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UMI ABSTRACT

EFFECTS OF HERBIVOROUS GASTROPOD
SPECIES AND DENSITIES ON EARLY ALGAL SUCCESSION
IN THE HIGH INTERTIDAL ZONE

by John A. Tarpley

Field manipulations, laboratory feeding experiments, and comparisons
with a larger, multi-site study of intertidal succession were used to determine
the effects of herbivorous gastropod species and densities on early algal
succession in the high rocky intertidal zone at two sites in central California.
The grazers studied were: "Collisella” scabra and Lottia digitalis, and Tegula
funebralis and Littorina scutulata/plena.

The effects of grazer species were limited and did not strongly regulate
early succession, but increasing grazer densities decreased algal abundance.
To estimate the cumulative impact of grazers on the algal community, a
system of "mean grazer units" was developed from algal consumption rates.

The common grazers used in this study were able to alter algal
abundance and species composition on high intertidal shores. By consuming
small ephemeral and perennial algae, various densities of grazers can either
hasten or prolong early algal succession. Results also suggest that the

magnitude of such complex interactions are site dependent, directly affected

by local site characteristics.

Major Adviser: Dr. Michael S. Foster
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ABSTRACT

Density, species composition, and selective grazing of herbivores may
substantially alter the structure of algal assemblages via effects on early
successional algae such as diatoms, blue-greens, and filamentous and foliose
ephemerals. In this study, field manipulations, laboratory feeding
experiments, and comparisons with a larger, multi-site study of intertidal
succession were used to determine the effects of grazer species and density on
early algal succession in the high rocky intertidal zone of two sites in central
California. Four grazer species were chosen based on their frequency of
occurrence and abundance throughout the study areas: the limpets,
"Collisella” scabra and Lottia digitalis, and the snails, Tegula funebralis and
Littorina scutulata/plena.

Grazer species had few effects on early algal succession, and did not
strongly regulate primary succession or early algal assemblage structure. All
grazers examined were generalist, opportunistic feeders that consumed
ephemeral algae and the juvenile stages of perennials. All species of grazers
consumed microalgae (piants with thalli <i cm iong) but only Teguia and
Littorina ate macroalgae. As a result of this consumption, all grazers slightly
altered algal species composition and reduced total algal cover.

Grazer density had a much greater effect on algal succession than grazer
species. As density of each species increased, algal cover decreased. This
negative correlation was observed in all experiments and among all grazers
throughout the experiments. Treatments with average and high densities of
grazers had significantly less total algal cover than low-density or no-grazer

treatments during the sampling period. High-density plots were nearly



devoid of ephemerals and most upright perennial algae regardless of the
successional age of the plots. Algal species richness also decreased as grazer
density increased, but the effect was not statistically significant.

Based on feeding experiments, a system of grazer equivalents, or
"mean grazer units” was developed to estimate algal consumption in
completely disturbed areas. Grazer units were derived from the mean
consumption rates of microalgae and macroalgae for each grazer species.
Because Tegula consistently consumed the most algae and was the most
effective grazer in all experiments, it was chosen to equal one mean grazer
unit (mgu). For microalgae: 1 Tegula equaled 2.4 Lottia (1 Lottia = 0.42 mgu),
3.7 "Collisella” (1 "Collisella” = 027 mgu), or 14.2 Littorina (1 Littorina = 007
mgu). For macroalgae, only Tegula and Littorina mgu values were calculated
for grazing on Ulva lobata. They were: one Tegula equaled one mgu and one
Tegula equals approximately 18 Littorina(1 Littorina = 0.05 mgu).

Overall, the common herbivorous gastropods used in this study were
able to alter algal abundance and species composition on high intertidal
shores. By consuming small ephemerals and, in some cases, juvenile
perennial algae, various densities of grazers can either hasten or prolong early
algal succession. Results also suggest that the magnitude of such complex
interactions are site dependent, directly affected by local site characteristics.
Thus, the effects of grazers on early algal succession must be addressed on a

site-by-site basis.



INTRODUCTION

Revegetation of bare substratum following a disturbance has been
referred to as "primary succession” (Clements 1916). The rate of this
succession and the processes that affect the rate can be as varied and
unpredictable as the factors that produced the disturbance. In marine
intertidal ecosystems, physical factors such as substratum type, tidal height,
desiccation, temperature, sand scour, wave exposure, and season; and
biological factors such as availability of spores and larvae, competition, and
predation (or herbivory in the case of plants), can all affect succession and
alter the resulting community structure (Ricketts et al. 1985).

In intertidal algal communities, one current paradigm of succession
common to all plant communities suggests that following a disturbance the
typically short-lived "weedy" ephemeral species "invade" and then are
succeeded by longer-lived perennial species. Biological and physical factors
may affect the rate of succession or recovery, but the community will
eventually be similar to what it was before the perturbation unless another
disturbance occurs.

Of the many potentially influential factors, the effects of herbivores
have been of primary interest in nearshore marine reef communities. Plant-
herbivore interactions, especially grazing, dramatically affect algal community
structure in many marine systems (see reviews by Branch 1981; Lutchenco
and Gaines 1981; Hawkins and Hartnoll 1983). Sousa (1979, 1984) examined
plant-herbivore interactions and the effects of grazers on mid-intertidal algal

communities during succession, and found that grazers did have effects



although they were not long-lasting. Lubchenco and Menge (1978) found that
littorines in the low rocky intertidal zone enhanced the reestablishment of
the perennial Chondrus crispus by removing ephemeral algae and epiphytes.
In another study, the combined actions of herbivory and algal competition
kept fucoids from reestablishing in intertidal pools (Lubchenco 1982). In
northern California, littorines were effective grazers where algae colonization
on abundant barnacle cover, and limpets were important where barnacles
were scarce (Geller 1991).

Many researchers have suggested that herbivores, especially gastropods,
can affect the disturbance and abundance of their aigal foods (e.g, Southward
1964; Cubit 1984; Lubchenco 1978, 1982; Underwood 1979; Underwood and
Jernakoff 1981; Duggins and Dethier 1985; Petraitis 1987, Watson and Norton
1987). A number of researchers that have studied grazing have examined
changes in algal zonation (e.g, Castenholz 1961; Haven 1973; Anderson 1987),
temporal fluctuations in algal or grazer abundance (e.g, Underwood and
Jernakoff 1981; Cubit 1984), the algal foods of grazers (e.g, Foster 1964; Eaton
1968, Kitting 1979, 1980; Nicotri 1980; Watson and Norton 1985, 1987), and
herbivore behaviors (e.g, Eaton 1968; Nicotri 1977, Watson and Norton 1987).
Some studies suggest that preferential feeding by particular species of grazers
can change abundance and/or composition of algal species characteristic of
early succession, such as diatoms, filamentous red and green algae, and
various foliose ephemerals (Lubchenco 1978, 1982; Sousa 1979, 1984; Petraitis
1983). These studies and Petraitis (1987) and Farrell (1988) indicated that it was

possible for grazers to regulate succession by maintaining or excluding

particular algae.



Despite strong evidence that herbivores have the potential to influence
algal communities, direct effects of grazing during early succession have not
been thoroughly investigated. It is during early succession that herbivores in
temperate intertidal zones, especially in the high intertidal zone, may have
the greatest impact on the algal community (Foster 1992). My primary
objective was to determine the specific effects of different species and densities
of herbivores on early algal succession in the high rocky intertidal
Endocladia/ Mastocarpus assemblage of central California. Effects of grazer
species and density on individual algal species, total algal cover, and algal
species richness were examined during early algal succession following a
complete disturbance. The second objective was to determine consumption
rates of each grazer species on select macro-and microalgae to better evaluate
their relative effects on algal succession. The final objective was to determine
if grazing effects were similar at other locations to expand the geographical
scope of this study. To do this, data from a larger, multi-site study of
succession were examined for grazer-algal relationships based on site-specific
differences in grazer density, algal abundance, and species composition of
early successional, ephemeral algae.

Four of the most abundant and widely distributed high intertidal
grazers in central California were examined. They were the limpets, Lottia
digitalis and "Collisella”.scabra, and the snails, Littonina scutulata and Tegula
funebralis (Morris et al1980). These herbivores were chosen because of their
high abundance in the field, and because evidence from other studies

indicated that they had the potential to affect early algal succession.



MATERIALS AND METHODS
- L Freld Experiments

Field experiments were done at Pescadero Point (36°33'N, 121°57'W) on
the north side of Carmel Bay, and at Bolinas Point (37°54'N, 122°43'W) on
Duxbury Reef near Bolinas, California (Figure 1). The latitudinal distance
between the sites was 1°21' (approximately 129 km). Study sites were selected
based on the plant/herbivore assemblage preseﬁt, available size of study area,
and restricted public access. Both study sites were approximately 1.3 to 20 m
above Mean Lower Low Water in the high intertidal zone. At these sites, this
zone is dominated by two species of algae, Endociadia muricata and
Mastocarpus papillatus. Pescadero Point is composed of granite benches and
large boulders exposed to moderate to heavy surf from the south and
southwest. Bolinas Point is a large, broad, and relatively flat mudstone reef
which is swept by waves and swells from the northwest to the south at high
tide.

In February and March 1989, complete clearings were made at
Pescadero Point and Bolinas Point, respectively. Random plots, 25 x 25 cm
(00625 m2), were cleared by chiseling off all macroalgae and invertebrates
and scraping the plot with a wire brush. The area within each plot was then
burned with a hand-held propane torch until the rock surface was dry and
hot. Scraping and burning was then repeated a second time. This technique

assured that all plots were sterile and that each plot had a common starting

point for succession.



A. Pescadero Point Treatments

Treatments at Pescadero Point included manipulations to examine
effects of grazing from lo-w, average, and high densities of "Collisella”scabra
(hereafter "Collisella’), Lottia digitalis (hereafter Lottia ), and Littorina
scutulata/plena (hereafter Littorina ) on early algal succession (Table 1).
Natural grazer densities were determined from surveys of grazer counts in
the Endocladia/ Mastocarpus zone at each site. Low and high densities
represented the minimum and maximum ratural densities found for each
grazer. “"Collisella” and Lottia used in these studies had shell lengths between
1 and 2 cm. Ljttorina treatments included a random selection of individuals
of varying sizes found at the study site. A control treatment that excluded all
grazers was also included to determine algal succession unaffected by grazers.
A more typical control allowing access by all grazers was not used because
interest was in the effects of a particular grazer species and densities on algal
succession, not their combined effects. Each treatment was replicated four
times for a total of 40 cleared plots.

Barriers to maintain treatment densities of the two limpet species,
littorine, and control treatments consisted of a 4-cm wide band of rubber-
backed astroturf surrounded by a 4- to 5-cm band of the sticky compound Tree
Tanglefoot ® Pest Barrier (Figure 2A). Astroturf was epoxied to the
substratum using Z-Spar ® Splash-zone Epoxy Compound. This low-lying

barrier restricted grazer movement into and out of plots.



B. Bolinas Point Treatments

Bolinas Point was chosen to examine the effects of Tegula funebralis
(hereafter Tegula) grazing at low, average, and high densities because Teguia
were abundant (Table 1). The effects of average densities of “"Collisella” and
Lottia were also examined. Grazer densities and controls were chosen in the
same manner as at Pescadero Point with four replicates per treatment. Due to
logistical constraints, low and high density treatments for both limpets were
not examined. Littorina was not studied at this site because its density and
movements could not be controlled. Wave action washed littorines
uncontroilably across the relatively flat mudstone bench.

To maintain Tegula densities, a 25 cm X 25 cm cage of stainless steel
wire mesh (1.27 x 1.27 cm; 0.5 x 0.5 in) was epoxied to the substratum over the
cleared plot (Figure 2B). The height of the cage was approximately 5 cm above
the substratum, with a 10 x 10 cm door on the top for access when sampling.
Astroturf and Tree Tanglefoot surrounded the outer perimeter of the cage to
prevent additional animals from entering and to maintain consistency of any
cage effects among all plots. The limpet and control treatment barriers were
identical to those used at Pescadero Point (Figure 2A). An additional control
treatment was added at Bolinas Point to test for any effects due to the wire
cages. These cage controls were constructed of stainless steel wire mesh and
were surrounded by astroturf and Tree Tanglefoot barriers. They contained
no grazers and two sides were open (Figure 2C). The cage control and control
treatment were compared for effects due to shading, changes in water motion,

or protection from predation provided by the cage.



C. Sampling

Algal abundance and composition within each plot were sampled
monthly for 16 months at Bolinas Point and 18 months at Pescadero Point.
Sampling continued until ephemeral algae were replaced by perennials. A
point quadrat was used to estimate algal cover in the plots. It consisted of a 25
x 25 cm plexiglass plate with 100 evenly spaced holes and three adjustable legs,
similar to but smaller than that described by Foster et al (1991). To sample
each plot, the point quadrat was placed 15 to 20 cm above the substratum and
a 61 cm long brass pin was lowered through each of the 25 randomly chosen
holes. For each hole, all layers of algae and/ or abiotic substrata contacted were
identified and recorded, so cover could exceed 100 percent. A new set of
random holes was selected for each sampling date. The assortment and
arrangement of holes were different for each sampling date, and the use of
any single hole was not repeated for at least three months to maintain
randomness and independence. Species that could not be identified in the
field were collected for later identification.

Grazer densities and plot barrier conditions were checked and
maintained during each sampling period, and commonly two or three times
per month. In addition to point quadrat sampling, all plots at each site were
photographed and qualitative observations were made during each survey.

Trends in algal abundance were examined by plotting mean
abundances through time for each treatment. Only those algal species that
exceeded 10 percent cover at least once during the sampling period were
included in these analyses. Because the plots were not independent with

respect to time, the data were not analyzed with analysis of variance



(ANOVA) using time as a factor. Instead, four discrete sampling dates (4, 8,
12, and 16 months after clearing) were chosen, based on peak algal abundances
- and on what appeared to be distinct successional assemblages at different
times throughout the experiment. Algal abundance data from the four
sampling periods were tested separately using ANOVA. I examined the
effects of 1) grazer density on each algal species (e.g. the effects of low vs.
average vs. high densities of Tegula on Mastocarpus papillatus, or low vs.
average vs. high densities of "Collisella”on Ulva lobata) and 2) grazer species
at each density on each algal species (e.g. the effects of average densities of
Lottia vs."Collisella”vs. Littorina on Ulva Jobata). These analyses indicated
which species and which density had the greatest effect on algal succession.
Similarly, grazer species and density effects on total algal cover and algal
species richness also were tested using ANOVA. Homogeneity of variance
for all data sets was analyzed using Cochran's test (Winer 1971) and arcsine

transformed when necessary.
IL Laboratory Experiments

Algal foods and consumption rates of the grazers were examined in
two separate manipulative experiments. Microalgae, less than 1 cm in height,
were used in the first experimeﬁts and macroaigae (generally >10 cm) were
used in the second experiment. In both experiments, only ephemeral algal

species were examined because they commonly dominate early succession.

10



A. Macroalgal Grazing Experiments

Feeding experiments were done in the spring of 1990 at Hopkins
Marine Station (HMS) in Pacific Grove, California. Macroalgae used were
Ulva lobata and a combination of Porphyra lanceolataand Porphyra
perforata This combination was necessary because these species grow in
dense, mixed patches, and it is difficult to identify the species of young
nonreproductive plants in the field. Both genera used are common in the
high intertidal zone of central California (Abbott and Hollenberg 1976), and
are opportunistic species that commonly invade disturbed areas (Sousa 1979;
Foster et al. 1988). 1t is highly probable that they are often encountered by each
of the grazers. Furthermore, the radula of the grazers in this study make it
possible for them to graze and ingest these genera (Steneck and Watling 1982).

Although these studies are termed "laboratory experiments," the
experimental conditions were designed to be representative of the natural
intertidal environment. The experimental apparatus (Figure 3) was located
outdoors near the intertidal zone of HMS, exposed to ambient temperature,
humidity, and light. A computerized water timer regulated seawater flow
that mimicked tidal cycles. The tidal sequence for the duration of each
experiment was determined at the tidal height at which the organisms were
collected (approximately +1.5 m MLLW) and programmed into the timer.
The timer and valve automatically turned the seawater flow on or off when
the tide was either flooding or ebbing, respectively. A misting device 20 cm
above each of the 24 clear plexiglass tanks (25 x 25 x 20 cm) sprayed seawater

into each tank. During high tide, the tanks flooded to a depth of 1-2 cm

submerging the grazers and the algae. All tanks were placed on a slight

11



incline with smail holes approximately 1 cm above the bottom, which served
as a spillway during high tide. At low tide, the tanks drained nearly dry, so
the algae and grazers were exposed to the air. To keep the grazers from
climbing up and out of the tanks, a thin plastic screen was secured over the
top of each tank. However, in most cases, grazers remained under the algae
or on the bottom of the tank and rarely climbed the walls.

All experimental trials involved only one grazer species and one algal
species in each chamber. All possible combinations of grazers and algae were
examined. Treatment densities were ten "Collisella ten Lottia, ten Tegula,
and 100 Littorina, and were within the range of natural densities found in
field surveys at the two field study sites (Table 1). Grazers were placed in 12
randomly chosen tanks with the algal species to be tested and the remaining
12 tanks served as no-grazer controls with algae alone. Algae and grazers for
each experiment were collected near Pescadero Point, and grazers were
starved for three days before the experiment. Algae were rinsed in seawater
and cleaned of any epiphytes or epifauna, spun in a salad spinner at 300 rpm
for 15 seconds (approximately 75 revolutions) to remove excess water, and
lightly blotted dry and weighed. Duration of all experiments was four days.
After the experiment, algae were treated as above, weighed again, and changes
in algal biomass were calculated. Grazers were returned to the collection site
and new individuals collected for the next experiment.

Two-way analysis of variance and Student-Newman-Keuls multiple
comparison tests were performed on data from each experiment. In each test,
the effect of grazer presence (or absence, in the case of controls) was compared

for both algal species (Ulva and Porphyra) to determine any significant

12



changes in algal biomass. To properly analyze consumption, it was necessary
to examine interaction significance to address the question of whether
changes in algal biomass were caused by grazer consumption and/ or naturai
physiological changes (Peterson and Renaud 1989). Results of these
experiments were used to develop a system of equivalent grazing units for

each grazer based on differences in the consumption of macroalgae for each

grazer species.

B. Microalgal Grazing Experiments

The grazers in this study scrape microalgal foods from the substratum.
Therefore, experiments were conducted to determine their preferences for
and consumption rates of microalgae. Algae were grown in situ on 23 x 23 cm
settling plates made of 0.635 cm thick grey flat PVC. One surface of each plate
was roughened with 40-grit sandpaper using a belt sander in two directions
across the plate. Settling plates were placed in the high intertidal zone at
HMS. After seven weeks, the plates were completely covered with a
microalgal (<1cm) turf of Urospora sp, Enteromorpha sp, Bangia sp,,
Blidingia sp., and diatoms.

Experiments were done in the summer of 1990, using the apparatus
previously described for the macroalgal grazing experiments. Treatments
included the four separate grazer species and two control treatments with no
grazers. One control was allowed to run the duration of the experiment; the
second set was analyzed before the experiment began.

Consumption of microalgal biomass was measured using chlorophyll

analysis to detect changes in chlorophyll a. This technique was destructive;
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therefore, the ungrazed before-experiment algal treatment was used to
estimate the algal biomass of all plates at the beginning of the experiment.
When compared with the ungrazed after-experiment control treatment, an
estimate of the natural change in algae during the experiment was obtained.
Point quadrat sampling was also done on each plate at the beginning and the
end of the experiment to estimate change in algal cover. All treatments were
replicated four times.

Four settling plates were randomly selected for the before-experiment
controls. Remaining plates were randomly placed in each treatment tank and
the grazers added. Grazer treatment densities used were approximately equal
to the average natural densities found at the field study sites (Table 1). Based
on results from pilot studies with higher than average densities of grazers, it
was suspected that some grazers could clear the plate of microalgae before the
experiment ended. If this were to happen, consumption rates would have
been underestimated. Therefore, to insure sufficient algae for grazing, grazer
densities for these experiments were half of those used in the macroalgal
grazing experiments. Densities were five per replicate for "Collisella" Lottia,
and Tegula and 50 per replicate for Littorina. The experiment continued for
four days.

At the conclusion of the experiment, algal cover of each plate was
sampled then the plates were transported to the lab in a dark iced cooler for
chlorophyll a analysis.

Chlorophyll analysis was done using standard methods (Parsons et al
11984). All algae were scraped from the plate into a known volume of

seawater and thoroughly mixed. Three replicate aliquots of each plate
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mixture were removed and filtered. Chlorophyll was extracted using 90
percent acetone and allowed to stand overnight in a dark freezer (-15°C).
Absorbance spectra of ciﬂorophy]l pigments were measured at 664, 647, and
640 nm. Values were corrected for dilution factors and the absorbance of
other pigments. The mean of the three replicate aliquots was used as the
chlorophyll concentration of each plate. Concentration was recorded as
micrograms chlorophyll a per plate. Chlorophyll a was not standardized for a
defined unit of algal biomass because each plate contained a number of algal
species. However, because all plates had a similar algal composition, a single
concentration was determined for the whole plate "community."
Consumption rates of chlorophyll a were then compared among grazers,
based upon the relative abundance of all microalgae in general.

To analyze the microalgal grazing data, the change in algal biomass of
no-grazer controls from beginning to end of the experiment was calculated
with a t-test. No significant difference was found so replicates were pooled
and a mean algal biomass was calculated, representing multiple algal species
on a single plate. This mean was then subtracted from each grazer treatment
replicate. These data were converted to micrograms of chlorophyll a
consumed per individual grazer and consumption differences between
species of grazers were examined using a single-factor ANOVA. From these
experiments, a system of equivalent grazing units for each grazer was
determined based on consumption rates of microalgae by each grazer species.
Values were derived from the mean change in chlorophyll a consumed per

individual per day.
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Algal preferences of each grazer were examined using ANOVA to test
for differences in changes in algal cover or bare space. Because algae on the
plates were nearly impossible to identify to species, three basic algal categories
(green filaments, red filaments, and diatoms) and bare space were used for

statistical analyses.

To expand the scope of this study over a larger geographic area and gain
a greater understanding of plant-herbivore interactions during succession in
the Endocladia/Mastocarpus assemblage, I used data from a larger, concurrent
study in the same region [Kinnetic Laboratories, Inc. (KLI) 1992]. In this
experiment six study sites were spread over a 4°23' latitudinal range
throughout central and northern California. Sites ranged from near Ft. Bragg
south to San Luis Obispo. Two sites, Bolinas and Pescadero Rocks, were
within 200 meters of my sites at Bolinas Point and Pescadero Point,
respectively.

To examine seasonal differences and successional patterns,
disturbances were created in the Endocladia/Mastocarpus assemblage at each
site by clearing and burning the substratum in spring and fall. Three replicate
plots (1 x 2 m) for each seasonal treatment and three undisturbed control plots
were quantitatively sampled before clearing, three months following each
clearing date, and semi-annually thereafter for six years. Sampling was done

using three randomly chosen 25 x 25 cm quadrats within each plot. Point
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quadrats were used to estimate algal cover, and direct counts were used to
estimate motile invertebrate abundance (for details, see KLI 1992).

Data from this study were used to determine natural variation in the
density of grazers, ephemeral algal cover, and species-specific grazer/ alga
interactions at each study site, particularly Pescadero Rocks and Bolinas. Data
on grazer densities and percent cover of ephemeral algal species during the
first 24 months after clearing were used. Mean densities for each grazer and
mean cover of ephemeral algae were calculated for each season at each site.
Density values were the mean of three plots, determined from the sum of
counts in the three quadrats per plot (total area = 0.1875 m2). Cover values
were the mean of three plots, with each plot value determined from the
mean of three quadrats. Data from each site were plotted and qualitatively
examined for possible relationships between grazers and ephemeral algal
cover. Comparisons also were made between seasons and among sites.

The multi-site data also were used in a series of Pearson's correlation
tests in an attempt to generalize the effects of grazers on early algal succession
over a larger geographic scale. Comparisons of these results could then be
made to the present study. The following grazers and ephemeral algae were

selected and tested:
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Total Ephemeral Cover = Mean ephemeral cover observed in each plot
among sample periods between initial disturbance and recovery within
24 months. Species of ephemeral algae included for calculation of this
variable were:

Filamentous diatoms Ulva californica
Enteromorpha compressa U lobata

E. intestinalis Ulva sp(p).

E. linza Porphyra lanceolata
Enteromorpha sp(p). F perforata
Urospora wormskioldii Porphyra sp(p).
Urospora penicilliformis Urospora doliifera
Green filaments Green blades

Green algae that grow on rocks (GAT.G.OR)

Grazer Density = Mean density of all combined grazers in each plot among
sample periodsv through the time of first plot recovery. The individual
grazer species densities were weighted according to mean grazer units
(for details, see Methods and Discussion) to reflect differences in
consumption rates.

In these correlations, the value for each variable was the mean-of

combined replicate plots at each site. Analyses were performed for spring-

and fall-cleared treatments separately (n=6) and combined (n=12).
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RESULTS
L Feld Bxperiments

A. Observations of Algal Succession

Algal growth in the grazer-free control plots was visible within weeks
after the initial clearing. The first identifiable alga to grow at Pescadero Point
was Urospora spp, which reached maximum mean abundance of 49 percent
in the control treatment in about two months (Figure 4). Porphyra spp. and
diatoms also increased during this period. After five to six months (in July
and August), Porphyra spp. peaked between 50 and 95 percent cover in some
treatments, then decreased to lows of 5 percent to 20 percent in January and
February. Mean diatom cover peaked (after eight months) in October as Ulva
lobata, Blidingia minima, and GATGOR (acronym for “green algae that grow
on rocks," consisting of a mixture of minute blades and filaments of mainly
Ulva spp, Blidingia spp, and Enteromorpha spp.) settled and increased in
cover through winter. Approximately one year after clearing mean cover of
U. iobata and B. minima peaked at 58 percent and 24 percent, respectively,
then decreased in the spring and with increasing Porphyra spp. cover (Figure
4). Throughout the second summer, fucales such as Fucus gardneri and
Pelvetia fastigiata began to occur in the plots. Among all treatments, 26 algal
taxa occurred at this site throughout the study (Appendix 1).

At Bolinas Point, only one alga, Ralfsia spp, and two barnacle species,
Balanus glandula and Chthamalus dalliwere initially present in all plots two

months after clearing (Figure 5). Ephemeral algal species were not abundant
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at this site. Porphyraspp, Ulva spp, and filamentous reds occurred
occasionally in many plots throughout the experiment but coverage of these
taxa were never greater than 10 percent. Total algal cover remained low for
seven to ten months after clearing until late summer and fall when perennial
species such as Mastocarpus papillatus, Fucus gardneri, and Ralfsia spp.
increased in abundance, dominating the plots along with Cryptosiphonia
woodiiand Analipus japonicus. At Bolinas Point, 27 algal taxa occurred

(Appendix 1).

B. Caging Effects

The only significant difference (based on ANOVA and subsequent
multiple comparison tests, Table 2) between control and cage control
treatments at Bolinas Point occurred after eight months when Fucus gardneri
was more abundant in the control treatment. Overall, based on ANOVAs for
each algal species during any sampling period, the cage had no major effect.

This can be seen qualitatively in Figure 5.

C. Grazer Effects on Single Algal Species

1. Grazer Density Effects. Qualitative comparisons among densities for

each grazer indicate a trend of relative decreases in algal cover and increases
in bare rock with increasing grazer density. For each grazer species, cover of
individual algal species (Figure 6; Appendix 2) also generally decreased with
increasing grazer density.

At Pescadero Point statistically significant effects of grazing on an

individual algal species were found in the low- and high-density Littorina
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treatments, where diatom cover was reduced more than in the average-
density treatment after four months (Figure 6A, Table 2). No significant
differences in single algal species were detected among density treatments
during the eight- and 12-month sampling periods (Figures 6B and 6C).
However, all densities of “Coliiselia," and high and low densities of Littorina
significantly reduced Porphyra spp. cover after 16 months (Figure 6D, Table 2).
Lottia had no significant effects on individual algal species at any density.

At Bolinas Point, Tegula significantly reduced several perennial species
throughout the entire experiment. After eight months, high-densities
of Tegula significantly reduced Mastocarpus papiliatus cover when compared
to low- and average-density treatments (Figure 7B, Table 2). Cover of Fucus
gardneri also was significantly lower in all Tegula density treatments than in
the control treatment (Figure 7B, Table 2). One year after clearing high
densities of Tegula continued to maintain reduced coverage of M. papillatus
(Figure 7C, Table 2). Fucus gardneri, Cryptosiphonia woodii, and Endocladia
muricata abundances were also reduced in these plots. Even after 16 months,
average- and high-density Tegula treatments had significantly less M.
papillatus than either of the control treatments. During the first eight
months, average-density treatments were equivalent to the no-grazer
controls, having no significant effect on any single algal species (Figure 7D,

Table 2).

2. Grazer Species Effects. Analyses of grazer species effects were done

using the same numerical data as with grazer density analyses, but have been

configured differently to address the second hypothesis. Here, the interest is
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whether or not different species of grazers at similar densities have unique
effects on algal cover.

At Pescadero Point, plots with average densities of Littorina had more
diatoms than "Collisella,” Lottia, or control treatments after four months
(Figure 6A, Table 3). However, by 16 months the effects on Porphyra spp.
cover were significantly decreased by all species in low- and high-density
treatments (Figure 6D, Table 3).

At Bolinas Point, Tegula, "Collisella,” and the control treatments had
significantly less Fucus gardneri than Lottia throughout the entire duration of
the experiment except at eight months (Figure 7, Table 3). No other
significant species-specific grazer effects on any single algal species were found
at Bolinas Point throughout the experiment.

Overall, few effects of either grazer density or grazer species on
individual algal species were observed. FPorphyra spp. at Pescadero Point and
Mastocarpus papillatus and Fucus gardneri at Bolinas Point were most
affected. After one year, all grazer treatments at Pescadero Point had less
cover of ephemeral algae and more bare space than the control. None of the
grazers consistently affected a single algal species or group of species, but

reductions in total algal cover among all grazer treatments were observed.

D. Grazer Effects on Total Algal Cover

1. Grazer Density Effects. Despite finding very few density-dependent

or species-specific grazer effects on any single algal species, there were several
differences in the total algal cover present among density treatments (Table 4).

At Pescadero Point, average- and high-density treatments of “"Collisella” had
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significantly decreased the total algal cover more than the low-density and
control treatments after eight months (Tables 4 and 5). The high-density
treatments of Lottia and Littorina also had a mean algal cover less than other
density treatments, although the differences were not statistically significant.
All Lottia and Littorina treatments had over 100 percent total algal cover
(Table 4). After 12 months, algal cover in high-density “"Collisella” treatments
was still significantly less than in low-density and control treatments. High-
density Lottia and Littorina treatments again had the lowest algal cover
although differences among treatments were not significant. After 16 months
at Pescadero Point, only average- and high-density "Collisella” treatments had
a significant decrease in total algal cover compared to the control (Table 5).
No significant differences in total algal cover among densities of Lottia were
noted throughout the experiment. Overall, the high-density treatments
typically had less algal cover, more bare space, and fewer algal species than
low, average, or control treatments (Table 4).

At Bolinas Point, Tegula density effects were only tested against the two
control treatments due to the nature of the experimental design. Only after a
period of one year were significant differences in total algal cover apparent
(Table 4). After 12 and 16 months, there was significantly less total algal cover
and more bare space in the high-density treatment than in either of the low,
average, or control treatments (Table 5). Total algal cover in the two control
treatments were never significantly different.

2. Grazer Species Effects. There were few significant species-specific

grazer effects on total algal cover (Table 4), and only at Pescadero Point were

these effects significant (Table 5). After eight months, average and high
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densities of "Collisella"and Littorina had significantly reduced algal cover
more than the Lottia or control treatments (Table 5). No differences were
detected among grazer species in low-density treatments at any sampling
period. After 12- and 16-months, significant differences in total algal cover
between species were not detected although trends remained the same as at
eight months (Table 5). Mean aigal cover in “Callisella” treatments of all
densities was less than that of Littorina, Lottia and control treatments.

At Bolinas Point, there were no statistically significant effects of grazer
species on total algal cover at average densities. However, Tegula and
"Collisella” often had the lowest total algal cover among all grazer and
control treatments (Table 5). The control and cage control treatments were

not significantly different.

E. Grazer Effects on Species Richness

Few significant differences in algal species richness among treatments
were detected (Tables 6 and 7). Grazer density had no effect on species
richness during the experiment (Table 7). Grazer species effects on the
number of algal species present were limited. At Pescadero Point, significant
differences were present only after 16 months when all grazer treatments had
significantly fewer algal species than the control treatment although there
were no differences among species (Table 7). Algal species absent in all grazer
treatments but present in the controls were Blidingia minima, Endocladia
muricata, Fucus gardneri, and Pelvetia fastigiata. The presence of perennials

only in control treatments suggests that the grazers may delay succession. At
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Bolinas Point, Tegula treatments had consistently fewer algal species than

any other grazer or control treatment (Table 6).

IL Laboratory Experiments

A. Macroalgal Grazing Experiments

Results of all macroalgal grazing experiments are reported as changes
in algal wet weight through time (mg/individual/day). This indicates the
amount of an alga consumed by a grazer and/or physiological change in the
alga. A more negative or less positive algal biomass for the grazer treatment
than for the no-grazer control indicates consumption. For the purpose of this
study, increased consumption rates are interpreted as "preferential” feeding
even though multiple algal foods were not offered to each grazer as in other
studies.

The experimental apparatus functioned well and grazing appeared
normal. Grazer densities were maintained within the tanks and individuals
showed no indications of ill-health at the end of any experiment. Any
artifacts due to the apparatus were minimal and were not believed to have
altered the resuits.

The interaction term of the two-factor ANOVA on consumption and
algal preference for Tegula was not significant (Table 8), indicating that
although Tegula consumed both species, it had no statistically significant
“preference” for either species. However, significance was observed in the
grazer and algae factors. When the treatment means were plotted (Figure 8),

an apparent difference was present among treatments. A multiple
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comparison test (Table 9) indicated that both algal treatments with Teguia
were significantly different from those without, suggesting that both algal
species were consumed. Based on the changes in wet weight (Figure 8A),
Tegula ate more Ulva lobatathan Porphyraspp. In these experiments, an
individual Tegula could consume an average of 43 mg (wet wt) of Ulva per
day or an average of 29 mg of Porphyra per day.

A significant interaction between Litforina and the algae was observed
(Table 8). Data from grazer treatments for each alga (Figure 8B, Table 9)
indicated that significantly more Ulva was consumed (2.3
mg/individual/day) than Porphyra spp, suggesting that Ulva lobata was
"preferred." When compared to Tegula individual littorines consumed
about 18 times less Ulva.

Data from the Littorina/Porphyra experiment, as well as the
Lottia/ Porphyra experiment, yielded unexpected results. In both cases, the
presence of the grazer appeared to slightly increase the growth (or possibly
reduce senescence) of Porphyra (Figures 8B and 8C). This resulted in only
small differences between the grazer and no-grazer treatments (Table 9).

There were no interactions between Lotfia and the algae; therefore,
there were no significant grazing effects on either macroalgal species (Tables 8
and 9). There were also no significant differences among “Collisella”
treatments (Table 9), indicating that there were no grazing effects and no
macroalgal preferences. Algal wet weights decreased slightly during
"Collisella” treatments but were very similar to each other (Figure 8D, Table

9).
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B. Microalgal Grazing Experiments

Microalgae available for consumption included Urospora spp.
Enteromorpha spp., Blidingia minima, Bangia fusco-purpurea, and diatoms.
Chlorophyll a analyses indicated that individual consumption rates of the
four grazer species were not significantly different over the four-day
experiment due to high variability among replicate limpet treatments (Figure
9). Nevertheless, Teguia consumed the most per individual, and Littorina
consumed the least (Figure 9). A positive relationship between mean
consumption rate and body size was also apparent.

Tegula was the only grazer that indicated any significant microalgal
food preference. It preferred green filamentous algae to diatoms, and
significantly increased the amount of bare space on the settling plate (Table
10). Tegula consumed 40 * 1.3 percent of the area of green filaments during
the experiment, and bare space increased 241 * 5.0 percent. "Collisella” also
“thinned" the algae on the plate, significantly increasing bare space (Table 10).

No other species showed statistically significant feeding preferences.

Il Muiii-site Inierfidal Survey

"Collisella,” Lottia, Tegula, and Littorina densities and total ephemeral
cover during the first 24 months of succession at each of the six study sites
indicated a wide range of variability among sites at any particular sampling
time, and between seasons (Table 11, Appendix 3). Because of the complexity
and multitude of possible comparisons indirectly related to the present study,

plant-herbivore interactions were examined only at those sites near those in
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this study, Pescadero Rocks and Bolinas. Examination of grazer density and
ephemeral algal cover fluctuations in both season and control treatments
identified some of these interactions.

At Pescadero Rocks, ephemeral algal cover in the undisturbed control
plots was very low (less than 10 percent) throughout the sampling period and
consequently, has not been reported in the figures. Algal cover in both
spring- and fall-cleared plots showed a dramatic increase to more than 100
percent within the first six months, then slowly decreased to less than 20
percent 18 to 24 months after clearing (Figure 10A). Ulva spp. and
Enteromorpha spp. were the major ephemeral algae.

In spring-cleared plots, "Colliselia" densities followed the algal curve
lagging three to six months behind. The peak density (199.00 + 43.22/0.1875
m?2) occurred in fall 1986, 18 months after clearing, and then dramatically
decreased over the next six months (Figure 10B). Densities in fall-cleared
plots remained near zero for the first year, then gradually increased the
second year. An apparent interaction was present between "Collisella” and
ephemeral cover; during both seasons algal cover decreased as grazer density
increased. When algal cover dropped below 20 percent, grazer density also
decreased.

Lottia densities in spring-cleared plots increased gradually during the
first year, then rapidly during the second year to an average of 15233 + 56.28
per 0.1875 m2 (Figure 10C). Density did not appear to be correlated with
ephemeral algal cover, which increased sharply in the first three months,
then gradually declined over the following year (Figure 10A). Density in fall-

cleared plots gradually increased and coincident with increases in ephemeral
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algal abundance, but densities were never as high as of those in the spring-
cleared treatment.

Tegula was almost completely absent from Pescadero Rocks for the
duration of the sampling period and its abundance was not correlated with
ephemeral cover. Littorina densities however, were extremely variable and
either were not related to algal abundance or were negatively associated with
it (Figure i0D).

Grazer densities at Bolinas Point were unrelated to ephemeral algal
cover, and cover never exceeded five percent (Figure 11A). Grazer densities
were different from those at Pescadero Rocks. Maximum “Coliisella” density
was seven animals per plot in any treatment (Figure 11B). Densities of Lottia
(<11/plot) remained relatively stable after clearing throughout the sampling
period (Figure 11C). Tegula was abundant at Bolinas in all treatments. After
an initial decline in both cleared plots, Tegula densities increased steadily
until they peaked in the spring of 1987 at 26 to 29 individuals per plot (Figure
11D). Littorina densities in all treatments increased in the summer then
gradually decreased through the winter (Figure 11E). Densities in spring- and
fall-cleared plots were approximately 175 per plot after the first three months
and then dramatically increased two to four fold during the next three
months. After six months, Littorina densities declined.

Because this multi-site study was not designed to determine if species-
specific interactions existed at each of the six study sites, effects of grazer
species on algal abundances and algal succession could not be assessed.
Instead, grazer densities for the four species examined in the present study

and total ephemeral algal cover from the six study sites were compared.
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These data were combined and the means were plotted over the first 24
months of succession (Figure 12). From qualitative analyses of these graphs,
some trends emerged. Total ephemeral cover in both spring- and fall-cleared
plots increased rapidly in the first six months after clearing and then
gradually decreased (Figure 12A). In general, the amount of ephemeral algae
appeared to be negatively associated with grazer abundance.

With all sites combined, densities of both limpet species, "Collisella”
and Lottia, were negatively associated with algal cover. "Coliisella”
abundance lagged slightly behind algal cover in both the spring- and fall-
cleared plots (Figure 12B). Lottia lagged slightly behind in the spring-cleared
plots, but was almost directly in phase with algal cover in the fall-cleared plots
(Figure 12C).

Tegula and Littorina densities at all sites were variable between
treatments. After the initial high abundance of Tegula in fall-cleared plots,
density decreased and remained low for more than a year (Figure 12D).
Although densities the fall-cleared plot remained constant, the spring-cleared
plots gradually increased through time (Figure 12D). Tegula abundance did
not appear to be directly related to ephemeral cover. Littorina density
fluctuations matched those of algal cover. Grazer densities and ephemeral
abundance in both spring- and fall-cleared plots sharply increased during the
first six months and then dropped slightly and remained level throughout
the sampling period, diverging only in fall 1987 in fall-cleared plots (Figure
12E).

The correlation of the variables Total Ephemeral Cover and Grazer

Density at all sites was significant in the overall treatments (Table 12). All
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correlation coefficients were negative values (although not particularly large)
indicating that, as the density of grazers increased, ephemeral algal cover
decreased. Correlations of the variables for spring- and fall-cleared plots were
not significant.

Ephemeral algae were abundant at only two sites, Sea Ranch and
Pescadero Rocks, during the first 24 months of succession at both clearing
times (Table 11). Grazers, however, were present at all sites, although
densities varied among sites. To determine if the significant correlations in
the all-sites combined test were driven by the two sites with higher
ephemeral cover, data from Sea Ranch and Pescadero Rocks were combined
and analyzed separately. The variables were compared seasonally and to each
other using a Pearson's correlation test as they were for the all-sites combined
analysis. Results from these two particular correlation matrices were not
significant for any of the grazer and ephemeral variable combinations at
either of the two multi-site groupings (ie, the Sea Ranch-Pescadero Rocks
grouping and the four remaining sites grouping), possibly because of low
degrees of freedom. However, all variable combinations did produce
negative correlation coefficients indicating an inverse relationship between

grazer density and ephemeral algal cover.
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DISCUSSION

L Grazer Density Effecis

Previous intertidal studies have indicated that high grazer densities
reduce algal abundance. For example, high densities of Littorina littorea
limited the abundance of perennial macroalgae, such as fucoids (Petraitis
1987). Branch and Branch (1980) showed that even low densities of the
limpet, Cellana tramoserica, could control and even prevent macroalgal
growth in upper intertidal pools. Negative correlations such as these were
observed in my field experiments and in the multi-site study.

As grazer density increased, percent cover of early successional algae
decreased. Treatments with average to high densities of grazers had
significantly less total algal cover whereas treatments with grazers present at
low-densities, with the exception of Tegula, had virtually no effect. The high-
density plots were devoid of nearly all ephemerals and most upright
perennials throughout the study. For example, in most high density
"Coliisella” plots, the only available ungrazed substratum were the shells of
the animals themselves, where small tufts of algae were often present. Low-
density treatments of “"Collisella,” Lottia, and Littorina were overgrown to a
point where the grazer could maintain only a small amount of cleared
substratum in the midst of dense macroalgae. In many cases, a situation
developed similar to that found by Underwood and Jernakoff (1981), where
the limpet Cellana tramoserica was unable to keep the substratum clear of

rapidly growing algae in the lower intertidal zone unless grazer densities

32



were high. This suggests a maximum plant size and/or cover above which
these grazers are no longer effective. In order for grazers to reduce algal cover
or change the composition of the algal assemblage, grazing must occur during
the early stages of succession when the plants are small and most susceptible
to removal

At Pescadero Point, effects of density were greatest on Porphyraspp. At
all densities, “Collisella” and Lottia were able to substantially decrease
Porphyra spp. cover even after 16 months. Cover of Porphyra spp. remained
high in the control treatments throughout the experiment, as did other
ephemeral species. Therefore, reductions in algal cover were not merely a
natural temporal variation, but rather due to the grazers effectively removing
the algae when they were microscopic to only a few millimeters in size.
Grazing at the holdfast may have also weakened and dislodged entire plants,
maintaining bare space and creating further disturbance which prolonged
successional development of the algal community.

Littorina also significantly decreased the amount of Porphyra spp. at
Pescadero Point, but those reductions were only present in the low- and high-
density treatments. Although total algal cover of the multi-species
assemblage was not significantly affected by Littorina in the low-density
treatment, it's effect on Porphyra spp. alone was significant. At average
densities however, Porphyra spp. abundance was not significantly affected.
This may have been due to a possible stimulatory effect of Littorina on the
growth of Porphyra spp. In the laboratory macroalgal feeding experiments,
average densities were used and no changes in algal biomass were detected.

Fecal materials and/or unknown secretions such as mucus were possibly
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utilized as nutrients by the algal blades. It has been shown that mucus trails
from several herbivorous gastropods can stimulate microalgal (Connor and
Quinn 1984) and bacterial (Peduzzi and Herndl 1991) growth. Furthermore,
pedal mucus trails of “Collisella”and Lottia are adhesive and can trap
microalgae and algal spores (Connor and Quinn, 1984). By retracing or
crossing old trails they can ingest the mucus and any attached material,
thereby utilizing another food source. This may lead to an increase in algal
biomass as observed in the Littorina/Porphyra treatment. Although the
enhancement abilities of Littorina mucous has not been examined, it is
plausible that it may have adhesive or stimulatory qualities. As a result, the
littorines may have stimulated or promoted Porphyra spp. growth such that
grazer consumption rate was equaled or overshadowed by algal growth.

At Bolinas Point the effects of grazer density were greatest on juvenile
stages of several perennial algal species. Although ephemerals were not
abundant, 1ab results indicated that Tegulareadily consumed them. In the
field, high densities had the greatest effect and maintained cleared space for
the longest duration. All densities of Tegula were effective at reducing algal
caver, especially that of Fucus gardneri. Mastocarpus papillatus cover was
also reduced, but only in the high-density treatments. This suggests a possible
preference for Fucus over Mastocarpus These plants were grazed primarily
when less than 1 cm in height. Once larger than this, plants apparently had a
refuge in size and quickly grew to adults.

In contrast to Pescadero Point, ephemerals were not abundant and did
not play a large part in algal succession at Bolinas Point. At this site, algal

succession almost immediately involved the perennials Fucus gardneri and

34



Mastacarpus papillatus, characteristic of the surrounding undisturbed
assemblage. Although the lack of ephemerals is in contrast to findings in
- other successional studies (e.g, Northcraft 1948, Castenholz 1961, Menge 1976,
Sousa 1980), it is not uncommon. Foster (1982) showed that the perennial,
mid-intertidal algae Indaea spp. rapidly recolonize cleared spaces without the
prior establishment of ephemeral species at a site in central California. In his
experiments, grazers (Tegula spp., limpets, amphipods, isopods, and crabs)
retarded but did not prevent Iridaea establishment in this zone.. During the
first two years of succession in the multi-site study, four of the six sites also
had low ephemeral algal cover even when grazer densities were low (KLI
1992). The results of my experiments done four years later were similar at
two of these sites. Pescadero Point had high ephemeral cover and Bolinas
Point had low ephemeral cover. These data indicated that ephemeral algal
abundance varies from site to site, independent of the grazers. Control
treatments without grazers at Bolinas Point did not contain ephemerals,
suggesting that factors other than grazing can influence the presence or
absence of algae. Those other factors were not investigated in this study, but
my results show that algal succession involves a complex array of influential
factors which may be largely site specific.

At both study sites, grazing activity had no significant effects on algal
species richness, although there was a trend of declining number of species
with increased grazer density. These results are consistent with the findings
that the four grazers studied were primarily generalists, consuming whatever

small plants were available.
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Overall, this study indicates that if high densities of a single grazer or
an assemblage of multiple grazer species persisted for several months,
ephemeral algal cover in the high intertidal zone would remain low. Also,
perennial algae are vulnerable at small sizes. Should this situation exist,
delays in succession and longer periods of community recovery would result
simply because algae are grazed away before they grow to a large size.
Succession can also be prolonged if light grazing occurs and ephemerals are
abundant. Ephemerals may persist, perhaps inhibiting settlement of
perennials or out-competing them for resources such as space and light
(similar to the results of Lubchenco 1982). And a third outcome occurs in the
presence of intermediate grazer densities. In this situation, grazers
continually create variable sized clearings which often result in dense
growths of ephemerals. However, these clearings can also provide space for
perennial algae to settle, hastening the rate of succession. All of these

outcomes are dependent in part upon grazer density and were observed in

this study.

I Grazer Specdcies Effects

Herbivorous gastropods in the intertidal can prefer one or two species
of algae, creating an effect specific to that grazer. For example, Litforina
littorea, has a strong preference for the green algae Enteromorpha spp.in
New England (Lubchenco 1978; Watson and Norton 1985) and Ulva lactuca in
Scotland (Watson and Norton 1985). Similarly, Castenholz (1961) suggested

that limpets (Lottia spp.) have preferences for particular species of diatoms. In
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addition, Eaton (1968) and Kitting (1980) showed that the limpet Acmaea
(=Lottia) limatula primarily consumed two species of encrusting red algae,
Petracelis middendorffii (=P, franciscana) and Hildenbrandia occidentalis in
central California.

Species-specific preferences such as those described above were not
common for the four grazers I examined. No one species of grazer
significantly affected just one algal species throughout the all experiments.
Some preferences were noted, however, in some experiments. For example,
in the macrocalgal grazing experiments, Tegula consumed both Ulva lobata
and Forphyra spp. but consumed Ulva faster. Littorina also consumed more
Ulva than Porphyra in the macroalgal grazing experiments, but the opposite
was found in field experiments. In this case, it is quite possible that despite
Littorina's apparent “preference" for Ulva Ulva was able to grow fast enough
so that any grazing effects were masked.

At Pescadero Point, Littorina significantly decreased Porphyra spp.
cover relative to control plots after 16 months. At this stage of succession,
Porphyra was the most abundant alga in most treatment plots, growing in
thick patches with few other algal species. Qualitative observations indicated
that Littorina preferred this foliose habitat to bare rock or microalgal films.
Littorina densities were higher and less variable when Littarina was able to
inhabit densely packed maist sheets of Forphyra Porphyra typically occurs
higher in the intertidal zone than Ulva (Abbott and Hollenberg 1976) perhaps
because 1) limpets occurring at slightly higher tidal elevations almost
exclusively graze the rock surface for microalgae (Castenholz 1961; Eaton 1968;

Kitting 1980; Branch and Branch 1980; Underwood and Jernakoff,1981), and 2)
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Tegula consumes macro-sized ephemerals, especially Ulva (Best 1964;
Tarpley, pers. obs.). Consequently, Porphyrais probably encountered more
often by Littorina and may be used both as the typical in situ food source and
as a refuge. If this is so, then when muitiple algal species are available for
grazing, as in the field experiments, the grazers may consume the alga most
familiar and most available.

Each grazer species (with the exception of Lottia) decreased the number
of algal species present and total algal cover at both sites. This was especially
evident with Tegula at Bolinas Point. A number of rare species (all
perennials) present in limpet and control plots were absent in the Tegula
treatments, presumably due to Tegula's high consumption. At Pescadero
Point, treatments with “Collisella” and Littorina present had less total algal
cover than control plots without grazers. The treatment with Lottia,
however, showed no effect on the algae. But this result may actually have
been an artifact of the logistical difficulties of maintaining consistent Lottia
densities. The number of Lottia within the treatment plots was not as
consistent as with the other grazer species, possibly due to slightly lower tidal
elevations and increased wave exposure that were not detected until after the
experiments were in progress. However, lab studies indicated that Loftia and
"Coliisella" were very similar, suggesting that had densities been consistent
Lottia 's impact would be similar to that of "Colliselia.”

Results from the multi-site study support these findings. Grazers were
negatively correlated with the total ephemeral cover in disturbed plots.
Regardless of the time of clearing, fluctuations in "Collisella” and Lottia

densities were directly associated with differences in algal cover, whereas
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Tegula and Littorina densities were independent of ephemeral abundance.
Their density was not directly affected by algal cover probably because of their
ability to feed on a variety of algal foods of different sizes. In all cases, all

species were present and able to significantly reduce algal cover.

IIL. Aigal "Preferences” and Consumption Rates of Grazers

Grazer-algal interactions that were most consistent throughout this
study were grazers feeding on algae based not on species, but on plant size and
whether they were ephemeral or perennial. For example, “Collisella” and
Lottia avoided macroalgae in the laboratory, but actively grazed microalgae on
the settling plates and in the field. These results are similar to those of
Castenholz (1961), Eaton (1968), Dayton (1971), and Nicotri (1977) who showed
that numerous limpet species graze diatoms, blue-green algae, and spores of
macroscopic algae. This would be expected, according to Steneck and Watling
(1982), because the morphology of many grazers, especially limpets, restricts
their herbivory to small plants and microalgae. As a result, their potential to
affect early algal succession is increased.

The preference for smaller-sized algae both in the field and in the lab
was not only indicated by the consumption of ephemeral microalgae, but also
by the consumption of juvenile perennials in the field experiments. Tegula
affected the abundance of the perennials Fucusand Mastocarpus at Bolinas
Point (Figure 7). Tegula reduced Fucus and Mastocarpus cover relative to
controls and to other grazers. Observations indicated that grazing occurred

when plants were generally less than five millimeters. Many other juvenile

39



perennial species such as Cryptosiphonia woodii, Analipus japonicus,
Polysiphonia spp, and FPterosiphonia spp, also appeared to be grazed by
Tegula. Lubchenco (1982) showed that Littorina littorea and Acmaea (=Lottia)
testudinalis directly affected the abundance of Fucus vesiculosus in intertidal
pools on the east coast. Watson and Norton (1985, 1987) and Petraitis (1987)
working with several species of Littorina determined it's preference for algal
spores and germlings. By affecting perennial species at a small size, these
generalist grazers can affect the establishment of later successional stages and
also subsequent successional patterns and processes.

Based on the grazers' preference for microalgae (especially ephemerals),
mean consumption rates, and because grazer density affects total algal cover, I
developed a system of grazer equivalents or "mean grazer units." With this
system, the cumulative effects of grazers, with similar feeding habits and algal
preferences, on the surrounding algal community can be addressed by
summing their respective contributions to algal removal. Ultimately, this
can be used as an aid to predict the effects of grazers on algal succession.

To create this system, data from the laboratory microalgal and
macroalgal feeding experiments were used separately. Direct comparisons
between the two systems of mgu's and a standard conversion factor were not
possible because different techniques were used to measure consumption.
Results from the field experiments also were not used because the amounts of
algae present were not controlled and their abundance was measured in
percent cover (a unit too gross to use in calculating consumption rates and

determining mgu's).
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Since Tegula consistently consumed the most algae in all experiments
(Figure 9; Tables 9 and 10), it was used as if representative of one grazer unit.
With 1 Tegula equal to 1 mgy, 24 Lottia equaled 1 Tegula (or, 1 Lottia = 042
mgu); 3.7 "Collisella” equaled 1 Tegula (or, 1 "Collisella” = 027 mgu), and 14.2
Littorina equaled 1 Teguia(or, 1 Littorina = 0.07 mgu). Because Lottia and
“Collisella” behaved similarly in most experiments and their consumption
rates and preferences were not significantly different, they were combined to
represent high intertidal limpets. The overall value for limpets would then
be 0.34 mgu, or 2.9 limpets are equivalent to 1 Tegula. As might be expected,
trends based on mean consumption rates indicated that these values are
proportional to grazer body size. Tegula, being the largest of the four grazers,
had the highest consumption rate, and Littorina, the smallest grazer, had the
lowest rate (Figure 9). Consumption rates of the two limpet species were
midrange. These results are similar to those of Geller (1991) who found that
consumption was related to body size in Littorina plena in ncrthern
California.

Mean grazer units for the consumption of macroalgal species were also
based on Tegula, but were only calculated for Tegula and Littorina. Due to the
unclear results of the Littorina/Forphyra feeding experiment (Tables 8 and 9),
mgu values were not calculated for Littorina grazing on Porphyra. However,
when grazing on Ulva lobata, with Tegula representing 1 mgu, it would take
approximately 18 Littorina to equal the grazing effects of one Tegula, or, one
Littorina equaled 005 mgu. This mgu for Littorina is almost identical to its
mgu value for microalgae, suggesting that both grazer species feed at similar

rates regardless of whether they are feeding on micro- or macroalgae. The
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two limpet species were not included here because changes in algal biomass
due to grazing were not detected for either macroalgal species ( Ulva or
Porphyra). Therefore, it could be assumed that they have little to no effect on
these algal species with thalli of this particular size or that their consumption
rates were masked by growth rates of the algae during the experiment. In this
case, both “Collisella” and Lottia receive a value of 0 mgu for the
consumption of macroalgae.

In summary, herbivorous gastropods of varying densities can hasten or
prolong the rate of early algal succession on high intertidal shores. By
consuming small ephemeral and, in some cases, perennial algae, grazers can
alter the abundance and composition of algal species present and the resulting
community structure. However, the magnitude of such effects are also site
specific and most likely involve other factors influencing ephemeral algal
abundance and grazer densities. Results suggest that because of the
complexity and variability of high intertidal shores, broad geographic
generalizations regarding the effects of plant-herbivore interactions on algal

succession cannot be made.
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Table 1. Grazer species and densities used in each treatment at Pescadero
Point and Bolinas Point.
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Grazer Grazer Number of

Study Site Species Density Grazers/0.0625m?2
Pescadero Point: "Collisella" scabra Low 1
Average 6
High 30
Lottia digitalis Low 1
Average 4
High 15
Lintorina scutulata Low 25
Average 100
High 250
Control Zero 0
lin i "Collisella" scabra Average 6
Lottia digitalis Average 6
Tegula funebralis Low 1
Average 4
High 16
Control Zero 0
Cage Control Zero 0




Table 2. Significant results of analyses of variance (p<0.05) on the effects of
grazer density on a single algal species at both sites and on each of the four
sampling dates analyzed. Separate analyses were done for each grazer species.
Density treatment designations for SNK multiple comparison test (p<0.05)
results are ranked from lowest to highest mean algal cover. Densities
connected by underlines are not significantly different from one another. For
each treatment, n=4. C=Control; CC=Cage Control; L=Low Density;
A=Average Density; H=High Density.
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Grazer Algal Taxon/ p SNK

Substratum
Pescadero Point:
4 months
Littorina scutulata Diatoms 0.0003 C H L A
16 months
"Collisella" scabra Porphyra spp. 0.0464 LA H C
Littorina scutulata Porphyra spp. 0.0154 H L A C
Boli Point:
8 months
Tegula funebralis Mastocarpus papillatus  0.0422 H C, A L CC
Tegula funebralis Fucus gardneri 0.0586 CCHA L C
12 months
Tegula funebralis Mastocarpus papillatus  0.0078 HC A CCL
16 months
Tegula funebralis Mastocarpus papillatus  0.0169 HA C CC L

Tegula funebralis Rock 0.0132 A LCC C H




Table 3. Significant results of analyses of variance (p<0.05) on the effects of
grazer species on a single algal species at both sites and on each of the four
sampling dates analyzed. Separate analyses were done for each density.
Grazer species designations for SNK multiple comparison tests (ps0.05) are
ranked from lowest to highest mean algal cover. Species connected by
underlines are not significantly different from one another. For each
treatment, n=4. C=control; CC=Cage Control; Cs="Collisella” scabra, Ld=Lottia
digitalis; Ls=Littorina scutulata, Tf=Tegula funebralis.
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Density

Algal Taxon p SNK

Pescadero Point:
4 months

Average Density Diatoms 0.0001 C Id GCs Ls
16 months

Low Density Porphyra spp. 0.0093 Ls Id Cs C

High Density Porphyra spp. 0.0083 Ls Cs Id C
Boli Point:
8 months

Average Density Fucus gardneri 0.011 CC Tf C Cs 1Ld
12 months

Average Density Fucus gardneri 0.0071 Tf CC C Cs Ld
16 months

Average Density Fucus gardneri 0.0286 TE CC Cs C Ld

I Results of Kruskal-Wallis nonparametric single factor ANOVA, Heor=9.339



Table 4 Mean total algal cover (% + 1 S.E) for each treaiment at each site over all
sampling times. Control and cage control treatments have no grazers. For grazer
densities, see Table 1. Blank spaces indicate treatments not included in
experimental design. For each treatment, n=4.

51



Pescadero Point:

Density
Grazers Low Average High
4 months
"Collisella” scabra 95.0 £ 84 76.0 £ 20.2 4404233
Lottia digitalis 96.0 £ 6.9 100.0 £ 0.0 97555
Littorina scutulata 91.0+£11.0 1100 £ 6.6 61.0 £ 30.1
Control = 67.0£23.2
8 months
"Collisella" scabra 135.0 £ 10.0 97.0 + 10.8 51.0 £ 383
Louia digitalis 123.0 + 8.1 1520+ 114 119.0 £ 11.5
Littorina scutulata 151.0+ 9.8 1220+ 6.0 1140+ 154
Control = 147.0 £ 10.0
12 months
"Collisella” scabra 119.0 £17.5 780+ 226 520+270
Lottia digitalis 1150+ 7.0 128.0 + 18.8 90.0 £ 272
Littorina scutulata 1290 £ 21.1 126 £ 29.3 96.0 £ 13.5
Control = 1270+ 11.8
16 months
"Collisella" scabra 1090 £ 158 71.0 £23.3 570 £ 16.1
Loutia digitalis 1150 £ 149 1150 + 16.3 910+344
Littorina scutulata 920+£9.7 129.0 £ 23.1 98.0 £ 33.2
Control = 147.0 + 23.7
Duxbury Reef:
4 months
Tegula funebralis 1.0+ 1.0 20+12 0000
"Collisella” scabra 0.0+ 0.0
Lottia digitalis 0000
Control = 0.0 £ 0.0
Cage Control = 1.0+ 1.0
8 months
Tegula funebralis 59.0 £ 13.2 71.0 £25.1 440+21.0
“Collisella" scabra 52.0 +23.7
Lottia digitalis 73.0 £26.5
Control =96.0 + 12.1
Cage Control = 97.0 + 22.6
12 months
Tegula funebralis 1100+ 4.2 103.0 £ 30.0 37.0+£20.2
"Collisella” scabra 83.0 £ 25.1
Lottia digitalis 1350 £ 229
Control = 117.0+ 19
Cage Control = 126.0 + 13.2
16 months
Tegula funebralis 98.0 £ 10.6 82.0+290 31.0 £ 94
"Collisella" scabra 1210 + 33.0
Lottia digitalis _ 67.0 £ 122

Control = 149.0 + 18.0
Cage Control = 115.0+ 4.7




Table 5. Significant results of analyses of variance (p< 0.05) on the effects of
grazer density and grazer species on total algal cover at both sites on each of
the four sampling dates analyzed. Separate analyses were done for each
species. Density treatment designations for SNK multiple comparison test
results are ranked from lowest to highest mean total algal cover. Densities
connected by underlines are not significantly different from one another. For
each treatment, n=4. C=Control; CC=Cage Control, L=Low Density;
A=Average Density; H=High Density.
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Grazer p SNK
Pescadere Point:
8 months

"Collisella" scabra 0.0299 HA L C
16 months -

"Collisella" scabra 0.0333 HA L C
Bolinas Point:
8 months

Tegula funebralis 0.0180 HALCCC
16 months

Tegula funebralis 0.0024 HALCC C
Pescadero Point
8 months

Average Density 0.0065 GCls C Id

High Density 0.0535 GCls Id C

Bolinas Point

No significant difference between grazer treatments was found.




Table 6. Mean number of algal species per plot (mean * 1 S.E) for each
treatment at each site over all sampling times. Control and cage control
treatments have no grazers. For grazer densities, see Table 1. Blank spaces
indicate treatments not included in the experimental design. For each
treatment, n=4.
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Pescadero Point:
S irgzgrs

4 months
"Collisella" scabra
Lottia digitalis
Littorina scutulata
Control = 1.0 + 0.0
8 months
"Collisella" scabra
Lottia digitali
Littorina scutulata
Control = 2.75 £ 0.5
12 months
"Collisella" scabra
Lottia digitalis
Littorina scutulata
Control = 4.0 + 0.7
16 months
"Collisella" scabra
Lottia digitalis
Littorina scutulata
Control = 4.5+ 0.9

Duxbury Reef:

4 months

Tegula funebralis
“Collisella" scabra

Lottia digitalis

Control = 0.0 £ 0.0
Cage Control = 0.5 £ 0.3
8 months

Tegula funebralis
"Collisella" scabra

Lottia digitalis

Control = 5.8 + 0.5
Cage Control =3.3+ 09
12 months

Tegula funebralis
"Collisella" scabra

Lottia digitalis

Control = 5.5 £0.6
Cage Control = 5.2 + 0.5
16 months

Tegula funebralis
"Collisella" scabra

Lottia digitalis

Control = 5.5 £ 0.5
Cage Control = 4.5 + 1,19

Low
1.8+0.5

1.25+03
23+05

33+05
2.75+£03
33%05

40+ 04
2306
2.75%+05

4004

3305

28+0.2

02+02

28+ 1.1

425+25

3.8%x05

Density
Average

1.5+ 0.3
1.2+03
1.5+03

23+03
33£0.5
25+06

3503
50+04
3.0+ 04

28+04
33+0.5
275+02

05+03
0.0+0.0
0.0£0.0

3.0+ 07
38+ 14
5.0+ 0.7

42412
6510
65+03

35+1.2
45+12
48+ 0.6

High
1.0+ 04

125+ 05
1.5+06

1.5£09
28 +05
225406

2010
28+038
25+£03.

23+08

35+12

3011

00+00

1.75 £ 0.5

1.0+04

125+ 06




Table 7. Two-factor analyses of variance on the effects of grazer species and
density on algal species richness. Only tests with statistical significance
(p<0.05) are shown. Tests at other sampling times did not show statistical
differences. Values for SNK multiple comparison tests (p<0.05) are ranked
from highest to lowest mean number of algal species per grazer treatment.

Species connected by underlines were not significantly different from one
another. '
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Source of Variation df MS F-Value P

T int:

16 months
Grazers 3 6.78 3.03 0.0417
Grazer Density 2 0.52 0.23 I.s.
Grazer X Density 6 0.97 0.43 I.s.
Within groups 36 2.24

SNK Multiple Comparison Results:
Grazers: Control Lottia "Collisella" Lintoring
Density: Control Low Average High

in int:

No significant effects of grazers on algal composition were found.




Table 8. Two-factor analyses of variance of macroalgal feeding experiments.
The effects of grazer presence and algal species on the change in algal biomass
were tested (p< 0.05). The grazer factor included grazer and no-grazer
treatments, and the algae factor included Ulva Jobata and FPorphyra spp. For
all treatments, n=12.
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Source of Variation df MS F-Value p

Tegula funebralis
Grazer Treatment 1 15588.02 47.04 p<0.0001
Algae Treatment 1 64974.08 197.18 p<0.0001
Grazer X Algae 1 560.33 1.70 n.s.
Within groups 44 329.52

Littorina scutulata
Grazer Treatment 1 6.12 1.28 n.s.
Algae Treatment 1 306.79 63.21 0.0001
Grazer X Algae 1 30.48 6.28 0.0160
Within groups 44 4.85

Lottia digitalis
Grazer Treatment 1 499.88 3.88 0.0552
Algae Treatment 1 33148.54 257.29 0.0001
Grazer X Algae 1 152.65 1.19 n.s.
Within groups 4 128.84

"Collisella" scabra
Grazer Treatment 1 9.19 0.03 n.s.
Algae Treatment 1 20.02 0.07 n.s
Grazer X Algae 1 0.63 0.002 n.s.
Within groups 44 302.51




Table 9. Results of SNK muitiple comparison tests (p<0.05) on each grazer
from the macroalgal feeding experiments. Lines connect treatments that are
not significantly different from each other. Mean changes in macroalgal wet
weight expressed as mg/individual/day (+ 1 S.E). For all treatments, n=12.
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Tegula funebralis
Littorina scutulata
Lottia digitalis

"Collisella" scabra

Ulva lobata

Porphyra spp.

Control w/grazer Control w/grazer
-5850+5.80 -101.38+6.60 825+2.19 -20.96%5.17
46.52 + 9.58 23.40+7.11 -1998 +£3.25 -11.23+3.00
69.00 + 3.72 71.890+290 12.88+296 2290+ 3.45
-10.15+5.84 -10.79 £+ 6.69 -8.63+2.35 -9.73 + 4.06




Table 10. Analyses of variance results of microalgal feeding experiments.
Algal categories for SNK multiple comparison test results are sorted from
lowest to highest change in percent cover. Values (mean * 1 S.E, n=4)
connected by underlines are not significantly different from one another.

Negative values represent a decrease in cover and positive values represent
an increase in cover.
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Grazer

p SNK Results
Green Filaments Diatoms Bare Plate Space
Tegula funebralis 0.0013 401 +1.27 1,24 + 4,19 24.08 £ 5.00
Green Filaments Diatoms Bare Plate Space
"Collisella" scabra 0.0042 0+0 0.31+320 1142 +1.27
Diatoms Green Filaments ~ Bare Plate Space
Lottia digitalis n.s 432+ 717 092 +092 7.10 £ 993
Diatoms Green Filaments ~ Bare Plate Space
Littorina scutulata n.s -2.78 £9.42 0+0 15,12+ 2 16




Table 11. Mean (x 1 S.E) grazer densities and mean percent cover of the most
abundant ephemeral algal species, and mean total ephemeral cover per plot
(0.1875 m2) at all locations of the multi-site study after 24 months. Density
values are counts. Dash (-) represents species not found at that site. NA= data
not available from KLL
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Table 12. Results of Pearson's correlation analysis of all six multi-site study
locations combined. Upper numbers are correlation coefficients and numbers
in parentheses are probabilities. * = significant at p = 0.05.
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Spring Fall Overaill

Total Ephem. x Grazer Density -0.26360 -0.45633 -0.38046
(0.29055) (0.05698) (0.02208)*

1 Overall = spring-cleared and fall-cleared treatments combined.



Figure 1. Location of study sites: Pescadero Point in Carmel Bay (36°33'N,
121°57'W), and Bolinas Point (37°54'N, 122°43'W) near Bolinas, California.

60



Bolinas Bay

Q)
00 a
- - “+ \
Bolinas Point 6%
B, Ll
r 1 Kilometer

San Francisco Bay ———» %}

35°N

Pescadero Point

N Carmel Bay

| S

1 Kilometer




Figure 2. Treatment manipulation barriers. A) Limpet, littorine, and control
barrier of astroturf and a band of sticky "Tree Tanglefoot." B) Tegula
treatment cage of 1.27 cm? stainless steel wire mesh surrounded by astroturf
and "Tree Tanglefoot" Cage also has 10x10cm door on top for access. C)
Wire mesh cage control with two open sides, surrounded by astroturf and
“Tree Tanglefoot."
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Figure 3. Diagram of laboratory apparatus used for macro-and microalgal
feeding experiments. Chambers were 25x25x20cm. Not to scale.
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Figure 4. Early algal succession at Pescadero Point in the control treatment
(no grazers). Ribbons are mean percent cover per plot through time for those
species/substrata that attained greater than 10 percent cover at least once
during the sampling period. For definition of GATGOR, see text.
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Figure 5. Early algal succession at Bolinas Point in the control and cage
control treatments (no grazers). Ribbons are mean percent cover per plot
through time for those species/substrata that attained greater than 10 percent

cover at least once during the sampling period.

64



/

Control

10g

Mean Psrcent Cover

Cage Control

- 80

Mean Percent Cover



Figure 6. Mean percent cover of each algal taxon and bare rock space in each
grazer density treatment at Pescadero Point on each sampling date. C=control
(no grazers); L=low; A=average; H=high; Cs="C" scabrg Ld.=L digitalis,
Ls.=L scutulata; GATGOR=green algae that grows on rocks (see text). Error
bars are omitted for clarity. Mean values and standard errors are presented in
Appendix 2. For all treatments n=4.
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Figure 7. Mean percent cover of each algal taxon and bare rock space in each
grazer density treatment at Bolinas Point on each sampling date. C=control
(no grazers); CC=cage control (no grazers); L=low; A=average; H=high; Tf=T.
funebralis, Cs="C." scabra, Ld=L digitalis. Error bars are omitted for clarity.
Mean values and standard errors are presented in Appendix 2. For all
treatments n=4.
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Figure 8. Mean change in macroalgal wet weight (grams) of Ulva spp. and
Porphyra spp. during the four-day experiment in all control and grazer
treatments. A) Tegula funebralis B) Littorina scutulata C) Lottia digitalis
D) "Collisella” scabra. Error bars are 1 SE. and n=12.
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Figure 9. Mean microalgal consumption rate of each grazer during the four-
day experiment. Error bars are + 1 SE. and n=4.
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Figure 10. Mean total ephemeral cover (A) and mean grazer density (B, C, D)
fluctuations per plot (0.18756m?) over time in the spring- and fall-cleared
treatments of the multi-site study at Pescadero Rocks. Spring clearings were
made in March and April 1985. Fall clearings were made in October and

November 1985.
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Figure 11. Mean total ephemeral cover (A) and mean grazer density (B, C, D,
E) fluctuations per plot (0.1875m?) over time in the spring- and fall-cleared
treatments of the multi-site study at Bolinas. Spring clearings were made in
March and April 1985. Fall clearings were made in October and November
1985.
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Figure 12. Mean total ephemeral cover (A) and mean grazer density (B, C, D,
E) fluctuations per plot (0.1875m?) of all multi-site study sites combined.
Spring clearings were made in March and April 1985. Fall clearings were
made in October and November 1985.
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APPENDIX 1

Algal Snecies Lisis
at Pescadero Point and Baolinas Point

List of algal species found at Pescadero Point and Bolinas Point among all
grazer treatments during the first 16 months of succession.
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[ Pescadero Point

Bolinas Point

Chrysophyta Chrysophyta

Diatoms 1a, 2, 3, 4 Diatoms 3

Chlorophyta Chlorophyta

Acrosiphonia coalita 3 Cladophora columbiana 1a, 1b,23 5
Blidingia minima 1a, 2, 3, 4 Urospora sp. 1b

Cladophora columbiana 2

G.AT.GOR. 13,2, 3,4
Ulva lobata 1a,2, 3, 4

Rhodophyta

Bangia fusco-purpurea 4
Callithamnion pikeanum 3
Ceramiun eatonianum 2, 3, 4
Corallina sp. 3

Corallina vancouveriensis 3
Endocladia muricata 1a, 2, 4
Gelidium coulteri 2

Gelidium pusillum 2

Iridaea splendens 2, 3, 4
Mastocarpus papillatus 2, 3, 4
Petrocelis sp. 4

Pink Crust 2, 3, 4
Polysiphonia hendryi 2, 4
Polysiphonia pacifica 4
Porphyra perforata 1a,2,3, 4
Red Filament 2

Rhodophyta

Cryptosiphonia woodii 1a, 1b, 2, 3, 5
Endocladia muricata 1a, 1b, 2,3, 5
Gelidium coulteri 1a, 1b, 2

Gelidium pusillum 2

Iridaea splendens 1a

Iridaea heterocarpa 1a, 1b,2, 3,5
Mastocarpus papillatus 1a, 1b,2,3, 5
Microcladia borealis 2

Neorhodomela larix 2

Odonthalia floccosa 1a

Pink Crust 1a, 5

Polysiphonia hendryi 1a, 1b,2, 3,5
Polysiphonia nathaniellii 1a, 3
Polysiphonia paniculata 1a, 2, 3
Polysiphonia sp. 2,3, 5

Porphyra sp. 1b, 2

Pterosiphonia bipinnata 1a,1b, 2, 3, 5
Pterosiphonia dendroidea 1a, 2, 3

Phaeophyta

Fucus gardneri 1a, 3, 4
Hesperophycus harveyanus 3
Pelvetia fastigiata 1a,2, 3, 4

Phaeophyta

Analipus japonicus 1a, 1b, 2, 3,5
Cylindrocarpus rugosus 2,5
Fucus gardneri 1a,1b,2,3, 5
Leathesia difformis 12, 1b, 2,3, 5
Pelvetia fastigiata 3

Ralfsia sp. 1a, 1b,2, 3,5

la = present in control treatment; 1b = present in cage control treatment; 2 = present in
"Collisella” scabra treatment; 3 = present in Lottia digitalis treatment; 4 = present in
Lintorina scutulata treatment; 5 = present in Tegula funebralis treatment; G.A.T.G.O.R. =
Green Algae That Grows On Rocks (see text for further details).




AFPENDIX 2

Algal Cover and Rodk Space Resufis in Each Treatment at
Pescadero Point and Bolinas Foint

Algal species cover and bare rock space (mean + 1 SE) in each treatment at
Pescadero Point and Bolinas Point for each of the sampling dates analyzed (4,
8, 12, 16 months). Only taxa/substrate that represented at least ten percent
cover were analyzed and are presented here. A dash (-) represents a species
not found in that particular treatment at that time. For all treatments, n=4.

Species abbreviations in tables are as follows:

"C. "scabra = "Collisella" scabra
L digitalis = Lottia digitalis

L. scutulata = Littorina scutulata
T. funebralis = Tegula funebralis
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APPENDIX 3

Grazer Density
Results of the Multi-Site Study

Grazer densities (mean/0.1 875m?2 plot) from the muilti-site study are
presented. Densities at each site and all sites combined in the spring-cleared
and fall-cleared treatments for each grazer are given. Erroris+ 1 5.D.andn =
3. The spring-cleared plots were cleared in March and April of 1985, and fall-
cleared plots in October and November of 1985.
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