period of 4-5 days following impairment

and handling. This short period in captivity allowed an assessment of mortality

due to these procedures.

Displacements

Fish were transported by skiff to release sites in aerated containers of
seawater. To prevent the possibility that anosmic fish might follow normal fish
returning to their home site, individuals were released at the surface and from
opposite sides of the boat. Anosmic fish were released first at approximately 5-
10 second intervals. Ten fish (five normal and five anosmic) were released
weekly at Arrowhead Point, Lone Cypress, and Bluefish Cove in Point Lobos
State Park, 1.2 km east, 2.6 km north, and 4.4 km south of Wash Rock,
respectively. Ten fish (five normal and five anosmic) were also released weekly
at Wash Rock (transplant controls).

Surveys were conducted weekly using SCUBA for two months following
displacement of 200 fish each period. Surveys consisted of two divers locating
large schools of blue rockfish at each release site. Divers inspected schools for
approximately 10-15 minutes. After searching the aggregations, divers looking
for tagged fish would swim approximately 100-150 m east, along edge of the
kelp. The return search (100-150 m west) was done 10-15 m within the kelp
bed.

Sites within and outside the cove (determined by presence of blue
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rockfish aggregations) were surveyed for two months each season after a total
of 200 fish were released. Between April and June in 1991 an estimate of
relative abundance of blue rockfish along a 100 m transect was derived by
counting the number of fish in a imaginary 3 m x 3 m box during each resighting
survey. Additionally, vertical transects were done to assess the vertical
distribution of blue rockfish during varying environmental conditions such as
increased swell and wave action. During resighting surveys, individual fish
were identifiable at distances of 1-3 m; however, accurate visual identification of
individual fish became impossible due to tag fowling approximately 3-4 weeks
after displacement. Therefore, fish with fowled tags were sacrificed to obtain
data on homing.

Due to a low number of returns from Lone Cypress and Bluefish Cove
(during fall) these sites were eliminated from the April 1991 releases. From 3
April to 13 April in 1991, fish were collected daily from Wash Rock until a total of
200 was reached. After collection, fish were placed in two 1000 L fiberglass
tanks at California Department of Fish and Game's State Mariculture Lab at
Granite Canyon, CA. During this part of the study, all tagging and impairment
procedures were the same as above, with the exception that 2% Nitrofurazone
ointment was placed in the nasal passages of all anosmic fish (n=100).
Additionally, normal fish (n=100) were burned on the outside of their snout to
simulate the impairment procedure. Fish were released using the same
procedures as above; however, fish during this part of the study were only
released to Arrowhead Point and Wash Rock.

Because tests to determine the effectiveness of anosmia are lacking in

most sensory-impairment field studies, the nasal rosette of anosmic fish were
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examined in the laboratory. Therefore, twenty fish were collected on 14 April in
1991 to determine rate of tag loss, mortality due to anosmia, and possible
rosette regeneration in the laboratory. Ten anosmic and ten normal fish were
placed in a 1000 L fiberglass tank, and fed chopped squid, 2-3 times a week, for
75 days. Observations of feeding behavior were made daily for normal and
anosmic fish. After 75 days, anosmic fish were sacrificed to examine nasal
rosettes and test for effectiveness of surgical procedures. Rosette tissue was
examined microscopically to determine completeness of anosmia and degree
of regeneration.

All factors which possibly could influence homing performance (season,
sex, size, and olfactory senses) during both seasons were tested using chi-
square analyses (Zar, 1984). Also, differences between the mean sizes of fish

collected and season were tested with an unpaired two sample T-test.
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RESULTS

Home Site Assessment

Resighting of fish tagged and released in February through April, 1989
gave an indication of movement patterns and home site fidelity in this species.
No tagged individuals were seen at any location other than their site of capture
and release during 23 SCUBA surveys conducted at Wash Rock (n=7),
Arrowhead Point (n=9), and Pescadero Rocks (n=7) between February and
Aprit in 1989. Additionally, tagged individuals were not seen during eight
surveys conducted at random locations within Stillwater Cove, suggesting
movement between reefs did not occur. Multiple resightings of the same
individual in the same location over time (four fish tagged in spring 1989 were
resighted 2-3 times at Wash Rock over the next year) indicated this species
remained near particular sites. Moreover, tagged fish were never resighted
more than 20-25 m from their capture and tagging location (home site),

suggesting blue rockfish occupy small home ranges.

Homing Assessment

A preliminary indication of homing ability of this species was given by the
movement of 16 fish collected at Wash Rock and displaced to Arrowhead Point
and Pescadero Rocks (1.2 and 0.80 km, respectively) during spring 1989. Four
of eight fish from Arrowhead Point and three of eight fish displaced to
Pescadero Rocks homed within six days (only one survey conducted).

Of the 300 fish displaced from their home site during fall 1990 and spring
1991, the total number that homed from various release sites ranged from 1-9

(Table 1). Homing occurred in 12 of 150 fish displaced between 1.2- 4.4 km



during fall in 1990, and 9 of 150 fish displaced only 1.2 km during spring in
1991. Homing was observed in eight normal and four anosmic fish during fall
1990 and eight normal and one anosmic fish in spring 1991.

Resighting of tagged individuals was highly variable throughout the
study. At Wash Rock, fish captured and released at the capture site (transplant
controls) were resighted between 0-297 days after release during both fall and
spring (Fig. 3). Fish displaced 1.2 km were resighted between 0-324 days,
whereas one fish returning from Lone Cypress (2.6 km) homed after 7 days.
The two fish which homed from Bluefish Cove (4.4 km) were resighted after 121
and 297 days. There was no significant correlation (r2=0.256) between
distance displaced and number of days until an individual fish was resighted at
the home site. However, fish homing from Arrowhead Point generally returned
in the shortest time, usually within one hour.

Seasonal comparisons in homing performance revealed a difference
between the proportion of individual fish which homed from Arrowhead Point in
spring versus fall. In spring 1989 four of eight fish released at Arrowhead Point
homed (Table 1). In fall 1990, nine of 50 fish releésed at the same location
returned to their home site, while nine of 150 homed the same distance in
spring 1991.

Because homing performance may be affected by size (age) of the fish,
the relationship between size (standard length in mm), and number of days
before resighting was examined. The mean size of fish collected in fall 1990
were significantly smaller than in spring 1991 (T-test; P=0.0133; Fig.4).
Resightings also indicated most size classes were able to home (Fig. 5). The

smallest individuals released (150-200 mm) were resighted within the first 40



days, while resighting of medium and larger fishes varied. However, three
transplant control fish, of medium and large size were resighted 292 to 300
days after release, while two of the largest fish displaced were resighted after
292 and 324 days. This suggests no relationship exists between homing
success and size or age of adult blue rockfish used in this study.

To control for possible differences in homing performance between male
and female fishes, similar numbers of both sexes (normal and anosmic) were
released during both seasons (Table 2). For fish displaced between 1.2 and
4.4 km, seven males and 11 females were resighted within 40 days, and no
males were resighted after 40 days (Fig. 6). Additionally, one female was
recaptured by a diver after the sampling period had ended. The use of
transplant controls allowed me to assess whether there was a relationship
between resighting capability and sex. During all surveys at Wash Rock, males
were resighted more than females within 40 days of being released (Fig. 7).

After 40 days, however, both sexes were resighted.

Role of Olfaction Assessment

During all surveys, 13 normal and four anosmic fish were resighted
within 40 days of being displaced 1.2-4.4 km (Fig. 8). Similar numbers of
anosmic and normal fish were resighted after 40 days, although the sample size
was extremely low. Transplant controls were used to test whether normal and
anosmic fish were resighted equally (Fig. 9). Resuits from surveys at their home
site indicated no differences existed between normal and anosmic fish

resightings over the course of the study.

Although sample sizes were low, chi-square analyses indicated more
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normal than anosmic fish homed after being displaced 1.2 km (P<0.05) in
spring 1991, but not in fall (Table 3). For both seasons pooled, more normal
than anosmic fish homed from Arrowhead Point (P<0.05). There were no
significant differences (P<0.05) in number of normal and anosmic transplant
controls resighted at their home site in either season. Survey effort (Table 4)
was different at each release site, with effort being greatest at the home site.
The relative abundance of blue rockfish within a 9000 m2 area at Wash
Rock from April to June in 1991 was determined to address turnover rate at the
home site and to estimate the likelihood of resighting a tagged fish. Abundance
estimates during 12 surveys ranged from 75 to 3000 fish per 9000 m?2
(X=1169 + 933 SD). Also, the number of tagged fish resighted at each study
site per survey varied, ranging from 0-5, with usually 1-2 fish resighted each
survey. Surveys conducted during spring 1989, fall 1990, and spring 1991
(Table 4) indicated resighting effort was different at all release sites.
Microscopic examination of anosmic fish in the laboratory revealed no
rosette regeneration occurred in fish after one year (n=2), and no rosette
regeneration was detected in any of the ten fish held in the laboratory for 75
days. Impairment was also complete in fishes from the laboratory experiment
(n=10). Observations taken 2-3 times per week for 75 days revealed no tag loss
or mortality occurred from impairment or handling procedures. Moreover, no
differences were observed in feeding behavior between captive normal and
anosmic fish, suggesting that the impairment procedure did not alter feeding
behavior of blue rockfish in the laboratory. Surveys at Wash Rock (home site)
indicated fish resumed normal behavioral patterns following release. Fish were

never observed going into rocks or ledges immediately after release. |
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observed tagged fish orient themseives spatially and directionally, search the
area briefly, possibly for conspecifics, and then begin to move towards the
home site following release. Transplant controls released at their home site
were observed displaying the same behavior, often brushing up against other
blue rockfish contacted.

Data obtained on weather conditions (available from W. Broenkow, Moss
Landing Marine Labs) and surface area of kelp canopy from digitized infrared
aerial photographs (C. Harrold, Monterey Bay Aquarium) showed seasonal
variations (Figs. 10a-c) that may have influenced the resighting of fish and
possibly homing ability. In April 1989 when the preliminary work for this study
was done, the kelp canopy was thick and full, mainly due to the low number of
winter storms (Fig. 10a). Kelp canopy was at maximum density in August 1990,
following a spring-summer period of low storm activity (Fig. 10b). However,
between February and April 1991, winter storms frequently removed large
sections of kelp canopy throughout the entire cove (Fig. 10c). This periodic
thinning may eliminate visual cues used by fish returning from release sites.

Because the weather data obtained were for Monterey Bay, a north-
facing inlet, and not Stillwater Cove in Carmel Bay, a south-facing cove, only
generalities could be drawn concerning weather. A general trend existed
between high wind, increased wave height and swell, and the amount of
destruction or damage ocurring on kelp canopy. During periods of increased
wave heighth and swell, schools of blue rockfish were highly dispersed and
resided under rocks and ledges at deeper depths. Moreover, unstable
conditions decreased visibility in the water column. This factor influenced

diver's ability to resight tagged fish and biased the abundance estimates.



DISCUSSION

Home Site Assessment

Because movement patterns are important in determining management
strategies for exploited fisheries, a number of studies have focused on
movement and homing in the genus Sebastes and homing ability has been
found to be common. Black rockfish, S. melanops, exhibited no significant
movement away from their home site, but may actively seek out prey over large
distances (Culver, 1986). Kelp rockfish, S. atrovirens, were seldom observed
more than 6.5 m from their home site by Van Dykhuizen (1983), suggesting
small home ranges that could make this species susceptible to overexploitation.
Miller et al. (1967) described blue rockfish as non-migratory, displaying
movement of less than 1-2 km.

I found tagged fish remained at reefs where they were released and were
commonly resighted within 20-25 m of the capture site. Due to the lack of
observed movement between reefs, | suggest that blue rockfish occupy small
home ranges and possess great home-site fidelity. Such fidelity was
demonstrated by high recapture rate at reefs occupied by conspecifics of the
yellowtail rockfish, S. flavidus (Carlson and Haight, 1972). Copper and
quillback rockfishes, S. caurinus and S. maliger make exploratory excursions
which enable them to examine habitat suitability at other locations and return to
previously occupied habitats (Matthews, 1990b). In this study, fifteen blue

rockfish were resighted more than once and usually a number of weeks or even

months after initial resighting.
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| suggest blue rockfish may occupy a specific reef system during the
spring and summer and move to different areas during fall and winter. Four
blue rockfish released in spring 1989 returned to and were resighted at Wash
Rock (their initial release site) in summer, over one year later. This suggests
blue rockfish occupying Wash Rock during calm periods (summer) may move
offshore during unstable periods (winter and spring) to deeper more protected
reefs.

Blue rockfish may occupy certain reefs during summer and fall because
the density of their spatial refuge, Macrocystis pyrifera, is at its highest levels
and environmental conditions are stable. However, when conditions become
unsuitable (i.e. winter storms) and large areas of kelp forest are removed, fish
may relocate to deeper offshore reefs. Due to biased surveys (Table 4), no
direct evidence exists for their offshore movement. During 32 surveys
conducted in Fall 1990 and 39 in Spring 1991, tagged individuals were only
resighted when weather conditions were favorable. My survey results are also
biased because no surveys were conducted during the night or at times when
storms persisted. Also Matthews (1986) suggested that black and yellow
rockfish, Sebastes chrysomelas and gopher rockfish, S. carnatus were not
resighted during winter months because fish vacated home reefs. In this study,
surveys during more unstable times revealed blue rockfish fish were highly
dispersed and moved to deeper depths (>30 m) at their home site. Fish may
also have moved offshore or possibly away from their home sites.

Blue rockfish abundances were strongly affected by season. Fish
abundances were lower in winter and spring at all exposed sites such as

Arrowhead Point. At Wash Rock, the number of fish fluctuated during the winter,
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but returned to high levels in summer and fall. Matthews (1990b) found
rockfishes only inhabited low relief reefs in summer coincident with peak algal
cover. Other explanations for the variability in resightability may be that SCUBA
surveys were not adequate. Tagged fish may have been at other locations on
the reef where divers could not see them, or actively avoided divers. Tagged
individuals often had to be chased into ledges and to deeper reefs in order to

identify them.

Homing Assessment

Information regarding homing and movement patterns is essential for
proper management of commercially and recreationally significant species of
rockfishes, including blue rockfish. Salmonid fishes are famous for returning to
natal streams after years of oceanic feeding (Quinn, 1990). A wide variety of
freshwater and anadromous fishes also possess homing abilities, including
muskellunge, Esox masquinongy (Miller and Menzel, 1986); Atlantic herring,
Clupea harengus (Wheeler and Winters, 1984); and the roach, Rutilus rutilus
(L'Abee-Lund and Vgllestad, 1985). Many new studies are indicating more
species of fishes including members of the family Scorpaenidae possess
homing abilities.

Homing in the genus Sebastes is widespread. Carlson and Haight
(1972) reported yellowtail rockfish, S. flavidus returned from distances of up to
22.5 km, and fish held in the lab for 3 months also returned in high numbers,
indicating a lasting memory of their home site. Hallacher (1984) found black
and yellow rockfish, S. chrysomelas homed after displacement of up to 50 m,

but none were found returning from 1.5 km. Eastern seaperch, Sebastes



taczanowski, homed from 0.5 km, and homing performance decreased at
distances of 1.0 and 3.0 km (Markevich, 1988). Additionally, dispiaced brown
rockfish, S. auriculatus, have homed from distances of 25 km in San Francisco
Bay (W. Lenarz, NMFS Tiburon, CA., pers. comm.). In the present study, blue
rockfish were able to home from distances of up to 4.4 km, with homing
performance inversely related to distance displaced (Fig. 3). Visual
observations of fish released at Arrowhead Point indicated movement toward
the home site occurred immediately after release.

I suggest seasonal changes in the environment may dramatically affect
homing performance in the blue rockfish. Khoo (1974) found no significant
differences in homing performance between seasons for the wooly sculpin,
Oligocottus maculosus. However, in this study, | found that homing success
from Arrowhead Point was highly variable. In spring 1989, fall 1990, and spring
1991 homing percentages were 50,18, and 6%, respectively. During spring
1989, kelp canopy can be classified as moderate (Fig. 10a), while kelp canopy
cover during fall 1990 was high (Fig. 10b) and low in spring 1991 (Fig. 10c).
The relationship between kelp canopy and homing success is difficult to
interpret. | suggest that when kelp canopy is moderate to high, blue rockfish
home more successfully. This may be due to the use of vision and visual cues
(kelp canopy) or other senses, as well as olfaction.

Because cues associated with home site recognition may be learned at
certain ages, younger (and presumably smaller) fish may not home as well as
older, larger fishes. However, there was no relationship was found between
resightability or homing performance and size of any fish (Fig. 5). Craik (1981)

found smaller size classes (2-3 cm) of intertidal sculpin, Oligocottus maculosus,
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did not home. Similar results were obtained by Green (1973) for mosshead
sculpin, Clinocottus globiceps. The percentage of Ol maculosus that
successfully homed increased with length, peaking between 5 and 7 cm total
length (age 2), with considerable variability in smaller size classes (Craik,
1981). Juvenile fish moved extensively between tidepools and began
establishing home sites and homing behavior at about 3 cm. During this period
of extensive movement, home sites were presumably learned (Craik, 1981). |
tagged only adult fish (>200 mm SL), estimated by Miller et al. (1967) to be 3-10
years of age. Sub-adult blue rockfish (<200 mm SL) homed from 1.2 km, but
with less success than larger fish (G. Leonard, Moss Landing Marine Labs,
Moss Landing, CA., pers. comm.). Juvenile blue rockfish may make exploratory
excursions, but only after a home site is established. These periodic journeys
may be to search for more suitable habitat, previously occupied areas, or places
with lower incidence of predation.

Other factors may influence resighting blue rockfish of different sizes. For
example, | found that larger individuals may be harder to resight because they
tend to reside in rocks and crevices at deeper debths more often than smaller
fish. Larger fish may also distribute themselves lower in the water column or
aggregation than smaller fishes.

Although growth rates between male and female blue rockfish do not
differ (Miller et al., 1967), differences in homing success between sexes may
exist. While Williams (1957) found that homing behavior of wooly sculpin,
Clinocottus analis, was not size-dependent, results indicated young males
tended to stray more than females. However, McCleave (1967) and LaBar

(1971) found no significant differences in homing performance between male



and female cutthroat trout. | found differences in homing performance to exist
between male and female blue rockfish (Fig. 6). These differences may be due
to a lessened drive to home by males, or males may only home during certain
times of the year. Also, homing instinct for female blue rockfish may increase
during reproductively active periods. Female roach, Rutilus rutilus, had lower
recapture rates than males, which L'Abee-Lund and Vgllestad (1985)
suggested were caused by increased mortality induced by marking and
handling procedures. This stress may disturb the natural spawning behavior in
females, causing severe physiological stress and increased mortality.

Although difficult to assess, reduced homing success may have be
directly related to stress associated with capture and handling techniques.
Disturbance during capture and tagging did not affect homing behavior or
fidelity of O. maculosus to the home pool (Green, 1971). However, copper and
quillback rockfish remained in the release site for several days following
release, suggesting that the first few days after release may be a recovery
period in response to capture, handling, and tagging (Matthews, 1990a). The
effects of tagging and handling on blue rockfish are difficult to determine. All
fish were held in the laboratory from 1-7 days where the effects of bladder
inflation, tagging, and handling could be assessed. Matthews and Reavis
(1989) suggested that fish were stressed by capture and handling. As a resulit,
fish released at the surface may be eaten before they reached the bottom.
Researchers, therefore, may overestimate the probability of resighting a tagged
fish without an accurate estimate of survivorship. Cass et al. (1990) described
lingcod, Ophiodon elongatus, as a voracious predator of fishes and

invertebrates, with many species of fishes, including rockfishes, found in their
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stomachs. Two tagged fish returned by sport divers during this study were
eaten by lingcod. | also observed harbor seals, Phoca vitulina, feeding on
rockfish in the gill nets during capture procedures.

Use of other survey techniques including telemetric studies can provide
information concerning daily, weekly, and even seasonal movement patterns
which can greatly enhance our knowledge of behavioral patterns in fishes.
Telemetric studies by Matthews (1990a) suggested homing in copper and
quillback rockfishes consisted of an initial orientation, use of olfaction or
navigation to select a direction home, and recognition of familiar landmarks at
the home site. If olfaction or visual recognition of familiar landmarks is used in
homing, a directed, timely return to home sites should occur. Blue rockfish in
this study were observed to have homed from various distances in different
amounts of time. However, most fish which homed from 1.2 km took only one
hour. Blue rockfish in this study may be familiar with certain landmarks within
the cove (reefs, rock outcroppings) that may enable them to visually navigate
when returning over short distances. Fish that were displaced farther away from
their home site (unfamiliar with their surroundings) will presumably take longer
returning to their home site, if they return at all.

Tag-recapture studies can ailow for large number of fishes to be tagged
and released over large areas and often rely on commercial and recreational
fishermen for returns or resightings. One disadvantage tag-recapture studies
have is the difficulty of making conclusions about behavioral patterns such as
seasonal movement based on low recapture rates (3-10%). Results from these
recaptures may indicate one sort of behavior (e.g. sedentary, mobile), while the

other 90-97% of unobserved fish may act very different.
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Another alternative to tag-recapture methods is visual resighting of
tagged individuals using SCUBA. This method has the advantage of ailowing
assessment of in situ behavior. However, tagging-recapture techniques have
limited success when used on mobile fishes with larger home ranges (Matthews
and Reavis, 1989). Moreover, this method is only effective during day surveys,
and has limited use during periods of strong currents and swell. In this study,
surveys were done only during the day. Observation of fish behavior from these
surveys may be biased in giving an indication that fish do not move, when in
fact they may move frequently and at night. Also, surveys were only done when
weather patterns allowed for safe launching and retrieval of the skifi. Blue
rockfish may move between reefs or offshore during adverse conditions such as
increased swell and winter storms.

In this study | assumed the location of capture was the home site and that
fish did not distribute themselves randomly after release. Additionally, |
assumed that fish that homed successfully did so by a directed path rather than
by chance. ltis possible that fish were not at their home site when captured and
moved to their home sites following release or displacement. This would affect
resighting proportions as well as increase the amount of straying between and
away from reefs. Based on four of eight fish returning from Arrowhead Point in
spring 1989, | expected at least 50% of the fish would home from (1.2 km). Only
18% (9 of 50) were observed to home from Arrowhead Point during fali in 1990
and 3% (9 of 150) in spring 1991.

If fish collected were not residents of Wash Rock, then fish should have
been distributed randomly throughout the cove. The remaining 80-90% of the

unreported tagged individuals could have died, been eaten, or relocated to



other reefs within or outside of Stillwater Cove. Moreover, there was a bias in
the effort used to resight tagged fish at each site (Table 4). It is possible that fish
remained at release sites and were not resighted because | did fewer surveys at
these sites. However, no tagged fish were ever resighted at any location other
than at the capture or release site during random surveys throughout Stillwater
cove. Although only two or three surveys were done during spring 1991 at
offshore pinnacles west of Stillwater Cove, no tagged fish were ever resighted

at these areas.

Role of Olfaction

In this study, | assumed that if olfaction was used in homing of blue
rockfish, there was at least one detectable chemical cue at the home site.
Hasler and Wisby (1951) speculated that olfaction was used by salmon when
homing, and that successful return required streams to have persistent and
perceptible odors. These odors allowed fishes to identify different streams, and
retain a memory of the home stream during periods of upstream migrations.
Electroencephalographic studies of salmon olfactory nerves indicated
successtful recognition of home stream water (Hara, 1970).

Pigeons have homing abilities similar to migrant fishes. Pigeons have
returned 1500 km to their home loft in a times which preclude random
searching. Anosmic pigeons are far less successful in homing, i.e. they take
longer and more fail to home than untreated controls. Treated (anosmic) birds
also return home more effectively from familiar sites than unfamiliar sites,
indicating olfactory deprivation does not eliminate homing behavior, and visual

cues can provide sufficient information (Stoddart, 1980). Anosmic blue rockfish



returned to their home site from distances of up to 2.6 km, but were not
observed to have returned from 4.4 km. It may be that the successful anosmic
fish returned using some other sensory mechanism, such as vision, or that they
returned by random chance. However, SCUBA surveys conducted randomly in
the vicinity of the release sites indicated no tagged individuals relocated to reefs
adjacent to these release sites.

Tagging experiments with anosmic fish are complicated by the lack of
knowledge about behavioral side effects. [f the operation eliminates homing,
the question still remains whether this result is due to behavioral side effects or
to interference with chemical sensitivity. These complications can be reduced
when treated fish can be shown to have completed behavioral functions such
as upstream movement, reproduction, or feeding behavior without being
influenced by normal, untreated fish (Stasko, 1971). Peters (1971) argued that
nose-plugged fishes may home with less precision because of traumatic or
inhibitory effects rather than because of olfactory loss. Consequently, sensory-
impairment experiments are only limited evidence for the olfactory hypothesis.

Because extensive handling and impairment procedures may change
the natural behavior of blue rockfish, individuals were observed feeding in the
laboratory. No mortality occurred in the laboratory among anosmic fish, and no
differences in feeding behavior were seen between them and normal fish.
Olfactory impairment did not influence feeding behavior in longear sunfish,
Lepomis megaloptis megalotis; however, movement patterns were affected,
suggesting olfaction mediates homing in this species (Gunning, 1959).
Because no behavioral differences were found in the laboratory between

normal and anosmic fish, | suggest that impairment procedures used in this



study did not influence the natural behavior of fish in the field experiment.

Aithough specific sensory impairment does not aiter homing and
orientation ability of the subject, it may result in increased mortality by predation,
or alter the behavior of the subject in such a way as to make it less likely to be
resighted even though it is in the home site. Resighting of anosmic fish
following replacement at their home site did not differ significantly from
resighting of normal fish (Fig. 9). Geoff and Green (1978) suggested in order to
properly address the role of olfaction in homing, it is first necessary to determine
the likelihood of resighting normal and anosmic fishes at their home site
(transplant controls). Geoff and Green (1978) concluded anosmic stichaeids
resighted at their home site after displacement of 19 m may not have been
completely anosmized.

Chemical emissions from conspecifics may influence a wide variety of
social interactions including general social attraction (perhaps for schooling),
territorial marking, species, sex, and individual recognition, courtship, the
induction of physiological readiness for mating, and in parent-young
interactions (Liley, 1982). Local movements of some species of Pacific salmon
are not strongly influenced by siblings or other conspecifics (Branncn and
Quinn, 1980). Clear evidence exists that courtship in fish leading to fertilization
depends to some extent upon the production of odors either by the male,
female, or both. While mating is seldom eliminated by loss of olfactory power, it
can be seriously impaired (Stoddart, 1980). Plugging the nostrils of male
Bathygobius resulted in elimination of courtship behavior, indicating the
importance of olfaction and odor cues for individual recognition (Stoddart,

1980). | observed some blue rockfish rubbing up against conspecifics in large



aggregations after being released. Recognition of individuals at the home site
may be done using olfaction and species-specific chemical scents. If fish
released to different sites do not recognize other conspecifics, either by
olfaction or vision, they may be more likely to return to their home site.

Artificial displacement studies of newts and frogs illustrate some
problems involved with assessing the importance of one sensory system in an
integrated control system. Although the olfactory system of frogs has been
shown to play a role in homing, field studies using anosmic individuals have
failed to demonstrate total elimination of homing behavior. This failure
emphasizes complexity of the sensory control mechanisms in behaviors which
return animals to their home sites or breeding grounds (Stoddart, 1980). If an
experimentally blinded animal finds its way home, the experimenter did not
demonstrate that this animal did not use visual cues; rather he has
demonstrated that it was able to gather enough information to get home without
visual cues. Blue rockfish in this study may have utilized more than one
sensory mechanism when returning after being displaced. Olfaction and vision
may be beneficial for increasing the success of homing, but may not be
essential for returning. Additionally, one or both of these senses may be used
in recognizing the home site after homing from release sites.

L'abee-Lund and Vollestad (1985) hypothesized that environmental
instability or unpredictability would reduce the benefits accrued by homing and
hence reduce the proportion of fishes in a population that home. Environmental
variability in rivers is greater in spring than fall, which may explain greater
homing success in fall spawning salmon than spring (Quinn and Tallman,

1987). Also, salmon may locate large rivers more frequently than small ones
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because large rivers may be more predictable from generation to generation
and may contain more persistent scents (Quinn and Tallman, 1987). If certain
areas of Stillwater Cove, such as Wash Rock, are more stable in the amount of
kelp canopy that persists over winter, and in the availability of food, then it may
be more beneficial to occupy Wash Rock during these times and utilize this area
as a home site. During this study, tagged fish were never seen during any
season at any reef other than Wash Rock. Additionally, abundances of blue
rockfish at this location remain relatively constant during all seasons. If this site
is a more suitable and stable habitat over time than any other reef in the cove,
then the benefits must be great in returning to this location after being
experimentally displaced.

As suggested by Miller et al. (1967), my results indicate home site fidelity
and narrow home ranges in blue rockfish. Since these fish comprise a
significant part of the recreational fishery in California, they thus have the
potential of being overexploited due to their resident nature. Miller et al. (1967)
also concluded that blue rockfish move on average less than one mile. | found
that even though fish were always resighted at théir home site and never seen
more than 20-25 m from their capture location, some fish were not seen for up to
one year following initial resighting, and then resighted again at their home site.
This suggests that fish may move to other locations at different times of the year,
possibly offshore during winter. This may also be indirect evidence for
increased movement patterns in this species.

All data analyzed using chi-square methods in this study have certain
limitations. Due to low sample sizes, many of the comparisons that were made

are biased. According to Zar (1984) if the expected values are small, the



calculated X 2 is biased because it can be larger than the the theoretical X2 is
supposed to estimate. Also, expected values may not be representative.
Significant results (Table 3) should not be taken as conclusive evidence and
their limitations, due to low sample sizes, should be noted.

In the present study, the role of olfaction was assessed using anosmic
individuals. Both normal and anosmic fish were able to home; however, normal
fish were statistically more successful. Laboratory and field observations of
both normal and anosmic fish indicate impairment and handling procedures did
not affect the natural behavior of this species. Thus, while olfaction may play a
role in blue rockfish homing behavior, information necessary for more
successful homing performance is probably received from many senses which
together far exceed the capacity of any single sense.

In summary, tag returns from various displacement sites demonstrated
that homing ability in this species was reduced with increasing distance
displaced. Fish were able to return from distances of up to 5 km, but this
occurred less frequently than in fish displaced shorter distances. Fish were also
more successful at returning in summer and fall versus winter and spring.
These differences are thought to be due to environmental stability and
persistence of kelp canopy. All sizes of fish in this study were able to home.
Both small and large fish were resighted during all sampling periods; however,
larger fish tended to return to their home sites after the first 100 days.
Differences in homing success in this study was found between males and
females after 40 days, with only females being resighted. Transplant controls
suggested that males were more often resighted at Wash Rock than females in

the early part of the study, but both were resighted in similar proportion later in



the study.

Further studies addressing sensory involvement in homing are needed to
help identify mechanisms utilized during returns from experimental or natural
displacements. Utilization of alternate tagging techniques such as telemetry
may prove useful in determining the role of certain sensory mechanisms in
homing and provide valuable information concerning directional components of
homing. These methods may also help us to understand additional behavioral
patterns that tag-recapture techniques do not such as time required to return

certain distances from release sites.
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Table 2. Numer of normal and anosmic fish (by sex) which were
captured and released following impairment procedures
during both seasons.

Season Sex Number Number
Normal Anosmic
Male 44 39
Fall
1990 Female 56 61
Male 43 46
Spring
1991 Female 54 57
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Table 4.

39

Number of SCUBA surveys conducted at release sites

during all seasons. Percent effort is the number of surveys
at a particular site as a function of the total number of

surveys done over that season.

Season Location Total Percent
Number Effort
B Surveys
Wash Rock 7 23
Arrowhead Point 9 29
Spring
1989
Pescadero Rocks 7 23
Random 8 25
Wash Rock 22 70
Arrowhead Point 3 9
Fall Lone Cypress 3 9
1990
Bluefish Cove 2 6
Random 2 6
Wash Rock 26 67
Spring Arrowhead Point 5 13
1991
Random 8 20




Figure 1.

The location of the study sites in Carmel Bay, California. All
displacement and release sites are denoted by solid squares ().
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Figure 2.

Head of a hypothetical bony fish; AN= Anterior Naris, PN=
Posterior Naris. The skin between AN and PN are cut to
expose the Nasal Rosette (R). Water flow across the Nasal

Rosette is from anterior (Ant) to posterior (Post; From Gibbs,
1991).






Figure 3.

The relationship between the distance displaced and the
number of days before an individual fish was resighted. Some
fish were displaced between 1.2-4.4 km (A), while others,

used as transplant controls, were released at the capture or
home site (¢).
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Figure 4.

Size frequency distribution of fish captured, tagged, and
released or displaced during both seasons. Size classes
represent standard length in mm.
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Figure 5.

48

The relationship between size of fish (standard length in mm)
and the number of days before an individual fish was resighted
for fish displaced between 1.2-4.4 km (A) and fish released at
the capture site (transplant controls, « ) for both seasons
combined.
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Figure 6.

50

Relationship between the number of male and female fish

which homed and were resighted (only once) and the number of
days until they were resighted after being displaced between 1.2-
4.4 km. Horizontal bars represent duration of sampling periods for
which SCUBA surveys were conducted. Fish ocurring outside
sampling periods represent tag returns from divers and local
fishermen.
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Figure 7.

Relationship between the number of male and female fish

which were resighted (only once) and the number of days until
they were resighted a certain number of days after being released
at the capture or home site (transplant controls). Horizontal bars
represent duration of sampling periods for which SCUBA surveys
were conducted.
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Figure 8.

54

Relationship between the number of normal and anosmic fish
which homed and were resighted (only once) and the number of
days until they were resighted after being displaced between 1.2-
4.4 km. Horizontal bars represent duration of sampling periods for
which SCUBA surveys were conducted. Fish ocurring outside
sampling periods represent tag returns from divers and local
fishermen.
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Figure 9.

56

Relationship between the number of normal and anosmic fish
resighted (only once) and the number of days until they were
resighted after being released at the home or capture
site(transplant controls). Horizontal bars represent duration of
sampling periods for which SCUBA surveys were conducted.
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Figure 10a. Map showing the extent of giant kelp, Macrocystis pyrifera, within
and outside of Stillwater Cove, Carmel, California during April in
1989. Dark areas represent kelp canopy and white areas are land
and water. Study sites where fish were either displaced or
released are indicated with arrows (From C. Harrold, Monterey
Bay Aquarium).
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Figure 10b.
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Map showing the extent of giant kelp, Macrocystis pyrifera, within
and outside of Stillwater Cove, Carmel, California during August in
1990. Dark areas represent kelp canopy and white areas are land
and water. Study sites where fish were either displaced or
released are indicated with arrows (From C. Harrold, Monterey
Bay Aquarium).
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Figure 10c.

Map showing the extent of giant kelp, Macrocystis pyrifera, within
and outside of Stillwater Cove, Carmel, California during April in
1991. Dark areas represent kelp canopy and white areas are land
and water. Study sites where fish were either displaced or
released are indicated with arrows (From C. Harrold, Monterey
Bay Aquarium).
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