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ABSTRACT

Diablo Cove, a future warm water discharge site, is located about
midpoint of a 13 mile long rocky shoreside reef in central California.
The reef, physically isolated from other similar coastal areas, supports
important kelp bed communities of nonmigratory vertebrates and inverte-
brates that must be constantly monitored to ensure they are protected.

This 2 year study is a base line inventory done in the vicinity of
Diablo Cove with major emphasis on abalones, including their food chain,
and bony fishes. Data was obtained on the life history and annual
canopy development of the kelp Nereocysiis and all macroalgae were
cataloged. Seasonal collections of fishes were made to document those
species indigenous to the system and to obtain life history information

on the common forms.
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INTRODUCTION

Diablo Cove (120° 51' 23"W Longitude, 35° 12' LL"N Latitude) is
located about midway on a 13 mile rocky shoreside reef that extends from
Hazard Canyon to Point San Luis, San Luis Obispo County. The reef is
physically isolated from other rocky habitat by long expanses of sandy
beaches. To the north of Hazard Canyon the nearest significant rocky
area is above Cayucos, about 10 miles distant. South of Point San Luis
only a few small rocky areas such as Shell Beach and Point Sal interrupt
a long sandy stretch to Purisima Point -- a distance of some 30 miles
(Figure 1).

The reef supports important communities of vertebrates and inverte-
brates each integrally dependent upon the other and upon the dense stands
of canopy forming kelps and lower growing algae. Inhabitants of the
adjacent sandy bottom areas are entirely independent from this fauna.
The Diablo Cove reef communities must therefore self perpetuate; they
must recruit from within rather than from nearby coastal areas. Damage
to or extermination of such a reef fauna would result in extremely slow
recovery due to the reef's isolation and the nonmigratory behavior of
the indigenous species. If such destruction were to occur, only a few
stray fishes and unknown numbers of larvae and spores would reach the
area during any given year to form a nucleus for the gradual rebuilding
of the community. For these reasons it is imperative to protect the

existing fauna and to monitor constantly the areas adjoining Diablo Cove.

(12)
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Figure 1. California shoreline from Monterey to Santa Barbara with
special reference to Diablo Cove and other important
land marks.
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Investigations of the extensive Indian middens in the Diablo Cove
area have shown the continued importance of this shoreside reef in man's
economy for more than 7,000 years. Today it supports an abalone fishery
of prime importance to sport divers and to commercial fishermen from
Morro Bay and Avila. In fact the area between Hazard Canyon and Point San
Luis is now the only major contributor to Morro Bay and Avila commercial
red abalone landings. Some sport fishing for abalones and rockfishes
exists at Montana de Oro State Park and at Pt. San Luis, but access is ”
restricted by land to most of the area. Only a few sportfishermen in
private or party boats presently utilize the remaining area. As local
communities and tourism increase, the importance of the reef to the local
sportfisheries should markedly increase.

Permanent intertidal and subtidal stations were selected as the
initial phase of this study. These stations were essential to establish
a base line to document seasonal, annual, and spatial biotic variations
inherent to this specific marine system. Surveys at these stations were
conducted during three periods of 1970 and 1971: (1) February-March, to
document the reduction in marine flora during the winter and to determine
if fish and invertebrate populations declined or moved from or about the
area during this period, (ii) June-July, to record the early summer algae
bloom, (iii) September-October, to document the peak bull kelp, Nereocystis
luetkeana, canopy and to note any southern migrant fish that may frequent
the area during the fall warmer water period.

Additional seasonal collections of fishes were made to document
those species typical to the nearshore area and to obtain life history
information on the more common forms. Many nocturnal forms and crevice
or gravel dwellers that were not observed during subtidal diving surveys .

were collected.
(14)
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Physical data such as station makeup, surface and bottom temperature,
and water clarity were recorded for each survey date. Daily surface water
temperatures were also taken by a continuous recording themograph suspended
in the mouth of Diablo Cove. Additional reconnaissance within the Diablo
Canyon study area (Figure 2) allowed a brief description of the geological
formations and related biological findings at permanent stations to the
total system.

Information available at the date of this report on the effects of
a warm water discharge into a temperate, nearshore, rocky marine environ-
ment is not sufficient to judge what changes in the biota or life history
patterns may occur in the Diablo Canyon area. The information obtained
from this preoperational survey along with that furnished by North (1966),
Cayot and North (1968, 1969), Adams et. al. (1972), and Ebert (1966)
may assist the Resources Agency, the Central Coast Water Quality Board,
and other regulatory agencies in their evaluation of the heated water

discharge into Diablo Cove.

(15)



Figure 2. Digblo Canyon study area including location of permanent
intertidal and subtidal stations and fish collection sites.
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METHODS AND MATERIALS

We established five permanent intertidal and 11 permanent subtidal
stations in the study area. The five intertidal stations consisted of
11 transects and 22 quadrats which were located by cementing small building
blocks to the substrate. Transect (2 m wide) and quadrat (1/k4 u° in area)
positions were set by placing epoxy putty in chiseled depressions. Two
stations were located inside Diablo Cove on sheltered rocky beaches. A
third was located along the wave pounded south point. Control stations
were positioned approximately one mile north and one mile south of the
cove (Figure 2).

At the intertidal stations we counted abalones and noted their food
items (marine algae) and associates. Abalone associates include competi-
tors (e.g., sea urchins, Strongylocentrotus spp.) and predators (e.g.,
rock crabs, Cancer antemnarius). When it was not feasible to make actual
counts, as with most species of algae, relative abundance was estimated.
A photographic record in color was made during each survey of the 1/h n°
quadrats.

The 11 permanent subtidal stations were constructed by cementing
5 foot lengths of 3/4 inch polypropylene rope to the substrate at 10 or
15 m intervals to delineate 30 x 2m transects. Four of these stations
were positioned along a line bisecting the cove in progressive depths of
20, 35, 50, and TO feet. A shallow station in 10 feet of water was set
in the south corner (Station 16) of the cove rather than along the line
of the four deeper stations to avoid proposed construction activities.
Six control stations were set in bull kelp beds outside Diablo Cove,
three to the north and three to the south at intervals of about 1/3 mile,

to measure the seasonal sbundance of this important marine alga (Figure 2).
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Diving operations at these 11 subtidal stations were conducted from
the Department's research vessel Mollusk. The data recorded during
seasonal diving surveys included: (i) counts of abalones and their
associates, (ii) relative abundance estimates of marine algae, (iii) bony
fish (actual counts were made when possible, large numbers of fish in
schools were estimated), and (iv) physical information such as surface
and bottom water temperatures, estimated water clarity, and such general
bottom characteristics as depth, type, and relief.

Seasonal fish collections were made during May and September 1970
and January 1971 to identify and enumerate the many small bottom, crevice,
and gravel dwellers that are not normally seen during diving surveys,
Three stations were occupied during each survey at 0-10 (shore), 20, and
70 foot depths (Figure 2).

One additional fish collection at similar depths was made in North
Cove to determine what difference, if any, might occur in species compo-
sition and density outside Diablo Cove.

Divers treated approximately 4,000 square feet at each fish
collection station with 3 to 5 gallons of "Chem-fish Collector", waited
for the chemical to take effect, and then retrieved all fish available
with nets and collecting bags. Many of the larger fishes and many of
those in the midwater column were not seriously affected by the treat-
ment or were able to escape the area when the chemical was first spread.

General observations and diving counts of Nereocystis during the
first year indicated that annual distribution and abundance is variable.
To document further this important kelp, the canopy was surveyed with a
20x spotting scope during peak sporophyte development each October.

Actual counts of sporophytes were made within the cove while the relative
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abundance and positions of the larger beds were mapped for the total

study area.

DESCRIPTION OF STUDY AREA

The shoreline between Hazard Canyon and Point San Luis is charac-
terized by sheer, wave eroded cliffs, Jjutting headlands, and massive
offshore rocks and reefs. The tidal zone is generally narrow and may
terminate abruptly where protection from wave shock is minimal and
deposition is reduced or absent. These topographical features form a
highly irregular coastline, providing many different exposed and protected
habitats that may extend or control the abundance and composition of
marine plants and animals.

Diablo Cove is the largest indentation in this area, and occupies
about 32 acres. Protection derived from offshore rocks and bounding
points offers relatively calm conditions inside the cove in comparison
to the surrounding area. The tidal zone along the entire inside peri-
meter of the cove is wider than normal, consisting of beveling layers
of bedrock and large strewn boulders continuous to 10 or 15 foot depths.
These formations provide numerous protective crevices and ledges for
abalones and other sedentary marine invertebrates and cryptic fishes.

The subtidal cove bottom is traversed by rocky reefs that generally
parallel the shoreline in 15 to 4O foot depths. Wave eroded materials
are deposited between the reefs. Boulders, gravel, and coarse sand
gradually grade to finer materials at greater depths.

Massive submerged reefs and large boulders form much of the subtidal
bottoms adjacent to Diablo Cove. The structure of these reefs may form

pinnacles and emergent rocks, or a lower relief of ridges, ledges, crevices
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and flats. This substrate provides good habitat for abalones and hard
stable surfaces for the attachment and development of canopy forming kelps

and shorter growing seaweeds.

RESULTS OF INTERTIDAL SURVEYS

Abalone Distribution and Abundance

Black abalones, Haltotis cracherodii, were one of the most common
and conspicuous animals found in the intertidal throughout the study
area. Because the substrate makeup affords excellent habitat, and access
is restricted, the population in most areas is substantial. In the low
tidal zone (0 to about -2.0 feet mllw), exposed only at minus low tides,
a transition to red abalones, H. rufescens, begins although blacks remain
dominant.

Counts of abalones varied considerably at permanent intertidal
transects during seasonal surveys. This variation reflected several
factors including: (i) abundance of marine algae, e.g., Iridaea flaceida,
which blankets the substrate during some periods; (ii) differences in
tidal and ocean conditions and; (iii) the number of biologists conducting
each survey.

The highest total count during 1970 was made during the winter
(1,045 black abalones, 8 transects) while the lowest count (71k black
abalones, 10 transects) was made during the summer, reflecting mostly the
masking effect of a dense algal cover (Table 1). One extreme low count
was recorded at Station 2 during the summer when only one biologist and

and one photographer were working. This strongly suggests the need for

at least two biologists (plus photographer, etc.) to conduct these diversi-

fied quantitative surveys since the short low tidal period limits the time

available and accomplishments of each individual.

Q
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1. Abundance of Black Abalones, Haliotis cracherodii, Red Abalones, H. rufescens, Rock Crabs, Cancer antemnarius,
and Sunflower Stars, Pycnopodia helianthoides, at Intertidal Transects During 1970.

Counts of Mean No. Counts of Mean No. Counts of Mean No. of
Number of Black of Black Red of Red Counts of Mean No. of Sunflower Sunflower
Transect Surveys Abalones Abalones Abalones Abalones Rock Crabs Rock Crabs Stars Stars
*y S F w S W S W S F

1A 3 223 124 127 158 0 0 0 0 0 0 0 0 0 0

1B 3 292 285 387 321 0 0 0 0 0 0 0 0 0 0

2A 3 274 81 189 181 3 3 2.3 0 0 0 0 0 1 .3

2B 3 95 64 69 76 0 2 2.3 0 0 0 0 1 1 o7

3A 3 25 11 20 19 0 0 .6 0 1 .3 0 2 1 1.0

3B 3 40 34 41 38 0 6 2.0 0 0 0 0 1 0 .3

4A 3 56 61 51 56 0 0 0 0 0 .3 0 0 0 0

4B 2 - 21 55 38 - 0 0 - 0 0 - 0] 0 0

4C 3 40 11 34 28 0 0 0 0 0 0 0 o 0 0

5A 1 - 22 - 22 - 0 0 - 0 0 - 1 - .3
Totals 1,045 714 973 937 3 1 7.2 0 1 .6 0 5 3 2.6

*W = Winter survey

S = Summer survey
F = Fall survey
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During 1971, transect counts increased but the differences between
seasonal surveys decreased markedly (Table 2). The winter counts were
slightly higher but the range between seasonal surveys was unexpectedly
low considering the many physical and biological variables in counting
conditions. The average count for every station was higher than in 1970.
The higher means of the 1971 stations and the decreased seasonal range
suggest that surveyors were more familiar and efficient than in the
previous year and that the 1971 station means closely approached - the
countable population.

Red abalone counts were highest each summer, suggesting that to make
accurate measurements of densities of this species in the intertidal one
must depend on both calm ocean conditions and extreme low tides.

The highest abalone counts are also considerably below their actual
abundance levels as most Juveniles and many adults are cryptic, living
under boulders and deep in crevices during daylight hours. An unknown
percentage of the population is therefore not available to practical
sampling methods. Only visible abalones were counted during these surveys,
since to prevent alteration and destruction of the habitat and associated
flora and fauna, boulders and bedrock were never turned or broken. However,
these counts can be used as a standard if the same stations are resurveyed
using the same sampling techniques.

The higher 1971 counts of black abalones (937 total of seasonal means
for all transects in 1970 compared to 1,247 in 1971) presumably represents
increased efficiency and familiarity of the area by the surveyors rather
than an increasing abalone population or annual variation. This differ-
ence may well be representative of sampling error from increased efficiency
attributable to any long term quantitative investigation in an unknown

marine environment.
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TABLE 2. Abundance of Black Abalones, Haliotis cracherodii, Red Abalones, H. rufescens, Rock Crabs, Cancer antennarius,
and Sunflower Stars, Pycnopodia helianthoides, at Intertidal Transects During 1971.
Counts of Mean No. Counts of Mean No. Counts of Mean No. of
Number of Black of Black Red of Red Counts of Mean No. of Sunflower Sunflower
Transect Surveys Abalones Abalones Abalones Abalones Rock Crabs Rock Crabs Stars Stars
*y S F W ] F W S F W S F
1A 3 186 243 214 214 0 0 0 0 0 1 1 .7 0 0 0 0
1B 3 419 372 343 378 0 0 0 0 0 0 0 0 0 0 0 0
2A 3 247 272 281 267 2 4 2 2.7 0 0 0 0 0 0 2 .7
2B 3 118 122 100 113 3 7 1 3.6 0 0 1 .3 1 1 2 1.3
3A 3 22 7 37 22 2 2 3 2.3 0 0 3 1.0 0 0 2 .7
3B 3 45 39 54 46 6 8 8 7.3 0 1 5 2.0 0 1 3 1.3
4A 3 69 87 65 74 0 0 0 0 3 2 0 1.7 0 0 0 0
4B 3 85 22 59 55 0 0 0 0 0 0 0 0 0 . 0 0 0
4C 3 47 36 48 44 0 0 0 0 0 2 0 .7 0 0 0 0
5A 2 - 38 30 34 0 - 0 0 0 - 0 0 0 - 0 0
Totals 1238 1238 1231 1247 13 21 14 15.9 3 6 10 6.4 1 2 9 4.0

*W = Winter survey

S = Summer survey
F = Fall survey
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The highest density of black abalones was always recorded inside Lion
Rock at control Station 1, about 1 mile north of Diablo Cove. The highest
transect (28 x 2m) count here of 419 black abalones (7.h8lm2) was made in
February, 1971. The average density for the station during the study
period was T7.05 black abalones/m°. A permanent 1/k e quadrat monitored
at this station (1Ab) contained a 2 year average of 13 black abalones.

The seasonal photographs of this quadrat indicated the same adult black
abalones were always present and remained in relatively the same positions
throughout the study period.

Densities of black abalones inside Diablo Cove were generally lower,
as revealed by both transect counts and casual observations. However, a
sizable population was observed throughout the northern section of the
cove which is represented by Station 2. There, from 81 to 281 blacks
were counted along two transects (30 x 2m and 33 x 2m) with an average
density of 2.72/m2 during the study period.

Lower counts of blacks ranging from 7 to 54 (.50/m°) were recorded
along two transects (30 x 2m and 38 x 2m) at Station 3, which appeared
representative of the southern section of the cove. Station 4, selected
to represent exposed sea conditions for the cove, yielded higher counts
than Station 3. The range in transect (11 x 2m, 13 x 2m, 19 x 2m) counts
at Station 4 was 11 to 87 and the average density was 1.72 blacks/m2.

Juvenile black abalones, 1/4 - 1/2 inch in length, were often observed
living with purple urchins, Strongylocentrotus purpuratus, in their depres-
sions. Fifteen Juveniles were recorded from quadrat lAa during the fall
of 1970 while only one was present during the following winter. Juvenile
abalones of other species are found in similar associations with the red

urchin, Strongylocentrotus franciscanus. Red abalones are often seen deep
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in crevices lined by red urchins. Threaded abalones, Haliotis kamtschatkana
assimilis, and red abalones are occasionally found living under red urchin
tests. The reasons for these associations are not established, but the
urchin (and its depression in this situation) obviously provides protec-
tion and may provide bits of food for the very small abalones. Other
invertebrates such as limpets (4demaea mitra, Collisella pelta), chitons
(Tonicella lineata, Nuttallina californica) and anemones (Anthopleura
elegantissima) were also associated with (or without) urchins in these
depressions.

Red abalones were observed only inside Diablo Cove at wave protected
Stations 2 and 3, and only in low tide zone positions. Reds were generally
under large boulders or overhanging ledges in shaded or submerged places.
The highest count of 21 (.57/m?) red abalones from the low zones at these
two stations was made during the summer of 1971. The lowest count of only
three reds (.08 m2) was made during the first survey in the winter of 1970.
This difference reflects both increased familiarity and “efficiency of the
surveyors and the calmer ocean conditions that existed during the summer

of 1971.
Abalone Predators - Composition and Abundance

Only a few known predators of adult abalone were observed in the
intertidal and their numbers were usually low. Turbulence during rougher
ocean conditions and extreme tidal exchanges may restrict a majority of
the soft bodied or swimming types of predators from this region.

A few rock crabs, Cancer antennarius, were observed during most
surveys, generally inside the cove at protected stations. A high of 10

rock crabs was counted during the fall of 1971, while none was observed
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during the 1970 winter survey. Juvenile rock crabs, both C. antennarius

and C. productus, were common under rocks in the mid and low tide zones

inside Diablo Cove.
Sunflower stars, Pycnopodia helianthoides, were also occasionally

observed inside Diablo Cove. A high of nine Pyenopodia was counted during

the fall of 1971 while low counts were recorded during the winter of 1970
(0) and 1971 (1). A large 2 foot specimen was observed feeding on a black
abalone during October 1970 at Station 3. The seasonal difference in

abundance of both rock crabs and sunflower stars indicates that these

predators move on shore during the calmer oceanic periods of summer and

fall, presumably to feed on invertebrates including abalones.

Cabezon, Seorpaenichthys marmoratus, were observed in less than 10
foot depths during reconnaissance dives and occasionally at the shallow
5 to 10 foot diving station (Station 16). Large numbers of both adult
and Juvenile cabezon were taken on seasonal fish collections at the
shore 0-10 foot station; a high of 38 cabezon, mostly juveniles, was
taken during the January 1971 collection. These records indicate that
cabezon are quite capable of foraging throughout the intertidal whenever

inundated.

Abalone Competitors -~ Composition and Abundance

Algivores appeared in balance with expected community structures
throughout the study area. The black turban, Tegula funebralis, was
possibly the most abundant and ubiquitous algivore in the intertidal.

They were most abundant in the mid and high intertidal zones® in protected
cove areas, but were also occasionally recorded (usually as sparse) in

the low intertidal and in exposed areas. A high zone 1/ m? quadrat

# See Appendix I for a definition of the intertidal zones of this study.
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(3Ad) during 1970 yielded counts of 168 T. fumebralis in the winter, 49 in
the summer, and 40 in the fall. Counts from & mid zone quadrat (2Bb) in
1971 ranged through O in the winter, 26 in the summer, and 10 in the fall.
These differences, and similar data from other permanent intertidal quad-
rats, indicate considerable movement of the species and suggest a migration
during winter months with a percentage of the population moving to higher
intertidal regions. Large numbers of 7. funebralis were often observed in
high tide pools during winter months in areas where drift algae (as
Nereocystis, Pterygophora, etc.) accumulated.

The brown turban, Tegula brummea, was generally found sparse in all
low tidal zone areas and was recorded on diving surveys to 30'foot depths.
The red turban, Astraea gibberosa, and the costate top snail, Calliostoma
ligatum, were occasionally seen but were nowhere considered numerous.
Other algivores that we counted seasonally at the 1/4 m2 quadrats included
many species of limpets that were often quite numerous in the mid and high
zones such as Collisella digitalis, C. pelta, C. scabra, and Notoacmaea
scutum, and several species of chitons including Nuttallina califormica
and Tonicella lineata. The conspicuous chiton, Stenoplax comspicua, was
common under boulders in the mid and low tidal zones in the cove, but
was rarely recorded from a permanent quadrat due to its cryptic nature.

Purple sea urchins were burrowed into flat, exposed surfaces in the
mid and low zones at Stations 1 and 4, but were rarely recorded or observed
in protected cove areas. Counts at high density quadrats averaged 20 to
51 per 1/km? for the 2 years (Table 3). Seasonal variation in counts of
purple urchins was depicted from these data, indicating a drop in the
observable population level from the winter to summer. Total counts for

all four quadrats for both years averaged 139 during the winter, 115
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TABLE 3. Counts of Purple Sea Urchins, Strongylocentrotus
purpuratus, From Four Wave Exposed Quadrats at
Intertidal Stations 1 and 4 During 1970 and 1971.

Quadrat

Season 1Aa 1Ab 1Ba 4Aa Total
Winter 1970 46 28 33 21 128
Summer 1970 39 15 47 15 116
Fall 1970 61 31 38 20 150
Winter 1971 59 33 33 25 150
Summer 1971 48 17 36 14 115
Fall 1971 54 31 37 24 146
Average 51.16 25.8 37.3 19.8
Seasonal Totals 139 Winter

115 Summer

148 Fall
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during the summer, and 148 during the fall. Recruits from spring or
summer spawns apparently do not reach visible size (of about 1/8 to 3/16
inches) until the fall survey periods. Annual variation for the 2 years
was not apparent with totals of 150 for four quadrats in the fall of 1970
and 146 in the fall of 1971.

Abundance levels of the aggregate anemone, Anthopleura elegantissima,
and the solitary anemone, A. xanthogrammica, were relatively low and neither
species appeared to be actively displacing either black or red abalones.
However, changes in environmental conditions that enhance the reproductive,
settling or survival rate of either or both anemones might place them in
direct competition with abalones for space. Data for the two species are
therefore presented for quadrats where each occurred (Table L4).

In many areas, as at Stations 1 or 4, the aggregate anemone was
found in purple urchin depressions. In other areas, as at Stations 2 and
3, & few anemones in small to large clusters were observed in sandy areas
or on flat bedrock. In the high zone at Station L4, aggregate anemones
were quite common in clusters on bedrock and sandwiched between Califormia
sea mussels, Mytilus californianus.

The solitary anemone was found attached to rocky substrate in shaded
areas and in tide pools. They were sparsely distributed in the lower zone

of most transects.

Intertidal Marine Plants*: Composition,

Distribution, Variation, and Relative Abundance

One hundred eleven species of intertidal marine algae and two

flowering plants were observed in the Diablo Canyon study area. Only

*® The scientific names of marine algae in this report primarily follow
those presented by Gilbert M. Smith, 1969, in "Marine Algae of the
Monterey Peninsula, Second Edition."
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TABLE 4. Counts of Solitary Anemones, Anthopleura xanthogrammica, and
Aggregate Anemones, A. elegantissima, at Quadrats Where They
Most Frequently Occurred During 1970 and 1971.

Quadrats

Season 1Aa 1Ab 1Ac 1Ba 2Bc 4Aa 4Ba 4Ca
Winter 1970 4 *(10) 4 7 3 1 *%C
Summer 1970 7 (7) 3 7 2 A
Fall 1970 8 ( 5) 2 4 A
Winter 1971 7 ( 6) 1 1 C
Summer 1971 11 ( 6) 1 2 2 1 C
Fall 1971 6 ( 6) 3 3 A

* Those counts listed in parenthesis (N) are A. zanthogrammica, all other

counts are A. elegantissima.

** See Appendix I for explanation of abundance symbols.
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those species that were fairly obvious within transects and quadrats were
identified. Many of the smaller, concealed, or prostrate forms were
omitted as they were considered of minor importance as food for abalones
and other marine algivores. Also, only conspicuous stages of plants were
recorded. Reconnaissance in the intertidal of other sections of the cove
allowed us to relate assemblages of adjoining areas to those at permanent
stations and to note a few plants and animals that were not recorded
elsevhere.

Many similarities and many differences occurred in the floral assem-
blages growing in the various intertidal zones and contrasting sea expo-
sures. Some plants appeared to require wave exposed, rough, breaking areas
while others could not tolerate these conditions and were found only in
protected cove areas. Many plants were restricted to the lower zones by
air exposure and dessication during low tide while a few showed a preference
to exposure or were ubiquitous.

The data on algal distribution and abundance that we recorded during
seasonal surveys became voluminous and difficult to interpret and condense.
This problem was compounded because abundance estimates were relative; it
was usually impossible to count the numbers of each alga because thousands
of some existed along each transect. Therefore, relative abundance estimates
were condensed to numerical values from transect data for each exposure and
each zone to provide a more meaningful descriptions of the plant cover for
the various areas (Tables 5,5 and 7). Plants that occurred often and were
dense enough to be considered important to the Diablo Cove system (generally
common and abundant forms) or displayed significant seasonal variation, are

discussed in relation to the intertidal zones in which they existed.



TABLE 5. Numerical Values*** for Intertidal Plants Observed at Diablo Cove in the Low Tidal Zone During

1970 and 1971.

PLANT Protected Cove Areas Exposed Cove Areas
(Stations #2 & 3) (Station #4)
1970 1971 1970 1971
L S F W S F 1 S F
CHLOROPHYTA
Bryopsis corticulans
Codium setchellii .2 2
Spongomorpha coalita %k 2 1.7
Ulva lactuca 1.5 2.2 2 .2
PHAEOPHYTA
Alaria marginata .3 .7 3
Cystoseira osmundacea 1.2 2 1
Desmarestia herbacea
Dictyoneurum caltifornicum 1.2 .2 .8 5 2 5 4.3
Egregia menziesii 1 .5 2 2 7 77 3
Laminaria setchellii 1 .2 5 2 2 2 2.3
Nereocystis luetkeana .2
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TABLE 5 - Contd.

L

Protected Cove Aréas
(Stations #2 & 3)

Exposed Cove Areas
(Station #4)

PLANT 170 1971 1970 1971
Lt S F W S F W S F W S F
RHODOPHYTA
Agardhiella tenera 8 1.5 .5 1 1.2 1.2
*Articulated corallines 3 3.5 3.5 4 2 3.5 4.3 3 3.6 3 1.7
Botryoglossum farlowianum 5011 .8 2.2 1.8 5 2 3 3 2.7 2.3
Callithamnion pikeanum .5 1 o2 .5 .5 .2
Callophyllis violacea 1.5 .5 2 1 .8 3 3
Callophyllis pinnata .2
Ceramium eatonianum 2 ol G5
*Crustose corallines 4 3.5 4 4.5 4.5 4 4 5 2.7 5 3 3.7
Cryptopleura lobulifera 2 2 1.5 2 1 1,7 .3 1 2
Endocladia muricata .2 3
Erythrophyllum delesserioides 2 5 3 35 5 2 2:3 1 3.2 1.7
Farlowia compressa .3
Gastroclonium coulteri 3 3.5 4 1.5 3 3 2 1 1.3 .3
Gelidium coulteri 2 .5 .3

-EE_




TABLE 5 - Contd.

Protected Cove Areas

Exposed Cove Areas

PLANT (Stations #2 & 3) (Station #4)
1970 1971 1970 1971
**W S F W S F W S F 1 S F
RHODOPHYTA-Contd.
Gelidium robustum ¥ a3
Gigartina canaliculata 2 1.2 2.5 3.8 1 2 .3 .7
*Gigartina corymbifera (group) 2 2 2 2 2 3 3 5 3.7 3 2.7 3.3
*Gigartina cristata (group) 1.8 1 1.8 .8 . 1 .3
Halosacction glandiforme 1.5 1 1 il
Hymenena flabelligera 1.7 1.7
Iridaea flaccida 4 4.2 4 3 3 2.5 1 il .3 1
Iridaea heterocarpum 2 & 2 2 o .7
Iridaea splendens 7 1.2 2 1.5 1.5 1.5 1 3 2 1.7 2.3 2.3
Laurencia spectabilis S50 .2 L7 5 1
Laurencia blinksit .2
Microcladia borealis 2 .2 2.3 1 7 1 1
Microcladia coulteri 1.5 2.5 4.5 2 4 3 1.3 <3 4.3 1 3 3
Petrocelis franciscana .8 2.5 .8 .5 1.2
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TABLE 5 - Contd.

Protected Cove Areas Exposed Cove Areas
(Station #2 & 3) (Station #4)
PLANT 1970 1971 1970 1971
*RY S F W S F W S F W S
RHODOPHYTA-Contd.
Pikea californica .2
Plocamium coccineum .7 1 1
Polysiphonia paniculata .2 20 .20 .2
Porphyra perforata 2 .51 .2
Porphyrella gardnerti .3 .3
Prionitis australis .7
Prionitis lanceolata 3 2 1 3 2 3 3 1 3 3 3
Ptilota hypnoides .3
Pterosiphonia baileyi .3
Schizymenia pacifica .2

Smithora naiadum .7 1.7 1.2 1.5 3.0
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TABLE 5 - Contd.

Protected Cove Areas Exposed Cove Areas
R (Station #2 & 3) (Station #4)
PLANZ 1970 1971 1970 1971
*xy S F W S F W S F W S
SPERMATOPHYTA
*Phyllospadix scouleri 3.5 4 2.5 4.3 5 3.5

* See Appendix I
%% W = Winter survey, S = Summer survey, F = Fall survey
*%%  Numerical values were averaged for each season from transect data on a scale of 0 to 5 by assigning
the rates of 1 for sparse, 3 for common, and 5 if abundant. A cumulative rating of 5 indicates
near 100% cover, 3 about 60% cover, and 1 about 20% cover. Some interpretation was included for

periods when a transect was not surveyed and from quadrat data.
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TABLE 6. Numerical Values of Intertidal Plants Observed at Diablo Cove in the Mid Tidal Zone During
1970 and 1971.

PLANT Protected Cove Areas Exposed Cove Areas
R (Stations #2 & 3) (Station i#4)
1970 1971 1970 1971
**W S F W s F W S F w S F

CHLOROPHYTA

Bryopis corticulans .2 .3

Cladophora trichotoma kkk 2 .2 .2

Codium setchellii 2.2 2 .2 .2

Spongomorpha coalita 5.2 .7

Ulva lactuca 21 3 .5 1.2 .3
PHAEOPHYTA

Alaria marginata 3 .7 .7

Egregia menziesii .2 .5 .5 2.2 .2 .7 1.3 1.3 1 1.7 3.7

Fucus distichus .2 .2 1

Hesperophycus harveyanus .2

Laminaria setchellit .2 1.3

Pelvetia fastigiata 5 .5 21 .2 .3 .3 .3



TABLE 6 - Contd.

Protected Cove Areas

Exposed Cove Areas

PLANT (Stations #2 & 3) (Station #4)
1970 1971 1970 1971
AW S F W S F W S F W S F
RHODOPHYTA
Agardhiella tenera .2 2 2.2 .3
*Articulated corallines 1.2 2.2 1.7 2.2 .7 2.2 5 3 4.3 5 2.7 5
Botryoglossum farlowianum 1.3
Callithamnion pikeanum 1 1.2 .5 5 1.5 .2 1 31
Callophyllis violacea .3 .3 .7 .3
Ceramium eatonianum .2 3 .3
*Crustose corallines 2.2 3 2 2.5 1.5 3 2.5 3.7 5 2 3.7 4.3
Cryptopleura lobulifera 5 2.2 1 501 1.3 1 1.7 1 1 1.7
Erythrophyllum delesserioides 1.3 .3 .3
Endocladia muricata 1.2 .7 1.5 1 .5 2 3 .7 3 .3
Gastroclonium coulteri 1.5 2.2 1.2 702 1.2 3 3 2.7 1.3 2 .3
Gelidium coulteri .2 .5 .5 .5 .7 .3 .7 .3 .3
Gigartina canaliculata 1 3.5 1.2 1.7 2.5 1.5 3.7 2.3 3 3 3 3
*Gigartina corymbifera (group) .2 .7 .2 .5 .7 .2 7 1 .7 7 1.7 .7
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TABLE 6 - Contd.

Protected Cove Areas Exposed Cove Areas
PLANT (Stations #2 & 3) (Station #4)
1970 1971 1970 1971
**W S F W S F W S F W S
RHODOPHYTA-Contd.
*Glgartina cristata (group) 2.2 4 4.5 4 3.5 4.5 3 2.3 1.7 1.3 1.7
Gigartina leptorhynchos .2 .5
Halosaccion glandiforme .7 .5 2 1 .7
Hymenena flabelligera .3
Iridaea flaccida 2.2 5 4.5 4.5 5 4 3 5 4.3 3 5
Iridaea heterocarpum 1 1.5 .7 501 .7 .3 6 1
Iridaea splendens .2 1.5 .5 2.7 .3 .7
Laurencia blinksii .2 .3
Laurencia spectabilis .2 .7 .2 .2 1.3 .3
Microcladia borealis .2 .7 1.7 .7 3
Microcladia coulteri 3.7 .1 1.5 1.7 1 3 .3
Petrocelis franciscana 3.2 4.5 4 4 3.7 4 3 3.7 1.7 1.7 .3
Plocamium coccineum .2 A N
Polysiphonia paniculata 1 .7

Porphyra perforata 2.2 2,5 7 1.2 1 .3 1
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TABLE 6 - Contd.

Protected Cove Areas Exposed Cove Areas
2
PLANT 1970 (Stations # ig?i 197éStation #4) Lo71
**y S F w S F W S F 1Y S F

RHODOPHYTA-Contd.

Prionitis lanceolata .5 1.2 .2 .5 71 3 1.7 1 1 .3 .7

Ptilota densa .2

Rhodoglossum affine .2

Rhodoglossum parvum .2

Smithora naiadum .7 .5
SPERMATOPHYTA

Phyllospadiz scouleri 1.2 1.2 1 7 71

*  See Appendix I
*% W = Winter survey, S = Summer survey, F = Fall survey
*%%  Numerical values were averaged for each season from transect data on a scale of 0 to 5 by assigning the
rates of 1 for sparse, 3 for common, and 5 if abundant. A cumulative rating of 5 indicates near 100%
cover, 3 about 607 cover, and 1 about 20% cover. Some interpretation was included for periods when a

transect was not surveyed and from quadrat data.
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TABLE 7. Numerical Values of Intertidal Plants Observed at Diablo Cove in the High Tidal Zone During

1970 and 1971.

Protected Cove Areas

Exposed Cove Areas

PLANT (Stations #2 & 3) (Station #4)
1970 1971 1970 1971
*y S F W S F S F W S
CHLOROPHYTA
Cladophora trichotoma k%% 2,2 .5 .2 .2 1 1
Ulva lactuca .2 | .2 1
Ulva sp. 1
PHAEOPHYTA
Fucus distichus S .7 5 1 S5 .5
Hesperophycus harveyanus S5 .50 .2 20 .2
Heterochordaria abietina 1 3
Pelvetia fastigiata 3 2.5 2.5 1.5 2.5
RHODOPHYTA
*Articulated corallines .2 .7 1 3
Callithamion pikeanum .2 3
*Crustose corallines 1.2 1.2 1 1.2 1.2 3 3 3




Exposed Cove Areas
(Station #4)

TABLE 7 - Contd.
Protected Cove Areas
PLANT (Stations #2 & 3)
- 1970 1971 1970 1971
*%Y S F W S F W S F W S F
RHODOPHYTA - Contd.
Endocladia muricata 4 4 2.2 2.7 3 3 3 3 3 1 1 1
*Gigartina cristata (group) 4.5 4 5 4.5 4.5 4.5 1 1
Gigartina canaliculata a2 o '
Iridaea flaccida 1 1.5 2 1 1 s 1 1 1 $
Iridaea heterocarpum . D
Petrocelis franciscana 4.5 4.5 5 4 3.2 4 1 1 3 1 3
1 o7 ol .7 3 1 3 1
1

Porphyra perforata

Prionitis andersonit

* See Appendix I
= Fall survey

%% W = Winter survey, S = Summer survey, F
Numerical values were averaged for each season from transect data on a scale of 0 to 5 by assigning
A cumulative rating of 5 indicates near

Kk
the rates of 1 for sparse, 3 for common, and 5 if abundant.
Some interpretation was included for periods

100% cover, 3 about 607 cover, and 1 about 207% cover.

when a transect was not surveyed and from quadrat data.
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Low Zone Plants

The most abundant and ubiquitous intertidal alga was the foliose red
alga, Iridaea flaceida, which blanketed most exposed surfaces in the mid
and low zones. I. flaceida, was found at all sea exposures, all tidal
zones, and during all seasonal surveys. Dessication during fall afternoon
low tides and abrasive ocean conditions during the winter reduced the
Iridaea cover substantially but short new blades were usually observed
beneath the older cover during these periods. I. flaeeida was densest in
both mid and low protected zones where it was usually recorded as abundant.
It appeared to be partially replaced in the low protected zone during 1971
by I. splendens which was considered sparse to common throughout. In low
exposed areas I. flaccida was uncommon, and was absent during both summers
when I. splendens became common (Table 5).

Articulated and crustose corallines*® comprised a substantial portion
of the benthic cover but their abundance was partially masked by the
luxuriant growth of larger forms. Corallina and Calliarthron comprised
the majority of the articulated forms while Lithothammion and Lithophyllum
outranked the other crustose genera; however, because it requires micro-
scopic examination of reproductive structures to identify crustose forms,
it was impossible to assess the density of species.

Gastroclonium coulteri was considered abundant during 1970 and common
during 1971. Dessication was apparent at some stations during October

surveys and this factor possibly contributed to the seasonal low that was

recorded each winter.

* See Appendix I
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Gigartina corymbifera* and G. canaliculata were most abundant in the
low zone but G. canaliculata was also quite common in the mid zone. G.
corymbifera was common in both exposed and protected areas but G.
canaliculata was important only in the protected cove area. G. canaliculata
displayed seasonal lows in the low zone each summer, possibly due to masking
by other species, as it did reach a seasonal peak in the mid zone during
this period. G. corymbifera displayed little seasonal change in abundance
but did reach a summer high in exposed areas during 19T70.

Microcladia coulteri, an epiphytic red alga, reached highest abundance
levels during summer and fall months when its hosts Iridaea flaccida,
Gigartina corymbifera, and Prionitis lanceolata were also numerous.

M. coulteri was of greatest importance (usually common) in protected areas
but was also common during the fall of 1970 in open exposures.

Several species of Prionitis were found in the study area but only
P. lanceolata was important. P. lanceolata was common in the low zone
in both exposures and in several cases displayed a seasonal low during
the summer, possibly due to masking rather than a decline of the species.

Hymenena flabelligera, Callophyllis violacea and Botryoglossum
farlowianun, all foliose reds, occurred in low wet or submerged areas.
Hymenena was observed only during the fall in exposed areas wvhile
Botryoglossum was common in both exposures during both summer and fall.
Callophyllis was recorded as sparse to common only in wet protected areas
during the summer and fall.

Halosaceion glandiforme, a low growing saccate red, was observed

in both the low and mid zones but only in protected cove areas. Except

* See Appendix I
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for one sighting during the 1971 winter survey, Halosaccion was found only
during summer and fall months as a sparse to common form.

Erythrophyllum delesserioides was found mainly in the low zone in
exposed habitat but was occasionally seen in low protected and in mid
exposed areas. Transect and quadrat data both suggest the species is an
annual, as new plants first appeared during the spring and summer, dimi-
nished somewhat during the fall, and nearly disappeared during the winter.

Agardhiella tenera, a rather delicate red, was usually restricted to
wet or submerged areas inside Diablo Cove. It was also occasionally
recorded in protected mid zone areas and once was seen during 1970 along
a wave exposed transect in a deep tide pool.

Several species of brown kelps were regularly observed in the low
zone. Dietyomeurum californicum was always found in 3 to U foot deep
tide pools at Station 4 and was numerous there during the summer and fall.
Feather boa kelp, Egregia menziesii, and palm kelp, Laminaria setchellii,
were also present at Station 4. Palm kelp formed a dense bed on a sub-
nmerged shelf (1 to 3 foot deep at low tide) off transect 4C and was abun-
dant there throughout the 2 year study period.

Egregia, Laminaria, Dictyomeurwm, and Cystoseira osmundacea, all
perennial brown algae, were also present in very low, wet areas inside
Diablo Cove, an extension of their shallow subtidal beds. Branches and
vesicles of Cystoseira were conspicuous during the summer while only basal
blades were present during the wintexr. The highest densities of these
brown algae inside the cove were observed during extreme low tides (-1.5
and lower) in the spring or summer and it is possible they may be com-

pletely missed intertidally during lesser lows (-0.5 and higher). The

sampling technique does not, therefore, accurately document the presence

or abundance of these four species.
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Spongomorpha coalita, a green alga, appeared in both the mid and low
zones on several occasions. It was common in low protected areas during
1970 but absent from these areas during the summer of 1971. It also
occurred sparsely in mid exposed areas during both summers.

Surf grasses, Phyllospadix scouleri and P. torreyi*, the only sperma-
tophytes observed in the study area, were abundant throughout the protected
low zone but never recorded from transects in exposed habitat. Phyllospadix
possibly occupied more rocky habitat than any other genus in low protected
sreas. A seasonal low during the fall was depicted from both transect and
quadrat data and from guadrat photographs. A small epiphytic red alga,
Smithora naiadum, was present on some Phyllospadix blades throughout the
year but usually appeared during the summer, becoming a common form by the
fall. Melobesia medioecris, a minute crustose coralline, was also usually

present on Phyllospadix blades.

Mid Zone Plants

Iridaea flaceida dominated the mid zone cover (as in the low zone)
and reached its peak abundance here. I. flaceida was normally recorded
as abundant in both protected and wave exposed areas but displayed a
winter low each year. Iridaea heterocarpum was generally recorded as
sparse throughout (Table 6).

Articulated and crustose corallines occurred here but were generally
less numerous than in the low zone. Both were considered common in
protected areas and common to abundant in exposed areas. As in the low

zone, their abundance was masked by larger forms such as Iridaea. The

* See Appendix I
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recorded seasonal variation for both groups, often reduced during the
summer, likely is due to this factor.

Gigartina cristata (along with G. papillata and G. agardhii*) occurred
in all tidal zones but was numerous only in the mid and high zones. G.
eristata was common in mid zone exposed areas but was rarely seen in low
and high zone open sea exposures. G. cristata and Iridaea flaceida domi-
nated the algal cover in mid zone cove areas.

Cryptopleura lobulifera, a short red alga (1-2 inches tall, usually
larger subtidally but apparently dwarfed by intertidal expo;ure) was only
tentatively identified and possibly should be combined with our Cryptopleura
group (Appendix I). However, because this alga was distinguished in the
field from others that were placed in the Cryptopleura grouping, it can
be discussed separately. C. lobulifera occurred as a sparse to common
form in both the mid and low zones in both exposures. It often formed
dense, localized mats on flat rocky surfaces. The species was not observed
inside Diablo Cove during the 1971 winter and was observed sparsely along
only one transect there during the 1970 winter.

Porphyra perforata reached a peak in the summer and fall of 1970
when it was considered common inside the cove. Only two sparse sightings
were made during winter months, both in the low zone of the cove in 1970.

Petrocelis franciscana*, a crustose red alga, was usually abundant
inside the cove and was near ubiquitous with the one exception that it was
never observed in low exposed areas. Petrocelis covered many of the
boulders and bedrock in the mid and high zones and dominated many high

zone areas.

¥ See Appendix I
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The brown strap kelp, Alaria marginata, was sparse at exposed cove
transects. However, it was a common to abundant species during the summer
in several exposed areas including portions of North Cove, along the South
Cove jetties and south at (control) Station 5. At quadrat 4Aa during 1970,
31 stipes were counted during the summer and 27 during the fall. The old
plants were gone by the winter but new blades 1 to 2 inches in length were
beginning to appear. The highest quadrat counts of Alaria were made at
Station 5; 147 stipes at quadrat 5Aa and 94 at quadrat 5Ab during the
summer of 1970 and 64 and 173 respectively during the summer of 1971.
Although Alaria is a perennial, it appears that most plants do not survive
more than one year at Diablo Cove.

The green sea lettuce, Ulva lactuca, was found in all areas, but was
important only in low and mid zone protected cove exposures. During the
fall of 1970, U. lactuca was common throughout the study area, partially
replacing Iridaea.

Several other plants that were discussed as low zone inhabitants
were also found here. These included Egregia menziesii which was common
during the fall of 1971 at exposed stations, Gastroclonium coultert,
generally common throughout, Gigartina canaliculata, common throughout,
Prionitis lanceolata, generally sparse, and Phyllospadix scouleri, sparse
to common in wet protected areas. Other algae considered an integral part
of the mid zone algal cover were Microcladia coulteri, Microcladia

borealis, Iridaea splendens, Endocladia muricata, Callithammion pikeanum

and Halosaecion glandiforme.

High Zone Plants

The high zone cover, including that of Iridaea, was markedly reduced

__in comparison to the low and mid zone cover. Eighteen species were recorded
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here compared to 46 in the mid zone and 51 in the low zone. Only four
species were regularly recorded as common or abundant (Endocladia muricata,
Gigartina eristata, Pelvetia fastigiata, and Petrocelis franciscana) and
only two additional species (Iridaea flaccida and crustose corallines)
were considered integral forms (Table T).

Fucus distichus and Hesperophycus harveyanus occurred sparsely in
protected cove areas while Heterochordaria abietina occurred sparsely in
exposed areas. Pelvetia fastigiata was recorded regularly from mid and
high zone protected areas but was common only in the high zone. In some
areas, as near Station 2, dense mats of Pelvetia were seen during recon-
naissance surveys.

Endocladia muricata occurred throughout, it was usually sparse in
the mid zone and common to abundant in the protected high zone. Higher
densities were recorded along most transects during 1971. This species
was considered common in exposed areas of the mid zone during the summer
of 1970 and then declined and was rarely observed here during the remaining

surveys.

RESULTS OF SUBTIDAL SURVEYS

Abslone Distribution and Abundance

The transition from black to red abalones in the lower reaches of the
intertidal is nearly complete at 2 to 5 foot depths. An occasional black
abalone was seen deeper. The shallow O to 20 foot depths along most of
the inside perimeter of Diablo Cove afford excellent habitat and supports
a large population of red abalones. The bottom, confluent with the shore-
line, is composed of large strewn boulders and rocky ledges providing

numerous protective niches for cryptic animals. Currents deposit kelps
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and seaweeds in this region as they are ripped up or sluffed from the
substrate during winter months.

Station 16 was established to monitor the red abalone population in
this shallow region of Diablo Cove. The station was located along the
southern perimeter of the cove rather than off Diablo Creek to avoid
projected construction activities. Similar beds of red abalones were
observed during reconnaissance dives throughout this shallow perimeter.
Dense beds were located off the Coffer Dam, off Diablo Creek and along
the northern cove edge. Low concentrations of red abalones were also
observed in this shallow water zone.

Certain factors typical to the shallow cove waters reduced the
accuracy of diver observations at Station 16 during most surveys. The
surge here was stronger than normally encountered at deeper stations,
and it was not possible to dive here or at many other shallow stations
during the winter due to rough water conditions. Dense kelp beds
(Pterygophora, Laminaria, and Cystoseira) during the summer restricted
diver mobility and confused direction at times. Extra effort was there-
fore expended to maintain accurate counts of red abalones. Additional
counts were often made if the first results were questionable.

The average for four seasonal counts at Station 16 was 77.25 red
abalones per transect of 60 m2, or a red abalone/m2 density of 1.29.
Counts ranged from a low of 57 during the fall of 1970 to a high 90 in
the fall of 1971. The annual average increased from 65 in 1970 to 89.5
in 1971, while both counts of 1971 were higher than either of 1970.
Increased efficiency and familiarity, as with intertidal surveys, may be
partially responsible although the data strongly suggest an increased

population during 1971 (Tables 8 and 9).



TABLE 8. Abundance of Red Abalones, Haliotis rufescens, Rock Crabs, Cancer antemnarius, Sunflower Stars,
Pycnopodia helianthoides, Cabezon, Scorpaenichthys marmoratus, and Red Sea Urchins, Strongylocentrotus
franciscanus, at 11 Subtidal Diving Stations During 1970.

No. of Mean No. Mean No., No. of Mean No, Mean No. No. of Mean No.
Stat. No. of Red Red No. of Rock Sunflower Sun No. of of Red Sea Red Sea
No. Surveys Abalones Abalones Rock Crabs Crabs Stars Stars Cabezon Cabezon Urchins Urchins
W S F W S F W S F 1Y S F W S F
6 3 2 1 1 1.3 0 1 0 0.3 1 4 0 1.7 2 2 1 1.7 270 340 243 284
7 3 5 5 1 3.7 0 0 0 0 2 2 2 2.0 2 1 0 1.0 192 125 247 188
8 2 4 - 2 2.0 o - 4 2.0 o - 2 1.0 2 - 0 1.0 131 - 167 149
9 3 0o 2 0 0.7 0 0 0 0 0 0 3 1.0 0 1 1 0.7 282 333 274 296
10 3 0O 0 0 0 1 0 0 0.3 2 5 1 2,7 0 0 0 0 57 87 91 78
11 3 1 O 0 0.3 0 0 0 0 0 1 1 0.7 0 0 0 0 116 80 79 92
12 3 0 0 0 0 0 0 0 0 1 0 0 0.3 0 0 0 0 38 36 50 41
13 1 - - 0 0 - - 2 2.0 - - 2 2.0 - - 2 2.0 - - 152 152
14 1 - - 1 1.0 - - 1 1.0 - - 0 0 - - 0 0 - - 53 53
15 2 11 - 7 9.0 6 - 1 3.5 0 - 0 0 0 - 0 0 **p -~ 206 206
16 2 - 73 57 65.0 - 0 2 1.0 - 1 0 0.5 - 1 0 0.5 - 97 61 79
Total of Means 83.3 10.1 11.9 6.9 1618
Seasonal
Totals 23 81 69 7 1 10 6 13 11 6 5 4 1086 1098 1623
Corrected Seasonal*
Totals 89 93 69 11 9.5 10 8.5 16 11 8.5 8 4 1576 1658 1623

*Seasonal Totals were corrected by including the station's annual average rather than "0" for periods when a station
was not occupied.

**See Appendix I

—’[g-



TABLE 9. Abundance of Red Abalones, Haliotis rufescens, Rock Crabs, Cancer antemnarius, Sunflower Stars,
Pycnopodia helianthoides, Cabezon, Scorpaenichthys marmoratus, and Red Sea Urchins,
Strongylocentrotus franciscanus, at 11 Subtidal Stations During 1971.

No. of Mean No. Mean No. No. of Mean No. Mean No. No. of Mean No.

Stat. No. of Red Red No. of Rock  Sunflower Sunflower No. of of Red Sea Red Sea

No. Surveys Abalones Abalones Rock Crabs Crabs Stars Stars Cabezon Cabezon Urchins Urchins
W S F W S F W S F W S F 1) S F

6 3 0O 0 O 0 1 0 O 0.3 3 1 1 1.7 3 1 3 2.3 203 346 232 260

7 3 5 7 3 5.0 3 1 O 1.3 1 4 4 3.0 0 0 1 0.3 293 342191 275

8 3 0 O 5 1.7 0 1 4 1.7 1 0 3 1.3 2 1 2 1.7 187 265 321 258

9 3 0O 0 1 0.3 1 0 O o3 6 3 4 4.3 0 0 1 0.3 359 345 361 355

10 3 o 0 O 0 0 0 O 0 4 1 5 3.3 O 0 0 o 116 107 105 109

11 3 o 0 0O 0 0 0 O 0 1 0 2 1.0 1 0 0 0.3 107 99 47 84

12 3 o 0 O 0 0O 0 O 0 1 0 O 0.3 1 0 0 0.3 3 20 37 31

13 1 - -1 1.0 - - 2 2.0 - -1 1.0 - -1 1.0 - - 82 82

14 2 - 0 0 0 - 1 1 1.0 - 1 2 1.5 -1 1 1.0 - 17 99 58

15 3 0 12 6 6.0 2 1 1 1.3 1 0 3 1.3 2 0 O .7 317 227 212 252

16 2 - 8 90 8.5 - 1 2 1.5 - 5 2 3.5 - 1 0 5 = 78 157 118

Total of Means 103.5 9.4 222 8.4 1882
Seasonal Totals 5 108 106 7 5 10 18 15 27 9 4 9 1617 1846 1844

Corrected Seasonal#*

Totals 96 109 106 12 7 10 24 16 27 12 5 9 1875 1928 1844

—zg_

*Seasonal Totals were corrected by including a station's annual average rather than "0" for periods when a
station was not occupied.
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As depth increases inside Diablo Cove, abalone habitat generally
declines in quality. Reefs rising from 15 to 40 foot depths do provide
protective crevices and ledges, but much of the central cove bottom is
composed of low relief bedrock, and smaller boulders, cobble and fines
in assorted mixtures. Only an occasional red abalone was observed at the
20, 35, 50, and 70 foot stations (Stations 9, 10, 11, and 12 respectively),
reflecting abalone densities at these depths for the central region of
Diablo Cove.

Several other localized beds of red abalones were observed inside
Diablo Cove. In 10 to 40 foot depths adjoining the cove's south point
the bottom consisted of deep crevices and ledges and high relief rocky
projections. A dense cover of kelps and numerous red abalones were found
here. Ebert (1966: Transect 1, Station 1) counted 27 red abalones along
a 100 x 15 foot transect in this area. Another red abalone bed was located
in the lee and north of Diablo Rock, but urchins had grazed this area
extensively.

Flat abalones, Haliotis walallensig, and threaded abalones, H.
kamtschatkana assimilis, were occasionally observed in the central region
of Diablo Cove but were nowhere common.

The largest population of red abalones in the Diablo Canyon study
area exists in North Cove. This bed is roughly bounded on the south by
the northern point of Diablo Cove, on the north by Station 7, and extends
from the shallows to outside Station 8. Both extensive shoaling areas
and dense beds of Nereocystis exist here (Figures 4 and 5) and substantial
numbers of red abalones were observed during reconnaissance dives from
the intertidal to 40 foot depths. The massive and highly irregular rocky

reef structures provide excellent abalone habitat and hard surfaces for

kelp and seaweed attachment.
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Counts of red abalones at three permanent control stations to the
north of Diablo (Stations 6, 7, 8) were low and did not reflect true abalone
densities which have been observed in this area. These stations were
selected in surface bull kelp beds and did not fall in good abalone areas.
Red abalone/60m? counts at these stations ranged from O to T, averaging
only .Oh/m2 during the study.

Possibly the second best abalone population existed in South Diablo
Cove. This cove was selected by Pacific Gas and Electric Company (P.G.&E.)
for an intake site of ocean water that will cool reactor water. Prior to
intake structure construction activities, most of the red abalones were
removed from the cove and planted in nearby areas (Table 13). In all
7,328 red abalones and 5,354 black abalones were transplanted between
June 14, 1969, and May 11, 1972. Assuming the South Cove benthos covers
23 acres, the average density of red abalones that could be efficiently

removed wes .0787/m2.

With the exception of South Cove, areas to the south of Diablo Cove,
encompassed by the study limits, had few sbalones. Good numbers do exist
along the shoreline in O to 15 foot depths and on a few offshore reefs.
However, much of the bottom is composed of rather flat rock and sediments
without protective crevices. Control stations to the south (Stations 13,
14, 15) were placed, as were the north control stations, in kelp beds.
Our red abalone counts reflect the patchiness and densities of the area.
At Stations 13 and 1L, both located on nearshore reefs, counts ranged
from 0 to 1 and averaged Jjust .0067/m°. Red abalone counts at Station

15, a shallow offshore reef, ranged from O to 12 and averaged .12/m2.
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Abalone Predators - Composition, Distribution and Abundance

Several cabezon were recorded during each seasonal diving survey,
mostly in shallow reef areas throughout the study area. These observations
are supported by the seasonal fish collections in which most cabezon were
taken at the shore (0-10 feet) and 20 foot stations in Diablo Cove and
North Cove (Appendicies XXXIV and XXXV). Totals for the four fish collec-
tions were 81 at the shore stations, 136 at the 20 foot stations, and 13
at the deeper (60-T0 ft.) stations. While most of the juveniles were
taken in shallow water all but two of the 13 specimens from the deepest
stations were adults.

A 346 mm 2 year o0ld female (837 g) from the shore station in May,
1970, had ingested a black abalone while a 525 mm female (7 1/4 1b) had
abalone (unidentifiable) remains in its stomach. Items found in other
cabezon stomachs included several mollusks (Tegula sp., Octopus sp., and
chitons) and crustaceans (Pugettia spp., Cancer sp., and numerous unidenti-
fiable crab remains).

Cabezon were also observed feeding on red abalones during two dives.
A large cabezon (about 6 1b) was seen eating the foot from the shell of
a large red abalone at station 14 while another similar observation was
made near Station 6 where a replaced red abalone was quickly knocked
off the substrate by a smaller cabezon (about 4 1b).

0'Connel (1953) found abalones to be an important food item of the
cabezon in the Monterey area but only flat and pinto abalones had been
ingested by the specimens he examined.

Counts of cabezon during seasonal diving surveys were low and only

adults were seen. Actual counts averaged 11.2 cabezon per season (for
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all diving transects surveyed) during 1970 and 8.1 during 1971 (Tables 18
and 19).

One of three kelp greenlings, Hexagrammos decagrammus, over 300 mm
S1 tesken in shallow water during the May 1970 fish collection had a small
abalone in its stomach. Wolf-eels, Annarhichthys ocellatus, also are
known to occasionally feed on abalones (Fitch, 1973).

During each seasonal survey several sunflower stars were recorded.
The highest seasonal counts were made during the fall surveys (11 in 1970,
27 in 1971) while the highest single count at one station (6) was made in
September, 1971 in 20 foot depths inside the Diablo Cove (Station 9).
Shallow water stations, namely Stations T, 9, 10, and 16 ranged in depth
from 5 to 35 feet continually produced the highest counts while at deeper
stations, namely 11 and 12 in 50 and 70 foot depths respectively, counts
were usually lowest. Sunflower star counts averaged only 1.02 per 60 m
transect in 1970 and 2.02 in 19T1.

Only occasionally were rock crabs, Cancer antemnarius and C. productus,
observed and most were on reef stations outside Diablo Cove. Six were
counted at the most southerly station (15) during the 1970 winter. At
Station 8, four were recorded each fall, although they were not observed
here during either winter survey. Rock crabs appear inactive during day-
light hours, remaining confined to rocky crevices and other cryptic
habitats. Those seen along transects were often in crevices in areas of
abundant algal growth that further masked their presence. As with abalones
and other cryptic animals, counts of rock crabs should be considered
minimal.

Many other sea stars, crabs, octopi, and fishes were present in the

_ Diablo study area that are known or potential predators on abalones and
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other mollusks. Two sea stars, Pisaster ochraceous, and Orthasterias
koehleri, have recently been documented as feeding on adult red abalones
in northern California (J. DeMartini, California State University,
Humboldt, pers. commun.). Both are sparsely present in the Diablo
system. Two other sea stars present, Pisaster giganteus and P. brevispinus
are likely predators, especially on Jjuveniles, as they are known to feed
heavily on other mollusks. Bat stars, Patiria miniata, were observed
feeding on fresh rock crab remains, and are another potential predator.
Because none of these sea stars have been observed feeding on abalones

in the Diablo system or in central California, their take of adult
abalones, if it exists, is presently considered low. It is also possible
that any carnivorous sea star may feed heavily on juvenile abalones.

The observation of large numbers of small rock crabs as well as many
other decapod crustaceans in the intertidal, both exposed, in seaweeds and
under rocks, suggests a high predation rate on juvenile abalones in shallow
water by these forms.

Within its present California habitat, the southern sea otter, Enhydra
lutris nereis, feeds on many nearshore invertebrates including abalones,
red and purple sea urchins, rock crabs, gaper clams, Tresus nuttallii,
and sea mussels (Ebert, 1968a). Their diet has been observed to include
63 (Ebert, 1968a) to 88% (Vandevere, 1969) abalones in newly invaded areas
where abalones were abundant.

The food requirements of a sea otter are high. In Alaska, sea otters
in captivity have been found to require 20 to 35% of their body weight in
food each day (Stulken and Kirkpatrick, 1955; Kenyon, 1969). Two California
sea otters in captivity at Stanford Research Institute required 25% of

their body weight each day (Richard Hubbard, DVM, pers. commun.). Four
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California otters weighing a total of 148 pounds at capture were placed
in pens at Sea World in December 1972. After 2 months of acclimation
these otters were being fed 60-T0 pounds daily (with little apparent
waste) of clam meat and crabs (P. Wild, California Department of Fish and
Game, pers. commun.). Using the average weight of 57 pounds for 20 sea
otters captured near Cambria in 1969, the average animal in the wild in
California may consume 11.4 to 19.9 pounds of food daily.

During 1968 a large team of California Department of Fish and Game
(CDF&G) divers conducted an extensive sea otter-abalone habitat survey
between Monterey and Morro Bay (Ebert, 1968b). A significant depletion
of abalones and other sedentary invertebrates was found in all areas where
otters had foraged. Immediately south of the otter's range at Point Estero,
red abalones were flourishing. By early 1970, sea otters were foraging
heavily on the Point Estero beds and in 1972, otters moved south in large
numbers to the rocky reefs between Point Estero and Cayucos. Recent habi-
tat surveys at Pt. Estero and Cayucos Point have revealed that red abalone,
red sea urchin, and rock crab populations are now greatly reduced in these
areas (unpublished data, Burge, Schultz and Ebert).

The present range of the sea otter in California is from Santa Cruz
to Avila Beach with substantial concentration between Point Buchon and
Seaside (P. Wild, CDF&G, pers. commun.). The highest count of sea otters
in California, 1760, was made in January, 1972, with 1059 observed between
Point Estero and Seaside (Wilson, 1972). During a shore census on
December 11, 1972 (P. Wild, CDF&G, pers. commun.), 277 sea otters were
counted between Cambria and Cayucos of which 207 were seen between Cayucos

Point and Cayucos. In January, 1973, at least 57 sea otters were observed
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at Montana de Oro, several miles south of Morro Bay. On April 5, 1973, 137
sea otters were observed in the vicinity of Point Buchon (Paul Wild,

CDF&G, pers. commun.). On April 23, 1973, 4 feeding sea otters were

sighted at Lion Rock (Tommy Toleman, Caretaker, Fields Ranch, pers. commun.),
approximately 200 yards from Station 6. We observed 3 sea otters on

April 24, 1973, foraging in Windmill Cove, approximately 1 mile north of
Lion Rock.

These recent movements of sea otters suggest that large numbers likely
will invade the Diablo Canyon area this year (1973). It can be predicted
that when this occurs the densities of many of the invertebrates surveyed
during this study (red and black abalones, sea urchins, rock crabs, etc.)
will be significantly reduced. Beds of Nereocystis and lower growing
red and brown algae can be expected to increase following the decline of
algivores. It will be extremely difficult to discern between.the effects
of the Pacific Gas and Electric warm water discharge and changes resulting

from foraging by sea otters.
Abalone Competitors - Composition, Distribution and Abundance

Red sea urchins reached highest densities in the study area inside
Diablo Cove in 20 foot depths (Station 9) and then declined as depth
increased. The highest counts, averaging 325 per transect, were made at
Station 9 in 15 to 20 foot depths and the lowest counts, averaging 36,
were made at Station 12 in 70 to 75 foot depths. Surge and turbulence
appear to limit red urchin numbers in shallower waters. At Station 16
in the shallow 5 to 10 foot depths of Diablo Cove, the average was 82.

Reconnaissance dives along the shallow O to 15 foot depth of the cove
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Red urchins were so abundant inside Diablo Cove in 15 to 50 foot
depths that they appeared out of balance and were altering the expected
biotic assemblages to the extent of partially or completely replacing
other algivores including abalones. Urchins are known to compete directly
with abalones for habitat and food, and, with the exception of the reef
crowns and the shallower depths where the urchin apparently cannot cope
with increased surge, they have browsed many areas inside Diablo Cove to
barren rock. Nereocystis sporophytes, along with such other kelps as
Pterygophora, often settled and grew on upper portions of station markers
(polypropylene rope) that urchins could not reach. These observations
suggest that red urchins often browse the small Nereocystis sporophytes
and stipes of other brown and red algae in these areas before the plants
can complete development. Juvenile Nereocystis sporophytes (6 inches to
2 feet tall) seen on reef crowns at Station 9 were often missing blades
or portions of blades during the summer. These various observations
indicate that urchins have substantially reduced Nereocystis and seaweed
production inside Diablo Cove.

The near destruction of a giant kelp, Macrocystis pyrifera, bed at
Station T by red urchins was documented during the 2 year study. As the
urchin density increased at Station 7, a decrease in giant kelp stipes
(from several bundles) followed (Table 10).

It was evident in February and again in June of 1971, both from
associated counts and visual observations, that red urchins were slowly
reducing the Macrocystis bed by moving up on the holdfast and feeding on
stipes and sporophylls. Several plants (bundles) were barren of stipes

and sporophylls in January of 1971 when our total stipe count first
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TABLE 10. Counts of Giant Kelp, Macrocystis pyrifera, and Red Urchins,
Strongylocentrotus franciseanus, At Station 7 During the Study
Period, 1970-71.

Year Season Red Urchins Giant Kelp Stipes
1970 Winter 192 526

Summer 125 467

Fall 247 847
1971 Winter 293 378

Summer 342 200

Fall 191 118
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decreased, from a high of 847 in the fall of 1970 to 378 in January of
1971. Many small urchins (approximately 25% of the 342 seen in June)
increased the total urchin count in June while the stipe count again
decreased. By September, 1971, both the number of urchins (191) and the

number of stipes (118) had decreased.
Marine Algae of Diablo Cove

Shallow Water Zone

Many areas inside Diablo Cove are partially protected from the
prevailing near-shore ocean turbulence. These areas normelly remain calm
through the summer and fall or early winter until the first Pacific storm.
Along the shallow O to 15 foot cove perimeter a dense kelp canopy begins
to form in the spring with new plants continually being added during the
summer. The first major oceanic disturbance usually marks the initial
decline of the canopy. A few stipes of several species, however, persist
throughout the winter.

Diving Station 16 was monitored to represent this shallow zone.

Rough water prevented occupying the station during both winters, but
observations in the intertidal and deeper subtidal, and of the surface
canopy here, furnished a reasonable picture of the floral cover during
this season.

A total of 36 plant species occurred here with 16 considered regular
or integral forms. Although kelps dominated both the surface and benthic
canopies, several reds were also important. A few red algae were shallow
water extensions of forms dominant in the intertidal, while others occurred

only sparsely or occasionally (Table 11).



TABLE 11. Subtidal Marine Plants Observed in Diablo Cove During 1970 and 1971.

Shallow Water Zone 15 to 20 Foot Zone 25 to 50 Foot Zome
PLANT (Station 16) (Station 9) (Station 11)
1970 1971 1970 1971 1970 1971
W S F W S F W S F W S F W S F W S F
CHLOROPHYTA
Halicystis ovalis S S S
Spongomorpha coalita ]
Ulva sp. S S S
CHRYSOPHYTA &
iy
Biddulphia sp. A
Z =Z
PHAEOPHYTA a S
. . . 2] /]
Coilodesme californica < g 8
<
Cystoseira osmundacea E A A g cC C S
S S
Desmarestia herbacea s C S S C C S C S S S
Desmarestia munda cC s S S S S S S
Dictyoneurum californicum P C cC ¢ S C C S s C
Egregia menziesit S
Laminaria setchellii S S S S
Nereocystis luetkeana 10 6 1 1 2 11

Pterygophora californica A C A C




TABLE 11 - Contd.

Shallow Water Zone 15 to 20 Foot Zone 25 to 50 Foot Zone
PLANT (Station 16) (Station 9) (Station 11)
1970 1971 1970 1971 1970 1971
W S F W S F W S F W S F W S F W S F
RHODOPHYTA
*Articulated corallines A A A A c C C Cc Cc C s s C A S S
Botryoglossun farlowianum A A A A S C S S s S
Callophyllis flabellulata S S 8 §
Callophyllis obtusifolia S S |
(=2}
S
Callophyllis pinnata s s s s S S S :
Callophyllis violacea S S
*Crustose corallines Z C A Z A A A A A A A A A A A A A A
b= | b=
Erythrophyllum delesserioides g & S
=
=
Gelidium purpurascens 5 a S
g 2
Gelidium robustum S S
*Gigartina californica (group) S S S s S S
Hymenena flabelligera S 8
Iridaea splendens S S

Laurencia spectabilis S S S




TABLE 11 - Contd.

Shallow Water Zone 15 to 20 Foot Zone 25 to 50 Foot Zone
PLANT (Station 16) (Station 9) (Station 11)
1970 1971 1970 1971 1970 1971
W S F W S F W S F W S F W S F W S F
RHODOPHYTA - Cont.
Micrael adia borealis s S
Micerocladia coultert s C S S S s
Opuntiella californica s ° S s S s S
Petrazcelis franciscana S )
[=)}
(%))
Pikea californica S S '
Polyneura latissima S s S S
8 g
Polysiphonia paniculata H 8 A S S S C S S
Prionitis australis = = S
=
=2 5
Prionitis lanceolata & S 5 8 S s
Pseudogloiophloea confusa S S S
Pterochondria woodii P P
Pterosiphonia baileyi S
Ptilota densa S S S S 8 8

Rhodoglossum roseum S




TABLE 11 - Contd.

Shallow Water Zone 15 to 20 Foot Zome 25 to 50 Foot Zone
PLANT (Station 16) (Station 9) (Station 11)
1970 1971 1970 1971 1970 1971
W S F W S F W S F W S F W S F W S F
RHODOPHYTA - Contd.
Rhodymenia spp. S
Schizymenia epiphytica z z S C S S S S S S s
= P
Smithora natadum g S § S
: : .
SPERMATOPHYTA g g T
*Phyllospadix scouleri C S

*See Appendix I
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The important brown algae and kelps of this shallow zone include
Cystoseira osmundacea, Egregia menziesii, and Nereocystis luetkeana which
formed the surface canopy. Dictyoneurum californicum, Laminaria setchellii,
Pterygophora californica, Desmarestia herbacea and D. munda composed much
of the bottom cover. In many areas the Laminaria and Pterygophora beds
shaded the bottom, which effectively limited the growth of other species.

Cystoseira was recorded at Station 16 as the dominant canopy forming
species. However, surface observations and reconnaissance dives through-
out the shallow zone depicted Nereocystis and Egregia as equally important
in this zone. Branches and vessicles of (Cystoseira normally lasted only
through the fall while Nereocystis and Egregia broke up more slowly with
a few stipes persisting throughout the winter. The entire canopy of
Nereocystis, an annual, eventually disappeared although a few sporophytes
normally endured through the following spring.

Articulated corallines, namely Calliarthron spp., and such crustose
corallines as Lithothammion and Polyporolithon were abundant. Several
foliose reds such as Botryoglossum farlowtanum, Callophyllis pimnata,
Gigartina corymbifera, snd the epiphytic red, Microecladia coulteri, were
recurrent and important here. Botryoglosswn dominated the foliose red
slgae and was observed growing on most stable, well lighted surfaces.

Surf grasses and their red epiphytes Smithora naiadum and Melobesia
mediochris were usually common forms, normally occurring to about 5 foot
depths. Surf grasses were observed much deeper, down to 10 or 15 foot
depths, in some areas near the north point of the cove where the shore-
line plunges directly to these depths.

Occasionally a few intertidal forms penetrated the shallow subtidal

and were incidentally recorded at Station 16 or on reef crowns at Station 9.
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These included Ulva sp., Petrocelis franciscana, Callophyllis violacea,
Iridaea splendens, Spomgomorpha coalita, Microclodia borealis, and
Pterosiphonia batleyi. Iridaea and Spongomorpha were recorded to 18 feet
during the 1971 Summer at Station 9 while Ulva was recorded to 30 feet at

Station 10.

Mid Cove Reef Zone

The algal cover, both of surface canopy and benthic forms, noticeably
decreased with depth past 15 to 20 feet due to the abundance of grazing
red urchins and the lack of stable substrate in some areas. Exceptions
were the reef crowns that had reduced numbers of urchins. Station 9
crossed several submerged reefs that were typical of the 15 to 40 foot
zone inside Diablo Cove.

A total of 31 species of algae including one benthic diatom was
recorded at Station 9. Only 11 species were considered regular or impor-
tant to this zone. Many more foliose reds may have been common here if
not for the urchin population.

Brown algae were noticeably restricted to the reef crowns and included
Nereocystis leutkeana, Dictyoneurum californicum, Desmarestia herbacea and
Desmarestia munda. Dictyoneurum was generally restricted to 10 foot depths
and shallower.

Juvenile Nereocystis sporophytes were present at Station 9 each summer
but failed to survive until the fall, presumably due to urchin grazing.
However, the annual variation in density and distribution of Nereocystis
was considerable. During November 1969, 24 Nereocystis sporophytes were
present at Station 9. Surface observations of the kelp canopy during

September of 1972 indicated an even higher abundance of Nereocystis than

in 1969 (see section of Nereocystis Abundance and Distribution).
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Desmarestia herbacea showed marked seasonal variation. The species
was usually common in shallow, partially protected depths, during the
summer. In the fall the color of D. herbacea was changing from normal
light olive to light yellow and most plants were beginning to deteriorate
and slough blades. During February only small plants, 1 to 2 inches were
seen. These were Jjust beginning to develop on shallow reefs in well
lighted areas.

The seasonal pattern of D. munda was similar but not as distinct
as that of D. herbacea. The fall deterioration was not always observed
in D. mmda and large adult plants were occasionally observed during the
winter.

Articulated corallines, mostly Calliarthron cheilosporioides, and
such crustose corallines as Lithothammion were sbundant. Many reds were
present but only Bothryoglogsum farlowianum, Opuntiella califormica,
Polysiphonia paniculata, Schizymenia epiphytica, and Callophyllis pinnata
were regular or of sufficient densities to be considered integral to the
zone.

A centric chain forming diatom, Biddulphia sp., strung from most
rocky surfaces during the 1971 summer. It was observed at four shallow

stations during this period but was abundant only inside Diablo Cove.

Deeper Water Zone

With increasing depths the algal cover and species composition
markedly decreased inside Diablo Cove. Similar composition and abundance
were recorded at stations in 35, 50, and TO foot depths. At Station 11
in 50 foot depths in the mouth of Diablo Cove, only 11 species were

recorded. Of these 11, only the red corallines were commonly present.
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Brown algae such as Desmarestia and Pterygophora and foliose reds such as
Callophyllis flabellulata and Schizymenia epiphytica were occasionally
observed as being sparse forms. Prostrate red corallines, namely
Lithothamnion, dominated this zone.

One notable exception to this zonation was the bottom adjacent to
and inside the cove's south point. Wave protection and deposition here
was minimal. A dense bed of Peterygophora and Laminaria existed in 10
to 30 foot depths. Small scattered beds of Nereocystis also emerged here

each summer.

Marine Algae of the Reef Systems

Outside Diablo Cove

The algal cover of the reefs outside Diablo Cove remained similar in
species composition to that of Diablo Cove but the cover (density) and
spatial (as depth) distribution increased significantly. Reduced urchin
densities and more expansive and irregular reef systems provided excellent
attachment surfaces for Nereocystis and benthic seaweeds.

The nearshore shallow water flora in wave protected areas was
similar in composition and density to the shallow zone of Diablo Cove.
Cystoseira, Nereocystis, Macrocystis and Egregia formed dense surface
canopies during the same seasons while Pterygophora, Laminaria, Dictyomeurum,
and Desmarestia remained important to the benthic cover.

While foliose and coralline reds were common in shallow areas, their
composition and cover increased with depth, reaching peak abundance in
15 to 30 foot depths. Dense mats of Botryoglossum farlowianum, Callophyllis
pinnata, Hymenena flabelligera and Calliarthron covered the reefs in these

depths. Other recurrent but not as abundant reds included Callophyllis
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flabellulata, Gelidium robustum, Gigartina californica, Mierocladia coultert,
Opuntiella californica, Polyneura latissima, Ptilota densa, Rhodymenia
pacifica, and Schizymenia epiphytica. Crustose corallines were common
throughout.

Dense surface canopies of Nereocystis developed over most reefs in
depths to 40 feet during the summer. Benthic beds of Laminaria and
Pterygophora were numerous throughout the 15 to 30 foot depths although
Pterygophora remained common much deeper.

At greater depths available light rather than grazing by urchins
limited the algal growth. At Station 12 in TO to T5 foot depths only a
few foliose reds such as Callophyllis flabellulata, Polyneura latissima,
Rhodymenia pacifica, Sehizymenia pacifica, and Halymenia sp. were
occasionally seen, and these were never common. Juvenile Nereocystis
sporophytes were seen during the summer at depths to 75 feet but these
failed to reach the surface or complete their development. An occasional
Desmarestia or Pterygophora plant was also observed in these depths.

As in the deeper zone of Diabloc Cove, crustose corallines dominated depths
greater than 50 feet, covering most rocky surfaces.

Two reds that were not observed elsewhere, Botryocladia pseudodichotoma
and Stenogramme interrupta, were observed very sparsely in 90 to 100 foot
depths. Polyneura, Opuntiella, Rhodymenia, Schizymenia, and Lithothamnion
were also seen at 100 feet.

In general, the important algal production, of abundant kelps and
foliose reds, is limited to depths shallower than 50 feet throughout the

Diablo system.
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Nereocystis Studies

Distribution and Abundance

Nereocystis luetkeana, the dominant canopy forming alga in the Diablo
Canyon area, is common along the California coast from Point Conception
northward. It has a recorded range from Point Conception, California, to
Shumagin Island, Alaska. Dense and extensive stands occur in central
California near Morro Bay from Point Estero to Cambria and from Hazard
Canyon (near Point Buchon) to Point San Luis. Nereocystis is the predomi-
nant food item for red abalones north of Point Conception (Cox, 1962).
However, other members of the phaeophyta such as Macrocystis, Alaria,
Costaria, Egregia, and Postelsia are also important abalone foods in
central and northern California, especially in areas where Nereocystis
does not exist. Nereocystis appears to be the dominant and preferred
abalone food item in areas where extensive beds develop annually. Field
observations of abalone food habits at Point Estero have shown it is
utilized whenever available.

In the Morro Bay region the bathymetric range of Nereocystis is from
the intertidal to depths of 80 feet. In the Diablo study area, however,
few beds were seen outside 40 foot depths. Between Point Estero and
Cambria, the densest stands normally occur from the 15 to the 60 foot
depth contours although it is not unusual to find large beds shallower,
and to TO feet.

Significant variations in the annuel distribution and density of
Nereocystis beds have been noted recently in the Morro Bay area. Beds
that exist seasonally for many years often temporarily disappear for a

year or more. Because Nereocystis is an annual, it is possible that
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gametophytes are occasionally swept from certain areas by currents.
However, such other factors as substrate quality, sedimentation, light
penetration, intensive grazing, and water temperature appear most impor-
tant in regulating sporophyte development and distribution.

A major decline in the Point Estero Nereocystis beds recently
occurred. Unusual heavy rains and runoff during the 1968-69 winter caused
turbid waters during the late winter and spring of 1969. Commercial aba-
lone diving operations were hampered by the dirty ocean waters and few
red abalones were landed from the Morro Bay area during March, April or
May (February closed season) of 1969 in comparison to records from
previous years. Sporophyte growth was not observed until mid-July, nearly
3 months later than usual, and the fall density of the Nereocystis beds
was estimated at less than one-fourth that of 1968 or 1970.

Quite probably water clarity strongly influences the year to year
variability in Nereocystis density, distribution and development. However,
no other data are available for previous periods. Long term monitoring
is therefore needed to record normal temporal and spatial distribution and
variations of the major Nereocystis beds.

Two years of quantitative monitoring (1970-71) and two additional
years of casual observations (1969, 1972) of Nereocystig beds were made
at Diablo. Seasonal monitoring at permanent stations of Nereocystis beds
proved inadequate due to variable gametophyte settling patterns and
because the area encompassed by each station was small in comparison to
the bed size. Some Stations as 13 and 1b were established in dense beds
in 1969 that failed to emerge during 19T70-T1.

Further assessment of the Nereocystis canopy was made using a 20x

spotting scope each October, the period considered a peak for sporophyte
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development preceding winter break-up. Actual counts of individual plants
were made within Diablo Cove (Figures 3 and U4) while the distribution and
relative densities were mapped for the remaining study area (Figures 5-8).
Lack of time and the distance offshore of many beds made counting prohi-
bitive outside the cove.

The total Nereocystis stipe count for Diablo Cove during 1970 (3,925
stipes) and 1971 (5,154 stipes) (Figures 3 and 4), appeared much lower
than either the 1969 or 1972 peak canopies when large kelp beds flourished
off Diablo Creek in 10 to 25 foot depths and along the south point and
nearby wesh rocks. The 1969 Diablo Cove canopy was estimated at about
twice these figures while the September 1972 canopy appeared to be 3 to
4 times as great. Using total plant weights developed by Foreman (1970)
for his Class 8 plants (emergent plants with immature sori) the 1971
production of Nereocystis inside Diablo Cove was about 45,000 pounds.

The largest and densest Nereocystis beds in the Diablo study area
were continually observed offshore in North Cove (Figures 5 and 6) which
corresponds with observations made by North (1966) during 1966. Here an
irregular rocky bottom and partial wave protection provided by Lion Rock
affords excellent conditions for sporophyte development. Smaller
Nereocystis beds were scattered throughout North Cove in areas where
rocky reefs exist.

To the south of Diablo, Nereocystis beds were normally confined to
a narrow band along the shoreline except for a few small isolated patches
over nearshore pinnacles and reefs. Sizable beds were observed in 1969
in the vicinity of Stations 13 and 14 and covering a large reef system
inside Station 15. These beds failed to appear in significant densities

during 1970 and 1971 (Figures 7 and 8). After South Cove jetty construction



plants in Diablo Cove on 20 October 1970.

Figure 3. Distribution and counts of Nereocystis luetkeana
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Figure 4.

Distribution and counts of Nereocystis luetkeana in Diablo Cove on 1 October 1971.
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Figure 5. Relative densities and distribution of Nereocystis from the north
point of Diablo Cove to Lion Rock on 20 October 1970.
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Figure 6. Relative densities and distribution of Nereocystis from the north
point of Diablo Cove to Lion Rock on 1 October 1971.
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Figure 7.

Relative densities and distribution of Nereocystis from the south
point of Diablo Cove to intertidal station 5 on 20 October 1970.
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Figure 8. Relative densities and distribution of Nereocystis from the south
point of Diablo Cove to intertidal station 5 and 1 October 1971.
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was completed, dense beds grew in the jetty entrance and along the out-

side tribars.

Life History

The onset of the Nereocystis sporophyte generation in Central
California is normally first observed in mid spring, about late March or
early April. At this time, approximately 1 to 5% of the previous year's
canopy (mostly late developing plants) usually remain. If a dense
canopy remains, as during 1971 above Point Estero, the 0ld plants may
retard new sporophyte generation and growth by shading the bottom. By
June it is usually difficult to find a remaining old plant.

01d sporophytes during the spring are heavily burdened with epiphytes,
both invertebrates and algae, and the blades are frequently reduced and
ragged or absent. Foreman (1970) observed old sporophytes at Salt Point
to undergo a regeneration of new blades that became reproductive. Regener-
ation has not been observed near Morro Bay. However, an occasional old
plant was observed with mature sori as late as May and a few old ragged
plants were observed to last at least through July.

The mortality rate is extremely high in the developing sporophyte
generation as sporophytes commonly attach on unstable surfaces such as
cobble which will not support subsequent growth. Small rock, debris,
inerusting invertebrates and benthic seaweeds are soon separated from
stable substrates by the buoyant pull of the young plants. Algivores
including red sea urchins and abalones graze heavily upon sporophytes
during this early growth period when the stipe is short and the entire

plant is accessible.
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Tons of rock are lifted and transported by the developing kelp bed.
This action begins after the pneumatocyst forms and at a short stipe
length of only 2 to 4 feet. It continues throughout the year. Divers
often encounter cobble and large boulders weighing up to 15 pounds or
more suspended in the water column by Nereocystis plants. Even large
abalones have been observed suspended in this manner. Undoubtedly, this
action has a significant impact upon the stability of nearshore rocky
communities. Foreman (1970) found that Salt Point Nereocystis beds were
thinned by the loss of plants that drifted ashore in this manner and
were there destroyed by wave action. The fate of such plants is not as
certain in the Morro Bay area. The vast and dense stands above Point
Estero possibly precludes many plants reaching the shore except those
along the shoreward fringe of beds. Mature plants are later observed in
spiral tangles, and a few of these are attached to "floated" rock and
held stationary by others. In the Diablo area most "floaters" probably
reach the shore and are destroyed because the beds here are generally
restricted to a narrower nearshore band.

The first sporophytes of the season normally reach the surface by
May. Those growing in shallow water appear first. Sorus development
initiates prior to the plants reaching the surface. Mature sori may be
observed as early as June. Several sori develop on each blade; the most
distal are the oldest and first to mature. Preceding zoospore release,
mature sori break free from the blade and drift to the ocean floor.
Zoospore release then commences and is usually completed within an hour
(Nicholson, 1970).

New plants initiate at least through August, and sori develop and

mature through March of the following year. These conditions may account
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for the overlap of annual sporophyte generations. Peak bed development
(density) and maturation of the sori typically occur in September near
Morro Bay. At this time, sori are frequently seen accumulated in sea-
floor gullies surrounded by buff colored "clouds" of swarming zoospores.

Epiphytes and encrusting, grazing, and boring invertebrates become
obvious as the plants reach the surface. First to appear are hydroids,
an ectoproct Membranipora membranacea, and a green algae, Enteromorpha sp.
Algal epiphytes in time become dominant, of these, filamentous reds,
Antitharmion spp., are most abundant. Porphyra nereocystis, a foliose
red, also becomes a prominent form.

Algivorous gastropods graze steadily upward on the elongating kelp
stipes. Common are the trochid snails, Calltostoma ligatum, C. annulatum,
and Tegula montereyt.

A host of bony fishes utilize the kelp bed canopy and stipe regionms,
both for protection and as a harbor for food items. The developing kelp
bed appears particularly important to adult and juvenile rockfishes.
Notable were the blue rockfish, Sebastes mystinus and olive rockfish,

S. flavidus, that utilize the entire water column and derive both shelter
and indirect food sources here.

The first Pacific winter storm, usually in October or November,
starts the kelp bed decline. In these months the availability of
Nereocystis to abalones is maximal and the seafloor is littered with
kelp stipes. Beds may break up completely from a few severe storms or
may decline more slowly throughout the fall, winter, and spring months.
This latter condition, more normal, provides a continuous rain of high

quality food to benthic algivores. Abalones near Morro Bay are in prime




84—

condition during these months and may add most of their annual growth

during this period.

Nereocystis Growth

Nereocystis growth studies were conducted a few miles north of Point
Estero in 40 to 50 foot depths. A permanent sea floor station was esta-
blished there in 1967 by Earl Ebert to study red abalone ecology, including
life history studies of Nereocystis. One-half inch steel cable and con-
crete blocks defined the rectangular station perimeter that measured 50
by 150 feet. Rather than attach a surface buoy, the station was located
by triangulation from shore markers.

Kelp markers were constructed using 1/8 inch polyvinyl tubing,
numbered plastic tags (1/2 x 1 inch pieces) and stainless steel wire. To
minimize injury from chaffing, the wire was first passed through the soft
tubing and then looped around the plant stipe. Length measurements were
made by two divers utilizing a reel-wound tape measure. Kelp length was
recorded as the distance from the holdfast base to the distal end of the
pneumatocyst, and was measured to the nearest centimeter. Growth studies
were made in 1967 and 1968.

In 1967 Nereocystis sporophyte development initiated during early
April. On April 27 ten plants averaging 9.5 cm total length and ranging
from 6 to 20 cm were tagged. Many of these perished by June 25 so an
additional 13 of the smaller plants available in the study area were
tagged. This second group ranged from 25 to 114 cm with a mean stipe
length of 55 cm (Appendix XXX, Table 12).

Mortality rates at first were high. Eight, or 35% of the total tagged,

vere missing before 30 days had elapsed. An additional five (combined



TABLE 12,

1967 and 1968.
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Average Daily Growth Rates of Nereocystis at Point Estero During

1967 1967 1968
Group I Group II Combined

Date tagged April 27 June 25 May 7
Mean length at

tagging in cm 9.5 54.7 104.87
Range in length at

tagging in cm 6-20 18-114 27-182
&

° May 8.18 24.70
5

< June 17.5 10.03 15.74
2

5 July 12.59 18.87 8.52
A August 2.61 11.15 1.99
o

j September ~.33 .64
[-T]

o

H

S

<
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total of 57%) did not survive for 90 days. Nicholson (1970) found a
mortality rate of 48% amongst intertidal plants at Monterey. TYoreman
(1970) observed higher mortality rates of juvenile subtidal plants at Salt
Point which agrees with subjective subtidal observations at Point Estero
and Disblo. Only plants that were firmly attached to proper substrates
were tagged for our studies at Point Estero; had plants been tagged at
random a much higher mortality rate would have likely ensued.

Growth rates for both tagged groups of 1967 averaged 13.05 cm/day
during the first 3 months. The growth rate accelerated in the mid water
column and then slowed as the plants neared the surface. After reaching
the surface, growth of the stipes retarded and eventually ceased (Figure 9).

Developing kelp sporophytes of 1968 were first noted on March 22.
These ranged in length to 10 cm. Tags were not affixed until May T; at
that time a few plants were estimated to be 5 m long but the average was
considerably less. Twenty plants were tagged but only nine were useful
in growth determinations (Appendix XXXI). The others either perished or
their growth was anomalous due to blade loss or shading by the developing
canopy. Plants which were naturally or experimentally debladed grew
slowly compared to normal plants and eventually perished. Nicholson
(1970) suggested that blades produce materials necessary for sporophyte
growth and found that plants ceased development and did not mature or
grow after blades were removed.

Kelp stipes elongated more rapidly in 1968 than 1967 and the bed
density also appeared appreciably greater. Plants grew at a rate of 16.32
cm/day during the first 3 months, which appears similar to 1967 (Table 12).
However, plants grew more rapidly during May after their initial start,

and reached the surface much earlier. Hence, the apparent similarity to
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1967 although growth rate was markedly faster in 1968. After nearing or
reaching the surface, growth again slowed and eventually ceased (Figure 10).
Data from both years suggest that initial growth is slower than
during subsequent months. As plants cannot develop or grow without blades
(Nicholson, 1970), early blade formation including the pneumatocyst must
be of primary importance. Plants at Point Estero were first recognizable
as Nereocystis at 6 to 10 mm total length when a vertical line marked the
origin of the first blade division. The primary blade was somewhat longer
than the stipe at this point. At about 12-15 cm the first blade splitting
occurred and lines marking the second divisions were evident. A slight
swelling of the stipe at the base of the primary blade marked the location
and appearance of the pneumatocyst. At 9 to 15 cm stipe length (about 15
to 25 cm total length), the stipe length first exceeded blade length, the
pneumatocyst was prominent and ranged from 7 to over 20 mm diameter, the

primary blade division was completed, and several additional longitudinal

lines marked areas of further blade divisions.

At this point, stipe elongation continued more rapidly than blade
development. Fast developing plants grew at the rates of over 28 cm/day
after reaching over 100 cm stipe length (after the initial slower growth).

Temperature and water clarity were the only physical parameters
recorded, relative to kelp development, during the two year study. Sea-
floor temperatures at the study area ranged from 10.5 C to 14.9 C while
sea surface temperatures ranged from 10.5 C to 15.9 C (Figures 11 and 12,
Appendicies XXXII and XXXIII). Sporophyte development was first seen each
spring as seafloor temperatures declined to yearly lows following fall and
winter maxima. In 1967 the sporophyte generation initiated at a seafloor

temperature of 10.0 C; in 1968 the temperature was 11.2 C when growth first



Figure 10. Growth rate of Nereocystis luetkeana at Point Estero in 1968. Mean length and length range

are included for each measuring date.
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Figure 11, Average monthly surface and bottom water temperatures at Point Estero during 1967.

16 7

15

14

13 1

\ ) ——— Surface

\
———————— Bottom

—06—




Figure 12. Average monthly surface and bottom water temperatures at Point Estero during 1968.
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started. Few new sporophytes were seen after bottom temperatures rose
above 12 C in August. In laboratory culture, Vadas (1972) obtained both
gametophyte maturation and sporophyte development at 5, 10, and 15 C but
not at 20 C. He suggested the temperature limits to be 2 or 3 C above
15 C and below 5 C.

The estimated water clarity at Point Estero during 1967 and 1968
varied from 12 to 35 feet on the bottom and 8 to 28 feet at the surface.
During initial sporophyte generation in March through May, the clarity
ranged from 12 to 30 feet.

Lower water clarity resulting in reduced light penetration is suggested
as responsible for inhibiting sporophyte generation until July in 1969.
Clarity measured at Diablo during the spring that year was 4-12 feet and
was considered much less at Point Estero during the same period although
measurements were not taken. Vadas (1972) found light intensity to be
the most important factor inducing sexuality. Both growth and reproduc-
tion were inhibited or significantly delayed at 161 lux while maturation
occurred rapidly at 1076 and 2152 lux at 5, 10, and 15 C. These data
furnish good evidence that dirty water conditions can inhibit sporophyte

development and may even prevent growth and canopy development.

ABAIONE TRANSPLANTS

To avoid or minimize adverse effects of construction activities,
abalone transplants were conducted at several sites during 1969-72. A
total of 30 transplants was made from jetty, haul road, and intske sites
in South Cove and the discharge site in Diablo Cove. Personnel from
CDF&G, PG&E, and students and professors from California Polytechnic
College, participated in the shoreline transplants. Sport and commercial

divers assisted many of the subtidal operatioms.
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TABLE 13. Abalones Transplanted from the Diablo Cove Study Area During
1969 to 1972.

Red Black *0Other Total Removed Transplanted
DATE Abalone Abalone Species Abalone From To
6/14/69 483 8 26 517 South Cove Point Buschon
Shell Beach
6/15/69 53 6 59 South Cove Point Buschon
Humboldt Bay
6/16/69 500 500 South Cove Morro Bay jetty
Humboldt Bay
6/20/69 688 23 711 South Cove Montana De Oro
7/10/69 121 121 South Cove Montana De Oro
9/4/69 273 273 South Cove Montana De Oro
9/5/69 1,253 1,253 South Cove Montana De Oro
9/8/69 1,148 1,148 South Cove Montana De Oro
9/9/69 1,320 1,320 South Cove Montana De Oro
9/11/69 200 200 South Cove Humboldt Bay
2/28/70 766 766 South Cove Montana De Oro
3/1/70 1 828 829 South Cove Montana De Oro
3/2/70 528 528 South Cove Montana De Oro
3/3/70 857 857 South Cove Montana De Oro
3/18/70 471 471 South Cove Montana De Oro
3/19/70 23 627 650 South Cove Montana De Oro
3/20/70 39 248 287 South Cove Montana De Oro
5/22/70 88 192 280 Diablo Cove Montana De Oro
5/23/70 866 866 Diablo Cove Shell Beach
5/24/70 274 274 South Cove Montana De Oro

5/24/70 682 682 Diablo Cove Shell Beach
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In all 15,396 abalones were removed including 7,473 red abalones,
7,865 black abalones, 53 threaded abalones, and 5 flat abalones (Table 13).
All were replanted outside of the Diablo Canyon area primarily at Montana
De Oro State Park and Shell Beach. A few black abalones were planted on
the outside of the North-West Morro Bay entrance channel jetty. Several
subtidal transplants of red abalones were made to the Pecho Rock area.
Additionally, some red abalones were transported to Department research
laboratories where they were used as spawning stocks or in other experi-
ments.

It was originally assumed the transplanted animals would be beneficial
to the abalone resources at the planting sites by increasing existing
low stock sizes and providing additional spawn and recruitment to immediate
and adjoining areas. However, many of the legal sport size abalones
planted in the intertidal were immediately removed by shore pickers.

Both the Shell Beach and State Park areas were heavily picked which prompted
at least one newspaper article (Telegram Tribune, San Luis Obispo County)
titled "Abalone 'grabbin' at Palisades". In some cases black abalones
planted in the intertidal were removed by sportsmen on the same tide as

they were transplanted. It is questionable if the intertidal black

abalone transplants benefited the resource; apparently they provided only
temporary recreational benefits to a limited number of sportsmen.

Abalones transplanted subtidally were also taken, but at a much
slower rate. Of the 721 red abalones planted with tags off Shell Beach
during May, 1972, 14 have been removed by sport divers and seven by
commercial divers. An additional five empty shells with tags which

washed up on shore or were found by divers have been returned.
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Red Black OQther* Total Removed Transplanted
DATE Abalone Abalone Species Abalone From To
5/25/70 51 373 424 Diablo Cove Shell Beach
5/26/70 415 2 417 South Cove Montana De Oro
6/24/70 6 398 404 Diablo Cove Shell Beach
11/17/71 81 234 315 S. Cove Inside C D F/G
Cofferdam Research Labs.
11/18/71 150 87 1 238 S. Cove Inside C D F/G
Cofferdam Research Labs.
3/16/72 76 76 Inside E. Break- C D F/G
water S. Cove Research Labs.
4/3/72 190 190 Inside E. Break- C D F/G
water S. Cove Research Labs.
5/9/72 506 506 Inside E. Break-
water S. Cove Shell Beach
5/11/72 234 234 Inside E. Break-
— water S. Cove Shell Beach
TOTALS 7,473 7,865 58 15,396

* Combined flat and threaded abalones
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Transplanting mortality rates were not measured, but we suspect they
were significant. Fresh shells were occasionally seen in the intertidal
immediately following transplants. Abalones may die during or following
transplants from several factors including handling, improper planting
and/or tumbling in the surf during rough ocean periods, and cuts sustained
when removed by pickers. Cuts are especially serious as the animal may
bleed to death or be weakened and become vulnerable to predators. Animals
may also die several months following cutting and this may not be observed
or attributed to the transplants.

During these transplants, when time and personnel were available,
measurements of length and width were taken. On two occasions red abalones

were also weighed.

BLACK ABALONE POPULATION STRUCTURE AND MORPHOMETRICS

In all 2,511 black abalones from five transplants were removed from
the Diablo Cove intertidal at the planned discharge structure site.

Length and width measurements were obtained for 438 of these (Table 1l,
Appendix XXV). Filled burlap bags of abalones were randomly sampled as
individual pickers left the intertidal and brought abalones to transporting
vehicles,

The length measurements were divided into 10 mm size classes for
analysis (Table 1k, Figure 13). Over 61% of the sample at 131 mm or
larger (5.16 inches) were close to the minimum sport legal size of five
inches. At 141 mm or greater 4T7% were over 5 1/2 inches, the minimum
commercial size limit in southern California. Nearly 27% reached 6 inches

at 151 mu (5.9% inches).
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TABLE 14. Length-Width Relationship for 438 Black Abalones,
Haliotis cracherodii, removed from Diablo Cove Discharge
Site During 1970.

Length Width Width
Size Class Number Range Mean Percent
mm Measured mm mm of Total
21-30 1 19.0 .2
31-40 3 25-29 27 .3 o il
41-50 = = = -
51-60 2 39-39 39.0 «5
61-70 10 44-53 48.0 2.3
71-80 15 40-62 54.3 3.4
81-90 28 60-75 64.2 6.4
91-100 14 68-81 74.8 32
101-110 24 75-88 81.8 5.5
111-120 31 79-105 91.1 7.1
121-130 42 88-111 99 .2 9.6
131-140 62 96-128 108.6 14.2
141-150 86 105-138 118.7 19.6
151-160 59 115-140 127.7 13.5
161-170 43 121-152 134.9 9.8
171-180 13 135-151 144.2 3.0
181-190 3 143-150 147.0 .7
191-200 2 149-159 154.0 5D

TOTAL 438 100.2
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Length frequency distribution of 438 black abalones,

Figure 13.
Haliotis eracherodii, removed from the Diablo Cove
discharge site during 1970.
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The high percentage of sport legals is typical of virgin or little
utilized stocks. Many of the abalones appeared old, exhibiting the deep
bowl shaped shell characteristic of abalones competing for space and food.
Many shells were heavily eroded with parts or all of the prismatic layer
missing and had only the inside nacreous layer left. In some cases
erosion was extreme and a muscle scar was visible in nacre on the outside
of the shell. This condition existed to the greatest degree in South Cove.

The largest black abalone removed measured 192 mm in length and was
159 mm wide. The smallest was 27 mm long and 19 mm wide.

The low number of blacks smaller than 100 mm (only 16.7% of the total)
was not unusual for these conditions. If abalones of these smaller size
classes were visible and removable, the numbers salvaged would be far
greater. However, small black abalones are cryptic, as are reds, living
under boulders, in deep crevices, in urchin depressions, etc. They are
seldom available for removal, and may be missed or left by pickers when
larger abalones are present. Thus, the size class structures presented,
do not reflect actual numbers or percentages of the smaller abalones at
Diablo.

Width increased with length in a straight line relationship (Figure
14). A 100 mm long black abalone averaged 78.3 mm in width; a 150 mm
long black abalone averaged 123.2 mm in width.

In South Cove, 5,354 black abalones were removed during 12 trans-
plants. These were from the intake site and from the haul road area that
followed the shoreline to an offshore reef where the east breakwater
commenced. Only 199 of these were measured (Table 15, Appendix XXVI).
These 199 came from the intake site only, and followed an earlier trans-

plant which probably accounts for the smaller size class distribution,
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Length-width relationship for 438 black abalones, faliotis
eracherodii, removed from the Diablo Cove discharge site
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TABLE 15. Length-Width Relationship for 199 Black Abalones, Haliotis
eracherodii, removed from the Intake Site South Diablo
Cove in September, 1969.

Length Width Width Percent
Size Class Number Range Mean of
mm Measured mm mm Total

21-30 1 - 21.00 0.50
31-40 0 - — -
41-50 12 30-37 32.50 6.03
51-60 27 37-45 41.26 13.57
61-70 32 43-58 48.87 16.08
71-80 32 51-63 56.90 16.08
81-90 39 58-75 65.41 19.60
91-100 33 68-82 74.15 16.58
101-110 16 75-90 82.25 8.04

111-120 7 84-99 91.00 3.52

TOTAL 199 100.00
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assuming the larger abalones had been picked earlier. The data for length-
width are presented in Figure 14 b<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>