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THERMAL EFFECTS MONITORING PROGRAM
1984 ANNUAL REPORT
DIABLO CANYON POWER PLANT

EXECUTIVE SUMMARY

The results of the Thermal Effects Monitoring Program (TEMP) for the Diablo
Canyon Power Plant are summarized and reported for the peried January to
December 1984, A brief review of activities and data obtained since program
inception (1976) is included as background information. The monitoring program
currently includes |8 biological and oceanographic study subtasks, two of which
(subtidal red abalone survey and subtidal video transects) were initiated in 1984,
The status of all subtasks is briefly described and analysis of data from thirteen
subtasks is reported. Analyses were made of results from:

o Intertidal studies, including: band transect sampling of
algal and invertebrate populations and random point con-
tact sampling of algal populations

o Subtidal studies, including: arc quadrant sampling of algal
and invertebrate populations, fixed quadrat sampling of
invertebrate populations, line contact sampling of algal
populations, rock crab trapping and tagging studies, fish
observation transects, settling plate sampling of algae and
invertebrates, surveys of red abalone populations, video
sampling of transects, and bull kelp population estimai =s

o Physical oceanographic studies including: in situ tem.
perature and light recordings.

The 1984 biological and physical data summarized in this report provide further
documentation and description of long- and short-term trends in the species,
communities, and environment of Diablo Cove. Population trends established by
these studies will make possible an assessment of the effects of the thermal
discharge following commercial operation of the power plant, which is
anticipated to occur in mid-1985.
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Special emphasis in this report has been placed upon two subjects: evidence in
the data for 1984 of continuing biological changes subsequent to the El Nino
events of 1982 and 1983, and a description of unusual biological changes in south
Diablo Cove during 1984,

The populations of several intertidal species that experienced marked decreases
as a result of the severe 1982-83 storms appear to have recovered, for the most
part, to levels comparable to those of the years preceding 1982.

In May 1984, absence of normal pigmentation was observed in some algae
occurring in a portion of south Diablo Cove. Careful observations and a focused
analysis of TEMP data revealed that several major algal species exhibited tissuve
discoloration and/or loss of tissue. Concomitantly or subsequent to these
observations, increases in two algal species populations (for which increases are
often associated with community disturbance) were recorded. Through the
summer and fall, these abnormal algal conditions subsided, so that by the end of
1984, the area appeared normal and no major long-term effects were
anticipated. Review of TEMP temperature and light data and plant discharge
data for the first half of 1984 did not provide an explanation for these changes.
A review of the plant discharge values during this period indicated that
concentrations of waste stream constituents were within the normal range

aniicipated during plant operations.

E-85-04 2



1.0 INTRODUCTION

The 1984 Thermal Effects Monitoring Program (TEMP) report is submitted in
accordance with Provision D.3 (Compliance with Monitoring and Reporting
Program) and D.7(a) of the NPDES Permit (order number 82-24 as amended in
March 1983) issued by the California Regional Water Quality Control Board,
Central Coast Region (hereafter referred to as the "Board") for the operation of
the Diablo Canyon Power Plant. A report summarizing the results of the
Thermal Effects Monitoring Program of the cooling water discharge is submitted
annually.

Since the power plant did not reach commercial power operation in 1984, there
were no significant thermal discharges and hence no thermal effects related to
the cooling water discharge to report. This report summarizes the methods and
the status of 18 TEMP subtasks (individual sampling and data recording activi-
ties) and examines in detail the data for selected species sampled in most
subtasks. The majority of these subtasks have been performed routinely (with
some modifications to their methods and scope) since 1976 when they were
designed and implemented under the 316(a) Demonstration Program.

The TEMP field studies are designed to yield an extensive data base on the
spatial distribution of the major populations of marine flora and fauna in Diablo
Cove and the surrounding areas that will make possible comparative evaluations
of the effects of the thermal discharge on these species. Intertidal and subtidal
algal, invertebrate, and fish abundances have been quantitatively monitored at
regular sampling intervals since 1976, Fixed sampling is conducted at precisely
located sampling stations in Diablo Cove and in reference areas to the north and
south of the Cove.

Nearshore marine communities occurring on rocky substrates, such as those at
Diablo Cove, are relatively complex in terms of species composition. To assess
potential changes in such communities, sampling stations have been positioned at
a number of intertidal and subtidal locations within Diablo Cove and the
adjoining areas. The species that make up these communities are not only
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numerous (see Appendix B), but also represent a wide range of mature sizes,
growth forms, mobility, and seasonal changes. Because no one sampling method
can adequately measure species occurrence and abundance over this wide range
of attributes, |4 biological data-gathering methods are currently employed in
this program. To obtair data on the intertidai communities, intertidal band
transect (IBT) samples provide counts and area cover estimates of algae and
invertebrates, and associated random point contact (RPC) samples provide
detailed information on multidimensional aspects of algal associations. These
two major intertidal sampling methods are supplemented by intertidal station
photography, which documents the visual aspects of the IBT and RPC stations,
the intertidal algal scraping (IAS) method, which provides biomass estimates
from a limited set of stations, and two methods specifically directed toward
populations of the commercially important black abalone (intertidal black
abalone tagging and surveying). Eight additioncl biological sampling methods are
employed in the subtidal. Counts and area cover estimates of algee and
invertebrates are documented by the subtidal arc quadrant (SAQ) method. These
data are supplemented by detailed counts of small and abundant invertebrates
from the subtidal fixed quadrat (SFQ) method and by counts of large (so-called
canopy) algae from the subtidal line contact (SLC) method. To broaden the
perspective of the Diablo Cove communities obtained by these sampling
methods, subtidal video transects ranging over much of Diablo Cove provide
qualitative information on easily visible species. Three subtidal sampling
methods provide information on species of specific interest, including trapping
and tagging of the commercially important rock crab, surveys of red abalone
populations, and fish transect counts. Settling plates are exposed to potential
settling of larvae and algal spores in the subtidal to provide information on the
potential of certain species to maintain populations and colonize substrates.
From the tops of adjacent cliffs, counts of bull kelp plants that appear at the
surface of Diablo Cove are made once each year.

Temperature data are collected at numerous intertidal and subtidal stations in

and around Diablo Cove to document the primary parameter that could poten-
tially affect the species and communities studied. Supplemental information on
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terrestrial and subtidal incident solar light and waves and tides is also recorded
at a limited number of stations.

Taken together, this wide range of data-gathering activities provides an exten-
sive data base which will make possible comprehensive assessment of any
potential thermal effects of the Diablo Canyon Power Plant discharge on the
communities of the receiving water body.

This 1984 annual report is the ninth in the series of progress reports to the Board
required under 316(a) and/or thermal effects monitoring program (TEMP) guide-
lines. The series includes reports dated December 1976 (Kaiser Engineers |1976),
October 1977, May 1978, February 1979, November 1979, August 1980, January
1983, and January 1984 (PGandE 1977, 1978, 1979, 1980, 1983, and 1984). In
addition to these progress reports, three special reports directly pertaining to
the DCPP thermal discharge have been submitted to the Board under the titles
of "Assessment of Alternatives to the Existing Cooling Water System," "Thermal
Discharge Assessment Report," and "Compendium of Thermal E ffects aboratory
Studies" (PGandE |1982a, |982b, and 1982¢).
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2.0 MONITORING PROGRAM RESULTS

Results of the 1984 field sampling studies are presented in this section. In
addition to reporting the completion status for al! 18 sampling subtasks (two of
which, subtidal red abalone survey and subtidal video transects, are reported
here for the first time), thiz section also includes analyses of the data for
selected species from all biological sampling subtasks, with the exception of the
algal scraping and black abalone tagging and surveying subtasks. No black
abalone tagging or surveying activities were conducted in 1984. Data from the
algal scraping surveys are still in process. Representative analyses of the
temperature and light data are also included in this section. This year's level of
analysis extends that presenteu in the 1983 Annual Report (PGandE |984) and

includes analyses of the two new subtasks.

A number of inactive stations were sampled in | 984 to provide a comparison with
previously collected data prior to significant thermal discharges from the power
plant. The data were not analyzed for this report, but have been archived and
will be available for future analyses if the need arises. Seven inactive intertidal
stations were sampled in June: 3, 4, and 5 (north of Diablo Cove); 13 (Diablo
Point, at the south side of Diablo Cove); and 16, |7, and 18 (just south of Diablo
Cove). Five inactive subtidal stations (all in Diablo Cove) were sampled in July
and August: 5-25, 6-11, 7-10, 8-15, 11-10,and |1-15.

From the inception in 1976 of the TEMP study (originally known as the 31é(a)
Demonstration Program) to the end of 1984, 53 intertidal and 46 subtidal
biological surveys have been conducted, resulting in the accumulation of a large
biological data base. In the intertidal, approximately 17,200 quadrats have been
sampled for algae and approximately 2,520 quadrats for invertebrates. In the
subtidal, approximately 1,530 arc quadrants have been sampled for both algae
and invertebrates. Approximately 450 subtidal fish transects have been sampled
in the same period. Several other subtasks have produced additional data on
various algal and invertebrate species. During the course of the study,
approximately 1,168 species of algae, invertebrates, and fish have been
identified in the samples collected (see Appendix B). In support of the biological
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sampling effort, temperature data have been collected since 1976, and data on
light, waves, and tides have been recorded in recent years.

The present progress report provides an overview of this large data base by
focusing upon analyses of a limited number of algal, invertebrate, and fish
species selected because of their abundance or resource management
importance. To provide a perspective on natural changes in the populations of
these species, summary data are presented for the period 1976 through 1984,

The analyses are organized by sampling task in the following sections:

Intertidai Band Transects (IBT)
Intertidal Random Point Contact Quadrats (RPC)
Intertidal Algal Scrapings

Intertidal Black Abalone Tagging
Intertidal Black Abalone Survey
Intertidal Station Photography
Subtidal Arc Quadrant (SAQ)
Subtidal Fixed Quadrat (SFQ)
Subtidal Line Contact (SLC)
Subtidal Crab Trapping and Tagging
Subtidal Fish Observations

Subtidal Settling Plates

Subiidal Red Abalone Survey
Subtidal Video Transects

Bull Kelp Population Estimates
Temperature Measurement

Light Measurement

Wave/Tide Measurement

2.1 INTERTIDAL BAND TRANSECT (IBT)

Six intertidal band transect (IBT) surveys were completed in 1984 (TABLES 2-1,
2-2, 2-3). Details of the IBT sampling methods and locations are presented in
Appendix A (Section A.l). Five algal species (Endocladia® muricata,
Gastroclonium coulteri, Gigartina canaliculata, G. papillata, and Iridaea
flaccida) and five invertebrate species (Anthopleura elegantissima, Haliotis
cracherodii, Collisella scabra, Pagurus spp., and Tegula funebralis) that are
dominant or otherwise important were selected for analysis. For each species
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TABLE 2-1
SUMMARY OF COMPLETED TEMP INTERTIDAL SAMPLING: +! F1 (MLLW) TRANSECTS

Algae Invertebrates
Band Point Algal Std. Inverts. "Precise” "Teguld”
Survey Date Transect Contact Scraping Count Count e
No. No. No. No. No. No. No. No. No. No. No. Ho.
Stations Quadrats Stations Quadrats Stations Quadrats  Stations Quadrats  Stations Guadrats Stations Quadrats

0l April 1976 15 450 16 48 15 45 15 375 0 0 15 75
02  June 1976 15 450 16 48 15 45 15 375 0 0 15 75
03  August 1976 15 225 16 48 15 45 15 150 15 75 15 75
04 October 1976 15 225 16 48 5 45 15 150 15 75 15 75
05 December 1976 15 225 16 48 15 45 15 150 15 75 15 75
06 February 1977 15 225 16 48 15 45 15 150 15 75 15 75
07 May 1977 15 225 16 48 15 45 15 150 15 75 3 75
08  June 1977 7 105 8 24 7 21 7 70 7 35 7 35
09  July 1977 7 105 8 24 7 21 1 70 7 35 7 35
10 November 1977 i 105 8 24 7 21 7 70 7 35 7 35
Il December 1977 ja 105 19 21 0 0 7 70 0 0 7 35
12 February 1978 7 104 7 21 0 0 7 70 | 5 1 34
13 April 1978 9 135 10 30 0 0 9 90 | 5 9 45
14  June 1978 9 135 10 30 0 0 9 90 | 5 9 45
15  August 1978 9 135 10 30 0 0 9 20 | 5 9 45
16 October 1978 9 129 10 28 0 0 9 86 1 5 9 43
17  December 1978 9 135 10 30 0 0 9 2 | 5 9 45
I8 February 1979 9 135 10 28 0 0 9 90 | 5 9 45
19 April 1979 9 135 10 30 0 0 9 90 | 5 9 45
20 June 1979 9 135 10 30 0 0 9 920 | 5 9 45
21 August 1979 9 135 10 30 b 9 90 | 5 9 45
22 October 1979 8 105 9 27 7 65 | 5 8 40
23 December 1979 9 135 10 30 9 90 | 5 9 45
24 February 1980 5 66 6 16 5 42 | 5 5 24
25 April 1980 9 90 10 30 9 45 | 5 9 45
26  June 1980 9 90 10 30 9 45 | S 9 45
27 August 1980 9 90 10 30 9 45 | 5 9 45
28  October 1980 9 90 9 27 9 45 | 5 9 45
29  December 1980 9 90 10 30 9 45 | S 9 45
30  February 1981 9 90 10 30 9 45 | 5 9 45

a Two stations oviside of work plan were sampled.
b New subtask, see TABLE 2-11.

E-85-04 3



TABLE 2-1
SUMMARY OF COMPLE TED TEMP INTERTIDAL SAMPLING: +! FT(MLLW) TRANSECTS
(CONTINUED)
Algae Invertebrates
Band Point Algal Std. Inverts. "Precise” “Tegula”
Survey Date Transect Contact Scraping Count Count
No. No. No. Ho. No. No. No. No. No. No. No. No.
Stations Quadrats Stations Quadrats Stations Quadrats Stations Quadrats Stations Quadrats Stations Quadrats

31 April 1981 9 90 9 27 b 9 45 | 5 9 45
32 June 1981 9 90 10 30 9 45 | . | 9 45
33 August 1981 9 90 10 30 9 45 | - 9 45
34  October 1981 9 920 10 30 9 45 I 5 9 45
35 December 1981 9 9% 10 30 9 45 | 5 9 45
36 February 1982 9 90 10 30 9 45 1 5 b 45
37 April 1982 I 110 12 36 i 55 | 5 I 55
38 June 1982 ] 110 12 36 I 55 | 5 I 55
39  August 1982 1 1o 12 36 I 55 | 5 ] 55
40  October 1982 3 60 I 32 '3 30 | S 6 30
41  December 1962 9 90 27 9 45 | 5 9 45
42 February 1983 8 19 9 25 8 40 | 5 8 39
43¢ April 19683 8 80 12 34 8 40 1 5 8 40
44 June 1983 12 120 12 34 12 60 I 5 i2 60
45  August 1983 12 120 12 33 12 60 | 5 12 60
46  October 19683 7 68 10 27 7 35 | 5 7 33
47 December 1983 10 100 9 26 10 50 1 5 10 50
48 February 1984 10 100 ? 27 10 50 | 5 10 50
49  April 1984 10 100 10 30 10 50 | S 10 50
50  June 1984 15 150 15 45 15 75 | 5 15 75
51  August 1984 12 120 12 36 12 60 | 5 12 60
52  October 1984 12 120 12 36 12 60 | 5 12 60
53  December |984 10 100 9 27 10 50 | 5 10 50

b New subtask, see TABLE 2-11.
€ One quadrat on the 7+ transect was replaced in Survey 43.
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TABLE 2-2

SUMMARY OF COMPLETED TEMP INTERTIDAL SAMPLING: +3 FT (MLLW) TRANSECTS

Algne Invertebrates
Band Point Algal Std. Inverts. "Precise" " -
Survey Date Transect Contact Scraping Count Count egqul
No. No. No. No. No. No. No. No. No. No. No. No.
Stations Quadrats  Stations Quadrats  Stations Quadrats  Stations Quadrats  Stations Quadrats  Stations Quadrats

01 April 1976 19 570 21 61 18 54 19 480 0 0 18 90
02  June 1976 19 570 21 61 18 54 19 480 0 0 18 90
03  August 1976 19 285 21 61 18 54 19 195 18 90 I8 90
04  October 1976 19 285 21 6l 18 54 19 195 18 90 18 20
05 December 1976 19 285 21 61 18 54 19 195 18 90 18 90
06 February 1977 19 285 21 61 18 54 19 195 18 920 18 90
07 May 1977 19 285 21 61 18 54 19 195 18 920 18 90
08  June 1977 0 0 4 12 0 0 0 0 0 0 0 0
09  July 1977 9 135 9 27 0 0 9 90 9 45 9 45
10 November 1977 0 0 4 12 0 0 0 0 0 0 0 0
I December 1977 79 105 J9 19 0 0 7 75 0 0 € 30
12 February 1978 7 105 8 22 0 0 7 75 | 5 6 30
13 April 1978 10 150 10 28 0 0 10 105 | 5 9 45
14 June 1978 10 150 10 28 0 0 10 105 I 5 9 45
15 August 1978 10 150 10 28 0 0 10 105 | 5 9 45
16 October 1978 10 150 10 28 0 0 10 105 | 5 9 45
17 December 1978 10 150 10 28 0 0 10 105 | 5 9 45
18 February 1979 10 150 10 28 0 0 10 105 | 5 9 45
19 April 1979 10 150 10 28 0 0 10 105 I 5 9 45
20 June 1979 10 150 10 28 0 0 10 105 I 5 9 45
21 August 1979 10 150 10 28 b 10 105 | 5 v 45
22  October 1979 10 140 10 28 9 95 | 5 9 45
23 December 1979 10 150 10 28 10 105 | 5 9 45
24 February 1980 7 105 7 19 7 75 | 5 6 30
25  April 1980 10 100 10 28 10 55 | 5 9 45
26  June 1980 10 100 10 28 10 55 | 5 9 45
27  August 1980 10 100 10 28 10 55 I 5 4 45
28  October 1980 10 100 10 28 10 55 | 5 9 45
29  December 1980 10 100 10 28 10 55 | 5 9 45
30 February 1981 10 100 10 28 10 55 | S 9 45

9 Two stations outside of work plan were sampled.
b Mew subtask, see TABLE 2-11.



TABLE 2-2
SUMMARY OF COMPLETED TEMP INTERTIDAL SAMPLING: +3 FT(MLLW) TRANSECTS
(CONTINUED)
Algae Invertebrates
Band Point Algal Std. Inverts. "Precise” "Tegula”
Survey Date Transect Contact Scraping Count Count
No. No. No. No. No. No. No. No. No. No. No. No.
Stations Quadrats Stations Quadrats Stations Quadrate Stations QGuadrats Stations Quadrats Stations Quadrats

31 April 1981 10 100 10 28 b 10 55 | 5 9 45
32 June 1981 10 100 10 28 10 55 I 5 9 45
33 August 1981 10 100 10 28 10 55 | S 9 45
34  October 1981 10 100 10 28 10 55 1 9 45
35 December 1981 10 100 10 28 10 55 | 5 45
36 February 1982 10 100 10 28 10 55 | S 9 45
37 April 1982 14 140 14 40 14 75 | 5 13 65
38 June 1982 14 140 14 40 14 75 | 5 13 65
39  August 1982 14 140 14 40 14 75 | 5 13 65
40 October 1982 ] 1o ] 31 i 60 | 5 10 50
41  December 1982 10 100 10 28 10 55 | 5 9 45
42 February 1983 9 90 9 24 9 50 | 5 8 40
43¢ April 1983 14 140 14 39 14 75 | 5 13 65
44  June 1983 15 150 14 39 15 80 | 5 14 70
45  August 1983 15 150 14 39 15 8C i 5 14 70
46  October 1983 12 120 12 33 12 65 | 5 I 55
47 December 1983 13 130 12 33 13 70 | 5 12 60
48 February 1984 10 100 10 24 10 55 | 5 9 45
49  April 1984 13 130 12 34 13 70 | 5 12 60
50  June 1984 20 200 20 57 20 105 | 5 19 95
51 August 1984 15 150 14 39 15 80 | 5 14 70
52 October 1984 15 150 14 39 15 80 | 5 14 70
53  December 1984 i 1o 10 27 | €0 I 5 10 S0

b New subtask, see TABLE 2-11.
€ Three quadrats on the 743 transect were replaced in Survey 43,
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the mean abundance (percentage cover for the algae, number per | m2 for the
invertebrates) was calculated from the ten quadrat samples for the +| and +3 ft
transects for each survey for selected Diablo Cove stations. In this report, the
results include data from April 1976 to December |984,

2.1.1 ALGAE

This section includes analysis of the data collected on five algal species within
ten | m2 quadrats on each band transect. These species are Endocladia
muricata, Gastroclonium coulteri, Gigartina canaliculata, G. papillatg, and
Iridaea flaccida. MNew data analyzed in this report inciude survey results from
October 1983 to December 1984 for the five algal species. Together with the

results presented in last year's report, these results provide a continuous record
from April 1976 to December |984.

Visual observations indicate that Endocladia muricata, Gastroclonium coulteri,
Gigartina canaliculata, G. papiilata, and Iridaea flaccida remain among the most
abundant algal species within most TEMP study sites. For these species, data
from Stations 8, 9, 11, 12, and |4 were analyzed for seasonal variations during
the period April 1976 to December 1984 (Surveys | to 53). Survey data have
been summarized using mean percentage cover values. These values have been
calculated from untransformed visually estimated percentage cover data
obtained from ten | mZ quadrats per band transect. The results are organized on

a species-by-species basis and are presented below. Percentage cover measure-
ments obtained using the random point contact method within fixed 0.25 m?
quadrats are presented for these same species in Section 2.2 of this report.

2.1.1.1 ENDOCLADIA MURICATA

Endocladia muricata is the most common alga in upper intertidal habitats in
central California (Abbott and Hollenberg |976) including Diablo Cove and
vicinity. This low (4-8 cm tall) densely shrubby alga forms clumps or mats on the

tops and vertical faces of rocks.
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Mean percentage cover data for this species within the +1 and +3 ft Diablo Cove

iransects are presented in FIGURES 2-1 and 2-2, respectively. Because of its
high intertidal distribution, this species was nearly lacking in most +| ft
transects. This was also true for the wave exposed Station 1443, Seasonal peak
abundances in the +3 ft transects at Stations 8, 9, and 12 generally occurred in
the February to June period each year. Station 12 was completely buried under
fragmented rock after the severe 1982-1983 winter storms. Consequently, the
abundance of E. muricata at Station 1243 declined. Since the time of the 1982-
1983 winter storms, continued substrata movement has hindered successful E.
muricata recrvitment and growth at Station 12. Similar storm effects were
evident for this species at Station 8+3. However, during 1984 E. muricata
abundances at Station 8+3 show a gradual trend of recovery. A drop in
percentage cover also occurred at Station | 143 during the time of the 1982-1983

winter storms. Abundances at this station have increased slightly since then.

2.1.1.2 GASTROCL ONIUM COUL TERI

Literature on Gastroclonium coulteri was reviewed and presented in an earlier

report (PGandE 1979). This moderately large, shrubby red alga grows up to 25
cm or more in length. The often densely clumped branches arise from a thick,
mat-like stolon system which can trap and stabilize sand. In the intertidal region
of Diablo Cove and vicinity, G. coulteri is most abundant in the mid to lower
zones (Burge and Schultz 1973, LCMR 1978, PGandE |1978).

Within Diablo Cove mean percentage cover values for this species never
exceeded 30 percent in the +| ft transects (FIGURE 2-3) nor 15 percent in the +3
ft transects (FIGURE 2-4). Variations in abundance within transects through
time do not exhibit consistent seasonal patterns. Winter 1982-1983 storm
effects were evident at Stations 841, I1+1, and 12+1. Abundances at Station 8+|
declined as a result of sand scour on the low relief bench-rock portion of this
station, and recovery has been slow probably because of continued sand abrasion
or lack of sufficient surviving plant material to create measurable increases in
cover by plant regrowth. A sharp decline occurred at Station |1+1, probably as a
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result of sand abrasion. Abundances declined at Station 1241 as a result of
cobble burial. Periodic cobble movement at Station 12+1 has hindered G.
coulteri from becoming re-established. 1982-1983 storm damage to G. coulteri
was not evident at Station 9+1. This station is higher in substrate relief and has
less sand. Plants here are thus less susceptible to continual sand scouring effects
compared to plants arowing on low relief bench-rock areas such as the upcoast
portion of Station 8+1.

2.1.13 GIGARTINA CANALICULATA

A review of the literature on Gigartina canaliculata was presented in a previous

report (PGandE 1979). This species consists of narrow branches arranged in a
"Christmas tree-like" pattern. Abbott and Hollenberg (1976) state that the erect
branches of G. canaliculata are annual, being produced by perennial basal
branches. The life history is quite different from that of Q_ papillata (see the
following section) in that the generations of G. canaliculata are identical in
morphology. G. canaliculata is generally found only in low intertidal habitats.
G. papillata has a wider vertical range and can be found in both low and high

intertidal zones.

Mean percentage cover values for G. canaliculata within the +| and +3 ft Diablo
Cove transects are provided in FIGURES 2-5 and 2-6, respectively. Like many
other algal species, the abundance of G. canaliculata is usually greater during
the spring to fall periods. This is evident primarily in the +1 ft transects, where
cover is generally greater than |0 percent (FIGURE 2-5). Winter 1982-1983
storm effects were observed for this species primarily at Station 12+1, which
became buried under cobble (fragmented rock). Recovery has probably been
hindered due to periodic cobble movement.

2.1.1.4 GIGARTINA PAPILLATA

The life history and general ecology of Gigartina papillata was presented in a

previous report (PGandE 1979). The gametophytic plants of this species appear
as short (15 em tall), irreqularly shaped blades. The alternate tetrasporophyte
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generation has been described as a crustose plant formerly placed in the genus
Petrocelis. Seasonal abundances of only the erect blade form (gametophyte
generation) plants of G. papillata are presented and discussed in this section.

Mean percentage cover values within the Diablo Cove +1 and +3 ft transects are
plotted in FIGURES 2-7 and 2-8, respectively. At each station this species was
generally more abundant in the +3 ft transects. Annual cycles with peaks during
the summer months were evident in rmost tranmsects. Gigartina papillata at

Station 1443 occurred in only a few quadrats and in sparse abundance.
Consequently, there were no obvious seasonal changes in cover for this species at
this transect. The 1982-1983 winter storm damage (cobble inundation) at Station
i2 dramatically reduced G. papillata cover in both the +1 ard +3 ft transects.
Abundance at Stations |1+1, 1241, 1143 and 1243 decreased in 1983 compared
with earlier samples, which was attributed to the storms in 1983. In 1984,
abundances recovered to "normal” levels at Stations 11+i, 1241 ond [143.
Although some recovery was evident at Station 1242 in 1984, peak abundance
remained below the pre- 1983 levels.

2.0.1.5 IRIDAEA FLACCIDA

A review of the literature and synopsis of pertinent knowledge on Iridaea
flaccida was presented in a previous report (PGandE 1979). Plants of this red
algal species consist of a perenniai crustose holdfast from which several blades
grow each year to as much as one meter in length. It is one of the most
conspicuous and common blade-like red algae in the central California mid-
intertidal zone (Abbott and Hollenberg 1976). Cover data for |. flaccida reflect
almost entirely the abundance of the Glades because the crustose holdfasts

occupy relatively little area.

Mean percentage cover values are plotted for the Diablo Cove +|1 and +3 ft
transects in FIGURES 2-9 and 2-10, respectively. Excluding Station |4, which
lacks a +| ft transect, this species is always more abundant at the +| than at the
+3 ft transect. In general, seasonal abundances in all transects were greatest

during the summer periods. The magnitude of change between seasons in most
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transects has been quite large. The maximum summer percentage cover values
are usually two to three times greater than the minimum winter percentage
cover values. At Station |1+3 the abundance of Iridaea flaccida has been sparse

since 1976, and thus large seasonal changes in cover were not evident. Like
other algal species discussed above, the abundance of 1. flaccida at Station 12
was noticeably reduced when cobbles covered the area during the 1982-1983
winter storms. Subsequent recovery has likely been hindered by periodic cobble
movement. Seasonal abundance patterns for this species in all other transects
were not appreciably altered by the 1982-1983 winter storms. At Station 1443 1.
flaccida cover during the |284 summer period was the lowest recorded since
1976. This trend is unusual in that the summer period has historically been the

time of greatest |. flaccida cover.
2.1.2 INVERTEBRATES
This section includes analysis of the data collected on five invertebrate species

within either five or ten | m? quadrats (depending on the species) on each band
transect. These species are Anthopleura elegantissima, Haliotis cracherodii,

Collisella scabra, Pagurus spp., and Tegula funebralis. For each species the
mean abundance (mean number per | m2) is plotted for those transects sampled
from April 1976 to December 1984,

2.1.2.1 ANTHOPLEURA ELEGANTISSIMA

Anthopleura elegantissima, the aggregating sea anemone, is distributed in the

middle intertidal zones from Alaska to Baja California, Mexico (Morris et al.
1980). A. elegantissima occurs in the intertidal zone as two distinct growth

forms, aggregating and solitary individuals. Aggregating individuals are usually
small and occur in dense groups of up to several thousand individuals per | m2.
The large solitary Anthopleura can attain a maximum width across the
tentacular crown of 25 cm. A review of the biology of Anthopleura was
presented in PGandE (1979).
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FIGURES 2-11 and 2-1Z summarize the mean abundance of A. elegantissima in

the five "Tegula quadrats" at each of the Diablo Cove stations from August 1976
to December 1984. There are generally more A. elegantissima at the +3 than at

the +1 ft level for all surveys combined (TABLE 2-4). The anemones at Stations
843, Il+1, 1143, and 1243 are the aggregating form, whereas those at Stations
B+l, 941, 1241, and 1443 are solitary individuals.

In 1983, abundance decrecsed at Stations |14+3 and 1243. The decreases may
have been due to storm effects. In |984, cbundance increased at Station | 143,
although it remained below the levels of the 1979-1982 period. Abundance at
Station 1243 remained low compared to the 1976-82 period.

Stations 843, 143, and 1243 generally exhibited lower abundances of anemones
during summer months. Large fluctuations between surveys were seen in the
number of individuals at Station |1+3, which may be covered by sand during some

surveys and uncovered on others.

2.1.2.2 HALIOTIS CRACHERODI!

Black abalone, Haliotis cracherodii, typically inhabit the rocky intertidal and
subtidal regions to a depth of 3m (20 ft) from Oregon to Baja California,

Mexico. In the intertidal they are usually found along ledges and in crevices; in
favorable habitats they are commonly found clustered together. In and around
Diablo Cove, black abalone was observed to be one of the most numerous and
conspicuous of the intertidal invertebrates (Burge and Schultz 1973, Gotshall
et al. 1974, North et al. 1975). In 1970-71 Burge and Schultz (1973) recorded a
mean black abalone density in north Diablo Cove of 2.7 individuais/m?2 based on

observations along two intertidal t ansects.
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TABLE 24

MEAN ABUNDANCE OF
ANTHOPLEURA ELEGANTISSIMA
IN THE BT "TEGUCA QUADRATS"FOR THE
DIABLO COVETNTERTIDAL STATIONS FROM
AUGUST 1976 TO DECEMBER 1984

Mean 2 Number of
Station Abundance! Std Surveys
Level +1 (number/m?2) Errors (N)
08 2.6 0.4 50
09 0.0 0.0 46
(| 40.7 s 51
12 A 0.3 51
Mean 2 Number of
Station Abundance ! Std Surveys
Level +3 (number/m?2) Errors (N)
08 25.5 3.2 49
09 0.1 0.1 48
I 164.2 21.4 49
12 63.1 8.6 49
14 l.4 0.3 40

I Mean of survey means for each station.




More detailed information on the biology of black abalone in the Diablo Canyon
study area was presented in PGandE (1979).

FIGURES 2-13 and 2-14 summarize the mean abundance of Haliotis at the five
Diablo Cove study stations. Abalone were counted in all 10 quadrats of the band
transects, not just in the five "Tegula quadrats" as were the other four
invertebrate species.

As shown in TABLE 2-5, the range of mean abundances of black abalone is from
a minimum of no abalone ever observed at Station |1+3 to a maximun of 5.8
abalone/m?2 during December, 1979 at Station 94+3. This table also shows that
stations in south Diablo Cove have a very low mean abundance of abalone
compared to stations in north Diablo Cove. Mean abundance for Haliotis at
Station 1443 lies between these two extremes.

The abundances of black abalone at the Diablo Cove intertidal stations have not
changed signitficantly from those presented in last year's report. However, many
abalone were observed either dead or with badly damaged shells in the intertidal
areas of Diablo Cove immediately following the worst of the 1982-1983 winter

storms.

2.1.2.3 COLLISELLA SCABRA

Collisella scabra, commonly known as the ribbed or rough limpet, occurs from

Oregon to Baja California, Mexico. They are found in the upper rocky intertidal
and splash zones, and prefer horizontal surfaces and gentle slopes. Maximum
length is 35 mm (MclLean 1978), and the largest individuals at Bodega Head,
California, have been estimated to be || years old (Morris et ai. 1980). This
limpet feeds by grazing on thin films of algae and diatoms during high tide, and
then returns to a specific "home site," where it remains during low tide.
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TABLE 2-5

MEAN ABUNDANCE OF
HALIOTIS CRACHERODII
IN THE BT GUADRATS FOR THE
DIABLO COVE INTERTIDAL STATIONS FROM
MAY 1976 TO DECEMBER | 984

Mean s Number of
Station Abundance! Std Surveys
Level +| (number/m?2) Errors (N)
08 1.9 0.4 52
09 2.0 0.5 48
I 0.2 0.1 53
12 0.1 0.1 53
Mean 2 Number of
Station Abundance! Std Surveys
Level +3 (number/m?) Errors (N)
08 0.2 0.1 51
09 3.1 0.3 50
I 0.0 0.0 51
|12 0.1 0.1 51
14 0.7 0.1 42

| Mean of survey means for each station.



FIGURES 2-15 and 2-16 summarize the mean abundance of C. scabra in the five
"Tegula quadrats" at the five Diablo Cove stations from 1976 to 1983. There was
a greater abundance of C. scabra at +3 ft than at +| ft, except at Station 1443
which had only a few individuals per m2. TABLE 2-6 presents the mean number
of C. scabra per m? in the "Tegula quadrats” for all surveys combined.

The differences in abundance of g scabra between the two levels reflect the
preference of these limpets for rocks in the upper intertidal zone.

The 1982-1983 winter storms generally reduced the abundances of C. scabra at
Stations 843, 1143, 1243, and 1241, probably as a result of burial of one or more
"Tegula quadrats" by sand or rock rubble. The numbers of C. scabra reached a
peak in 1984 on Stations 1241, 843, and 943. At other stations, abundances were
comparable to 1976-1982 levels.

2.1.2.4 PAGURUS SPP.

Three species of Pagurus comprise the common intertidal hermit crab popula-
tions in the Diablo Cove study areas. Pagurus samuelis, probably the most

common and abundant species, ranges from Vancouver Island, Canada, to Baja
California, Mexico. Within this range P. samuelis is usually found in the middle
intertidal zones. Pagurus hirsutiusculus, with a range from northern Japan

through Alaska into southern California, generally lives in lower intertidal zones
than P. samuelis, but the populations overlap. The third commion hermit crab
species is P. granosimanus, found in tide pools and more protected areas of the
lower middle to low intertidal and subtidal areas from Alaska to Baja California,

Mexico.

Although adults of these three species are not too difficult to identify to species
in the field, the juveniles are very difficult to separate taxonomically. Because
juvenile hermit crabs are ubiquitous in the intertidal zone, no attempt has been
made to separate the species, and all three species are recorded as "Pagurus

spp."
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TABLE 2-6

MEAN ABUNDANCE OF
COLLISELLA SCABRA
IN THE IBTTTECUC A QUADRATS" FOR THE
DIABLO COVETNTERTIDAL STATIONS FROM
AUGUST 1976 TO DECEMBER | 984

Mean 2 Number of
Station Abundance ! Std Surveys
Level +| (number/m2) Errors (N)
08 17.5 5.8 50
09 0.1 0.1 46
I 12.5 2.9 51
12 12.5 6.2 51
M 2an 2 Number of
Station Abundance ! Std Surveys
Level +3 (number/m?2) Errors (N)
08 28.9 7.5 49
09 22.4 4.8 46
3] 56.6 2.0 49
12 36. | 5.1 49
|4 fod 0.4 40

| Mean of station means for each survey.
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FIGURES 2-17 and 2-18 summarize the mean abundance of hermit crabs in the
five "Tegula quadrats” at the Diablo Cove stations from 1977 to 1984. TABLE
2-7 presents the mean number of Pagurus per square meter for all surveys
combined.

On the average, the abundance of Pag_u_rus at the +| ft stations is greater than at
the +3 ft stations. Pagurus appear to be most abundant in fall and winter surveys

at Stations |1 and 12 (FIGURES 2-17 and 2-18).

The abundances of Pagurus spp. during the 1984 surveys have changed little from
previously sampled abundances in Diablo Cove (PGandf |983).

2.1.2.5 TEGULA FUNEBRAL IS

The black turban snail, Tegula funebralis, occurs from Vancouver Island, Canada
to central Boja California, Mexico (Morris et al. 1980). Within this range, T.
funebralis occurs in the intertidal zone with its greatest population densities
generally between the +| and +5 ft tidal levels. These snails are primarily
herbivorous and feed on microscopic algal films, attached fleshy algae and drift

algae.

Within the Diablo Canyon study areas, the black turban snail is the most
ubiquitous and abundant animal encountered in the intertidal. The abundance of
T. funebralis as mean number of individuals per m? in the "Tegula quadrats" for
the four +| ft and five +3 ft stations in Diablo Cove and Diablo Point are shown
in FIGURES 2-19 and 2-20. There are generally more T. funebralis at +3 than at
+| ft, with the exception of Station 1443 (Diable Point) which, despite its
elevation, exhibits the lowest mean number of Tegula of all transects considered
in this analysis. TABLE 2-8 presents the mean number of T. funebralis per m?

for all surveys at each station.

One noticeable feature of FIGURES 2-19 and 2-20 is the large fluctuations in the
mean abundances of Tegula over the study period. The mean abundances of
turban snails at +|1 ft at all Diablo Cove stations show seasonal trerds with
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TABLE 2.7

MEAN ABUNDANCE OF

PAGURUS SPP,

IN THE IBT "TECOCA QUADRATS" FOR THE
DIABLO COVETNTERTIDAL STATIONS FROM
AUGUST 1976 TO DECEMBER 1984

Mean 2 Number of
Station Abundance ! Std Surveys
Level +1 (number/m?2) Errors (N)
08 13.8 1.9 50
09 1.2 |.8 46
I 13.2 2.4 51
12 22.3 3.1 51
Mean 2 Number of
Station Abundance ! Std Surveys
Level +3 (number/m?2) Errors (N)
08 9.1 |.4 49
09 8.7 1.3 48
I M.l 3.2 49
|12 24.7 4.5 49
14 3.7 1.3 40

I Mean of station means for each survey,

E-85-04

2-39



E-85-04

Station 08 +0% ft

1976 1977 1978 1979 1980 1981 1982 196, 1984
Station 09 +01 ft

1976 1977 1978 1979 1980 1981 1982 1983 1984
11 +01 ft

VA \:.:/\..,/\.‘r
AVAVIA

1976 1977 1we 1979 1980 1981 1982 1
TIME (YEARS)

1976 1977 1978 1979

v Sampling Interval > 2 Months
FIGURE 2-19

ABUNDANCE VERSUS TIME FOR TEGUL A FUNEBRALIS
AT | FTMLLW (BT METHODT

2-40



§ 250, Station 08 w03 1t
T

=} pod X\/\/”“XJ\V\V\/\/\
R —

§ ano o Sat10n 08 03 1t

3

5:5; e v%‘\-‘\‘\,\/\/\/\«r“-
§ mo s

e

I
L oA

im t +03 1t
ﬂuo 4
\

m )

$ \ ‘
.‘

150 {
g‘“ ‘f -\

50
=° 1976 1977 | 1978 @ 1979 1980 1981 1982 1983 1964
§ 1m0 ,Station 14 03 1t
ﬁum

250 ¢
:

200

150

100 4

50 4
§ o - v - - - - — -
N 1976 1977 1978 1979 1980 1981 1982 1963 1984

E-85-04

TIME (YEARS)
———— Sampling Interval > 2 Months
FIGURE 2-20

ABUNDANCE VERSUS TIME FOR TEGULA FUNEBRALIS
AT +3FT MLLW (IBTTMETHOD)

241



TABLE 2-8

MEAN ABUNDANCE OF
TEGULA FUNEBRALIS
IN THE IBTTEGULCA QUADRATS" FOR THE
DIABLO COVETNTERTIDAL STATIONS FROM
AUGUST 1976 TO DECEMBER 1984

Mean 2 Number of
Station Abundance! Std Surveys
Level +! (number/m?2) Errors (N)
08 i1.9 3.7 50
09 3.4 ™ 46
|1 45.3 4.6 51
. 12 79.1 19.8 51
Mean 2 Number of
Station Abundance ! Std Surveys
Level +3 (number/m?2) Errors (N)
08 114.3 14.8 49
09 48.6 5.9 48
I 95.9 14.0 49
12 169.4 21.0 49
14 0.1 0.1 40

I Mean of station means for each survey.
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highest abundances in the winter surveys and lowest abundances, very nearly
zero in most cases, in the summer surveys. At +3 ft transects in Diablo Cove
there is no definite seasonal cycle.

The high degree of wave exposure is probably a significant factor in explaining
the almost complete absence of T. funebralis at Diablo Point and the relatively
lower numbers of snails at the stations in north Diablo Cove (more wave action)
than those in south Diablo Cove (semi-protected). Microhabitat is undoubtedly
important as a factor contributing to variability in the mean abundance figures
of Tegulag; certain quadrats (i.e., locations) provide better shelter to Tegula than
other quadrats.

The abundances of T. funebralis during the !|984 intertidal surveys appear to be
comparable to those of previous years.
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2.2 INTERTIDAL RANDOM POINT CONTACT (RPC) QUADRAT

Six intertidal random point contact quadrat surveys were completed in |984 (see
TABLES 2-9 and 2-10). Detaiis of the IPC sampling methods and locations are
presented in Appendix A (Section A.2). In the following sections, the Diablo
Cove station quadrat data (percentage contact) for five algal species are
presented, documenting changes in species abundance from 1976 to 1984, IPC
quadrat 12+1B was buried under cobble during the 1982-83 storms and was thus
not sampled in 1983. Sampling was resumed in 1984 after the quadrat became

uncovered.
- A A ALGAE

This section includes percentage cover values obtained by using the random point
contact method within fixed 0.25 m2 quadrats for five algal species (Endocladia
muricata, Gastroclonium coulteri, Gigartina canaliculata, G. papillata, and

Iridaea flaccida). These data are complimentary to visually estimated percent-

age cover data obtained within band transects (Section 2.1 in this report).
Random point contact data for these species have been presented in earlier
reports (PGandE 1980, 1984) which included data collected from April 1976 to
August 1979 and from April 1976 to October 1983, respectively.

In this section individual quadrat data from Stations 8, 9, Il, 12, and |4 are
presented for the five species for the period April 1976 to December [984. The

results are organized on a species-by-species basis below.

2.2.1.1 ENDOC'.ADIA MURICATA

Percentage cover values obtained using the random point contact method for
Endocladia muricata are presented in FIGURES 2-21 (+1 ft) and 2-22 (+3 ft).
This species is found primarily in high intertidal habitats, and consequently its
abundance within Diablo Cove (Stations 8,9,11,12,) has been greater at the higher
elevation (+3 ft). At the wave exposed Station |4 area, which is located on the
south headland of Diablo Cove, Endocladia occurs higher in elevation (about +4 ft
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STATION AND QUADRAT

Year 1981 1982 1983 1984
Designated > > - & -
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MLLW) and is generally not found at +3 ft. Trends in nearly all +3 ft quadrats in
Diablo Cove indicate that this species is most abundant during the spring ard
summer (April to June) months. The effects of the 1982-1983 winter storms
varied among quadrats, but some recovery of Endncladia coverage is noticeable
in the affected quadrats, except quadrat 8+3A, which was completely buried
under sand.

2.2.1.2 GASTROCLONIUM COULTERI

Percentage cover values obtained using the random poini contact method are
presented for Gastroclonium coulteri in FIGURES 2-23 (41 ft) and 2-24 (43 ft).

This species is found more commonly in lower elevation habitats, and

consequently abundances are greatest at +| ft, except at the wave-exposed
Station |4. Greatest percentage cover values have generally occurred during the
spring to fall periods, but have not necessarily been consistent from year to year
in any of the quadrats. After the 1982-1983 winter through 1984, several
quadrats (841 A, 1141 A, and 12+41C) which during previous years had substantial
amounts of Gastroclonium, had percentage cover values of less than one percent.
The decreases can be attributed to |982-1983 winter storm damage. Quadrat
12+41C became intermittently covered with cobble. In the other quadrats (841 A
and 11+l A) decreases in Gastroclonium can be uattributed to sand scour.

Gastroclonium commonly traps sand among its rhizomatous holdfast. High water
motion causes the trapped sand to abrade these plants. Lack of recovery in 1984

is due in part to insufficient amounts of remaining plant material for regrowth.

However, other factors may have contributed to lack of recovery: (1)an
insufficient amount of spores and growth of new plants and/or (2) competition
for space and light (in some cases Ulva spp. and Porphyra spp. quickly colonized
and grew in quadrats disturbed by storms). Though herbivore grazing can prevent
or limit algal establishment, no appreciable numbers of grazing invertebrates
have been present in these quadrats since the studies began.
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2.2.1.3 GIGARTINA CANALICULATA

Percentage cover vnlues obtained using the random point contact method are
presented for Gigartina canaliculata in FIGURES 2-25 (+1 ft) and 2-26 (+3 ft).
Gigartina canaliculata is found mainly at lower elevations, and consequently it
has been more abundant at the +| than the +3 ft level. An exception to this is at
the wave-exposed Station |4, where the intertidal ranges of algae extend to

higher elevations on the shore due to wave run up. Gigartina canaliculata

abundances at the +3 ft transect of this location have been similar to those found
at the +| ft level of other, more protected stations. Spring-summer increases in
percentage cover have been consistent from year to year at most +| ft quadrats
at Stations 9 and || and +3 ft quadrats at Station |4. This pattern is not as
evident in the cther quadrats., The winter 19821983 storms which, relative to
other years, appreciably lowered the abundance of other species such as
Gastroclonium coulteri and G. papillata, in several quadrats did not affect G.

canaliculata to the same degree. The lack of noticeable storm effects on
G. canaliculata may result from its thalius form (low-lying branches), which is
perhaps structurally better able to withstand wave forces. Thus, the abundances
of this species in 1984 are comparable to those of previous years.

2214 GIGARTINA PAPILLATA

Percentage cover values obtained using the random point contact method are
presented for Gigartina papillata in FIGURES 2-27 (+1 ft) and 2-28 (+3 ft). In
north Diablo Cove (stations 8 and 9) the cover valves of G. papillata have been
generally greater at +3 ft. In the south Diablo Cove (stations || and 12) the
abundance of this species has been more similar among the high and low
elevations. This is due to the wave-protected nature of south Diablo Cove.
Algae commonly found in mid-to-high tidal ranges along wave-exposed shores are

able to colonize and grow in lower elevation habitats in protected areas.
Gigartina papillata at the heavily wave-exposed Station |4 area occurs mostly
above 3 ft, and consequently its values within the Station |4 sample sites were
never greater than one percent. In other station quadrats where G. papillata was
sufficiently abundant, seasonal trends indicate that this species is most common
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during the spring to fall period. The scouring effects of the winter storms of
1982-1983 appreciably lowered G. papillata abundances, which in turn affected
the typical spring-fall increase for this species in some quadrats, B+3A, 1241 A,
B, and C, 12+3A) in 1983. Quadrats 12+1B and C and 8+3A were intermittently
buried under cobble and sand during 1983. Although quadrat 12+1B was never
sampled in 1983, G. papillata in this quadrat can be considered to have been
absent during this period. In 1984, cobbles were removed from quadrats 12+IB
and C and G. papillata abundance recovered somewhat, as in quadrat 12+3A. In
quadrat B84+3A, which still experienced sand inundation in 1984, G. papillata
abundance remained less than one percent cover. Of the stations affected by the
1982-83 storms, Statiors 1241 and 1143 remain somewhat below levels of the
19761981 period, while the other stations have recovered to comparable levels
in 1984,

2.2.1.5 IRIDAEA FLACCIDA

Percentage cover values obtained using the random point contact method are
presented for Iridaea flaccida in FIGURES 2-29 (41 ft) and 2-30 (+3 ft), respec-
tively. | flaccida abundance in many of the intertidal random point contact

quadrats has been greater in the spring to fall months in most years from 1976 to
1984, This is especially so in quadrat 12+1B and C and, excluding 1984, all three
quadrats at 14+3. This seasonal pattern is not as evident in some quadrats (8+3C,
1243C). The severe winter storms of 1982-1983 did not noticeably alter the
seasonal pattern or cover of |. flaccida in most quadrats. Two exceptions were
quadrats 12+1B and C, which were buried under fragmented rock during 1983. In
1984 these quadrats became uncovered and were subsequently sampled. Some
recovery of |. flaccida abundance is evident in quadrat 12+1C.

In June 1984 all three quadrats at Station 14+3 were unusually low in l. flaccida
abundance for the time of year. By August |. flaccida cover increased to
abundance levels more similar to abundances noted during previous summer
periods.
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2.3 INTERTIDAL ALGAL SCRAPINGS

The objective of the algal scraping subtask is to provide algal biomass informa-
tion for comparison between pre-operational and operational power plant phases.
Two algal scraping surveys were conducted in 1984 (TABLE 2-11). Details of the
intertidal algal scraping methods and locations are presented in Appendix A
(Section A.3). Data from these surveys are still in the process of being
summarized, and thus a discussion of algal scraping biomass results is deferred.

2.4 INTERTIDAL BLACK ABALONE TAGGING

Nineteen intertidal black abalone (Haliotis cracherodii) tagging surveys were

completed through 1982 (see TABLE 2-12). Details of the intertidal black
abalone tagging methods and locations are presented in Appendix A
(Section A.4). Analysis of the data collected thus far have sufficiently defined
the field growth rates and mortality rates of black abalone to meet the original

objectives of this subtask. Therefore, no surveys were conducted in 1983 and
|984.




TABLE 2-11

SUMMARY OF COMPLETED INTERTIDAL
ALGAL SCRAPING PROGRAM
(+2FT MLLW)

Station™
Survey and Date

| 2 3 4

| August 1979 X X X

2 November 19279 X - " =

2 December 979 o A X X

3 Janvary 1980 X .- o -

3 March 1980 - X X X

4 May 1980 X - ey o

4 June 1980 -- X X X

5 August 1980 X X X X

6 January 1981 X X il X

6 February 198l - -~ X s

7  June 1981 X X X ol

8 December |981 -~ X X * %

8 February 1982 X e - *

2 June 1982 X X X b

10  January 1983 X X X il
I July 1983 X X X e
12 Januvary 1984 X X X i
13 July | 984 X X X X

* 25 scrapes were taken at each station marked "X"; for loca-
tions, see FIGURE A-! in Appendix A.

** Station 4 deleted from program.

E-85-04 2-63



TABLE 2-12

SUMMARY OF COMPLETED INTERTIDAL BLACK ABALONE
TAGGING SURVEYS

Number in parentheses ( ) is the
number of abalone stations sampled

Number Number
Oate wrvey Abdiore Abdione

Tagged Recaptured
11/78 | 442 (4) e
1/79 2 - 140 (4)
4/79 3 - 15 (&)
5/79 4 142 (4) 62 (1)
6/79 5 209 (4) 170 (4)
7/79 5 14 (1) 169 (3)
9/79 6 113 (&) 136 (4)
| /80 7 168 (4) 212 (4)
3/80 8 73 (2) 157 (2)
5/80 9 o 276 (4)
7/80 10 134 (4) 118 (4)
11/80 Il 66 (3) 137 (3)
2/81 i2 139 (4) 180 (4)
5/81 13 114 222 (4)
7/81 14 29 (3) 151 (3)
8/81 15 29 (1) 112 (1)
11/81 16 - 86 (1)
|/82 17 we 174 (4)
4/82 18 68 (3) 129 (3)
5/82 19 -e 18 (1)

* No surveys were conducted in 1983 and 1984,
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2.5 |INTERTIDAL BLACK ABALONE SURVEY

A discussion on habitat preferences, life histcry, and some aspects of the ecology
of black abalone (Haliotis cracherodii) was presented in a previous report
(PGandE 1979). Black abalone are most abundant in intertida! habitats with
numerous rock crevices and large boulders for protection, and most animals have
been observed in north Diablo Cove where this type of substrate predominates.
Details of the intertidal black abalone survey methods and locations are
presented in Appendix A (Section A.5). In the 1983 survey, maximum densities of
black abalone have been found in the headland area of north Diablo Cove. The
least productive cove area has been the relatively flat benchrock terrace and
cobble beach southeast of the discharge structure. No black abaione survey was
undertaken i | 984,

2.6 INTERTIDAL STATION PHOTOGRAPHY

Intertidal station photography was completed in the six surveys conducted in
1984 (see TABLES 2-i and 2-2). Details of intertidal station photography
methods and locations are presented in Appendix A (Section A.6).
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2.7 SUBTIDAL ARC QUADRANT (SAQ)

Six subtidal surveys were completed from January through November |984
(TABLE 2-13). Details of the subtidal arc quadrant methods and locations are
presented in Appendix A, (Section A.7). In the following sections data are
presented showing the distribution and abundance of four algal and nine
invertebrate taxa from Survey | (May 1976) through Survey 46 (November |984).

The TEMP subtidal stations to be considered in this report are only those located
within Diablo Cove (see FIGURE A-| and Map A in pocket):

North Central South
Diablo Cove Diablo Cove Diablo Cove
8-10 13-32 10-10
9-10 12-10
9-15 10-15

12-15

The digits to the left of the hyphen in the station designation refer to the
location of the station and the digits to the right of the hyphen indicate the
approximate depth of the station in feet below MLLW.

2.7.1 ALGAE

This section includes seasonal abundance descriptions for four brown algal
species counted in the TEMP Diablo Cove subtidal stations. The species are
Cystoseira osmundacea, Laminaria dentigera, Nereocystis luetkeana, and Ptery-

gophora californica. These brown algae are commonly referred to as kelp and
are of considerable importance as a habitat and food source for various fish and
invertebrates. When they occur in high numbers their blades form canopies
which shade the bottom and regulate the composition and abundance of under-
story algae. Abundance data for these species during the first year sampling
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TABLE 2-13

SUMMARY OF COMPLETED SUBTIDAL TEMP SAMPLING

5. of Ns. of No. of No. 1}! No. of No. of
Survew abdDide Stai-iom Im< Arc 7m< arc " m Algal wm Fish Observations
Y Sompled Guadrants Quadrants Quadrats Scrapings Quadrat No. Stations (2 repl.)
Sampled Sampled Sampled Taken Photos
(SLC) (5AQ) (SFQ)
01 May-Aug 1976 32 - 128 128 3 - 14
02 Sept-Dec 1976 28 112 12 15 84 1é 13, 1 (1 repl.) - (1 station w/l replicate)
03  Jan-April 1977 28 112 112 s 84 12 14
04 May-Aug 1977 17 68 68 69 St 2 14
05 Sept-Dec 1977 3 12 12 12 9 0 13
06 Feb-Mar 1978 5 20 20 21 0 -- 2
07 April-May 1976 9 36 36 37 0 0 6
08 June-July 1978 9 36 36 37 0 0 4(2repl.), 2 (1 repl.)
09 Aug-Sept 1978 9 36 36 37 0 0 6
10 Oct-Nov 1978 6 24 24 25 0 10 6
Il Dec-Jan 1978-79 4 16 16 17 0 0 0
12 Feb-Mar 1979 8 32 32 32 0 0 6
13 April-May 1979 9 3é 36 36 0 J 6
14 June-July 1979 5 20 20 20 0 0 6
1S Aug-Sept 1979 9 3é 36 36 0 0 6
16 Oct-Nov 1979 9 36 36 36 0 0 6
17 Dec-Jan 1979-80 7 28 28 28 0 0 3
I8 Feb-Mar 1980 5 20 20 20 0 0 0
19  April-May 1980 9 36 36 36 0 0 6
20 June-July 1980 B 16 16 16 0 0 0
21 Aug-Sept 1980 8 32 32 32 0 0 0
22 Oct-Nov 1980 5 20 20 20 0 0 6
23 Dec-Jan 1980 81 2 8 8 8 0 0 6
24 Feb-Mar 1981 | 4 4 4 0 0 0
25 April-May 1981 9 36 36 36 0 0 6
26 June-July 1981 9 36 36 36 0 0 0
21 Aug-Sept 1981 0 0 0 0 0 0 6 (1 repl.)
28 Oct-Mov 1981 7 28 28 28 0 0 0
29 Dec-Jan 1981-82 4 1€ 16 16 0 0 [3
30 Feb-Mar 1982 7 28 28 28 0 0 [
31 April-May 1982 10 40 40 40 0 0 6
32 June-July 1982 10 40 40 40 0 0 0
33 Aug-Sept 1982 7 28 28 28 0 0 0
34 Oct-Nov 1982 2 6 5 8 0 0 2 (Zrepll), 4 (1 repl.)
35 Dec-Jan 1982-83 2 8 8 8 0 0 0
36 Feb-Mar 1983 0 0 0 0 0 0 0
37 Apr-May 1983 10 40 40 40 0 0 9 (1 repl.)
38 Jun-Jul 1983 10 40 40 40 0 0 11 (1 repl)
39 Aug-Sep 1983 10 40 40 49 0 0 1
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TABLE 2-13
SUMMARY OF COMPLETED SUBTIDAL. TEMP SAMPLING
(CONTINUED)
Ne. of of No, of No. 3' No. of No. <§f
Survey and Date Stations Jm? Arc Tm< arc s m Algal A m F ish Observations
y Sampled Quadrants Quadrants Quadrats Scrapings Guadr ot No. Stations (2 repl.)
Sampled Sampled Sampled Taken Photos
(SLC) (SAQ) (5FQ)
40 Oct-Nov 1983 4 1é 16 16 0 0 0
41 Dec-Jan 1983-84 10 40 40 40 0 0 6 (2 repl.), 10 (1 repl.)
42 Feb-Mar 1984 4 16 16 16 0 0 0
43 Apr-May 1984 8 32 32 32 0 0 81 repl.)
44 Jun-Jul 1984 14 56 56 56 0 0 0
45 Aug-Sept 1984 12 48 48 48 0 0 H2 repl), 11 (! repl.)
46 Oct-Nov 1984 4 16 16 16 0 0 B8 (I repl.)
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period (1976-1977) were presented earlier in LCMR (1978) and PGandE (1979) and
then updated to include the period 1976 to 1982 in PGandE (1984). The field data
for these four algal species are counts of plants greater than 20 cm long. All
plants in each of the four arc quadrants (each arc quadrant encompasses 7 m2)
are counted. The four arc quadrant counts have been averaged in this report to
give the mean number of plants (N=4) per 7 m2. The following sections discuss
the analysis conducted on data collected from 1976 through |984.

27041 CYSTOSEIRA OSMUNDACEA

Cystoseira osmundacea is a summer surface canopy-forming kelp plant. During

the winter, individuals of this species appear as a rosette of branches about
0.5 m long. As spring approaches these branches produce fronds which elongate
and float on the surface to form a canopy. This canopy persists through the
summer and is later removed by fall-winter storms, leaving the basal portion to
overwinter and begin frond production again the next spring. Surface canopy-
forming C. osmundacea plants are normally attached in water less than 10 m
deep. Plants growing in deeper water usually do not produce floating fronds,
presumably due to reduced light. Data obtained at the Diablo Cove stations are
presented in FIGURE 2-31.

In general, Cystoseira osmundacea has been less abundant than Pterygophora

californica and Laminaria dentigera (see Sections 2.7.1.4 and 2.7.1.2, respective-
ly), but more abundant than Nereocystis luetkeana (see Section 2.7.1.3). C.
osmundacea has generally been more common in the shallow (-10 to -5 ft depth)
Diablo Cove stations. At Station 13-32 (32 ft sample depth) only one C.
osmundacea plant was found on one sampling occasion. Recruitment occurs for

this species, as with many other algae, mostly during the spring and summer
months. Accordingly, abundances have been greatest during these periods.
However, the numbers of recruiting C. osmundacea individuals have generally
been low and thus seasonal abundance variations for this species have not been as
large in magnitude as those seen for P. californica and L. dentigera. Variations
in C. osmundacea abundances in all the Diablo Cove TEMP stations during 1984
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have been s'milar to seasonal abundance variations observed during previous
years.

2.7.1.2 LAMINARIA DENTIGERA

Laminaria dentigera, like Pterygophora califcrnica (see Section 2.7.1.4), is a

perennial tree-like kelp plant extending roughly one meter off the bottom. Its
life history and general ecology have been presented in an earlier report (PGandE
1979). Individuals of this species are counted in the stations, and density data
are presented in FIGURE 2-32.

Laminaria dentigera has generaily been less abundant than Pterygophora cali-

fornica. However, the abundances of L. dentigera have been more uniform
among the Diablo Cove stations. Consequently, L. dentigera has been only
slightly less abundant than P. californica in the north Diablo Cove stations (8-10,
9-10, 9-15). But in the south Diablo Cove stations (10-10, 10-15, 12-10, 12-15,
13-32), P. californica has been roughly twice as numerous as L. dentigera.
Recruitment for L. dentigera, as for most other kelps, occurs more often during
the spring-summer months. Thus, within the TEMP stations there has been
considerable seasonal variation in L. dentigera plant densities. Aside from
occasional large within-year fluctuations, year-to- year changes in overall
abundance indicate that this species has not declined to the extent seen for P.
californica in some stations. Stipes of L. dentigera are more pliable than P.
californica stipes, and thus L. dentigera is less susceptible to breakage and loss
during storms. This may be why L. dentigera abundances at some stations have
remained relatively stable while P. californica abundances have declined.

2.7.1.3 NEREOCYSTIS LUETKEANA

Nereocystis luetkeana (bull kelp) density estimates are provided by two methods:
(1) counts made underwater within TEMP fixed stations, and (2) counts of surface
canopy-forming plants from cliff-top vantage points. Density data obtained by
the former method (counts within Diablo Cove subtidal TEMP stations) are
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discussed in this section. Cliff-top counts are presented and discussed later in
this report (see Section 2.15).

The life history and other pertinent information for Nereocystis luetkeana was
presented in PGandE (1979 and 1982). The large macroscopic sporophyte

generation alternates with a microscopic gametophyte phase on an annual cycle.
Seasonal abundance trends in the Diablo Cove stations show this cycle (FIGURE
2-33). Plants are most common during the spring to fall periods and are almost
always absent during the winter seasons. In addition, due to its annual turnover
cycle, there can be large differences in abundance between years and between
stations. The abundances of Nereocystis at Stations 10-15, 12-15, and 13-32
were very low from 1976 to the present. Stations 8-10, 9-10, 10-10, 12-10 and
9-15 had variable abundances from 1976 until about 1981. Since then, abundanc-
es on these stations have also been very low. The low densities of this species at
these stations are probably attributable to lack of suitable substrate (i.e.,
available hard surfaces have been buried by large amounts of sand), a low
frequency of substrate turnover, and/or lack of sufficient light caused by
shadowing Pterygophora californica canopies (see Section 2.7.1.4).

2.7.1.4 PTERYGOPHORA CALIFORNICA

Pterygophora californica is a perennial tree-like kelp plant extending roughly one

meter off the bottom. Its life history and general ecology were presented earlier
by PGandE (1979). Abundance values from 1976 to 1984 are presented in
FIGURE 2-3'.

The abundance of this species has generally been greater in south (10-10, 10-15,
12-10, 12-15, 13-32) than in north (8-10, 9-10, 9-15) Diablo Cove Stations.
Recruitment of Pterygophora normally occurs during the spring and summer
months and can create large differences in seasonal abundance. At Station 9-10
there was a substantial increase (recruitment) during the summer of 1983. This
increase was facilitated by the previous winter storms which opened up fresh
substrate for colonization. The increase in Pterygophora plants at this time was
the largest observed for this station since the beginning of this study in 1976.
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Despite large variations in Pterygophora recruitment and mortality, this species

has always been a conspicuous alga at all TEMP subtidal stations. Long-term
(year-to-year) abundance trends for this species at Stations 9-15 and 12-15
appear to be quite stable. Gradual iong-term decreases are apparent at Stations
8-10, 10-10, 12-10, and 13-32. At Station 10-15 there has been a dramatic and
steady decline in Pterygophora densities over the course of this study. Station
10-15 was originally occupied by adult Pterygophora plants dominating stable
substrata areas. Densities (greater than 100 plants/ 7 m2) were so great that the

blades of these plants formed nearly a continuous canopy over the station. The
abundance of understory algae was sparse because of the shading effect of the
thick canopy. Pterygophora recruitment occurred each spring-summer, but the
young plants were confined to unstable substrate areas which were not under the

direct shading influence of the adult canopy. Consequently, these juvenile plants
were probably short-lived due to their attachment on unstable substrate (rocks
small enough to be moved by water movement). As the adult plants gradually
senesced or were broken by storms, the shading effect of the canopy was
reduced, which increased opportunities for new plants to colonize the stable
substrata. However, instead of Pterygophora, other species (primarily Botryo-
glossum farlowianum, see Section 2.9.1.1. in this report) became more abundant.

Storms are a principal factor structuring nearshore subtidal communities in
central California (Foster 1982). At Station 10-15 the gradual reduction of
Pteryqophora was likely the result of ineffective recruitment concurrent with
repeated winter storms removing more and more adult plants. Although storms
can override grazing effects (Cowen et al. 1982), increased grazing pressures by
abundant species such as Tegula brunnea (Section 2.7.2.9 in this report) could
have influenced the decrease in the number of Pterygophora plants at Station 10-
I5. However, juvenile Pterygophora plants have commonly been observed during
the spring months; furthermore, the abundances of other algal species such as
Laminaria dentigera (a closely related kelp species susceptible to grazing) have
remained relatively stable at this station (FIGURE 2-32). Therefore, storm
breakage and natural senescence were probably the chief factors which lowered
the abundance of Pterygophora at Station 10-15. The fact that L. dentigera does
not appear to be similarly aoffected by storms may be attributed to its more
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elastic stipe being less prone to breakage compared to the more rigid stipe of

Pterygophora.

2.7.2 INVERTEBRATES

This section contains descriptions of the abundance of nine taxa of macroinver-
tebrates sampled by the SAQ method: the anemone Anthopleura elegantissima;
the sea stars Patiria miniata, Pisaster ochraceus, and Pycnopodia helianthoides;

the sea urchins Strongylocentrotus franciscanus and S. purpuratus; the gastro-

pods Astraea gibberosa, Haliotis rufescens, and Tequla brunnea; and the crab

Pugettia producta. Data collected consist of counts of individual organisms

present at a station. Descriptions of the general biology and thermal ecology of
all but two of these species were presented in PGandE (1979).

Data for three invertebrate taxa in this section have been combined with those
of their congeners to increase the data base for the genera. Data for Haliotis
rufescens, the red abalone, were combined with those for the flat abalone,
Haliotis walallensis. Pisaster ochraceus data were combined with data for P.

brevispinus and P. giganteus because these latter taxa are generally subtidal
species. Strongylocentrotus franciscanus and S. purpuratus were combined as a

single taxon.

For each species, the total counts of individuals in each arc quadrant were
averaged to yield a mean (N=4) abundance per arc quadrant (7 m2) for each
station sampled. An exception to this is the data for Tegula brunnea, which,
because of its high abundance, was subsampled within one-third (2.33 m2) of each
arc quadrant. An overview of these species' abundances as the average number
of individuals on each station for all surveys sampled is presented in
TABLE 2-14. This table shows the relative distribution of these organisms
among the subtidal stations in Diablo Cove.
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TABLE 2-14

ME AN NUMBER OF INDIVIDUAL S PER 28 M2 * 2 SE. FOR
SELECTED INVERTEBRATE SPECIFS AT DIABLO COVE
SUBTIDAL STATIONS (SAQ ME THOD)

e g, SRR o

2.1 o 1. 34 0.0 130.8 4 35.8

2.7+ 1. A 207 6462108
9.6 2 2. . 220.2 9.3 219.0
4.4 K A 201 7502156
8.7 1. 8 .32 0.3 105.6 2 19.5
10-15 26.0 + &, 8 0 93.6 + 4.4
12-15 9.6+ 1. . . 0 60.5 * 12.0
13-32 4.2 ¢ SRR 0 46.0 + 21.7

* Number per 9.33 m2.




2.7.2.1 ANTHOPLEURA ELEGANTISSIMA

Anthopleura elegantissima is commonly called the aggregating sea anemone
because in the intertidal region it frequently forms aggregations of up to several
thousand individuals. Subtidally, Anthopleura is found as large, solitary indivi-
duals in cracks and crevices and under ledges in rocky areas or in the sand at the
base of a rock shelf or boulder. The variation in abundance of Anthopleura seen
at a given station through time may be largely due to the difficulty of sampling

these animals when, after being disturbed, they contract into inconspicuous
sand-covered bumps on a rock.

FIGURE 2-35 shows the abundance of Anthopleura over time for the subtidal
stations in Diablo Cove. These anemones occur at all stations in numbers that
range from an average of 2 to over 25 individuals per station per survey sampled
(TABLE 2-14). This table shows Anthopleura to be more abundant on the stations
in south Diablo Cove than on those in the northern part of the Cove.
Anthopleura are also shown to be more abundant on the deeper stations than on
the shallower ones. Abundances in 1984 were comparable to those of the |976-
1983 period.

2.7.2.2 ASTRAEA GIBBEROSA

Astraea gibberosa, the red turban (or top) snail is fairly common in the Diablo

Cove subtidal stations. This species seems to prefer areas with thick mats of
articulated corolline algae. Turban snails are probably exclusively herbivorous
and have been observed to eat both drift and attached algae. Although no
studies on the size distribution of Astraea in the Diablo Canyon area have been
done, they appear to have a distinct bi-modal size distribution: the smaller size
class is centered at approximately 25-35 mm shell diameter (1-1.5 in.) and the
larger class is centered at 60 mm and larger (2.5-3 in.).

The abundance of Astraea through time is shown in FIGURE 2-36 for the Diablo
Cove subtidal stations. They occur in numbers ranging from an average of | to 10
individuals per station per sample (TABLE 2-14). Astraea appears to be more
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abundant on the stations in south Diablo Cove (Stations 10 and 12) than on those
in north Diablo Cove (Stations 8 and 9) and slightly more abundant at the -15 ft
stations than at the - 10 ft stations. Abundances of this species have been lower
from 1982 through 1984, compared with the 1976-1981 period. An exception is
evident at Station 13-32, where in 1984 abundance was the highest recorded for
that station during the study period.

2.7.2.3 HALIOTIS RUFESCENS AND H. WALALLENSIS

Red abalone, Haliotis rufescens, and the flat abalone H. walallensis are both
present in Diablo Cove, although only two flat abalone have been recorded from
the TEMP subtidal stations since May 1976. Burge and Schultz (1973) described
the shallow (0 to é m) depths along most of the inside perimeter of Diablo Co :

as excellent abalone habitat, with a large population of H. rufescens and
densities in some areas of 1.29 abalone/l m2. The entire subtidal community
structure, including abalone abundance, changed dramatically a few years after
the Burge and Schultz (1973) study with the arrival in the Diablo Cove area of

the southern sea otter.

As seen in FIGURE 2-37 and TABLE 2-14, Haliotis are neither common nor
abundant in the TEMP subtidal stations in Diablo Cove. North Diablo Cove
Stations B and ? show the greatest abundance of abalone through time. At
Station 8-10, Haliotis abundance declined steadily with time. No Haliotis have
been observed on Stations 10-15 or 12-15 in south Diablo Cove or on Station 13-
32 in the center of the Cove. The low levels in 1984 are comparable to the 1976-
1983 period.

2.7.2.4 PATIRIA MINIATA

Bat stars, Patiria miniata, are a conspicuous macroinvertebrate in the SAQ

samples. They are omnivorous scavengers, not predators as are most aiteroids,
and are seldom seen actively moving about. Patiria are commonly found on

sediments or cobbles and are easily dislodged from the substrate.
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The abundance of Patiria through time is shown in FIGURE 2-38 for the subtidal
stations in Diablo Cove. Patiria is more abundant on the stations in the southern
half of Diablo Cove than on those in the northern half, and their abundance
increases with increasing depth (see also TABLE 2-14). Their distribution is
probably strongly influenced by water turbulence, as indicated by the fact that
the animals are more common in areas with lower turbulence. Over the study
period, Patiria have been present in numbers ranging from an average of about 7
to 50 individuals per station per survey (TABLE 2-14). Most of the stations
exhibited a sharp decline in Patiria abundance to the lowest levels recorded in
the second half of 1983. The storms of 1982-83 were probably the cause of this
decrease in that the water movement most likely dislodged many animals in the
surf zone. The lower abundances of these species continued to be recorded in
1984.

2.7.2.5 PISASTER OCHRACEUS, P. GIGANTEUS, AND
P. BREVISPINUS

These three species of Pisaster occur intermittently on the Diablo Cove subtidal
stations. As an active predator on mussels and barnacles, P. ochraceus, the
ochre sea star, is a common and important member of the rocky shore intertidal
communities. It is generally replaced in the shallow subtidal areas of Diablo
Cove by P. brevispinus, also an active predator on molluscs. Pisaster giganteus

are most abundant in the deeper subtidal areas.

FIGURE 2-39 shows that the abundance of Pisaster on the subtidal stations is
low, generally averaging one or two sea stars per station when present. On
Station 13-32, Pisaster was present in significantly higher numbers with an
average of about 5 sea stars per station for each of the |5 surveys (TABLE 2-14).
Pisaster was present in slightly more than 50 per cent of the surveys sampled at
Stations 8 and 9 and in less than 50 percent of the surveys sampled at Stations 10
and 12, with the exception of Station 10-15 where Pisaster was present in most
of the 40 surveys for which that station was sampled. Abundances of these
species in | 984 are comparable to those of the | 976-1983 period.
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2.7.2.6 PUGETTIA PRODUCTA AND P. RICHII

Pugettia producta is a member of the spider crab family, but is commonly called

the kelp crab. Large adults are generallv found in the canopy of the brown algae
Cystoseira and Pterygophora. Juvenile i . producta are distributed throughout
the intertidal and shallow subtidal areas, usually in the understory algae.
Pugettia richii, the decorator crab, is common subtidally ir the understory algae,
particularly the articulated corallines. Both species are herbivorous and are
important forage items for various fishes found in the study area (Quast |968,
PGandE 1979).

The graphs in FIGURE 2-%0) show the abundances of Pugettia for each Diablo
Cove subtidal station through iime. In general, the abundances of Pugettia are
low and its occurrence on the subtilal stations is sporadic. These crabs appear
to prefer shallower subtidal areas; no Pugettia have been found on Station |3-32,

The data for Station 12-15 indicate that a peak abundance was recorded in | 984,
Abundances at other stations are comparable to the |976-1983 period.

2.7.2.7 PYCNOPODIA HELIANTHOIDES

Pycnopodia helianthoides, commonly called the sunflower star, is a large, fasi-
moving, active predator on sea urchins, bivalves, chiions, gastropods, other sea
stars, sea cucumbers, and crabs (Morris et al. 1980). Proximity to or contact
with Pycnopodia initiates an escape response in many of its prey species,
including abalone (Montgomery |967). They are very conspicuous when present
on a station and are not easily overlooked by divers.

As seen in FIGURE 2-41, Pycnopodia was present in 70-80 percent of the surveys
at each station. The average number of Pycnopodia present on a station was
between | and 2; Station 10-15 in south Diablo Cove had a slightly higher
abundance than the other stations (TABLE 2-14). These sea stars do not appear
to show a preference for a particular area or depth within Diablo Cove, although
at Station 13-32 they were present in only about 50 percent of the surveys
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sampled. The data for Station 9-10 reveal a peak abundance in 1984 for that
station. The values for all other stations appear comparable to those of the
1976-1983 period.

2.7.2.8  STRONGYLOCENTROTUS FRANCISCANUS AND
S- PORPURATUS

Both the red sea urchin, Strongylocentrotus franciscanus, and the purple urchin,

S. purpuratus, occur in the Diablo Cove subtidal stations. Strongylocentrotus

displays two basic types of feeding behavior depending upon the prevailing

environmental conditions: () feeding predominantly on drift algae, especially
brown algae, and (2) grazing on attached microscopic and macroscopic algae. In
areas where Strongylocentrotus is abundant, it may play a significant role in

determining the species composition and relative abundance of the associated
algae.

Prior to 1974, Strongylocentrotus densities in Diablo Cove reached 105/1 m2 in

areas described by North (1971) as "barren areas,” because of the almost
complete lack of algae (Benech and Colson 1976). The densities of both species
of urchins were reduced drastically due to foraging activities by the southern sea
otter which arrived in Diablo “ove in 1974, As indicated in TABLE 2-14 and
FIGURE 2-42, a total of less than 20 Strongylocentrotus were counted on all
subtidal stations in Diablo Cove during all subtidal surveys since May 1976.

2.7.2.9 TEGUL A BRUNNE A

Brown turban snails, Tegula brunneo, are ubiquitous throughout the Diablo
Canyon subtidal areas and the most abundant invertebrate species sampied by
the SAQ method in the Diablo Canyon TEMP subtidal stations. The majority of
adult Tegula are found off the bottom, in the fronds and stipes of the large
brown algae Pterygophora, Laminaria, and Cystoseira. Juveniles are generally
associated with understory algae, particularly the fleshy red algae. These snails
are probably exclusively herbivorous with a marked food preference for the
brown algae (Morris et al. 1980, PGandE 1979).
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Because of their high abundance on the subtidal stations, which makes accurate

counting difficult and time-consuming, Tegula brunnea is subsampled, that is,

only those individuals in the first one-third of each arc quadrant are counted
(sample area =2.33 mZ; total area sampled per station = 9.3 m2). As shown in
FIGURE 2-43, T. brunnea is abundant at all subtidal stations in Diablo Cove.
From TABLE 2-14, the mean number of Tegula per 9.33 square meter subsample
at each station per survey ranged from nearly 50 to over 130 individuals. It
appears to be about equally abundant in both the north and south Diablo Cove
stations as well as at both the 10 and 15 ft depths. The abundance of Tegula
brunnea generally drops sharply at depths over 20-25 ft, as is indicated by their
low abundance at Station 13-32,

In general, the abundances of this species are comparable to those of the 1976-

1983 period. An exception is evident at Station 8-10, where a marked peak was
recorded in late 1983 to early |984 for that station.




'i Station 08 -10 ft
- 1950
= .
g l“: :I \._

4 f A
5 d A I\
; 3 —J \‘.' .._.-.‘..‘\,.....__..4 .
!.sm'arn'mo'm"u-o'am'un'nm'am
&
§ Station 09 -10 ft
2 1% 5
-
$ 100 1

:

3 ,V\ prapp— Y i SR - -
AR B N N i ; ———
¥ 1976 1977 1978 1979 1960 1981 1982 1983 1984
} " Station 10 -10 ft
~ !
»
;...3
§ "
: 3 \f\
¥ " e e aere | 1978 | 1980 | 1981 | 1se2 | 1983 1984

@ s

& - Station 12 -10 ft
P
£ 100 :
% '5 \,\‘;__{/\JV\(_.I

3 d e e,
3 o] . ; ' - b S e
E ] 1976 1977 1978 1979 R 1981 1962 1983 1984

TIME (YEARS)
weew Sampling Interval > 2 Months
FIGURE 2.43
. ABUNDANCE VERSUS TIME FOR SUBTIDAL TEGULA

BRUNNEA IN DIABLO COVE (SAQ MET

£-85-04 2-105 |




E-85-04

i

AALALLALL

:
i
F4
;.
2
|
§
i
s

i
AAALALLLALLLALL

AAALAAALLALALLL

-
AAAALLLALAALLDLA

ME AN ABUNDANCE (No. per 2.33m7)  ME AN ABUNDANCE (No. per 2.3%n7)  ME AN ABUNDANCE
2

Station 08 -15 ft

LAAL

A

Station 13 -32 ft

1976

- : pog d |y
1977 1978 1979 1980 1981 1982 1983 19€4
TIME (YEARS)

weew Sampling Interval > 2 Months
FIGURE 243 (CONT.)

ABUNDANCE VERSUS TIME FOR SUBTIDAL TEGULA
BRUNNEA IN DIABLO COVE (SAQ MET

2-106




2.8 SUBTIDAL FIXED QUADRAT (SFQ)

Forty-six subtidal surveys were completed from May |976 to November | 984 (see
TABLE 2-13). ODetails of the subtidal fixed quadrat sampling methods and
locations are presented in Appendix A (Section A.8).

In the following sections, data are presented showing the abundance over 46
surveys of seven invertebrate taxa sompled by the SFQ method. Only data
collected from TEMP subtidal stations located within Diablo Cove are included
in this report.

2.8.1 INVERTEBRATES

This section contains a description of the abundance in the TEMP subtidal
stations of seven invertebrate taxa sampled by the SFQ method: Anthopleura
elegantissima, Tegula brunnea and Pugettia producta (abundances of these
species as sampled by the SAQ method were discussed above in Sections 2.7.2.1,
2.7.2.9, and 2.7.2.6.) and the hermit crabs, Pagurus spp., the gastropods Acmaea
mitra and Mitrella spp., and the habitat-forming colonial/social tunicates.

For six of the seven species, counts of all individuals within each of the four
fixed quadrats (0.25 m2 each) were made. For colonial/social tunicates,
estimates of area cover in square inches (I in.2 = 6,45 em?) were made in the
quadrats. These data were then converted to square centimeters and averaged
to obtain a mean (N=4) number of square centimeters cover per 0.25 m? for each
station,

2.8.1.1  ACMAEA MITRA

Acmaea mitra, commonly referred to as the white-cap or dunce-cap limpet, is
found from the low intertidal to the shallow subtidal. Acmaea mitra breeds in
the winter and spawns when the sea temperature is at or near minimum (Morris
et al. 1980). Ricketts et al. (1968) state that individuals of this species are
usually solitary. In Diablo Cove<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>