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Spatial Segregation of Four Species of Turban Snails

(Gastropoda : Tegula)

in Central California

L 4

BY

MARIANNE L. RIEDMAN, ANSON H. HINES® anp JOHN S. PEARSE

' Center for Coastal Marine Studies, University of California, Santa Ciruz, California 95064

(4 Text figures)

INTRODUCTION

Four SPECIES OF GRAZING TURBAN SNAILS of the genus
Tegula are abundant in central California (AmsotT &
Haperirk, 1980). Two of these species, Tegula funebralis
(A. Adams, 1855) and Tegula brunnea {Philippi, 1848),

with sand channels, pinnacles, cracks, and boulders. The
substrate is covered with a lush understory of Cystoseira
osmundacea, many species of red algae, and 2 dense algal-
invertebrate turf of corallinie algae, tumicates, bryozoans,
solitary corals, sponges, vermetids, and many other en-

. exusting organisms. The dominant, canopy-forming plant

are common in recky intertidal communities; T, funebralis -

is abundant from mean lower low water (MLLW) to 1.5m
above MLLW, and T. brunnea is common below o.5m

above MLLW. In addition, Tegula pulligo (Gmelin, 1791) -

- and Tegula montereyi (Kiener, 1850} are common sub-
tidally in kelp forests. Lowry, McELroY & Pearse (1974)
studied the distribution of the 3 subtidal species at one
location within the middle of a kelp forest off Pacific
. Grove, California; the snajls were associated with specific

“algae on the bottom as well as throughout the water col-

umn on fronds of giant kelp plants (Macrocystis pyrifera).
In the present paper, we describe the horizontal and ver-
tical distribution of all 4 species of Tegula, from the inter-
tidal zone to the seaward edge of a kelp forest, at the same
location as the Lowry, McELroy & PearsE (1974) study.
Distributions of the snails in early spring, when kelp bio-
mass and canopy are minimal, are compared with their

- distributions in late summer, when kelp biomass and can-
opy development are maximal. -

METHODS

Our study was conducted at Hopkins Marine Life Refuge
in Montérey Bay off Pacific Grove, California. The hiabitat
is very heterogeneous with a granite substrate interspersed

' Present address: Chesapeake Bay Center for Environmental.

Studies, Smithsonian Institution, P O. Box 28, Edgewater, Mary-
land 21037

is the giant kelp Macrocystis pyrifera. A detailed descrip-
tion of the study area is provided in Pzarsz & Lowry
(1974):

Sampling was done using SCUBA in March 1977 and.

‘again in August 1977 along a goom transect that ex-

tended from the intertidal zone seaward through the kelp
forest to a depth of about 13m (Figure 1). Nine stations
were established along the transect at about 1.5m incre-
ments of increasing depth beginning at the intertidal level

Hopkins Marine Life Refuge, Pacific Grove, California, showing
the nine sampling stations transecting the intertidal zone, shallow
subtidal 20ne and kelp forest (hatched). Drawn from an aerial
photograph taken on June 14, 1978 )



Page o8

THE VELIGER

of 1.5m above MLLW. Populations of Tegula spp.- were
sampled at each station in two ways, depending on whether

they occurred on giant kelp plants or on the “bottom™

which included algal-invertebrate turf and understory
plants as well as rock and sand, At each station, approxi-
mately 200 individuals of Tegula spp. were collected from
the bottom. Giant kelp plants were present only at sta-
tions 3 to g; at these stations, snails were collected from
the nearest giant kelp plant that extended up the water
column to the surface. All snails were removed from the
selected kelp plants in 1.5m increments of incréasing
depth from the surface to the bottom; snails from each
sample level were placed in a separate plastic bag. The
snails were identified, counted and measured to the nearest
mm in the laboratory.

The data were analyzed for relative frequency and size
distribution of each species on the bottom and on kelp
pIants at each station. The relative frequencies of each
species on kelp plants at each station also were calculated
for each 1.5m depth interval in the water column. Qur
'sampling design did not provide estimates of the densities
of cach species along the transect because: determining
densities requires additional labor-intensive estimates of
the number of snails per unit bottom area, per kelp frond
and the density of kelp fronds at each station.

RESULTS

In March each of the 4 species of Tegula showed a distinct
zone of abundance on the bottom from the intertidal zone
to the seaward edge of the kelp forest (Figure 2). Tegula
funebralis was restricted to the intertidal region from
about 1.5 m above MLLW to 0.5 m below MLLW. Tegula
brunnea occurred between o.5m to 7m below MLLW.
Near the shoreward edge of the kelp forest, at a depth of
3m, necatly go% of the turban snails on the bottom were
comprised of T. brunnea. Tegula montereyi had a broad.

zone of distribution across the kelp forest, and except for °

a peak relative frequency of 50% at the 6m depth, 7. mon-
tereyi did not exhibit a clear dominance in relative fre-
quency at any location. The relative abundance of T,
pulligo on the bottom increased rapidly in the middle of
the kelp forest at depths of 4 to 7m. This species predom-
inated in the seaward half of the kelp forest, with relative.
frequencies of 707 at 2 depth of 7m t6 100% at the 1 3m
depth.

The distribution of turban snails on giant kelp- plants
along the transect was similar to that of the snails on the
bottom (Figure 2). Tegula brunnea was dominant on
plants at the shoreward edge of the kelp forest. T pulligo
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Figure 2

Distribution of four species of Tegula on the botiom 2nd on giant
kelp plants along the transect. in March, 1§77. The relative frequen-
cies that each species comprised are plotted: for each station, Snails
on the bottom were sampled separately fiom. snails on kelp plants,
At each station, about 200 snails were collected from the bottom,
and all spails were colletted from single large kelp planty. preseny
at stations between depths from § to 12m. Sample sizes for snails
on kelp plants are shown in Figure 4

predominated on plants at the seaward portion, and T.
montereyt occurred at Jow relative frequencies on plants
throughout the middle of the kelp forest.

The pattern of zonatién along the transect in August
was remarkably similar to that in March for all 4 species,
both on the bottom and on kelp plants (Figure 3). How-
ever, at o.5m depth Tepula funebralis occnrred with
higher relative frequency in August than in March and
7. brunnea occurred at correspondingly Jower frequency.
T. brunnea was present at higher relative frequencies in
August than in March at the 4 to 6m depths, both on the
bottom and on kelp plants. Tegula montereyi did not
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Figure 3

Pastobution of fourspeciu of Tegula o the bottom and on glant
keip plants in August, 3577, Sampling procedures as explained in
Figure 2 .

attain relative frequenciés in the middle of the kelp forest
as high in August as in March. The distribution and rela-
tive abundance of Tegula pulligo remained similar during
both sampling periods.’

The vertical distributions of turban snails on giant kelp
plants did not show patterns of zonation that were as dis-
tinct as the horizontal distributions (Figure 4). Tegula
brunnea in the shoreward part of the kelp forest showed a
shift in relative abundance from the deeper portions of
the plants in March up into the canopy in August. At the
seaward stations, T. brunnea was generally evenly dis-
tributed throughout the water column at both sampling
periods. Tegula montereyl occurred at about equal refative

“frequencies throughout the water column on kelp plants
during both sampling periods. Similarly, T. pidlige was
found at all depths on kelp plants with litle apparent
vertical zonation. However, in the middle of the kelp for-

Tegula pulligo
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Figure 4

Vertical distributions of four specics of Tzguls on gilant kelp plants
at stations along the transect in March 1977 (open polvgons) and
August 1977 (solid polygons). The relative frequencies that cach
species comprised in the total number of snails collected from one
large kelp plant at each station are shown for each r.5m interval
of increasing depth from the surface to the bottom. Sample sizes
for each sampling’ period and scale of relative frequency in per-
cent are indicated ’ :

est, there were proportionately fewer individuals of T,
pulligo near the top of the plants in August than in March,
The size distribution of snails on the plarits were similar
to those found by Lowry, McELroy & Prarse (1974);
individuals of Tegula brunnea, T'. montereyi and T. pul-
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ligo were smaller on the bottom, and in the léwer portions
of the kelp plants, than on the upper portion of the
kelp plants. -

DISCUSSION

Kelp forests are complex structural communities (PEARSE
& GERra®D, 1977) angd closely related species often exhibit
zonal patterns of distribution from the intertidal zone to
increasing depths, e.g., abalones (TurscHULTE, 1976);
bryozoans (BernsSTEIN & JUNG, 1979); scorpaenid fish

(Harracuer, 1977; Larson, 1980); and spider crabs.

- (Hings, 1981). The 4 sympatric species of Tegula in the
present study similarly exhibited a well-defined pattern of

spatial segregation in the Hopkins Marnne Life Refuge. -

Tegula funebralis occurred exclusively in the intertidal
zone. Tegula brunnea was dominant from the low inter-

tidal zone through the shoreward portion of the kelp forest; .

.- while Tegula pulligo dominated the scaward portion of
the kelp forest. Tegula montereyi usually occurred at low
relative frequencies throughout the kelp forest, with the
highest relative abundanice near the middle of the forest.

_ This pattern of zonation was consistent both on the bottom
and on the giant kelp plants, and it changed little sea-
sonally. '

The vertical distribution of the three species of Tegula
on fronds of Macrocystis pyrifera showed ro clear pattern
of zonation in either March or August. However, in the
shoreward portion of the kelp forest individuals of T,
brunnea were more frequent and individuals of T. pulligo
were less frequent in the kelp canopy in August than in
March. Lowry, McELroY & Pearse (1974) also found
a vertical stratification with T. brunnec predominating in

the canopy and T. pulligo predominating near the bottom.

Their study was done near the center of the kelp forest
(6-gm depth) during August. Our more extensive sampling

across the forest in March and August indicates that ver- .

tical stratification between these two species is very un-
stable. _

Considering the marked seasonal changes in biomass
and density of kelp plants in the Hopkins Marine Life
. Refuge {(Gerarp, 1976), the lack of substantial seasonal
changes in the relative distribution of the dificrent species
of turban snails is surprising. Proliferation of kelp fronds

- i summer results In a tremendous increase int available |

substrate area at the sea surface, whereas winter storms

greatly reduce the canopy cover. Moreover, winter storms -

probably knock many snails off the kelp fronds. The effect

of the winter storm swells is most pronounced in shallower

water, and may account for the seasonal shifts of Tegula
brunnea on the plants of the shoreward portion of the
forest.

The mechanisms maintaining the zonation pattern of
the 4 species of Tegula in the Hopkins Marine Life Refuge
are not apparent. The upper distributional lirits of many
intertidal species may be determined by physical factors
or behaviors that avoid adverse physical factors (e.g.,
WorcotT, 1973). In this respect, Tegula funebralis may
be able to withstand temperature and desiccation stresses
encountered in the intertidal area better than the other
3 species, thereby partially accounting for the near cora-
plete dominance of T. funebralis in the intertidal zonc.
However, such a physiological mechanism would not ac- |
count for the chseived lack of T. funebralis subtidally, or
the zonation of the subtidal species.

Gradients of water turbulence and light ¢ould be impor-

* tant in determining the zonation patterns of the subtidal

species. If, for example, individuals of Tegula brunnea
were better able to maintain a grip on substrates in strong
surge than those of T. pulligo, they might be expected to
predominate in high-energy arcas of the shallow subtidal
zone and inner edge of the kelp forest. The zonation pat-
tern of the snails also might be the result of pronounced
dietary preferences for particular algal species limited to
particular depths by specific light requirements. However,
Lowry, McEirroy & Pearse (1974) found that all g sub-
tidal species were widely distributed on different species
of algae in the middle of the kelp forest, and all were found
most frequently on giant kelp plants. Moreover, all 4
species have a high preference for Macrocystis pyrifera
for food (unpublished observations; James M. Watanabe,
pers. comm.), Considering the enormous abundance of
giant kelp, both as attached plants and as pieces of plants
on the forest floor (Gerarp, 1g76), competition among
these snails for a limited food resource is unlikely, and
differences in food preferences and availability probably
cannot account for the subtidal zonation pattern. Further-
more, we have not observed any behavior in the field or
Jaboratory that could be categorized as interference com-
petition {sensu CoLwEeLL & FUENTES, 1975) among any
of these species. '
Predation often limits the lower distribution of inter-
tidal organisms, and in some areas predation by sea stars
and whelks may determine the lower limit of Tegula
funebralis (Paine, 1969; B. MexcE, 1972; J. Mence,
1974). Predation by rock crabs; Cancer dntennarius, also
could be important. These crabs cannot crack the shells
of Tegula brunnea as casity as those of 7. funebralis
(AsBOTT & HaDERLIE, 1980), and their presence in the low
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intertidal area might provadc an e.xp]anatlon for the re-
placement of T funebralis by T. brunnea in the shallow
subtidal zone. However, individuals of C. antennarius are
very scarce in the Hopkins Marine Life Refuge (Hines, in
press), and the small number of crabs there is unlikely to

" have much Impact on the large sail populations.

Sea stars are important’ predators in the subtidal kelp

forest of the Hopkins Marine Life Refuge, and Tegula

spp. are highly preferred prey of Pisaster giganteus in par-

~ticular (HarroLD, 1981). WaTANABE (1980) found that

high w¥ter movement and dense cover of red algae in
. the shallow subtidal area provided turban snails with some
refuge from sea star predation. Snails within the kelp for-

est also may escape sea star predation by crawling up -

fronds of giant kelp plants (Harrorp, 1981). However,
sea otters, Enhydra lutris, in the Hopkins Marine Life
Refuge eat large numbers of turban snails collected from
the kelp fronds {Costa, 1978). The distnbutions and
foraging patterns of all these different predators are not
understoed well enough to explain whether and how they
might influence the distribution patterns of the subtidal
species of Tegula in the Hopkins Marine Life Refuge.
Recruitment patterns may reflect and partly determine

 the distributions of the adult snails. Recruitment of Tegula
" funebralis, for example, is restricted to the intertidal zone

(ParnE, 196g). Moreover, Watanabe (pers. comm.) found

distributional patterns of juvenile turban snails in the Hop-.

king Marine Life Refuge that were strikingly simifar to

those of the adults. Small juveniles (<5mm diameter) of .

T'. brunnea were most abundant on solid rock surfaces at
depths Jess than gm, those of 7. pulligo were mainly on

shell fragments in the seaward portion of the kelp forest, .

and those of T, montereyi, were on shell fragments dis-
tributed throughout the forest. However, turban snails
probably live at Jeast for several years (Franx, 1975), and
they are very mobile. More knowledge of the movements
and life history of these snails clearly is needed before the
mechanisms that maintain their distinct patterns of dis-

tnbunon will bt‘. revealed,

SUMMARY

1. Three species of turban snails display distinct patterns
of zonation between the intertidal area and the sea-
ward edge of the giant kelp forest in the Hopkins
‘Marine Life Refuge, central California. Tegula fune-
bralis is exclusively intertidal, Tegula brunnéa is
mainly shallow subtidal (0.5 to 7m depth) in the shore-
ward portion of the kelp forest, and Tegula pulligo is

mainly deeper (7 to 13m depth) in the scaward por-
tion of the kpr forest,

2. A fourth species, Tegula montereyi, occurs subtidally
throughout the kelp forest, but does not dominate any
particular zone. '

3. The 3 subtidal species of Tegula are  distributed
snails in the Hopkins Marine Life Refuge were very
throughout the water column on giant kelp plants,
Macrocystis pyrifera, from the surface canopy to the

. bottom holdfasts, in the same pattern as their bottom
"distributions. Tegula brunnea is mainly on plants in
the shoreward portion of the forest, T. pulligo is
mainly on plants in the seaward portion of the forest,
and T. montereyi is distributed more or less evenly on
the plants. There is little distinet pattern of vertical
distribution on the plants of any of the spcmcs of
Tegula. :

4. The patterns of distribution of the 4 species of turban. -

similar in March and Augyst, 1977, except that in
August Tegula brunnea was most frequent in the can-
opy and T. pulligo was most frequent near the bottom
of the plants.
5. Although recruitment patterns of juveniles reflect
adult distributional patterns, the mechanisms main-
_ taining these distributional patterns remain unclear,
Tolerance to acria] exposure may permit Tegula-fune-
bralis to thrive in the initertidal zonie, and lack of such
tolerance may exclude the other species from this
zone. Effcctive defense from predation and tolerance

to high water turbulence may permit T. brunnea to

dominate in the shallow subtidal, while T’ montereyi
and T. pulligo may escape predation in +eper waters
by crawling up kelp fronds.

- ACKNOWLEDGMENTS

We thank Yusef Fadlallah and Valle Thorapson Sprinkie:

for diving assistance, Donald P. Abbott and the staff at
Hopkins Marine Station of Stanford University for pro-

i viding diving facilities, Christopher Harrold and David

R. Lindbérg for comments on the manuscript, and James
M. Watanabe for sharing his unpublished information,
This work was supported by NOAA Office of Sea Grant,
U.S. Department of Commerce, under Grant. No.
04-7-158-44121 to John S. Pearse,

Literature Cited

AenoTT, DoNaro PiTnas & Euomz Crmvron Haperrix
1980.  Prosobranchia: marine smsils. pp. 230-307. : Robert H,
Morris, Donald P Abbort and Eugene C. Haderlie, lntr.md-.l inverte-
brates of California Stanford Univ. Press, Stanford, Calif xiv¥
690 pp.; 300 colored plts.; 1 text fig. {s4 November :g8a}



Page 102

THE VELIGER

Vol. 24; No. »

BexnsteiN, Brocx B. & Nancy Juxe

1579. - Selective pressures and coevul\mon in a kelp community in
southern California. Ecol. Monogr. 493 335-355

Corwely, Roszrr K. » Epvarno R. Fuenres

1975.  Experimental studies of the niche..
281-310

Costa, Danizr Paur

1978.  ‘The ccological energeties, water and electiolyte bahncc of the
Califorria sea otter, Enhydra lutsis. Ph. D. Thesis, Univ. Calif,
Santa Cruz, Calif 75 pp.

Franx, Prren WolLroano

3975 Latitudinal variation in the life history features of the black
tuiban mnail Tegula funebralic (Pmsobranchn ‘Trochidae), Mar,
Biol. 81z 151 -~ 192

Grranti, VALrIz Ann
1976, Some aspects of material dynamics and energy flow in a kelp

forest In Monterey Bay, California. Ph. D. Thesis; Univ. Calif,

_ Santa Crur, Cali. 173 pp.

Hairacuesr, Lrox E.
15y7.  Patterns of space and food wae by inthore rockfishes (Scorpaen~
idag: Sebartes) of Carmel Bay, Californiz, . Ph, D. Thesis, Ulniv.

Calif, Berkeley, Calif © 335 pp.

Hanrorn, CHRSTOPHER )

i98s.  Escape responses and prey availability in a kelp forest predator:
‘prey system. Amer, Nat., in press

Hines, Axson H.

. 3581.  Coexistence in a kelp forest: ' Size, population dynamics, and
resource pzrtmomng in a guild of spider crabs (Brachyura, Majidac).
Beology, in press B

Laxson, RoNn.p 1.

1980. ° Competition, habitat sclection, and the baﬂ:y-me:nc legreganan
of two rockfish (Sebarter) species, Ecol. Monogr. 50z 221 -239.

Ann. Rev. Ecol. Syst. 63

Lowny, Lrovn, A_J. McELzoy & J 5. Pzarsz
1974 The distribution of six species of gastropod molluscs in & Cab.
fornia kelp forest, Biol Bull 3¢7: 386- 396
MzncE, Bavee A
1972.  Foraging strategy of a starfish in relation to actuil prey avail-
ability and enviropmental predictabitity.  Ecol Monogr. 42: 35-%0
Mzenoz, Jaxe LurcHRNKO

1974  Peey selection and foraging period of the pwdactmu rocky ifter-

fidal snail, Acanthing punctulata. Oecologia 1yt 293-316
Parng, Ropert Tarar

1969.  The Pisaster-Tegula interaction: prey patches, predator food
preference, and intertida! community structure. Ecology z0: gso
to gbr

Pransz, Joun S. & Vaixie A Gerarp

1977.  Kelp forests, pp. 645-649. : John Clatk, ed. Comtal

Ecosystem Management. John Wiley & Sons, New York'

Peaxsz, Jorx S. 2 Lroyo E Lowsy

- 1974 An annotated species list of the benthic algas and invertebrates
in the kelp forest community at Point Cabrills, Pacific: Grove, Califor
nia. Coast. Mar. Lab,, Univ. Cald'.,Sanhsz,chh. Reprt. 1z
31-73; 3 text figs

TUTscRULTE, an.nnnu [o

1976.  The comparative ecology of thres sy:rxpnnc abalenés. Ph D,
Thesis, Univ. Calif San Diego, 335 pp. )

WATAKABE, James M,

1980,  The efiect of benthic aigal cover and substrate depih on preda.
tion-related mortality of three species of Tegula (Gastropoda: Trochi-
dae) in a central Calfornia kelp forest. Amer, Zool, g0; 884.

Woicort, TRoMAs G,

1973.  Physiology, ecology and mt.::t:da] zonation in Mmpets {demasa)

a erntical look at “imiting factors.” Biok Bull. 143: g8g~-4um

H



