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ABSTRACT
This is the third in a continuing series of marine environment surveys conducted by the California Department of
Fish and Game in cooperation with the State's Regional Water Quality Control Boards.

During February and March, 1965, Department scuba diving biologists made an ecological investigation off the
western shore of Point Loma, San Diego County (into water depths of 100 feet). Data from this study, conducted for
the San Diego Regional Water Quality Control Board (#9), are to be used in evaluating the effects of a submarine
outfall discharge on the marine life in the area.

Twenty diving and four intertidal stations were occupied along four transects run perpendicular to shore. A modi-
fied transect-quadrat method of survey was employed to sample the biota both quantitatively and qualitatively. In
addition, three orange-peel grab samples were taken near the outfall terminus (200-foot depth) primarily to determ-
ine sludge build-up.

The animal and plant assemblages were both lush and varied. The recorded species, numbers and diversities ap-
peared typical for this general area, water depth, and bottom type. Bathymetrically, the greatest species diversity oc-
curred in the 60- to 80-foot depths—the least in the 20. Geographically, species diversity was greatest in the central
portions of the study area, and the least diverse in the northern. This correlated with the height of the bottom relief.

Although it is difficult to make comparisons with prior studies, because of different sampling techniques, the
area's general biotic assemblages appeared similar, and except for the occurrence of Capitella capitata (a "pollution-tol-
erant" polychaete worm) at the outfall terminus, no adverse changes, directly attributable to outfall operations, were
apparent in 1965. Five plants and 14 animals are deemed particularly hardy; these index species should be closely
monitored in future studies to detect changes in their abundance relative to associated species.

Similar ecological studies should be carried out at least annually to record biotic changes which may be relative to
the outfall's operation.
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1 This work was performed as part of Dingell-Johnson Project California F-22-R, "Environmental and Behavioral Studies of Coastal Sport
Fishes," supported by Federal Aid to Fish Restoration funds.

1. INTRODUCTION1

The California Department of Fish and Game and the State Water Quality Control Board (through Regional Board
#9—San Diego) entered into an agreement 1 July 1964, whereby Department biologist-divers made an ecological
investigation of the marine environment from the intertidal zone to the 100-foot depth of the Pacific Ocean off the
western shore of Point Loma. The investigation included, but was not limited to: (i) a general reconnaissance off the
western shore of Point Loma, and (ii) an intensive examination in the southerly portion of the study area. The invest-
igation was directed toward an ecological assessment, by direct observation where possible, of the numbers and di-
versity of animal life and associated vegetation in the area. Physical data (water temperature and clarity) were recor-
ded each day field work was conducted.

We anticipate that these data gathered will be used by the Board to describe and evaluate environmental changes
(if any) which have occurred due to the operation of an ocean outfall in this area.

This study is the third in a continuing series of marine environment surveys the Department is conducting in co-
operation with the State's Regional Water Quality Control Boards. Because both the diving techniques employed
and the results obtained have wider application than afforded through the limited distribution of an interdepartmental
report, we consider formal publication proper and necessary.

2. AREA DESCRIPTION
Point Loma, a hilly peninsula extending south from Mission Bay, separates and protects San Diego Bay from pre-
vailing ocean currents. Its western shoreline features high sea-eroded cliffs.

Our study area was the narrow to moderate intertidal zone at the seacliff base, and the broad (2,000- to 3,200-yard
wide), gently sloping, pavement-like mudstone-sandstone submerged terrace paralleling the Point's western shore.

In the nearshore, some sand inundation of this sea terrace is observed and occasional "pocket" beaches adjoin the
exposed cliffs. Seaward into the 80-foot depths the broad pavement-like terrace is incised by shallow surge channels
and covered in parts by cobbles and boulders.

The terrace edge, the remnant of a now submerged seacliff, lies in the 100-foot depths. Here the bottom relief in-
creases and pinnacles and and large boulders tower above the fine gray bottom sands. Beyond this depth, the limit of
our diving survey, these fine gray sands persist into the deeper portions of the San Diego basin.

Wave action and shifting sand limited the inshore biota. In 60- to 80-foot depths, species diversity increased and
prolific and complex biotic assemblages were encountered. Sand intrusion at the terrace
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edge limited invertebrate and plant speciation, but the fish fauna remained relatively high. Seaward, typical sand-
bottom communities occurred.

3. METHODS
Field work was conducted during February and March, 1965. On the first day, a general reconnaissance was conduc-
ted from the beach and future transect locations determined. To retain continuity among studies in this area, our
transects were laid out so they reached shore in close proximity to stations occupied in prior studies (San Diego
Marine Consultants 1959 and 1962). During subsequent field days, four transects were run perpendicular to the
shore (approximately 255° magnetic) into 100-foot depths (figure 1) :

FIGURE 1 Location chart, transects surveyed and offshore collection sites, Point Loma, San Diego County

6



·Transect I began at the base of a promontory seaward of a large, pink, two-story building in Ocean Beach, approximately 6,600 yards north of the outfall line. It extended some 3,205
yards across the rocky intertidal and subtidal, terminating near the edge of the submerged rock terrace (100-foot depth).

·Transect II began at the cliff base beneath the Naval Electronics Laboratory's sea-water pumping station, approximately 3,000 yards north of the outfall line. After traversing the rocky
intertidal, the nearshore sand-smothered rock and the offshore rock terrace, it terminated on sand (100-foot depth) 2,200 yards offshore.

·Transect III began at the base of the outfall pumping station, traversed the rocky intertidal, the nearshore sand and the offshore rock terrace, and terminated at the terrace's seaward edge
(100-foot depth), approximately 2,800 yards offshore.

·Transect IV began below the bluffs between the Coast Guard Lighthouse Shore Station and the concrete foundation remains of the recently removed desalination plant, approximately
1,600 yards south of the outfall line. Extending seaward across the rocky intertidal, the nearshore sand-smothered rocks, and the rocky terrace, it terminated at the 100-foot depths in
rock rubble just seaward of the uplifted edge of the submerged rocky terrace, approximately 1,860 yards offshore.

offshore operations were conducted from the Department's 20-foot cabin cruiser Dolphin equipped with a Ray-
theon DE-705A recording fathometer. Fathograms were made along each transect and then reconstructed diagram-
matically for inclusion in this report (Figure 2) . Diving observations were made at 20-foot depth increments along
these transects (Figure 2) commencing in the 100-foot depths and proceeding shoreward. Using scuba, we occupied
20 stations along these four transects. A marker flag anchored at each station enabled us to plot its position accur-
ately with transit sightings from shore.

To make these diving survey results quantitatively meaningful and ecologically acceptable, we modified conven-
tional principles of terrestrial quadrat-transect sampling for use underwater.

Our actual sampling site was the spot where our anchor "set" in the bottom. We then defined each study area by
attaching a measured line to the anchor and traversing a circle with this line as its radius. Quantitative observations
were made within the perimeter, while outside its boundaries only more-obvious bottom topography or biological
features were noted.

The bottom area covered was not the same for each station, since the effectiveness of these techniques depends
upon water clarity and the complexity of the biota. The poorer the visibility the more restricted the amount of bot-
tom that can be surveyed using these techniques, and the more diverse the biota the smaller the area the divers can
critically examine. Typically, on sand stations having a limited macro-biota, we use a 3.1-meter line (about 10 feet),
inscribing a 30-square-meter area (about 320 square feet). In rocky bottom areas, where the biota is more diverse,
we employ a 2.2-meter line (about 7 feet) which encompasses
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FIGURE 2 Bottom contours offshore from Point Loma, San Diego County, as interpreted from fathograms. The let-
ter within the square indicates the sampling station
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15-square-meters (about 160 square feet). At three stations (I-E, III-D, and III-E) where the water visibility ap-
proached zero, or heavy surge hampered our work, we were unable to employ this are method to define the study
area.

Sampling conducted and data obtained at each of the diving stations included (with modifications as the situations
dictated): (i) a vertical plankton tow, using a standard 18 cm diameter oblong plankton net with 62-micron mesh; (ii)
obtaining a core sample; (iii) taking a substrate sample for polychaetes and Foraminifera; (iv) recording the water
depth; (v) recording the water temperature; (vi) estimating the water clarity; (vii) a general description of the bottom
area; (viii) enumeration by estimate of the larger plants and animals (including fish); (ix) quantitative enumeration
of the larger plants and animals in the are study area; (x) quantitative sampling (by actual removal) of growths with-
in a quadrat 0.25 m2; and (xi) making photographic records of general bottom conditions and of each quadrat prior
to sample removal.

At each station, we determined the general conditions of the ocean floor (sediment composition and structure),
carefully noting the presence or absence of ripple marks in sand-bottom areas.

In sand-bottom areas, we utilized a diver-held plastic coring tube to obtain a vertical profile of the sediments. This
sample location is designated "C" on each station sheet. Cores were measured, the general uniformity and consist-
ency of the sediments recorded, and the presence of putrefaction below the sediment surface (evidenced by the odor
of hydrogen sulfide) noted (Appendix 1).

Water depth was measured at the anchor, using a standard (oil-filled) diver's depth gauge, calibrated in 5-foot in-
crements, accurate to 3 feet. These were not interpolated to mean lower low water (MLLW).

We obtained water temperatures with both a diver-held thermometer and a continuously recording thermograph.
Temperatures were recorded during each dive in °C at the surface, at the bottom, and at 10-foot increments above
the bottom using the diver-held thermometer. We placed the thermograph on the bottom at two of the deeper diving
stations (III-A and IV-B) to record diurnal-nocturnal variations.

We estimated water clarity (the horizontal distance objects were visible) throughout the water column at 10-foot
depth increments to describe the general conditions under which our more-detailed biological observations were
made. During previous studies (Turner, Ebert, and Given, 1964, 1965, MS) we have determined that these estimates
are approximately one-half the distance recorded when a horizontal reading is made with a Secchi disc. These hori-
zontal readings describe the transparency of the water masses within the entire water column better than the usual
vertical Secchi disc readings taken from the surface.

Substrate samples were collected within each station area to determine diversity and abundance of polychaetes
and Foraminifera. Polychaete samples, designated "P" on the station diagrams, consisted of approximately 1 pint of
sediments skimmed from the top 1 to 2 inches of bottom. These were collected in wide-mouth quart jars, preserved
in 10% formalin, and the polychaetes sent to Donald J. Reish,
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FIGURE 3 Twenty-four-hour thermograph records taken offshore from Point Loma, San Diego County, March 9, 10
and 11, 1965 (Stations III-A and IV-B)

California State College at Long Beach, for examination. We identified the other organisms collected in these
samples.

Foraminifera samples, designated "F" on station diagrams, consisting of about 2 ounces of sediment were collec-
ted in 1-pint wide-mouth jars and preserved immediately in a solution of rose bengal. They have been sent to a spe-
cialist for identification, which is still pending.

Observations were recorded underwater on plastic slates and later transcribed into laboratory logs, from which
this report was written. Each plastic slate had a "study area" circle inscribed upon it to enable the divers to record ac-
curately the position of the macroscopic animals and plants at each station. We use the term "macroscopic" to define
plants and animals which were visible to the divers and the term "microscopic" for organisms living in and on the
substrate too small to be seen readily with the unaided eye.

All samples were tentatively sorted and preserved during the field operations with complete analysis being done
in the laboratory. During the laboratory sorting, we washed all samples through a 0.5-mm-mesh screen. Organisms
passing through this screen were not retained.

We also employed a transect-quadrat method of survey at four intertidal stations occupied during low tides on
February 15 and 17, 1965. Here we laid out the transect line directly across the intertidal zone, from extreme low
water to the upper tidal reaches. The plants and animals along this line were enumerated (by estimate) at each
10-foot increment, and at the midpoint of the line a quantitative
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FIGURE 4 Temperature-visibility curves as functions of depth offshore from Point Loma, San Diego County, Febru-
ary and March 1965

sample (by actual removal from within a quadrat 0.25 m on a side) was taken for detailed analysis at the laboratory.
Three extralimital samples were collected with a small Hayward orangepeel grab, along the 220-foot depth con-

tour near the outfall terminus, to note any sludge build up; these data are included.
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FIGURE 5 Temperature-visibility curves as functions of depth, offshore from Point Loma, San Diego County,
March 1965

4. FINDINGS
4.1. Transect I
The most northerly of our transects, Transect I (Figure 2), was characterized by pavement-like siltstone and mud-
stone. Its major relief resulted from erosion-formed channels and ledges rather than boulders and rocky outcrop-
pings. Most of these erosion channels were filled with sand or sand and shelly debris, severely limiting the habitats
available to the biota.
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FIGURE 6 The intertidal quadrat; Transect I. Note the concentrations of littorine snails. Photo by Robert R. Given.
This line, beginning at the base of a sloping sea-cliff promontory, bordered by pocket beaches, crossed the moder-

ate (90-foot wide) intertidal, with its deeply incised shelves, and extended across the submerged and gently sloping
offshore shelf into the 100-foot depths, approximately 3,300 yards offshore.

The relatively high, sharp profile of the intertidal shelves made them a harsh environment for animal life, and spe-
ciation was severely limited: only two algae and six animals were recorded (Table 1). Most of these were on the
sides of the shelf incisions rather than the shelf top. An exception was the green sea moss (Enteromorpha sp.) which
grew abundantly throughout the spray zone (higher tide zone) environment. Littorine snails (Littorina planaxis) and
green sea moss characterized the quadrat sample (Figure 6) .

Seaward, the shelves were frequently covered by sand. This sanding-over diminished somewhat at the 20-foot
depths where heavily-bored and "rotted" mudstone shelves dominated (Station I-E).

Due to severe surge and restricted visibility (about 6 inches), we know this area only by "feel" and limited collect-
ing. Surf grass (Phyllospadix torreyi) , 5 algae, and 37 animals were recorded (Table 1).

The first surface canopy of giant kelp (Macrocystis pyrifera) was encountered just seaward of Station I-E in
depths of approximately
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22 feet (300 yards offshore). This sparse bed was less than 200 yards wide and the plants did not appear particularly
healthy. No giant kelp was recorded in the 40-foot depths (Station I-D) where we recorded, despite the restricted vis-
ibility (2 feet), 11 other algae and 32 animals (including 2 fishes) (Table 1). Low growing coralline and other red al-
gae dominated the arc study area (Figure 7) . The bottom was composed of low, heavily-bored shelves, deeply incised
with surge channels filled with shelly debris and some sand. This relatively flat, gently-sloping, pavement-like bot-
tom continued into the 60- and 80-foot depths with only a scattering of low ledges forming relief of any substantial
height.

FIGURE 7 A pictorial representation of the arc study area, Station I-D (approximately 15 square meters of bottom
area), 40-foot depth, depicting the more obvious biotic features
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An extensive surface canopy of giant kelp was encountered in a band approximately 1,600 to 2,100 yards from
shore (waters 55 to 65 feet deep). Station I-C (60-foot depth) was in the central portion of this bed. Here the bottom
was rocky, interspaced with low ledges. Eight algae and 80 animals (including 5 fishes) were recorded (Table 1).
The numerous sea urchins were probably responsible for the lack of large algae in the immediate station area. Purple
sea urchins (Strongylocentrotus purpuratus) were observed under the movable boulders (Figure 8) or far back in the
crevices, while red sea urchins

FIGURE 8 Purple sea urchin concentrations on the underside of a boulder. Station I-C (60-foot depth). Photo by
Charles H. Turner.
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FIGURE 9 A pictorial representation of the arc study area, Station I-C (approximately 15 square meters of bottom
area), 60-foot depth, depicting the more obvious biotic features and the sampling locations
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(S. franciscanus) were observed in more open areas, at the mouths of crevices or overhangs and in the rock fissures.
Stony corals (Paracyathus stearnsi, Astrangia lajollaensis) and aggregate anemones (Corynactis californica) were
dominant in the are study area (Figure 9) .

The bottom relief was slightly more prominent at the 80-foot depths (Station I-B) despite the fact that sand and
debris filled many of

FIGURE 10 A pictorial representation of the arc study area, Station I-B (approximately 15 square meters of bottom
area), 80-foot depth, depicting the more obvious biotic features and the sampling locations
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TABLE 1
Plants and Animals Recorded from Transect I, Point Loma, February 15 and 17, 1965 Station and Abundance
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TABLE 1—Cont'd.

19



TABLE 1
Plants and Animals Recorded from Transect I, Point Loma, February 15 and 17, 1965 Station and Abundance
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TABLE 1—Cont'd.
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TABLE 1
Plants and Animals Recorded from Transect I, Point Loma, February 15 and 17, 1965 Station and Abundance

22



TABLE 1—Cont'd.
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FIGURE 11 A pictorial representation of the arc study area, Station I-A (approximately 30 square meters of bottom
area), 100-foot depth, depicting the more obvious biotic features and the sampling locations

the rock fissures. Low rock shelves and scattered boulders were common. Low-growing coralline and brown algae
predominated and some elk kelp (Pelagophycus porra) was recorded in the area. These elk kelp plants all showed the
effects of grazing. The arc study area was
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relatively barren and not characteristic of the general station area (Figure 10) where 8 algae and 39 animals (including
3 fishes) were recorded (Table 1). A few red abalones (Haliotis rufescens) were observed, including one 8½ inches
long.

Even at the 100-foot depths, this northern transect was characterized by pavement-like base rock and eroded chan-
nels filled with shelly debris. Five algae and 60 animals (including 10 fishes) were recorded; elk kelp and ribbon
kelp (Laminaria farlowii) were the dominant algae (Table 1). The gorgonian Lophogorgia chilensis and the stony
coral Paracyathus stearnsi were dominant in the are study area (Figure 11) . Only one abalone, a large adult red, was
recorded in the area.

About 100 feet seaward of our are study area the bottom gradient dropped off more rapidly at the uplifted seaward
edge of this rocky terrace. At the terrace's sheer face, fishes were numerous and diversified. A detailed study of this
area, beyond the scope of this present investigation, may reveal important information about changes in these animal
communities.

4.2. Transect II
In general, Transect II (Figure 2) was characterized by a pavement-like mudstone-siltstone and sandstone base over-
lain with cobbles and boulders in the nearshore and mid-depths. In the deeper portions of the transect (80- and
100-foot depths), the pavement-rock was deeply incised and ledges and pinnacles formed several high-relief areas.
Beyond the 100-foot depths (the limit of this study) the bottom was fine gray sand.

Transect II began at the base of the steep seacliffs, below the U.S. Navy Electronics Laboratory's seawater pump-
ing station. It crossed the broad (190-foot wide) intertidal shelf of low, flat, deeply-incised sandstone. The numerous
tide pools in this area supported a lush biota of surf grass, algae, and animals (Table 2). Seaward, an extension of
these shelves formed a shallow reef a few hundred feet offshore.

In the 20-foot depths (Station II-E), seaward of this reef area, the lush surf-grass beds diminished and the low
rocky shelves and ledges were replaced by cobbles and small boulders, nearly all covered with a crustose red alga,
Lithothamnium sp. Surf grass, eight algae and seven animals (including two fishes) were observed. Among these
were eight adult green abalones (Haliotis fulgens) (Table 2). The coralline alga Corallina officinalis was dominant in
the arc study area (Figure 12) .

The 40-foot depths (Station II-D) were infested with red and purple sea urchins, omnipresent across the heavily
bored mudstone base rock and around the scattered boulders (Figure 13) . Only the hardiest coral-line algae (i.e., Calli-
arthron regenerans and Corallina officinalis) were present in any quantity. Other species were presumably grazed
away by these sea urchin hordes. The arc study area (Figure 14) typified the general area. Four algae and 45 animals
(including 8 fishes) were observed (Table 2). of particular interest, to us, was our finding numerous yellowfin
fringeheads (Neoclinus stephensae) at this station. This relatively rare fish was ubiquitous in the empty pholad and
Lithophaga holes honeycombing the mudstone base rock. We have not encountered such concentrations of this fish
in any other area.
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TABLE 2
Plants and Animals Recorded from Transect II, Point Loma, February 16–18, 1965 Station and Abundance
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TABLE 2—Cont'd.
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TABLE 2
Plants and Animals Recorded from Transect II, Point Loma, February 16–18, 1965 Station and Abundance
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TABLE 2—Cont'd.
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TABLE 2
Plants and Animals Recorded from Transect II, Point Loma, February 16–18, 1965 Station and Abundance
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TABLE 2—Cont'd.
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TABLE 2
Plants and Animals Recorded from Transect II, Point Loma, February 16–18, 1965 Station and Abundance
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TABLE 2—Cont'd.
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FIGURE 12 A pictorial representation of the arc study area, Station II-E (approximately 15 square meters of bottom
area), 20-foot depth, depicting the more obvious biotic features

The 60-foot depths (Station II-C) were just seaward of a high relief ridge. Here the bottom was still pavement
rock but numerous ledges and boulders were nearby (Figure 15) . Although giving the appearance of harboring an im-
poverished biota, possibly due to the lack of large floral and faunal growths, 4 algae and 88 animals (including 13
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FIGURE 13 The sparse biota and omnipresent sea urchins at Station II-D (40-foot depth). Photo by Charles H.
Turner.

fishes) were recorded, making this one of the more lush areas surveyed during this study (Table 2). Sea urchins were
present but not in the concentrations observed at Station II-D. White sea urchins (Lytechinus anamesus) replaced the
purple and red sea urchins which were dominant in the shallows (Figure 16) . The ledges and crevices were relatively
free from sand and debris, offering an area of concealment for spiny lobsters (Panulirus interruptus) , observed only
at this station.

The bottom relief increased in height at the 80-foot depths (Station II-B) and 10- to 15-foot high ledges and pin-
nacles were encountered. Most of these appeared to be tilted upward at their seaward edge, and all terminated in a
sheer face. Algae remained sparse but the animals were numerous and diversified. In all, 4 algae and 61 animals
(including 15 fishes) were recorded (Table 2). White sea urchins were present but only in limited numbers. The are
study area (Figure 17) typified the general area and its biotic assemblage.

The 100-foot depths (Station II-A) represented the seaward edge of the broad mudstone-siltstone and sandstone
shelf lying offshore of Point Loma. At this point (approximately 2,100 yards offshore), the shelf deteriorated into
pinnacles and boulders randomly scattered on broad areas of sand. A few hundred feet seaward the bottom became
pure sand with ripple marks the only relief. Our Station II-A was on a broad expanse of medium gray sand (uniform
throughout the entire 8-inch core) in close proximity to large pinnacles and rocky outcrops (30 to 60 feet west). Only
18 animal species were recorded within the
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FIGURE 14 A pictorial representation of the arc study area, Station II-D (approximately 15 square meters of bot-
tom area), 40-foot depth, depicting the more obvious biotic features and the sampling locations

arc study area: the others an alga and 34 animals (including 3 fishes) were associated with these nearby rocks (Table
2). The arc study area (Figure 18) illustrates the sand dwellers.
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FIGURE 15 A rocky ledge and its epibiose, typical of Station II-C (60-foot depth). Photo by Charles H. Turner

4.3. Transect III
Pursuing a course directly seaward (255° magnetic) from the sewage treatment plant outfall base, this transect
(Figure 2) terminated in the 100-foot depths approximately 2,850 yards offshore. Its narrow intertidal zone, backed
by steep, often overhanging cliffs, consisted of low sandstone shelves, shallow surge channels and a few small tide-
pools. Low-growing green (Chlorophyta) and red (Rhodophyta) algae were abundant, and surf grass formed a mod-
erate bed in the low tidal zone. Numerous chitons (Amphineura) and limpets (Acmaea spp.) were present in the
crevices and depressions and several tiny snails and crustaceans occurred throughout the transect (Table 3).

Seaward, the low reefs and prominent surge channels effected such turbulent surf conditions and reduced visibil-
ity that our diving observations and collections were severely curtailed even at the 20-foot depth (Station III-E), ap-
proximately 700 yards offshore. Here the low shelves were covered by a thick accumulation of coarse red sand. The
only organisms identified came from the polychaete sample.

The bottom in the 40-foot depths (Station III-D) consisted of relatively flat, pavement-like sandstone. The numer-
ous boulders observed appeared out-of-place and may have been rip-rap associated with the nearby outfall pipe.

The substantial bed of adult giant kelp contained numerous juvenile plants. Again, surge and restricted visibilities
hampered our general survey, however, an extensive invertebrate fauna was recorded
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(Table 3). No fishes were seen and low-growing red algae appeared dominant.
Fathometer traces indicate an irregular bottom between Stations D and C with at least three distinct terraces

(Figure 2), each covered

FIGURE 16 A pictorial representation of the arc study area, Station II-C (approximately 15 square meters of bot-
tom area), 60-foot depth, depicting the more obvious biotic features and the sampling locations
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FIGURE 17 A pictorial representation of the arc study area, Station II-B (approximately 15 square meters of bottom
area), 80-foot depth, depicting the more obvious biotic features and the sampling locations
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FIGURE 18 A pictorial representation of the arc study area, Station II-A (approximately 15 square meters of bottom
area), 100-foot depth, depicting the more obvious biotic features and the sampling locations

with scattered giant kelp plants which combine to form a continual surface canopy.
The 55-foot depths (Station III-C), about 2,450 yards offshore, were characterized by pavement-like sandstone

without boulders. An increase in the floral and faunal assemblages was readily apparent when we
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TABLE 3 Plants and Animals Recorded from Transect III, Point Loma, February 16, March 8 and 9, 1965 Station
and Abundance
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TABLE 3 Plants and Animals Recorded from Transect III, Point Loma, February 16, March 8 and 9, 1965 Station
and Abundance

42



TABLE 3—Cont'd.
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TABLE 3 Plants and Animals Recorded from Transect III, Point Loma, February 16, March 8 and 9, 1965 Station
and Abundance
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TABLE 3—Cont'd.
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TABLE 3 Plants and Animals Recorded from Transect III, Point Loma, February 16, March 8 and 9, 1965 Station
and Abundance
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TABLE 3—Cont'd.
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compared this station's species list with those of previous stations on this transect. Elk kelp was conspicuous, and
other brown and red algae also were present. Sixty invertebrates were identified (Table 3), but only four fish species
were observed, possibly due to the lack of protective niches in the pavement-like substrate. The are study area (Figure

19) was typical of our general station findings.

FIGURE 19 A pictorial representation of the arc study area, Station III-C (approximately 15 square meters of bot-
tom area), 60-foot depth, depicting the more obvious biotic features and the sampling locations
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The 75-foot depths (Station III-B) represented the most diverse community organization along this transect. This
station, almost 2,700 yards offshore was on sloping pavement-like sandstone. Within 100 feet of our study are were
numerous, large, flat-topped rocky prominences, their sheer and often undercut sides extending 15 to 20 feet above
the sea floor. Elk kelp and small red algae, especially Rhodymenia sp. were common, but giant kelp was sparse.
Ninety-three invertebrates and ascidians were identified, including numerous sponges, stony corals, the gorgonian
Lophogorgia chilensis, 30 different mollusks, and red and purple sea urchins (Table 3). The are study area (Figure 20)

was representative of this station.
The fish fauna increased here and of the 13 species recorded (Table 3), blacksmiths (Chromis punctipinnis) and

señoritas (Oxyjulis californica) were the most common.
The 100-foot depths (Station III-A) approximate the seaward edge of the Point Loma submerged shelf. Scattered,

large, rocky outcroppings were prominent, but interspersed with extensive sandy areas. Here our study are included
both sand and rock. Sand stars (Astropecten verrilli) characterized the sandy areas, with low red algae, a large
sponge (Geodia mesotriaena) , and gorgonian corals conspicuous on the rock (Figure 21) . Numerous fishes were also
encountered (Table 3).

4.4. Transect IV
Our most southerly transect (Transect IV), near the southern tip of Point Loma, pursued a seaward course of 255°
magnetic. The bottom, as interpreted from fathometer tracings (Figure 2) sloped moderately into 40-foot depths,
then became irregular, but without any substantial depth increase, almost to Station IV-C (60-foot depths). Beyond
this, it declined sharply, becoming quite irregular. Large pinnacle-like projections appeared, continued a short dis-
tance, then sharply graded onto sand (100-foot depths) about 1,900 yards from shore.

The broad (300-foot) intertidal zone of Transect IV was backed by low, vertical sandstone cliffs. Numerous gul-
lies, tide pools, low shelves, and 3- to 4-foot high rocky outcrops provided innumerable habitats for the diverse plant
and animal assemblages observed here. Fifty-one species were recorded, including 24 mollusks (Table 4). Sea mus-
sels (Mytilus californianus) and stalked barnacles (Pollicipes polymerus) formed large dense beds on the upper sur-
faces of the higher rocky outcrops, while chitons and numerous small crabs predominated on the rock undersides.
Near the lower tidal zone and extending seaward into the sub-tidal was a moderate surf-grass bed.

The 20-foot depths (Station IV-E) lie approximately 300 yards offshore. The heavily bored pavement-like sand-
stone is profuse with cobbles and boulders, and interlaced with numerous, small rifts filled with sand and shelly
debris. A 2- to 3-foot high brown alga (Pterygophora californica) was abundant and dominant at this station, but was
not represented in the arc study area. Strap kelp (Egregia laevigata) , extending upward to the surface, and low-
growing coralline algae were also common (Figure 22) . This station is subjected to moderate or strong surge action,
so speciation is restricted to those organisms tolerating these harsh conditions (Table 4). No fish were recorded.
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FIGURE 20 A pictorial representation of the arc study area, Station III-B (approximately 15 square meters of bot-
tom area), 80-foot depth, depicting the more obvious biotic features and the sampling locations
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FIGURE 21 A pictorial representation of the arc study area, Station III-A (approximately 30 square meters of bot-
tom area), 100-foot depth, depicting the more obvious biotic features and the sampling locations
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TABLE 4 Plants and Animals Recorded from Transect IV, Point Loma, February 16, March 10 and 11, 1965 Station
and Abundance
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TABLE 4—Cont'd.
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FIGURE 22 A pictorial representation of the arc study area, Station IV-E (approximately 15 square meters of bot-
tom area), 20-foot depth, depicting the more obvious biotic features and the sampling locations

Forty-foot depths (Station IV-D) were reached about 500 yards offshore. Here the bottom was characterized by
low mudstone shelves, 8 to 10 inches high, topped with numerous cobbles and medium-sized boulders. A dense bed
of giant kelp formed an extensive canopy, shading the lower growing algae. Pterygophora remained abundant but
strap kelp was quite sparse, approaching its bathymetric limit. Significant increases in the invertebrate populations
were readily apparent (Table 4). Red and purple sea urchins, inveterate kelp grazers, were common, but confined
themselves to crevices and beneath the
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FIGURE 23 A pictorial representation of the arc study area, Station IV-D approximately 15 square meters of bot-
tom area), 40-foot depth, depicting the more obvious biotic features and the sampling locations

ledges. of the abundant mollusks, the whelk Kelletia kelleti was dominant. Fishes were lacking; only señoritas were
recorded. The are study area diagram (Figure 23) is especially representative of this station's general biota.
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In the 60-foot depths (Station IV-C), about 1,500 yards offshore, low shelves, exposed large boulders, and numer-
ous, shallow, sand-filled rifts characterize the bottom. Giant kelp and elk kelp produce an extensive canopy. Solitary
stony corals were common on the rocks, with the tube worm Diopatra ornata prevalent in the numerous sand-filled
areas. Sea stars, particularly the bat star Patiria miniata, were well-represented. Kelp was absent from the arc study
area (Figure 24) . An increase in the fish fauna was readily apparent (Table 4).

The 80-foot depths (Station IV-B) were also characterized by pavement-like substrate, criss-crossed with narrow,
sand-filled rifts and scattered cobbles and medium-sized boulders. Proximal to the quantitative study area were low
(8 to 10 inches high) ledges, and 70 feet away, 2- to 3-foot high rocky outcrops were distinctive.

Elk kelp, extending to within 20 feet of the surface, dominated the macroscopic biota but again was absent from
the quantitative are study area (Figure 25) . Low-growing red algae comprised the remainder of the algal community.
Stony corals and sea stars were common, and 20 red sea urchins were recorded in the general station area. The gor-
gonian Lophogorgia chilensis, a normal inhabitant of these depths, was also observed. Numerous polychaete worms,
crustaceans, and mollusks, not seen in the general survey, were recorded in our quadrat sample (Table 4).

of the eight fish species recorded at this station, California sheep-head (Pimelometopon pulchrum) , attaining es-
timated lengths of 36 inches, were the most obvious. Bluespot gobies (Coryphopterus nicholsi) were more abundant,
but due to their cryptic habits and small size, were less apparent.

The shelf edge, reached at the 100-foot depths (Station IV-A), was pavement-like sandstone, with large boulders,
low shelves, and pockets of sand and shelly debris (Figure 26) . No large kelps or algae occurred, although low-
growing red algae were common (Table 4). Solitary stony corals (Paracyathus stearnsi) were especially abundant,
with two species of gorgonians particularly obvious (Figure 27) . Again, a variety of sea stars was observed. Twelve
species of fishes were recorded, including three rockfish, all common to these depths along the rocky southern Cali-
fornia coastline.

4.5. Extralimital Sampling
Three offshore stations (designated G-1, G-2, and G-3 on Figure 1) were occupied in addition to the transect diving
stations. One sample was collected at each (with a small Hayward orange-peel grab) to note the presence or absence
of sludge. No sludge was observed in these samples, but hydrogen sulfide (H2S) odors were common to two (G-1
and G-2). Concurrent and subsequent corings taken by the San Diego Regional Water Quality Control Board staff
revealed varying depth layers of sludge (Leonard Burtman, pers. comm.).

Station G-1 was contiguous with Transect III in 220-foot depths. Its sample consisted of 3 to 4 quarts of soft, silty
mud with a slight H2S odor. Many dead gastropod and scaphopod shells were noted.
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FIGURE 24 A pictorial representation of the arc study area, Station IV-C (approximately 15 square meters of bot-
tom area), 60-foot depth, depicting the more obvious biotic features and the sampling locations
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FIGURE 25 A pictorial representation of the arc study area, Station IV-B (approximately 30 square meters of bot-
tom area), 80-foot depth, depicting the more obvious biotic features and the sampling locations
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FIGURE 26 Pockets of sand and shell cover portions of the pavement rock at the terrace edge, Station IV-A
(100-foot depths). Photo by Charles H. Turner

Station G-2 was in the center of the outfall's "Y"-shaped terminus in 220-foot depths. Six quarts of fine, dark, silty
mud with a slight H2S odor were collected and screened.

Station G-3 was contiguous with Transect IV in the 220-foot depths. Three quarts of dark silty mud, without an
H2S odor, were collected and screened.

We identified the animals in each sample and sent the polychaete worms, foraminiferans, and gammarid amphi-
pods to specialists. Only the polychaete identifications are included in this report (Table 5).

This offshore area, between 20 and 50 fathoms deep, has been characterized by Barnard and Ziesenhenene (1961)
as typically harboring an Amphiodia urtica community. Therefore, it was not unexpected to find this ophiuroid dom-
inant in our samples. of particular significance, however, is the occurrence of Capitella capitata in the sample nearest
the outfall. This "Pollution-tolerant" polychaete previously had not been recorded in this immediate area, and its
presence is indicative of an adverse environmental change, according to Donald J. Reish (pers. comm.). Defining the
areal distribution of Capitella capitata will help delimit the present area influenced by the outfall.
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FIGURE 27 A pictorial representation of the arc study area, Station IV-A (approximately 15 square meters of bot-
tom area), 100-foot depths, depicting the more obvious biotic features and the sampling locations
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TABLE 5
Animals Recorded from the Orange-Peel Grab Samples Taken offshore from Point Loma, March 9, 1965
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5. DISCUSSION
Oceanographic studies along the westerly shore of Point Loma were conducted by San Diego Marine Consultants
(1959, 1962) prior to the construction and operation of the submarine outfall. These surveys evaluated the marine
environment, giving background information which, when compared with subsequent surveys, might indicate
changes attributable to operation of the outfall; outfall operation commenced late in 1963.

Six of our stations (two intertidal and four nearshore) approximated those surveyed by San Diego Marine Con-
sultants in 1961. We have attempted pre- and post-operative comparisons with these stations despite the fact that: (i)
considerable variation exists between sampling techniques of this and the previous study; and (ii) emphasis on per-
tinent environmental features varied considerably between the studies. In general the biotic conditions observed
(1961 and 1965 survey) appear similar and no adverse changes, directly attributable to outfall operations, were
noted.

The intertidal stations selected for comparative purposes, Transects I and IV, correspond to Stations G and E re-
spectively of San Diego Marine Consultants (1962). Intertidal-I was largely characterized in our studies by its algal
distributions and associated littorine snails; it had only a fraction of the speciation reported in 1962. The 1965
paucity of species appears to be the result of severe wave action and continual erosion and sanding-in of the ledges,
rather than outfall operation.

Intertidal-IV exhibited excellent species diversity during both studies, with the exception that top-snails (Astraea
undosa) and chitons (Ischnochiton sp.), prevalent in 1961, were not recorded by us, and the fishes reported as "teem-
ing" in the upper tide pools during 1961 were not seen during our study. The algal diversity existing in 1965 approx-
imated that recorded in 1961.

The four nearshore diving stations we selected for comparison, and their 1961 counterparts (in parentheses) were:
I-C (K-7), III-D (K-4), IV-D (K-3), and IV-A (L-6).

Station I-C was described as an extremely lush area in 1961; coralline and brown algae dominated, and animal
forms were abundant. Occasional giant kelp plants were noted, and many dead hold-fasts were seen. In 1965, we
found a moderate bed of giant kelp apparently somewhat more extensive than that which existed in 1961. Sea
urchins were present (as in 1961) but were largely restricted to crevices and beneath boulders. Contrasting with this
areal increase in the giant kelp, we noted a decrease in the lower-growing brown algae—a normal sequence in plant
succession within a bed of giant kelp. In general, there was favorable agreement between species recorded in the
1961 and 1965 surveys. Differences, in most instances, were attributable to survey techniques.

Station III-D exhibited gross biotic changes between 1961 and 1965, not an unexpected occurrence since its loca-
tion corresponds closely to the outfall pipe—a non-existent structure in 1961. Significantly the changes (apparently
brought about by substrate improvement) have been favorable. Giant kelp, absent in 1961, formed a moderate
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to heavy bed throughout the general station area. Purple sea urchins, the dominant biotic form in 1961, were not
seen by us. Twenty-one animal and two plant species were noted in 1961, about half the diversity we observed in
1965 (46 animal and 3 plant species).

Although Station IV-D had similar invertebrate speciation in both 1961 and 1965, with boring clams, purple and
red sea urchins, and bat stars dominating, distinct changes in the algal community were noted. Coralline algae, re-
corded as the dominant plants in 1961 were still abundant in 1965, but the dominant species was giant kelp, which
formed a dense bed with an expansive canopy. In addition, elk kelp, strap kelp, and a low-growing brown alga,
Pterygophora californica, which were sparse to abundant in our general station area, were not recorded in 1961.

Station IV-A, located in the 100-foot depths, roughly approximated station L-6 (92 feet deep) of San Diego Mar-
ine Consultants (1962). Here we recorded the coralline alga Corallina officinalis (dominant in 1961) as sparse. A ju-
venile giant kelp plant found at Station L-6 in 1961 (a depth considered marginal for giant kelp in this area) is not-
able. We did not find giant kelp beyond Station IV-C (60-foot depth) along this transect. Solitary corals proved to be
the dominant sessile animals in both 1961 and 1965, and estimates of their abundance were identical. Three plant
and 16 animal species were recorded in 1961, considerably fewer than the 3 plant and 49 animal species we recor-
ded in 1965. This greater diversity in 1965 appears to reflect differences in sampling techniques. Only three fish spe-
cies were recorded in 1961; we observed 12.

An initial recognizable feature of unfavorable environmental conditions is the lack of biotic diversity. As environ-
mental conditions become harsh, mobile animal forms, finding conditions untenable, emigrate; attached plants and
animals, intolerant to the situation, succumb. Those remaining are tolerant forms which, due to reduced competition,
exhibit high abundance levels. This sequence of events has been observed, not infrequently, along the southern Cali-
fornia coastline.

Tolerant sessile forms of the open coast are usually eurybathic (tolerating wide depth distributions), eurythermic
(tolerating wide temperature ranges), and euryhaline (tolerating wide salinity ranges).

Disregarding all other environmental factors, we grouped those plants and animals recorded at five consecutive
depth-stations (i.e. intertidal to 80-foot, or 20-foot to 100-foot depths). Interestingly, most of the species usually as-
sociated with impoverished biotic conditions (on rocky substrates) appear in this list (Table 6). Increases in their
abundance levels, relative to associated species, probably would be indicative of an unfavorable environment such
as would be caused by sewage discharge. of the five algae listed, two articulated corallines Bossiella and Corallina
were found from the intertidal to depths exceeding 100 feet. These two have also been noted as abundant off the Pa-
los Verdes Peninsula (near Los Angeles), an area influenced by an outfall discharge. The other three algae may also
be tolerant forms indicative of restrictive environmental situations.
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TABLE 6
Plants and Animals Observed at Five or More Consecutive Depth-stations offshore from Point Loma, February and

March, 1965
of the 14 invertebrate species exhibiting this wide bathymetric distribution, sea urchins (Strongylocentrotus spp.),

brittle stars (Amphipholis pugetana and Ophiothrix spiculata) , bat stars (Patiria miniata) , and three mollusks
(Crepipatella lingulata, Megathura crenulata, and Hiatella arctica, are known to flourish in harsh environments. Less
is known about the environmental requirements of the others, but we suggest that they too are hardy, tolerant forms
that should be closely monitored in future surveys.

6. SUMMARY
The subtidal area (into 100-foot depths) west of Point Loma, San Diego County, was visually surveyed by biologist-
divers to ascertain the number and diversity of marine life. These data were compiled for, and will be used by, the
San Diego Regional Water Quality Control Board in its evaluation of environmental changes (if any) which have oc-
curred due to operation of an ocean outfall in this area.

Field work was conducted during February and March 1965. During this period, 20 diving stations and 4 intertid-
al areas were occupied along four transects, lying perpendicular to shore from the intertidal into 100-foot depths.

We employed a modified transect-quadrat method of survey, quantitatively and qualitatively sampling the animals
and plants present.
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General observations, including core samples of the substrate in sand bottom areas, were made at each station.
Quantitative sampling, by actual removal of all organisms within a quadrat 0.25 m on a side, were identified and re-
corded.

In addition, three orange-peel grab samples were taken in the 220-foot depths around the outfall terminus, primar-
ily to determine sludge build-up. No sludge build-up was observed in these samples but analysis of the animals
present indicated an adverse change in the environment near the outfall terminus. Concurrent and subsequent cor-
ings by the Regional Board's staff have shown a build-up of sludge.

Only two of the diving stations were sufficiently sandy for cores to be taken: Station II-A was uniform fine gray
sand; Station II-E, coarse red sand (Appendix 1).

Water visibility (clarity) was generally poor at the inshore stations, becoming more favorable at intermediate and
offshore locations. Water clarity at the sample areas ranged from less than 1 foot (Station I-E) to an estimated 25 to
30 feet at Station II-D (Appendix 1).

Bottom temperatures at the sample areas ranged from 54.1°F at Station III-A (100-foot depth) to 56.3°F at Station
III-D (40-foot depth) (Appendix 1). Twenty-four-hour thermograph recordings, taken at Stations III-A and IV-B, in-
dicated uniform diurnal-nocturnal fluctuations, of about 1°F; maximum temperatures occurred nocturnally (Figure 3) .
At all stations, temperature and visibility generally decreased with depth (Figures 4 , 5 ).

Giant kelp was sparse in the northern survey areas (Transect I), did not occur in the central sector (Transect II),
and was sparse to heavy in the south (Transects III and IV). Bathymetrically it ranged from 20- through 75-foot
depths.

Elk kelp was common at the deeper stations, and strap kelp persisted in the shallows (less than 20-foot depths).
Several low-growing browns were common to abundant in the 20- and 40-foot depths.

The animal life was varied and lush with sponges, solitary stony corals, whelks, limpets, boring pholads, nud-
ibranchs, bat stars, brittle stars, sea urchins, solitary and colonial tunicates, sea cucumbers, and a wide variety of
bryozoans dominating. In general, the recorded species, numbers, and diversities were typical for this geographic
area, water depth, and bottom type.

Bathymetrically the most diverse speciation occurred in the 60- to 80- foot depths, while the least was in 20. Cent-
ral Point Loma (Transect II) had the most varied biota, closely followed by the southern area (Transects III and IV).
To the north, Transect I, due to its extremely low relief, exhibited the least diversity.

Six of our stations approximated those surveyed by San Diego Marine Consultants in 1961. Although direct com-
parisons were difficult, because of differences in sampling techniques, significant increases in giant kelp were appar-
ent at three of the stations. In general, the biotic conditions observed along this submerged terrace (1961 and 1965
surveys) appeared similar and no adverse changes, directly attributable to outfall operations, were apparent in 1965.
Five plants and 14 animals are mentioned as particularly hardy; these should be closely monitored in future surveys
to detect changes in their abundance levels relative to associated species.
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Because the outfall was operative only 18 months when our survey was conducted, insufficient time may have
elapsed for the more subtle changes to have become apparent in the rocky areas. Therefore, we recommend contin-
ued surveillance of this area, along the lines of the 1965 study, at least annually for the next several years. During
this period, any biotic changes, relative to the outfall operations, should become apparent.

offshore, near the outfall terminus, the presence of Capitella capitata (a hardy polychaete worm) indicates an ad-
verse environmental change attributable to the outfall. Further study of this area, beyond the scope of our investiga-
tion, is definitely warranted.
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