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ABSTRACT

Supervisor: Dr. J.E. McInerney

An assessment was made of the potential for restricted
vertical movement in two species of shallow reef rockfish
caused by concurrent changes in buoyancy. Movement habits
of a schooling form, Sebastes melanops, were compared with
those of a benthic crevice dweller, Sebastes nebulosus, on a
moderate exposure rock-reef in Barkley Sound, British Colum-
bia. Through multiple observations of tagged fish against a
geographically fixed landmark system, distribution and move-
ment of individuals was determined. Tagged S. melanops re-
mained on the study reef for periods of about three weeks;
but, while present, were distributed in the water column at
select locations. Movements in this species occurred during
46 percent of successive observations with distances fre-
quently greater than 15 meters, extending as much as 10 me-
ters vertically. The solitary S. nebulosus were resident for
most of the field study period (2 months) having a more lim-
ited distribution, apparently territorial. Their movements
are less frequent (26 percent of successive observations in-
volved movement) and usually less than 10 meters horizon-

tally with little of no vertical aspect.



In the laboratory, S. melanops had a much greater capac-
ity to use their swimbladder as a buoyancy device under
changing pressure situations than §S. npebulosus. Although
nearly identical in general swimbladder morphology, measure-
ments of the secretory epithelium showed that S. melanops
have over twice the secretory area than 8. nebulosus of si-
milar body weight. In a simulated descent from the surface
to 20 meters depth S. melanops required 90 hours to restore
neutral buoyancy while S. nebulosus required 450 hours. As-
cending from this depth using a stepwise decompression
procedure to avoid damage through overexpansion, S. melanops
could achieve neutral buoyancy in about 5 hours while it
took S. nebulosus at least 20 hours.

Despite the comparatively faster rates of buoyancy ad-
justment in S. melanops it was clear that short term verti-
cal movement in this species was not accommodated by buoy-
ancy adjustment through secretion or resorption of
swimbladder gas. Instead, vertical movement results in per-
iods of non-neutral buoyancy. A survey was made of the vari-
ous buoyancy strategies that facilitate vertical movement in

other fish species; the relationship of those species to the

two study species is discussed.
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Chapter I
INTRODUCTION

Many different groups of fish inhabit the open water
spaces of the aquatic environment. Despite their wide dis-
tributidn and diverse morphology these groups all share a
common problem, that of counteracting gravity. Among bony
fish, the most common means is a visceral air sac called the
swimbladder. This organ 1is present in two general forms,
physostomous and physoclistous, Physostomes have a duct
connecting the swimbladder with the pharynx and are able to
increase buoyancy by qulping air from the surface and de-
crease it by expelling air. In more advanced groups a
closed or physoclistous swimbladder is common. These fish
have no external duct and adjust swimbladder volume by phy-
siological secretion or resorption of gas. This design has
the advantage of allowing buoyancy adjustments to be made
without coming to with the surface.

The swimbladder operates well as a hydrostatic organ in a
constant pressure but is less suited for varying pressure
situations such as fish encounter during vertical movement.
In such cases, the ambient pressure changes, and the swim-
bladder, acting much like a bubble, changes in épproximately

an inverse relation to absolute pressure (Boyle's Law). As



other variables such as fish volume and water density remain
essentially constant the change in swimbladder size creates
a net floating or sinking force. In moving from a depth of
equilibrium, vertical position is maintained by compensatory
swimming activity until neutral buoyancy is restored. This
situation compounds itself in shallow depths where a small
change in vertical position results in large changes in
buoyancy. The volume of a gas bubble expands twice its ori-
ginal size while ascending from 10 meters to the surface.
Similar expansion from a depth of 100 meters corresponds to
a vertical ascent of 55 meters,

Fish which live in shallow water reef habitats are seem-
ingly limited by having a closed swimbladder for a buoyancy
apparatus. Because of the rapid change in volume with
depth, neutral buoyancy exists in a narrow vertical zone.
When moving from this depth, compensatory swimming becomes
an essential part of maintaining vertical position, particu-
larly while ascending. While the energy required to oppose
negative and slight positive buoyancy may be more economical
~than having no swimbladder at all, furthered degrees of po-
sitive buoyancy require vigorous compensatory swimming,.
Consequently, depending upon the depth of neutral buoyancy,
there exists a ceiling where further ascent requires much
energy through swimming or a rapid means of buoyancy reduc-
tion through gas transport. Despite this apparent limita-

tion, nearly all neritic and suprabenthic fish species in



the shallow reef habitat have a closed type swimbladder and
to some degree, are faced with this situation.

Part of the problem in determining the importance of
buoyancy as a restricting feature in the movements of shal-
low reef fish lies in a general lack of information on move-
ment habits, Many studies exist which consider distribution
and movement patterns of populations, but few concentrate on
movements of individuals and apparently none examine move-
ment in such a way that information concerning buoyancy im-
posed restriction is evident. With the recent widespread
use of radio telemetry for tracking fish, more information
will likely be available. A second area which has received
little attention concerns the response of fish to a pressure
gradient. Some information is available on the time re-
quired to restore neutral buoyancy after artificial dis-
placement and also swimming capabilities of fish at differ-
ent buoyancy states. Studies by Jones (1951, 1952) are
unique in providing both types of information on a single
species, Perca flavescens and presenting a concise view of
restrictions to movement imposed by changes in buoyancy.
However, his studies are primarily laboratory based and do
not include direct information about movements in natural
habitats.

The objectives of this study were to examine the rela-
tionship between movement habits and possible limitations

imposed by the buoyancy system and to evaluate the impor-



tance of the swimbladder as a buoyancy device in a few spe-
cies, A combined approach was used obtaining information on
what buoyancy conditions fish naturally encounter versus
that which they are capable of dealing with. These two ca-

tegories correspond to the following general tasks:

l. An examination of temporal and spatial distribu-
tion of individuals in order to characterize move-

ment habits,

2. An examination of physiological and behavioral as-
pects of buoyancy which relate to a fishes' abil-

ity to deal with different buoyancy states.

Members of the family Scorpaenidae present a unique situ-
ation well suited for this type of study. Often, as many as
10 rockfish species (genus, Sebastes) inhabit a rock reef-
kelp bed habitat, Many of these species have distinctly
different space requirements and social behavior but gener-
ally fall within one of two ecological groups, The first
group consists of schooling fish which occur in the water
space above the reef. Some representatives of this group
are Sebastes melanops, S. mystinus, S. flavidus, S. pinni-
ger, S. miniatus, and S. entomelas. A second species com-
plex, wusually solitary and occasionally territorial, inha-
bits the reef surface and enclosed spaces. Common members
of this group are S. caurinus, S. maliger, S. nebulosus, and
S. nigrocinctus. Despite their divergence in behavior pat-



terns, all species of this genus are very similar
morphologically (Chen, 1971).

A representative of each group was selected for this
study. The black rockfish, Sebastes melanops (Girard), is
an active water column dweller and the china rockfish, Se-
bastes nebulosus (Ayres), is a benthic crevice dweller. For
convenience these species will be referred to by their com-

mon names only.



Chapter II

MATERIALS AND METHODS

2.1 EIELD STUDY

This study was conducted at the Bamfield Marine Station
located in Barkley Sound along the outer coast of Vancouver
Island, British Columbia, during the period May 1976 to Fe-
bruary 1978. The majority of the field work was concen-
trated on a single study reef at Ohiat Islet (48°51.6N
125°11.2w)., Since laboratory studies required the collec-
tion of many animals, dives were made at a variety of loca-
tions within southeastern Barkley Sound. More than 300
dives were made throughout the year, forming the basis for
observations of distribution and behavior of the fish; half
of the dives were made on the Ohiat site.

At the field site, efforts were directed towards deter-
mining mobility habits of individual fish. This demanded
diver distinction of different parts of the reef as well as
individual fish. The entire study reef was mapped and
landmarks were placed to enable rapid underwater identifica-
tion of specific places on the reef surface. After the map-
ping was completed, fish were captured using a variety of
techniques and marked with individually specific tags. Both

site preparation and tagging were carried out during the



winter and spring months so that the summer could be used

entirely for observations,

2.1.1 Description of the Study Site
Ohiat is a smdll islet (0.6 ha) 1located in the Deer

Group, a chain of islands separating Trevor Channel from Im-
perial Eagle Channel in southeastern Barkley Sound (Figures
1l and 2). The north and west sides of the Islet have very
rugose rock reef surfaces rising from a sand bottom approxi-
mately 25 meters deep.. Solid and broken rock make up the
reef terrain., The steep slope leads into a shallow flat re-
gion where the kelp, Nereocystis leutkeana, develops season-
ally. The 1large and diverse fish populations present as
well as the steep vertical profile, made this area particu-

larly useful for space utilization studies.

2.1.2 Site Preparation
2,1.2.1 Mapping Techniques

The site was mapped using methods shown in Figure 3. A
base line was laid out along the sand bottom directly adja-
cent to the sand-rock interface. Transects perpendicular
from the base line were made at 7 meter intervals, measuring
the wvertical and diagonal components of the reef slope.
Reef orientation with respect to shoreline was established
by measuring compass bearings along the base line and above

water at the shoreline. Information collected from all
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Figure 1. The general location of the study areq.




Figure 2: Aerial photograph showing the location of the
study site at Ohiat and neighboring islands.






transects was transferred to scale on graph paper and used
in constructing a topographic map. Subsequent dives using a
water resistant copy of the map enabled verification of the
general reef geography as well as allowing the incorporation
of more specific reef detail such as the location of crev-

ices, boulders and ledges.

Base Line

Figure 3: View of survey techniques used for mapping. Shown
are divers approximating the reef slope by measuring the
distance between different depths.

- 10 =



Equipment used for mapping were a depth gauge (U.S.
Divers Depth Master 1II), tape measure, and an underwater
compass (AMF, model DC-300). Using pressure (depth gauge)
as a measure of depth has inherent problems as a consequence
of depth gauge sensitivity and temporal fluctuations in wa-
ter level due to tides, weather conditions, and passing
swells, Depth gauges were good quality, oil filled, and had
a guaranteed maximum error of 1 meter. Accuracy of gauges
was periodically checked using laboratory pressure tanks
(see section 2.2.2.1) and was within 0.3 meters. Variation
in water depth between survey dives was corrected by record-
ing the depth at a reference marker located in the deep wa-
ter sand portion of the site. During periods of large
swells, survey dives were not made. When variations due to
passing waves occurred, true depth was taken to be the me-

dian gauge reading.

20l e242 Reef Markers

After making several visits to the study reef, I had ex-
~plored it thoroughly and was familiar with most of the com-
plex reef geography. However, during low light conditions
or high water turbidity, one can become easily disoriented
and markers serve useful points of bearing. Numbered markers
can be recorded rapidly and represent an exact position that
can be easily relocated., Markers were placed throughout the

dive site, primarily along 3.3 meter (10 foot) horizontal

- I -



contours. These were spaced at a variety of intervals ac-
cording to the complexity of the reef. The major criteria
in spacing of markers were that each marker could be easily
observed from neighboring markers and that the distribution
of markers was descriptive of the terrain complexity. Con-
sequently, markers were placed at prominent locations along
contours such that neighboring markers could be seen during
reasonable water clarity (3 meters or better). 1In areas
where there were crevices, boulders or other conspicuous
features, more markers were pléced to make points within
this area distinguishable. No markers were placed within
the kelp bed since they could not be easily distinguished.
Also, the microgeography of this area was variable such that
different areas were distinctive without markers.

Markers were constructed from 4 cm squares of 4 mm
thick plexiglass shown in Figure 4. On the back surface of
each square was painted a number (painted backwards) and ov-
erlaid with a thick protective coat of brightly colored ena-
mel. From the unpainted side of the square, the number ap-
pears in the normal orientation over a contrasting
background. A small hole was drilled in the corner of each
marker such that a wire could be threaded through for use in
anchoring to the substrate. Pieces of surveyor flag tape
were tied around the wire to ensure the tags were conspicous

when placed on the reef. .

- 12 -



Figure 4: Stages of marker construction (upper) with
finished marker shown in position on the reef
surface (lower).
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Markers were attached to the reef surface with tempered
steel concrete nails. These nails become wedged in surface
cracks much like a mountain climber's piton. The markers
were attached with several wraps of wire around the nail
head. In areas where the reef surface was not suitable for
driving nails, markers were attached to red-clay bricks and
placed in position, The lateral boundaries of the site were

marked with flourescent-orange colored bricks.

201623 Fish Collection and Tagging

The requirements for fish tags were that they distinguish
individual fish, be visible from a distance, and not impair
the swimming ability of a fish. Floy anchor tags (Floy Tag
and Mfg, Co., model FD-67) meet these requirements, however
the observer must be very close to distinguish the different
numbers on similarly colored tags. Each tag was therefore
modified by attaching a small numbered piece of thin plastic
(6mm x 12mm x lmm) as shown in Figure 5. Fish implanted with
these tags could be discerned at distances of up to 4 meters

~during clear water conditions.

Tags were placed in the dorsal musculature at the base
of the spinous dorsal fin, using a tagging gun (Floy Tag and
Mfg. Co., model FDM-68) with the anchor set approximately 1
cm subdermally. After inserting, each tag was gently pulled

to ensure that it had become firmly lodged.

- Yl -



Figure 5: Modification procedure for Floy anchor tags
(upper) and a tag in place on a china rockfish
(lower) .
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An effort was made to tag as many fish as possible with-
out subjecting them to pressure stress. Fish taken to the
surface from depths showed signs of bladder damage due to
overexpansion of the swimbladder (see section 2.2.2.2.). 1In
order to prevent damage, fish caught in the deeper regions
of the site (> 5 meters) were tagged at depth. Fish caught
in shallow water were taken to the surface for tagging.
Standard length, tag number, and catch location were re-
corded prior to release. All fish were released at their
point of capture except shallow-caught fish which were re-
leased from the surface directly above the point of capture.
There were 3 techniques used in collection: gill nets, an-
esthetics, and lures. Black rockfish were collected primar-
ily with gill nets while the latter two methods were more
useful in catching china rockfish.

Fish which inhabit the water space above the reef surface
were captured using gill nets. Various sized nets, ranging
from 3.8 cm to 7.6 cm (stretched mesh dimensions), were de-
ployed by divers in areas where fish were abundant. Nets
set in shallow water were recovered from a boat while fish
caught from the deeper nets were removed at depth and trans-
ferred to 'goody' bags prior to tagging. Depending upon the
number of fish being caught, nets were left in place for in-
tervals of up to 2 hours., While rockfish have tough exter-
nal surfaces which resist damage by the nets, continuous

monitoring is necessary to prevent asphyxiation.
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The use of anesthetics to capture crevice dwelling fish
was preferred because of the ineffectiveness of entangling
nets and traps. Anesthetics used were Quinaldine
(2-methylquinoline; Eastman Kodak) and MS-222 (Tricaine
methanesulfonate; Sandoz). While not harmful when used in
the appropriate dosage (Bell, 1964), anesthetized fish are
still subject to injury caused by abrasion on sharp reef
surfaces from water motion as well as direct predation from
other marine animals. For this reason anesthetics were ap-
plied sparingly on individual fish (as opposed to general
application over a broader area) and fish were allowed to
fully recover prior to release.

Solutions of Quinaldine (10 percent in 2-propanol) or
MS-222 (2 grams per liter of seawater) were carried in ap-
plicators designed for easy use by divers (Figure 6). The
applicator consisted either of a squeeze or pump design con-
nected to a long hose, tipped with a glass nozzle. Using
this tool, small quantities of anesthetic could be directed
at the fish while remaining at sufficient distance to pre-
vent alarm. By carefully watching respiratory movements of
the fish and timing the release just prior to inspiration,
use of the anesthetic was optimized. Two or three doses in
this manner usually dulled the sensory motor reflexes enough
to coax the fish away from the crevice where it could be
scooped into a 'goody' bag. Once captured, fish were tagged

and confined in the bags until normal orientation and re-

flexes returned.

- 1T -



Tcontainer

collapsible
container

/

Figure 6: Anesthetic applicators used to narcotize fish. A,
hand pump; B,squeeze bottle.

After discovering the success of jigging for rockfish
from a boat and suggestions by Leaman (pers. comm.), a small
diver held fishing pole was developed. The pole consisted
of a light-weight PVC pipe to which a short line and fishing
lure were attached. Artificial lures were tried and proved
extremely efféctive in catching china rockfish. A lure was

dangled in front of an inhabited crevice making slight jig-

= 18 =



ging motions to attract the occupant. Response was
vigorous, fish often bit 2 or 3 times if not hooked on the
first try. Once captured, fish were tagged on location and
immediately released. Interestingly, black rockfish showed
little interest in these or any other lures and were rarely
caught in this manner.

A problem arose with the tag design making individual
identification increasingly difficult over time. The shaft
and numbered portion of the tags became overgrown with algae
and bryozoans, resulting in an indistinct feathery mass
trailing from the fish's side. Within one month after tag-
ging, fish became increasingly difficult to identify. It
should be noted that this fouling did not develop on tags of
china rockfish or other benthic fish, even after several
months but was a constant feature of suprabenthic fish. A
second tagging effort was initiated 1late in July to compen-
sate for the reduced numbers of identifiable black rockfish.
Over a period of 24 hours gill nets were continually set in
the kelp bed region and tended periodically by divers. Pre-
viously tagged fish were retagged and untagged fish were
measured and tagged as before. At the end of this period
the number of tagged black rockfish was increased by 37.
Observation dives were resumed after a 3 day period in which
fish were left undisturbed. The rockfish tagged during this
period were designated as group 2, differentiating them from

group 1, tagged initially.
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2.1.3 FEield Observations

To reduce diver caused physical damage, the reef was only
visited by Mr. Fletcher and myself, occasionally accompanied
by experienced divers. During the observation period the
only dives made on the site were for observation purposes
except for a one week period when observations were post-
poned in order to tag more fish.

Each dive lasted approximately 35 minutes but varied de-
pending upon the amount of time spent in the deep reef sec-
tions, Dives were separated by up to 24 hours except in 10
instances where there was greater than a 24 hour break. The
observation period for group 1 black rockfish and china
rockfish consisted of 65 dives while the period for group 2
black rockfish consisted of 38 dives. Dives were conducted
primarily during daylight hours when the best observation
conditions prevailed. However; dawn, dusk and night dives
represented a substantial proportion of the observation ef-
fort,

Dives were usually scheduled 2 per 24 hour period, cover-
.ing all phases of the light-dark cycle. The daily pair of
dives usually covered contrasting states such as day-night
or dawn-day, etc. When visited in low light conditions’a
variety of lights were used, these included: Darrel-Allen
Bug Diver 400, Ikelite C-light, and a US Divers Aqualung
dive light. The latter two are nearly identical while the

former is considerably brighter.
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During each observational dive Mr. Fletcher and I covered
separate portions of the reef recording the tag number and
location of marked fish. Other data such as visibility, wa-
ter current, dive time, and miscellaneous observations were
also recorded. During the dives data were recorded by pen-
cil on plastic slates with a roughened surface, information
was later transcribed from the slate to a more permanent re-
cord. The pattern of swimming over the site varied from
dive to dive to eliminate possible systematic bias due to
'herding' of fish. Fish were always observed from a maximum
distance, determined by water clarity. We found that fish
became noticeably disturbed if followed for any period of
time as evidenced by their tendency to swim faster and re-
turn to crevices or areas where there were other fish. Con-
sequently, fish observations were discrete rather than con-
tinuous, although multiple observations of the same fish

within a dive were recorded.

2.2  LABORATORY STUDIES

. 2.2.1 Morphology
2:dslel Specific Gravity

The specific gravity of a neutrally buoyant fish is the
same as the surrounding water since the mass to volume ratio
has been adjusted with the addition or removal of bladder
gas. In the absence of a swimbladder, the specific gravity

is usually greater than water and is dependent upon the pro-
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portion of different tissue components such as bone, protein
and fat. By measuring the specific gravity of a fish, the
buoyant force or volume of gas required to create a neu-
trally buoyant state can be determmined.

Using Archimedes' ©principle, density was determined as
follows:

DENSITY=[( (Wair-Wwater/ (A))/(Wair)~1

where Wair is the weight in air, Wwater is the weight of the
fish when immersed in seawater, and A is the density of sea-
water.

Recently-killed animals were blot dried with paper
towels and weighed on a top loading balance (Metler, model
P1200) . Animals were then opened ventrally and the swim-
bladder was punctured with scissors. All the gas was re-
moved by immersing fish in a seawater bath and pressing down
on the gas bladder. The weight in water was determined with
a hanging pan triple-beam balance (Ohaus, model 310) set up
over an aquarium so that a fish could be suspended from the
scale by fine string without contacting the glass aquarium
walls. Density of the seawater bath was determined by mea-
suring the temperature and salinity and derivation from ta-

bles (U.S. Navy Hydrographic Office, 1952).

2.2.,1,2 Blood Analysis
Hematocrit samples were taken from field fresh, recently

dead, specimens. Blood samples were drawn in 1.2 mm I.D.
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heparinized hematocrit tubes (Fisher Scientific Co.) and
sealed with an oil-base clay (Plasticene). Samples were
spun at 12,500 rpm for 3 minutes in a hematocrit centrifuge
(IEC, model 5-040) and the proportion of red blood cells
versus plasma was obtained by measurement to the nearest
millimeter. 1Initially, as many as 10 samples from each fish
were taken but due to the highly consistent results, only 2

samples were subsequently taken.

2:s24s) .3 Secretory Center Morphology

The secretory center (ie, rete mirabile and associated
secretory epithelium) was removed from freshly killed speci-
mens and photographed for later examination. The tunica in-
ternus, on which the secretory center is located, was re-
moved by peeling it free from the outer tissue layers. Once
removed the tunica internus was cut such that the secretory
center could be laid flat on a sheet of heavy-weight paper.
The preparations were photographed using a close-up lens or,
in the case of very small fish, photographs were taken
through a dissecting microscope. Photographs were subse-
quently enlarged on 8 by 10 (20 x 25 cm) photographic paper
for morphological and meristic analysis.

A variety of observations were made from the secretory
center preparations. Surface area of the secretory epithe-
lia was measured using a zero-compensating polar planimeter.
The length of the rete mirabile was measured to the nearest

0.1 mm using a vernier caliper.
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2.2.1.4 Swimbladder Wall Resistance to Overexpansion

The swimbladder wall forms an envelope which entirely
encloses a gas space. When ambient pressure changes ra-
pidly, the swimbladder gas responds accordingly with a
change in volume. With depressurization, this organ expands
to a point where the elastic wall has stretched to its maxi-
mum size, Further depressurization results in a build up of
internal bladder pressure and finally, rupture of the wall.
The percent reduction from atmospheric pressure represents
the theoretical instantaneous maximum pressure reduction a
fish could undertake without rupture of the swimbladder.

A collection of animals was made while diving. Black
rockfish were collected in a gill net set along the bottom
and china rockfish were caught using underwater angling.
Precautions were taken to minimize bladder damage upon as-
cent (sec. 2:2:2:2)5 Once in the laboratory, fish were
contained in a shallow aquarium approximately 15 cm depth
for an adjustment period of one week. During this time
buoyancy was restored with the fish coming to equilibrium at
the aquarium depth which was equivalent to a pressure of
1.015 ata (sec. 2.2.2). Fish were killed with a high con-
centration of Quinaldine, ventrally dissected, and placed
within the evacuation apparatus shown in Figure 7. Pres-
sure was slowly reduced using a vacuum pump (VacTorr, model
D-25) to a point where the expanded gas bladder ruptured.

Burst pressure was determined by comparing the barometric
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pressure and the pressure within the chamber as indicated

by a mercury column.
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Figure 7: View of vacuum chamber used in swimbladder burst
experiments,

2.2.2 Buoyancy Adjustment

Pressure aquaria were developed to study the characteris-
tics of rockfish buoyancy adjustment. Variable pressure
aquaria simulate vertical depth gradients, since a change in
pressure causes expansion or shrinkage of the swimbladder
such as a fish would experience moving vertically in the wa-
ter column.

All values of pressure in this study were given in atmos-

pheric units. One atmosphere pressure is equivalent to 10
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meters seawater, 76 cm mercury, or 14.7 pounds per square
inch. Measurements of ambient pressure are expressed rela-
tive to zero pressure and are therefore absolute atmospheric
pressure units or, ata. When expressing a pressure differ-
ence, atmospheric pressure units are used or atm. The
former is a unit of total pressure while the latter applies

to a pressure increment,

2.2.2.1 Aspects of the Pressure Tank System

The pressure system consisted of two 85 liter tanks capa-
ble of simulating depths up to 40 meters. The two tanks
were entirely independent as each could operate over the
full pressure range without disturbing the other. A flow
through water system continually replaced tank water to pro-
vide adequate 1life-support conditions. The system design
provided stable pressures such that animals can be main-
tained in a simulated deep water environment for as long as
4 weeks. The aquarium itself was designed and constructed
by Mr. Gordon Davies at the University of Victoria and is

shown in Figure 8 while the general pattern of operation is

shown in Figure 9.

The pressure tank was a 1.3 cm thick acrylic cylinder
measuring 1.2 meters by 0.3 meters in diameter. The ends of
the tank were constructed of 2.0 cm plexiglass secured in
position with bolts and sealed by an O-ring. During normal

operation the end plates were tightened into position and
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Figure 8: Pressure tank system used in buoyancy experiments.
Shown are the two tanks within their plastic enclosure
(right) and the console containing support instruments
(left) . Right photograph: FM, flow meter; PB, box
containing pumps; PG, pressure gauges; SI, seawater
inlet; TR, temperature recorder. Left photograph: B,
bypass; BV, pressure bleed valve; RV, over pressure

relief valve; TD, trap door.
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access to the tank was made through a one-way pressure
sealing trap door situated at the top.

Each tank was separately housed so that animals were iso-
lated from the rest of the laboratory. The enclosures con-
sisted of an opaque tent constructed of 4 mil black plastic
taped to an aluminum frame. Inside, the tank space was illu-
minated with a 15 watt incandescent bulb set on a light-dark
cycle equivalent to outside conditions, Observations of fish
were made through small peek holes in the plastic cover.
Pressure tank support equipment (pumps, flowmeters, etc.)
were positioned outside the enclosures on a separate cart
reducing the noise 1level and freeing the fish from distur-
bance during equipment maintenance and adjustment.

Pressure was established by pumping water into the tank
and regulating the flow of outgoing water. A gear pump con-
nected directly to the seawater tap created a maximum
blocked-flow pressure capacity in excess of 5.8 ata. The
rate of water flow was primarily controlled with a flow me-
ter at the tank discharge, although fine adjustments could
be made by regulating an internal bypass within the pump it-
self. To prevent the flow meter from becoming clogged with
debris, discharge water was filtered through a 50 to 125 mi-
cron inline filter. Tank pressure was stable within 0.13
atm when supplies of electricity and water remained stable.

The water system for the pressure tanks was open circuit

with fresh, cool seawater continually replenishing the tanks
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during operation. Inlet and outlet 1lines were situated at
opposite ends of the tank to promote thorough circulation,
This was confirmed by injecting colored dye (methylene blue)
into the inlet line and observing the pattern of dispersion
throughout the tank. The colored water entered the tank and
passed toward the opposite end along the bottom, gradually
mixing into the upper part of the tank. As a consequence of
system design, the flow rate through the tank is inversely
proportional to the tank pressure. Therefore, maximum tank
pressure levels produced diminished flow while high flow
rates occurred when pressure was low. Over the operating
pressure range the flow rates varied from 1.9 to 3.2 liters
per minute corresponding to total tank water replacement
times of 45 to 26 minutes, respectively.

A bypass arrangement alleviating water flow through the
normal tank discharge system provided a rapid means of low-
ering tank pressure without interfering with the finely me-
tered systen, When open, the bypass port accommodated all
outgoing water and the tank pressure was low. As the bypass
valve was closed, more and more water was forced through the
flowmeter, causing tank pressure to rise until finally, all
water was passing through the flowmeter and tank pressure
was at the preset level. The bypass system was useful in
making short duration pressure changes such as those needed
for buoyancy observations. At other times it was left

closed since debris collected in the valve causing unstable

tank pressures,
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During early phases of the system design, the quality of
the tank habitat was checked. An oxygen electrode placed
through the tank end plate indicated minimum dissolved oxy-
gen levels of 85 percent saturation at all operating pres-
sures. This compared favorably with field values. Using a
telethermometer (YSI, model 46:6), incoming and outgoing wa-
ter temperatures were recorded. The temperatures observed
were comparable to the range of temperatures at which fish
were observed in the field. The temperature difference bet-
ween incoming and outgoing water was usvally less than 1°C.
indicating that the turnover rate was sufficiently high.
Following the use of a pressure tank, algal and fecal matter
were removed to prevent contamination. It was concluded
that the pressure tank environment was at least as good, if

not better, than a well kept aquarium system.

2¢2.2.2 Collection of Fish

Animals used in buoyancy adjustment experiments were re-
quired to be in generally healthy condition and apparently
free from bladder damage. Consideration was given to the
manner in which fish were collected. Damage associated with
rapid pressure reduction was assessed by post mortem exami-
nation to insure that collection techniques were suitable.
One method used was simply fishing the animals from shallow
reefs, Black rockfish were not damaged coming to the sur-

face from 10 meters and recovered rapidly from the resulting
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positive buoyancy. These specimens showed no indication of
hemorrhaging or stretching of the bladder wall and it was
concluded that pressure reductions from 10 meters depth and
less were safe. Fishing resulted in considerable bladder
damage in china rockfish as these animals generally inhabit
depths greater than 10 meters. Often, the outer layers of
the swimbladder wall tore forcing the inner lining through,
This condition was usually followed by a buildup of fluid
and infection which may have permanently damaged the organ.
To prevent this damage, techniques developed at the Ohiat
site were used to catch china rockfish at depth so that
their swimbladders could be partially deflated by inserting
a sterile l12-gauge syringe needle through the lateral muscu-
lature and orienting fish so that gas drained passively;
fish were taken slowly to the surface and transported in

buckets to the laboratory.

2020243 Experimental Procedure

All experiments followed the same general time se-
quence shown in Figure 10. After collection, fish were
kept in 50-gallon aquaria for approximately 3 days during
which buoyancy came to equilibrium at the new pressure (ie,
atmospheric plus the 40 cm depth of the aquaria, or 1.04
ata). Individuals were then transfered to pressure tanks
and acclimated at minimal operating pressures of 1.1 ata for

a period of 24 hours. The experiment began with slow eleva-
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tion of tank pressure (1 atm per minute) to the operating
level. The normal operating pressure was 3 ata, however,
additional experiments were conducted at 2 and 4 ata with
black rockfish., Operating pressure remained constant until
neutral buoyancy had been achieved at the elevated pressure.
During this period, progress toward increased buoyancy was
determined with neutral buoyancy measurements, Once fish
had established neutral buoyancy at the operating pressure,
tank pressure was lowered in a stepwise fashion allowing the
fish to adjust at each pressure level before proceeding with
the next pressure reduction. Again, the progress toward ad-
justment was periodically measured with neutral buoyancy
measurements, The increment of pressure drop was determined
from Boyle's law allowing for a known expansion of 10, 20,
or 30 percent and used to calculate the pressure reduction
increment. Once fish had come to equilibrium with atmos-
pheric pressure on the last step, equipment was shut down
and the fish were removed. Animals were killed using a
lethal dose of Quinaldine. The fish were then measured,
dissected, and examined for signs of bladder damage such as
tissue rupture of hemorrhage.

Response of animals to pressure changes was measured by
determining the neutral buoyancy pressure, employing a
method originally described by Evans and Damant in 1928
(Brown, 1939). Specifically, this is the pressure at which

bladder volume precisely compensates for the weight of the
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fish. Neutral buoyancy pressure was determined by manipu-
lating tank pressure with the bypass valve while observing
the swimming behavior of the fish through a small hole in
the chamber cover. Fish were considered neutrally buoyant
when hovering was achieved without compensatory activity of
the pectoral fins. Through practice, these measurements
were made rapidly and the time from test pressure was mini-

mal (<5 minutes).
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Chapter III

RESULTS
3ed FIELD STUDY
i Description of the Study Site

The general characteristics of the Ohiat study reef are
shown in Figure 11 which provides information on both bathy-
metry (topography) and terrain characteristics. Below 10
meters the reef was generally steep sloped, flattening out
appreciably in shallow water. The reef rose to a mound
which emerged at one point during minus tides. The mound
was separated from shore by a narrow, boulder-filled trench.
The steeply inclining portions of the reef were generally
composed of solid rock sparsely laced with crevices. Much
of the more gradual sloping reef surfaces consisted of bro-
ken angular rock which was large (25 to 75 c¢m) in shallow
water and decreased in size (5 to 10 cm) with depth. These
bouldered areas were the result of gradual erosion of the
solid rock in areas of weakness, such as along fracture
planes. Thus, most of the boulder areas occurred within a
broadly rounded trough of solid rock. Below 25 meters, the
reef confronted a clear, low sloping, sand bottom. As far
as could be determined from hydrographic charts and visual
examination, the bottom descended gradually toward Sattelite

Channel changing to a mud substrate with depth. There did
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not appear to be any solid substrate below 25 meters in the
vicinity of the study reef.

The position of Ohiat is such that it receives moderate
to severe exposure from wave activity during nearly all sea-
sons of the year. Except during the winter ocean swells are
of less significance as compared to waves generated by local
winds. Ohiat 1Islet directly faces Imperial Eagle Channel
and Sattelite Channel, affording little protection from two
major wind patterns. The summer onshore breezes, or Wester-
lies, generate rough conditions at Ohiat on the side oppo-
site the study area. While there was little turbulence felt
at the study site, Westerly winds usually created reduced
water clarity and a slight surface current. During the
fall, nocturnal offshore winds, apparently funneling through
Alberni Inlet, blow directly at the study site from Trevor
Channel. These winds, which I <call Northerlies, cause a
considerable amount of wave activity as well as strong west
flowing currents,

One of the most significant aspects of the reef in terms
of terrain complexity was the presence of rock crevices.
These provided protected enclosures which were inhabited by
a tremendous assortment of marine life., Crevices are formed
by eroded fractures in the solid rock resulting in long,
narrow, and occasionally deep openings. The largest crevice
on the site (shown near left-center in Figure 11) was 0.25

meters wide, 6 meters high, penetrating the reef at least 5
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meters. This crevice was occupied by a large (15 kg) octo-
pus, Octopus dophleini, during most of the study. Most
other crevices were only a few meters long and less than a
meter deep. Elsewhere on the site there were a variety of
crevices formed by overlying boulders. Most of these were
like a labyrinth with many openings and passageways. One
exceptionally large crevice was formed by two large boulders
(4 meter diameter) overlying a solid rock portion of the
reef (shown to the left in figure 11).

The biota at the Ohiat site are characteristic of exposed
tidal and subtidal habitats. The most striking floral char-
acteristic was the kelp forest formed by the bull kelp, Ner-
eocystis leutkeana. The bed was seasonal, entirely absent
in the winter, becoming noticeable as small plants on the
shallow rock surfaces by the end of March. Later in May,
the kelp had reached their full size. Over the summer the
plants matured and the kelp bed gradually began thinning out
towards fall. During peak developement, the kelp covers a
major portion of the reef at depths less than 4 meters., In
one area on the east end of the kelp bed there was a myster-
ious clearing devoid of plants which had never developed
growth and remained clear over the season. During the win-
ter the turbulence in shallow reef sections was severe and
the rock appeared very barren.

Other flora common to the study reef were the laminarian

type algae of the genera Laminaria, Costaria, and Rterygo-
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phora which were found along the shoreline at levels below 0
m tide level. These plants provided a dense undergrowth
among shallow growing Nereocystis kelp. There were a var-
iety of other plants but generally these did not provide
significant cover and habitat for fish.

The most conspicuous intertidal fauna were the mussel,
Mytelus californianus, and, in more shaded areas, the
goose-neck barnacle, Pollicipes polymerus. Subtidally, be-
low the laminarian algal belt, the purple and red sea ur-
chins, Strongylocentrotus purpuratus and S. franciscanus,
were locally abundant. Other invertebrates such as the pur-
ple-hinged scallop, Hinnites multirugosus, the abalone, Ha-
liotes kamchatkana, the anemone, Metridium senile, the
starfish, Pycnopodia helianthoides, and the cup coral, Bala-
nophylla elegans, were common and conspicuous inhabitants of
the subtidal region. There were 4 known dens of octopus,
Octopus dophleini, and other miscellaneous observations in-
dicated that the population may have been much larger.
Along the prominent rock faces where the current was stron-
ger the rock surface was densely overgrown with many tiny

anemones and tube-dwelling polychaete worms.

The fish observed at Ohiat site are listed in Table 1.
This list includes visually conspicuous species but omits
those which were difficult to identify in situ (e.g. small
cottids) or were obtainable only through chemical collec-

tions. Most of the fish were reef associated., Where tag-
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Family Asscociation Abundance Region
Squalidae
Sgualus acanthias ‘T 34 N
Chimeridae
Hydrolagus colliei T ¢ SB
Clupeidae
Clupez harerngus pallasi T c N
Engraulidae
Engraulus mordax T c N
lronidae
Onchorynchus keta T SA N
g Ozhidiidze
v Ercsmophyceis marginata R U [
A . -
— Embictocidae
s Bractyistius frenata A U K
",ma*o:aater agaregata . A c K
Emblozoca 1at§:3}1s A c K
Rhacochilus vacza A c SB-K
Hexagrarmidae
Hexagrammos decagrammus R A B-K
H. lagocephalus A C B
Ophiodon elongatus A c B
Oxylebius pictus A (8 B
Scorpaenidae
Sebastes caurinus R c SB
3. elongzatus R R C-SB
S. fiavidus R c SB-N
S. maliger R e C-SB
S. miniatus R U SB
S. melanops R A K-SB
S. nigrocinctus R U c
S. nebulosus R C c
S. pinniger R U SB

Family Reef
Association Abundance Region
Cottidae
Enophrys bison - U B
Hepilepidotus h.emlemd_exﬂs_ R U B
E. spiposus A U B
Jncdan;a zonope A A B
Scorpanichthys marmoratus A U B
Aulorynchus flavidus A c K
Gobiidae
Coryphopterus nicholsii R (probably) C B
Annarichidae
Anarrhichthys ocellatus R c c
Schichaeidae
Chirolophis nugator R U B-C
Pholidae
Apodichthys flavidus A - X-C
Gobiesocidae
Rimicola muscarum A - K
Key: T - Transcient SA - Scasonally abuncant N - Neritic
A - Associated C - Common SB Supracenthic
R - Resident A - Abundant C Crevices
U - Uncommon B - Benthic
R - Rare K Kelp
Table 1. List of species observed at the study site and

information concerning their association, abundance,

and distribution.



ging or direct qbservations indicated that é species resided
specifically at the study site, a resident designation was
assigned. Where there was no direct evidence of residency,
fish were classed as reef associated only. Fish species
which generally occur in other areas, periodically making
excursions onto the reef, were considered transients.

Also present at the Ohiat site was a harbor seal (Pin-
nipedia; Phoca vitulina). While frequently seen basking on
rocks on the other side of the Islet, it was occasionally

observed at the study reef.

3.1.2 Observations of Fish

During the fish tagging operations, 104 fish were tagged
and released of which 90 were black and 14 were china rock-
fish. Based on counts made of the tagged versus untagged
fish, the tagged group corresponded to approximately 30 and
80 percent of the former and 1latter species' population,
respectively. This large difference in abundance is a gen-
eral pattern; usually, black rockfish far outnumber china
rockfish apparently as a consequence of their respective so-
cial and solitary life styles. The population of china
rockfish was smaller than other reefs where there were as
many as a hundred over a similar area.

Over the observation period, sitings of tagged fish re-
present a major portion of the initial tagged group (Table

27 Thirteen of the 14 china rockfish tagged were seen at
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one time or another on the site. The corresponding value

for the combined groups of black rockfish was 61 out of 90

tagged.
Table 2
Sitings of tagged fish.
*  Species No. Tagged No. Sited Percent
Black Rockfish 30 61 67
1. 53 32 60
2. 37 . 29 78
China Rockfish 14 13 93

Many of the tagged black rockfish were observed for a
limited number of times as indicated by observation frequen-
cies shown in Figure 12. The two black rockfish groups re-
flect a similar pattern, with a greater tendency in indivi-
duals to be seen a few times. One fish, designated by tag
pattern as Orange-20, was unusual as it was seen much more
often than other conspecifics. In contrast, many china

rockfish were seen more than 20 times.

The number of tagged fish observed over time is shown in
Figure 13, Most black rockfish do not remain on the site

long, as indicated by the decline in observations of both

- 43 -



NUMBER OF FISH

Black Rockfish Group 1

Orange-20

M
v L} v L] v v

20-
Black Rockfish Group 2

104 [

China Rockfish

i i |
i -vd 5 Ilil

G R SR S .
0 35 85 135 185 235 285 335 385 435 485 535 585 635
NUMBER OF OBSERVATIONS

Figure 12: Frequency of observation of individuals of
different tag groups. -
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groups through respective dive sequences. The wide fluctua-
tion in numbers of black rockfish seen between related dives
indicates an important observation 1limitation for this spe-
cies, Black rockfish occupy a three-dimensional space that
can not always be thoroughly checked. Often, schools of
fish were approached from a variety of angles, each time re-
vealing different tagged fish. While poor visibility and
reduced light also reduce fish observability, it is unlikely
that all the tagged black rockfish could ever be recorded on
the site even under ideal conditions, China rockfish how-
ever, were consistently observed over the 65 dive sequence.
Individuals associated with a particular area of the reef
surface which could be revisited under the poorest of obser-
vation conditions, Consequently, observation success in
this species increased with observer familiarity with the
reef as reflected by the general increase in tagged china

rockfish seen over time.

3.1.3 Distribution of Fish

Distributional observations of black rockfish were based
on 1limited observations on many tagged fish, numerous ob-
servations of a few tagged fish, and observations of many
untagged fish. In general, these three separate lines of
observation show the same results. Black rockfish as a
group, occupy a limited portion of the reef. This pattern
is shown for commonly seen individuals (Figure 14A through
E) and for the combined tagged population (Figure 14F).
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Figure 14: Distribution of tagged black rockfish. A through
E shows the distribution of individuals where dot size
and adjacent numbers reflect the frequency of observa-
tions at each station. In F the number adjacent to
each dot shows the number of different individuals re-
corded at that station.



There existed two behavioral modes in black rockfish
which were related to their distribution. Most pronounced
was schooling behavior where large numbers of black rock-
fish in addition to blue rockfish (S. mystinus) and occa-
sionally yellowtail rockfish (S. flavidus) came together in
loosely formed aggregations at specific 1locations a few me-
ters above the reef surface. The second behavioral pattern
occurred less frequently when individual fish separated from
the school and settled on the reef surface or within crev-
ices in an apparent inactive phase. Although many tagged
fish showed this behavior, there was no consistancy of loca-
tion, timing, or duration of inactivity. Part of the prob-
lem in understanding this behavior stemed from its instabil-
ity. Fish resting on the open reef surface usually swam up
and rejoined the school when approached whereas fish within
crevices usually remained there.

A primary feature in the distribution of schooling black
rockfish was an association with specific reef topography.
The kelp bed was a common focal point; schools were commonly
seen within an open area in the center of the kelp bed and
to a lesser extent within the more dense surrounding fronds.
In deeper water, the large boulder was a site where schools
congregated. Generally, smaller schools than those in the
kelp bed clustered around the steep face on the seaward

side and in the water space directly above the steep face.

- 48 -



One individual (Orange-20) showed a pattern of distribu-
tion entirely different from other black rockfish (Figure
14E). Usually during the day this fish was seen sitting in
the same place where the reef descends rapidly. Unlike the
benthic style displayed by other black rockfish, the loca-
tion for sitting was constant, varying only slightly over
the two month study period. This pattern observed was
strikingly similar to some juvenile rockfish on the site.
Rather than sitting on the reef surface, young yellowtail
rockfish (S. flavidus) and bocaccio (8. paucispinis) were
found within crevices during the day. Like Orange-20, their
selection of locations was constant usually within a 0.5 me-
ter diameter area for several weeks,

The distribution of several tagged China rockfish is
shown in Figure 15. Five of the more commonly seen indivi-
duals are shown in 15A through E while 15F shows the com-
bined distribution for the population. Each fish was soli-
tary, having a range distinctly different from other
conspecifics, Locations where more than one fish was pre-
sent indicates situations where different individuals occur-

red at different times.

Each fish occupied a particular crevice for long periods
of time. On most occasions, upon approaching an area, the
resident fish was present in the <crevice oriented in a head
out position. At other times the same fish was observed

just outside the crevice on the reef surface. Upon ap-
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Figure 15: Distribution of tagged china rockfish. A through
E shows the distribution of individuals where dot size
and adjacent numbers reflect the frequency of observa-
tions at each station, In F the number adjacent to
each dot shows the number of different individuals re-
corded at that station.
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proach, the fish usually fled to the home crevice or another
nearby crevice.

On a few occasions interactions were observed between
neighboring china rockfish who seemed very aware of the
presence of an approaching conspecific and responded vigo-
rously. In these observations, the encounters were brief,
initiated by rapid approach of the resident and terminated
with the intruder fleeing. The 1level of aggression dis-
played never became more intense than a chase.

During the observation period, there were 4 cases where
china rockfish were displaced from their homesite by other
reef animals. In the first case, a juvenile wolf eel, Anar-
rhichthys ocellatus, was observed at a variety of places on
the reef prior to entering a homesite. The resident china
rockfish disappeared for the duration of the wolf eel's oc-
cupancy (48 hours) but later reappeared after the wolf eel
had left. In the remaining cases, china rockfish disap-
peared from their home crevice coincident with occupation by
octopus, Qctopus dophleini (ranging 10 to 20 kg). The resi-
dent china rockfish, occasionally seen elsewhere during this
period (1 to 7 days), returned after the octopus had left.

Black and china rockfish showed distinctly different pat-
terns of reef distribution (Fiqures 14 and 15). Black rock-
fish occurred over a wide depth range on the reef and con-
centrated in groups around high relief topography. China

rockfish were strictly solitary benthic residents and, as a
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group, occupied crevices in the deeper parts of the reef.
Individuals remained within a limited range near the primary
home site. The much smaller range size in china rockfish is
shown in Figure 16. As the distribution of reef markers was
generally uniform over the site, the number of observations
versus the number of locations for individuals reflects the
relative range size, The lines drawn represent the limits
of distributions when using discrete observations, On one
extreme, fish were found in the same location on every ob-
servation indicating an very limited range. On the other
extreme, an unlimited range occurs when, upon each new ob-
servation, a new location is inhabited. Individual china
rockfish usually occurred at less than 3 1locations whereas
black rockfish locations increased in number with increasing

observation frequency.

K T s 3 | Movement of Fish

Movement magnitude was estimated by comparing the loca-
tions of repetitive observations of individuals over time.
These spot observations provide estimates since they utilize
only the geometric distance between two points whereas it is
likely that the fish wandered, traveling a greater distance.
Two time bases were used; short, successive observations
within a dive period (35 minutes) and 1long, observations
between consecutive dives. These dives ranged in time from

a few hours separation to no more than 24 hours (12 hours

- By
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average) . Over the 65 dive period there were 10 breaks of
longer than 24 hours (usually less than 50 hours) leaving 54
dive pairs for consecutive dive movements. For brevity,
these two movements are referred to as Within and Between,
respectively.

The frequency of observed movement is shown in Table 3.
For both species Within dive movement constituted only 9
percent of successive observations indicating that the ten-
dency for fish to remain in one position was high. The fre-
quency of movement for Between dive periods was considerably
greater for both species: 49 percent for black rockfish sug-
gesting that there was about an equal tendency to move as
there was to remain stationary; 26 percent for china rocks

fish indicating that they were mostly stationary.

Table 3

Frequency of movement shown by tagged fish.

N

Time No. of Total No. of Observations
Interval Species Observations of Movement %
Within Black Rockfish 520 uy 8.5

China Rockfish by & 4 33 8.8
Between Black Rockfish 117 57 ug8.7
China Rockfish 215 56 26.0
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Directionality of movement was recorded in three
categories (Table 4). The first and second types were move-
ments to shallower or deeper water, respectively. The third

type was movement between positions at the same depth.

Chi-square tests for homogeneity indicated that black
rockfish undertook more vertical than horizontal movements
while the reverse is true for china rockfish. Secondly, the
pattern of movement was the same, independent of time. The
type of movement observed during a dive was consistant with
those over longer time intervals.

The magnitudes of all movements are shown in Table 5 and
differences for time periods, distances and species were
tested as before. Distances are rounded to the nearest 3.3
meters since the site was laid out using a foot measuring

system with 10 foot contours.

Chi-square tests for homogeneity showed that there was a
significant difference in movement distances for the two
species., Black rockfish frequently moved as far as 19.8 me-
ters commonly move less than 13.2 meters. These tests also
showed similarities in the time periods for each species.
Despite the difference in duration of time for Within and
Between categories, the difference in movement distances for
these groups was not significant.

Table 6 indicates the vertical magnitudes of movements in

the two species. The range is not as great as those in Ta-
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Movement Vertical Percent Horizontal Percent Total Chi-
Type Up Down Only Square
Black Rockfish
Within 16 17 8 41
84 13 L4 .71NS
Between 32 20 5 57
China Rockfish b 40, 7%%
Within 6 3 24 33
= 58 4.83NS
Between 16 12 28 56

Table 4. Directionality of Movement.

NS, Not Significant; #** p < 0.01l.

Chi-square test for homogeneity values are shown.



Movement Distance of All Movements (Meters) Chi-square

LS

Group 3.3 6.6 9.9 13.2 16.5 >19.8 FUTAL values
Black Rockfish

Within 2 9 2 2 7 22 L

3.13NS

Between 2 11 6 1 5 32 57

TOTAL L 20 8 3 12 54 10]  comm—
Zhina Rockfish

7L, 37%%
Within 8 8 6 L 0 0 33
L ,.80NS
Between 12 12 13 13 1 5 56
TOTAL 20 20 19 24 1 5 89 —m—

Table 5. Frequencies of movement in relation to distance. Results of chi-square tests for
homogeneity are shown. NS not significant ** p < 0.01.



ble 5 indicating that the horizontal movements are more ex-
tensive. The same method was employed as before to test the
time element for up, down, and species patterns, Black
rockfish tend to make large movements and china rockfish ap-
pear to make very limited vertical movements (ie, few were
greater than 3.3 meters). The magnitude of vertical move-

ment was the same irrespective of time as well as direction.

Table 7 summarizes movement characteristics of the two

species based on the previous four tables. The following

patterns were evident.

1. While the frequency of movement during a short
time base (Within dives) was similar in both spe-
cies, black rockfish showed more movement during a

longer time base (Between dives).

2. Movement in black rockfish was primarily wup and
down the reef slope while lateral reef movement

was pronounced in china rockfish.

3. Black rockfish moved greater distances over the
reef surface than china rockfish. Their movements
also incorporated a broad vertical spectrum while

china rockfish wutilized a very limited vertical

range.
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Type of Movement Magnitude (m)

33 6.6 9.9 1342
Black Rockfish
UP within 10 0 6 0
between 10 6 16 0
DOWN
within 5 3 7 2
between 5 2 13 0
China Rockfish
UP within 5 1 0 0
between 10 6 0 0
DOWN
within 1 2 0 0
between 10 2 0 0
Black Rockfish
o ;’> 5.55 NS
3.44 NS
DOWN w
p_— 5.82 NS
China Rockfish 28, Ly
uF ¥——0.13 Ns
DOWN w-\\:> 2.00 NS
b — 0.99 NS

Table 6. Magnitude of vertical movement. Below, the pattern of analysis
using chi-square test for homogeneity 1s shown. NS, not

significant. #%*, p <0.01.



09

1. Frequency

(% Total Observations)

2. Direction

% Total Movements)

3. Distance

Percent All Movements

Percent Vertical

Within Between Vertical Horizontal <15 m >15 m <9 m >3 m
Black
Rockfish 9 43 8L 13 35 65 54 L6
China
Rockfish 9 26 L2 58 93 7 100 0
Table 7. Summary of movement patterns in Black and China Rockfish.



3.1.4 Diel Behavior

Unlike the kelp greenling, Hexadrammos decagrammus, which
are day active seeking shelter at night, both study species
seemed to change little. Diel patterns were not immediately
apparent so a variety of comparisons were made. In this
testing, an inherent bias deserves mention. Using lights to
find tagged fish resulted in a greatly reduced field of
view. Table 8 underscores this point showing consistently
lower night totals for both groups of black rockfish. While
this may represent a diel behavior pattern, I believe the
difference was an artifact largely attributable to changes
in diver ability to locate tagged fish at night, A differ-
ent pattern occurred in tagged china rockfish which were
seen at the same frequency both day and night. Observations
of this species, because of its limited distribution an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>