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ABSTRACT

Acanthina angelica populations at Playa Estacidn,
Puerto Penasco, Mexico begin tb migrate down fhe intertidal
zones in November, the month of steepest drop in mean sea
~surface temperature. This is followed in January and Feb-
ruary, the monfhs of lowest sea surface temperature, by the
formatidn of clusters of snails and the deposition of large
- masses 6f egg capsules under boulders ahd in cre&ices.

Long- and short-spined morphé of Acanthina are.
found in the same breeding clusters in proportions conm-
" pafable to the proportions of each morph found in the adult
pbpulation before breeding. After breeding in Mafch and
.April, when sea sqrface témperatures begin to incfease
agaiﬁ; adults of the .long- and shoft—spimed mdrphs move
into the»upper intertidal areas, while juvenile énails do
not.

By the,folloﬁing October the number and proportion
:of short-spined snails is reduced in the Tetraclita area,
possibly due to their movement to a habitat with more
appropriately-sized prey. Such habitat selection based.
~ prey availability is suggested to maintain the spine poly- -

morphism in the population. Evidence which shows inter-

xi



x1i
breeding between spine morphs suggests, however, that the
spine polymorphism will not be evolutionarily stabilized,

despite strong selective forces.



CHAPTER T
- INTRODUCTION

The prosobranch gastropod Aeanthina angelica
Oldroyd (Family Thaididae) is an abundant, endemic carniv-"
orous snail of the northern Gulf of California rocky
intertidal zone. Like.many other members of the families
Thaididae, Muricidae énd Fasciolariidae it beafs a spine
on the duterAlip of 1ts shell aperture. Though contrary to
Paine (1966),Athe labial spine in 4dcanthina is generally
considered to . be used as a wedge to pry open the opercular
plates of its barnacle prey (MacGinitie and MacGinitie 1968;
Yensen 1979; Houston 1980). Two spine-size morphs have been
distinguished in decanthina and their iﬁtertidal distribu-
tions have been correlated with two species of different—
sized barnacle prey (Paine 1966; Yensen 1979). Snails with
long spines are generally found in the high intertidal zone
amongst the large barnacle Tetraclita stalactifera (base
diameter of 25-50. mm) (Fig. 1), whereas short-spined snails
generally»occur in the lower intertidal zone where the small
barnacle, Chthamalus anisopoma (6-9 mm base diameter), is
abundant (Fig; 2). The correlation of spine length with

prey size and species has been further substantiated by



Figure 1. The long-spined morph of Acanthina angelica
with 1ts large barnacle preys Tetraclita
stalactifera. Scale mark = 1 cm.



Figure 2. The short-spined morph of Aoanthina angelica
with i1ts small barnacle prey Chthamalus
anisopoma. Scale mark = 1 cm.
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laboratory feeding'experiménts which have shown that indi-
vidual Acanthina have the ability to alter their spine
length to accbmmodate the available prey (Yensen 1979);

The formation of breeding aggregations have been
reported  for Adcanthina angelica (Houston 1976;.Yensen 1979),
as well as for other thaid gastropods (see review by
Underwood 1979). From November to March Acanthina angelica
aggregate in crevices or under boulders where copulation
between the separate sexes is assuméd.to take place | }
"(Houston 1976). Individual egg cases reach up:to 250 u in
diameter and contain 206 to 500 eggs (WolfsonAl97O; Houston
1976). The egg cases are attached to the substrate adja—
cent tq one another in large masses of up to 3,000 egg
capsules. Within a few weeks tiny snails emerge:from the
démersal egg cases (Yensen 1979) having passed through
larval stages within the egg case (i.e}'they are non-
plahktotrophic). Most dispersal Qccurs:through the juvenile
and adult phases and eﬁéntually‘resulté in the distribution-
of long-spined snails in the upper Tetraclita areas and
ShQrt—spined‘snails in the lower Chthamalus zones (Paine
1966; Yensen 1979).

This study follows the intertidal movements of the
“two spihe morphs of adultAAcanthina aﬁgelicaAwith réspect

to their breeding season and barnacle prey distributions.



The data are presented. in the following general format:

1l) pre- and pbst—mating intertidal‘migrations and
distributions, ‘

2) formation of breeding aggregations.
In-1light of the breeding behaviér and the seasonal variation
in spine morph distributiohs I consider mechanisms poten-
tiélly maintaining or stabiliéing the spine-size mérphs in

~ the 4canthina populations at Puerto Periasco, Sonora, Mexico.



CHAPTER II
MATERIALS AND METHODS '

All observations and data were taken in the vicinity
of Puerto Penlasco, Sonora, Mexico in the northern Gulf of |
California. The briméry study site, Piaya Estacidn ’
(Station Beach), is located directly east of the town (Fig.
3) in front of the eastern edge bf the Universidad de Sonoré
and the former‘Univefsity of Arizona research facility, UEP
(Unidad Experimental Peflasco). At the high tide line this
site is-a coarse sand and shell beach, running east and
west from the mouth of Estero Morua to Punta Peﬁaéco. At
lowytide two-thirds of a 170 meter wide coquina limestone:
platform reef is exposed (Fig. 4). (The most extremeitides
have an amplitude of 7.5 meters at this site.)

Additional observations were made at Punta Pelicano
(Pelican Point.), about 10 km norﬁhwest of Puerto Pefiasco
(Fig. 3); This point 1is an.exposed granitic headland, char-
acterized by large rounded boulders of various sizes and
orientations (Fig. 5). Sharply demarcated ecological zonés,
not»géheféiiy Qbserved at Playa Eétaéién, are characterisfiC»

of the‘relativély steep slopes of this intertidal region.
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Figure 3. Map of the study sites in the vicinity of Puerto
Pehasco, Sonora, Mexico in the northern Gulf of
California.



Figure 4. The Playa Estacion study site at low tide.



Figure 5. The Punta Pelicano study site at low tide.
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Pre- and Post-Mating Intertidal Migration

To monitor the intertidal movements ofAAc&nthina
angelica at Playa Estacidn, I delineated a quadrat typical
of Acanthina habitat 10.7 by 27.9 m (Fig. 6). Within this
area three zones were distinguished based on fhe barnacle
cover and . the substrate. The highest>rbcky intertidal
zone, T-I, 1s an isolated terrace of shell-=hash béachrock
bearing the large barnécle Tetraclita stalactifera. It
borders the beach and extends a length of nine meters from
the +2.2 m (7.3 ft) tidal levél to the +i;2 m (3.8 ft)-
1ével. Another Tetraclita outerop (T-II) is located about
12 m east of the T-T zone and is 5.5 by 6.6 m. Since the
T-I and T-=II zones are similér in elevation and in phyéical
and biological compositiohs; data from the two areas (térmed
T zoﬁe) afe combined. Mbving éeaward from the T-I zone
there 1is an expanse of platform feef stfewﬁ With.basalt
bouldérs._ For a distance of 3.6 m below the T-I zone to
the +1.0 m (3.1 ft) tidal level the boulders are virtually
devoid of barnacles. Nohetheiéss, Acanthina abound in this
region. This zone 1s refefred to as the bare boulder or B
zone. Below this zone is the C zoﬁe where the boulders are"
covered with the small barnacle Chthamalus anisopoma. This.
zone extends 15.3 m from the~%ower border of the B zone downj

to the +.7 m (2.3 ft) tidal level.



Figure 6.

11

Map of the Playa Estacion study area at low
tide. — 1) tide pools, 2) elevated beachrock
terrace covered with algal turf, 3) beachrock
platform covered with basalt boulders, 4) upper
beachrock terrace where Tetraolita is found.
Tide levels are given iIn meters from mean low
water. The study zone is delineated: The T-1,
T-11, T-111 areas represent TetrueHtu-covered
beachrock; The B zone is an area of bare basalt
boulders; The C zone i1s an area of Chthamalus-
covered basalt boulders; The L zone 1is a lower
area of Chthamalus-covered boulders; The E zone
represents two boulders in the area to the east
and adjacent to the other study zones, where two
breeding clusters were observed. X’s mark the
location of breeding clusters of Aeanthina
angelica.
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On October 21 and 22, 1979 I marked 54, 107 and
248 Acanthina angelica of the T, B and C zones, respeotlvely.
ASlnce only 54 snails were orlglnally found 1n the T zone,

ll more snails found there on 2 November 1979 were marked
to increase the sample size to 65. I removed.the snails
from crevices or from under boulders at low tide and placed
them "face"‘down on a piece of cardboard to air dry. The
‘'shells were then sprayed‘with Krylon fluorescent baint
while‘most of the snails had theif bodies retraeted. After.
allowing the paint to dry the snails were returned to the‘
base of'their original boulder or crevice.

The Acanthina angelica from each of the T, B and C
zohes were visually examihed and categorized ecoording to
spine-size morphs. At Playa Estacidn snails over. 25 mm long.
diverge With respect to spine length such thathsnails from
the ZTetraclita-covered tefraces have longer spines than
snails from Chthamalus-covered regions (Yensen 1979).
Snails'from the Chthamalus area with spines exceediﬁg 3.3 mm
in length are rare (7%) (after Yensen 1979), fegardless of
the shell length.. Snails with spines less than 3.3 mm, how-
ever, also comprise 28% of the T zone populations measured
inﬁFebrqary’l977~(after Yensen 1979). For the purpose of
this efuaj'spines greater than or‘equal_to 3.3 mm are coﬁ—

sidered lohg spines (after Yensen, pers. cemmun;).
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The long-spined snails of the T zone (lsT) werer
sprayed with 1ime—green fluorescent paint. The short—‘
spined snails of the B zone (ssB) were painted two colors;
- the apex lime-green and the spine-bearing end bright orange.
The short-spined snails of theAC zone (ssc)'wére paihtéd
bright orange.

The T, B and C zones were éensused monthly during
the spring tides from October 1979 through April 1980
(Table 1). In each zZone the number, color and size class
of sﬁails were*noted; Two éize classes of snails were
arbitrarily distinguished. Any snail with a shell length
greater than approiimately 20 mm'wasAconsidered an adult
and any snail whose shell:was less than approximately 20 mm
in length was considered é juvenile.

After October the censusing was extended 7.7 m into
a lqwerAareé, the L zone (Fig. 6). The snails from the L
zone were not marked. Two breeding clusters were observed
in the area to the east and adjacent{to the study Zones.
These breeding clusters were censused mohthly following
their discovery and are collectively referred to as the E
zone; after Ed Boyer, a graduate student who has a study
site there. |

The Tetraclita zone was ¢en§UQed in April 1980 after"
the breeding event and again in October 1980, hefore the

next yeafﬂs breeding event. In April 1980 the shell and



(19)

Numbers of marked and unmarked (U) Acanthina

1y

¥This represents 11 unmarked snails found in the T zones

which were subsequently marked.

Table 1.

angelica found in all the study zones from

October 1979 through April 1980, and in the

Tetraclita zones in October 1980. -- Marked

snails include long-spined morphs originally

from the T zones (lsm), short-spined morphs

originally from the B zone (ssg) and short-

spined morphs orlglnally from the C -zone

(See Fig. 6).

Total ,
Date- léT S84 ss, - Marked U Total
Oct. (21,22) 54 107 248 409 0 409
Nov. (2,3) 34 (11)*% 73 156 - 289 161 367
(Nov. 30,) : | - -
Dec. (Dec. 3 ) 9 110 180 299
(Dec. 31,) :

Jan. (1on. 2.3) 2 89 137 231 323 554
Feb. (2,14) 8 50 123 181 333 514
Mar. (13,15) 13 . 62 85 159- Lok 563
Apr. (27,29,30) 6 a6 99 141 486 594
Oct. 2 1 - 3 16

19
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spine lengths of all the dcanthina angelica found in the T-T
and T-II zones were measured using a plastic ruler with mm

divisions and in October 1980 using vernier calipers.

Breeding Aggregations .

The tedhhiquesrpresented above fdr observing snail
migration are not fine grained enough to detect aggregations
in a crevice or under a bbulde;; Clustering under boﬁlders;
however, is easily identified once the egg cases are laid
down. Sihce only two clusters were found within the stﬁdy.
area‘IAmade observaﬁions on two clusters in the adjacent E.
zone and another clﬁster closer to é third beachrock outcrop
(T-III), for a.total of.five»cluSter Qbsefvationskat Playa
Estacién. Each cluster was examined.for the numbér and cﬁlbr
of'snails pfesent, All marked snails and approximately 2Q4
~additional unmarked snéils selected frbm the cluster’ﬁithout
design wefe measured for shell -and spine-length using verni-
er calipers. Number of egg cases was estimated for each
cluster. Color, ﬁumber, and in‘some-éaSés, spine ‘size of
the_clustered snails were recorded monthly. The individuals
of twolcluéters (#3 and #5) were marked with a dot of red
and pﬁrple fihgernail polish,Arespectively, thus enabliﬁg
me to track daily movement in and out of the cluster.

Spine and shell length data were also obtained from-

various clusters at the Punta Pelfcano study site. Breeding
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clusters were abundahtAin the Tetraclita zones as well as in
the 1oWér Chthamalus»zones. I measuréd samples of 22 and 23
snails; drawn without design from each of two breeding
clusters (P3 and P, respectively) in the Tetraclita zone,
at the +2.4 m (8 £t) tidal level. This was also done for
. two breeding clusters (Pl and P2) in the Chthamélus zone,

at abouﬁl+l.2 m (4 f£t) tidal level, With sample sizés,of

18 and 17 snails,‘respectively, and for a single Acanthina
cluster.in an intermediate zone at about +1.8 m (6 ft) tidal

level, with a sample size of 43 snails (PE).



-CHAPTER IIT
RESULTS

Pre- and Post-Mating Intertidal Migration

The data regarding the migratory movements of snails
are presented in two general ways. First, I present the |
relative change in total snail density for each~bf the eco-
logical zones over time, then I present the changes in snail
frequency in -each zone over time for each of the three
spine-zone categories (lsT, SSp» ssc),and for unﬁarked
snailé. - The formér methodaof pfesenfation elucidates the
migration pattern of the experimental.populatioh, while thé ‘
latter allows comparison of-the distinét movements of long-

and short-spined 4dcanthina morbhs.

Migration of the Study Populations of,Acanthina;angeZica
The study zones were not of equal sizes; hence, the
densities were stahdardized and are presented és the number
of snails/m? (Fig. 7). The data show a.continuous decrease
in the density of both 4. angelica morphs in tﬁg.TetracZifa
zbne and the lower Chthamalus zone beginning in November
and continuing through February. In March and Aprii_the
densities increased again, to the point of equaling the-

.original density in the Chthamalus zone and surpassing by

17



T zone

Figure 7.

B zone C zone L zone

Density of Aoanthina angelica at Playa
Estacion. — Each of the study zones, T,
B, C and L, as described in Fig. 6, are
presented over the study period (October
1979 - October 1980).

18
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almost 100 percent the original density in the Tetraclita
zone. Snail density dethe bare boulder'zbne, intertidally
between the Tetraclita and Chthamalus zones, showed an in-
crease froﬁ Ogtobef to November, but. then from November to
~December it decreased and remained low with dﬁly a slight
inérease from December to.Januarj. From January to February
and again from February,to.March fhe denéity of snails in
the B zone increased until it was about three ﬁiﬁes the
original density. In»April there was a slight drop, but the
density was still two times the original-density at 6.4
shails/mz. The L zone‘had a slight increase in sﬁail density
from Noveﬁber to December, but a decrease in density from
December to Jénuary. In Febfuary theidensity did not éhange,
bﬁt‘from then until the end ofAApril the‘density of snails

in the low zone drops steadily, though slightly.

Movements of Long- and Short-spined Snails
The movements of snails of the various spine-

location categories (isT, SSB,,SSC)Athroughout tﬁe study -
area from Octéber 1979 through April 1980 are depicted in
Figures 9; 10 . and 11, The number of snalls of a given spine
category foundAon é given date in a specific zone 1s pre-
sented as a péfcentage of the'tqﬁalwnqmber of snails of that
category recaptured in all the zones.dufing that census .pe-

riod. The data within a spine category are thus stahdardized,l
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"enabling comparisons to be made from zone to zone within a
time periocd, and within a zone from one time peribd to the
next. In this way problems in. analysis due to loss in
- numbers of recaptured snaiis and thus changes in sample
size with time are eliminated. | .
As few as five of the 1s

T
during the January census, while the numbers of recaptured

~snalls were recaptured

58p and ssc

study period (Table 1). The lsT

an overcast:day and consequently the shells did not dry

snails remaln relétively large throughout the

snails were first marked on

quickly, nor thoroughly, prior to painting, probably result-
ing in an early loss of marking. This, in combination with

the small initial sample size of 1ls, snails, helps explain

T
the lower recapture of lsT snails relative to S8g and ss..

C
snails. Figure 8 compares the.percentage of recaptured =
:snails in each spine-location category for each month of the
census. The lowesf'recapture of S84 snails at 34.3% was in
March and for fhe.ésB snails at 43.0% was in April. This
compéres with the lowest récapture bf lsT shails at 7.7% in
January. By March the percent of recaptured long-spined
snails increased to 18.5 but then decreased again in April.

" This secondary increase in recaptured snails could be sig-
nificant and will be discussed later.

Figure 9 shows that 100% of the 1ls., snails found

T
in October were in the T zone, as defined by the marking
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Figure 8.

SNAILS

SNAILS

SSr snaws

Monthly percent of recaptured Aoanthina
angelica at Playa Estacidn. — In October
1979.54 long-spined snails from the T zone
(1st), 107 short-spined snails from the B
zone (ssB), and 248 short-spined snails from
the C zone (ssc) were marked and censused
through April 1980.

21



Figure 9.

T zone

B zone

C zone

< r-i
E zone

L zone

Monthly distribution of recaptured long-spined
Acanthina angelica (Isg0. — Each of the study
zones (T, B, C, E and L) 1is presented from

Oct. 1979 through April 1980 . The total number
of recaptured IsT snails per month (N) is given
at the top of the Tfigure.

22
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technique. By.January the small number of recaptured lST
snails were spread out between all zones with the greateét
nﬁmber in the E zone in clusters. The lsT snails began to
reappear in the upper intertidal zones, especially the T
zone, by March and April. |

Figure 10 showé that initially the s8g snails
tended to decrease ‘in the B zone and increase in the lower
Chthamalus region in November. In January'and Februéry

there was a great.incréase'in ss, snails in the E zone

B
. clusters. By March.ssB snails increased again ‘in the B
zone and by April they also moved into the T and C zones.

A decrease in numbers of 880 snails-in the
Chthamalus zone also began in November (Fig. 11). This
decrease was associatéd with an increase.in snails in the
I, zone. By January there was considerable mqvement into
the cluster zone (E) and out of the B, C and L zones. In
FPebruary the S8 snaills inéreésed'in the B zone and by
April the Tetrqclita zone was.élso colonized by these
snails.

The unmarked snails observed in the étudy afea
probably came from a’variety<of indistinguishable sources:
1) they entefed as immigrants from surrounding areas and
from the low zone where snails were never marked, 2) they
were previously.marked snails that had lost their marking

and 3) they showed up as-offspring of the original or
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C zone
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L zone

Monthly distribution of recaptured short-spined
Acanthina angelica (originally from the B zone,
ssg). — Each of the study zones (T, B, C, E.
and L) is presented from Oct. 1979 through
April 1960. The total number of recaptured

sss snails per month (N) is given at the top

of the fTigure.
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Monthly distribution of recaptured short-spined
Aaanthina angelica (originally from the C zone,
ssq). — Each of the study zones (T, B, C, E
and L) is presented from Oct. 1979 through
April 1980. The total number of recaptured

ssq shails per month (N) is given at the top
of the figure.
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surrounding adult populations. Care mﬁst therefore be taken
in the interpretation of any observed movement patterns when
unmarked snail numbers are lumped in the following manner
(Fig. 12). 1In November unmarked snails began to appear in
the B, C and L zones, but it was folléwed in january by a
decrease in these snails in the B and Cizones and strong
clustering activity in the E zone. This trend continued in
Februarylbﬁt by March, there was a reappearance of unmarked
snailsvin the B zone, which correspohded to a decrease in
the clusters. Like the ssB snalls, the unmarked snails
increased in the T and C zones in April.

The data for unmarked Acanthina can be subdivided
into size classeé, thus separating the dispersal of the '
Juveniles from the dispersal of the adult population.

Figure 13 presénts percentages of the total unmarked adult
populatibn for a given month and shows their distribution
throughout the zones. The percentéges'of the total un-
mgrked juvenile snails for a given month are similarly pre-
sented for each zdne, édjacent to the adult data to allow
for easy comparison. There arevno immediately obvious
patterns that arise»froﬁ this comparison. Juvenile snails
first appeared in thé largest numbers in the L ZOnevin
January. iComparagle»huﬁbers,>however, were also found in
the B énd C zoneé by February. By Mérch and April the

number of juvenile snails as well as the number of adults
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Monthly distribution of unmarked Aoanthina
angelica (U). — Each of the study zones (T,
B, C, E and L) 1is presented from Oct. 1979
through April 1980. The total number of
unmarked snails per month (N) is given at the
top of the Tfigure.
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Figure 13. Monthly distribution of unmarked adult and

juvenile Acanthina angelica. — Each of the
study zones (T, B, C, L, E) are presented from
Nov. 1979, Jan. 1979 through April 1980. The
total (N) for each month is presented at the
top of the figure for adults and juveniles.
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deéreased in the L zone. By April the juveniles appear to
be concentrated in the C zone, while adults weré in the
greatest concentration in the B zone but the adults were
also abundant in the C and T zones.

In summary, short-spined snails beganla movement
down the intertidal zone from their respective dreas_(B and
C zones) in November and December. In January and February
their movement was generally out of theée areas into
clusters and in Mérch and April the clusters broke up and
_ the 58ps \

areas, including a marked dispersal into the terraces of

S84 and unmarked snails increased in the upper

the Tetraclita zone. After breeding, unmarked juveniie
snails appeared first in the L zone in January but in gen-
eral weré concentrated in the B and C zones until April.

The lbng—spined snails began to disappéar from_the
T zone in December and January. In January they appeared
in small numbers in the B'zoné_and in February they werer
in clusters in the E zone. In March and April the lsT
snails inhabited the B zone and élso increased in the Tetra-
clitq’zones. The peak of long-spined snails appearing in
the clusters seemed to lag behind the peak of clustering in

the short-spined snails.
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Dispersal into the Tetraclita ane |

As can be‘seen from Figure 8 the densities of
Acanthina angelica were remarkably higher in the T zone in
April 1980 than in either October 1979 or October 1980.
The study began in October 1979 with 54 Acantﬁina in the
Tetrac}ita zones;ffhe number rose to 102 snails by the fol-
lowing April and then'dfoppéd to 19 snails by October 1980.

At the onset of the study quantitative measurements
of the shell .and spine lengths of Acanfhina in ﬁhe T zone
were not made, but all the snalls inhabiting the T zdne?
with one esceptioh, éppeared to be longéspined. However,
measurements made on snails in the T zone at the end of.the
étudy.period, April 1980, after breeding, were éompared with
measurements made on'snails-found in the T zoneAthe foliow-
ing October 1980, before the next bréeding period. Using a -
Student's t-test for comparing the slopes of spine length
vs. shell length regressions for the.two dates, the slopes
were shoWn to be significantly different (t = 4.9, d.f. =
115, p < .001) (Fig. 14). 1In April only 12/102J(.12)Asnails
were long-spined with a mean spine length of 2.3 £ 1.4 mm;
as compared to il/l9 (.57) long-spined snails in October
1980 with a mean spine length of 3.9 * 1.8 mm. Three of
the short—spihedvéhails found inAthe T-II area in Oétober
1980 were close tolthe lower edge of the T-IT zone:which,

unlike the T-I zone, has Chthamalus-covered rather than
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Yo *o

Shell length (mm)

Scatter graph of spine lengths on shell lengths
of Aaanthina angelica found in the Tetraclita
zones in April and October 1980. — a) April

1980 (dots), y = .22x- 4.03, n=99 and b) October
1980 (+), y = .43x -9.26, n=19. A comparison

of the slopes of linear regressions using a
Student’s t-test shows the slopes to be sig-
nificantly different (p < .001).
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bare boulders. Snalls at the boundary between these two
zones were exposed to two different sizes and species of
barnacle prey. Of the five short-spined snails in the T;It
area, two had spines which had been broken and two were
small snails below the size of divergence. in épine length.

| These data, in general, show a stt—breedihg influX
of Acanthina angelica into the Tetraclita zone. Among these
Acanthina both long- and short-spined snails occur, but by
the following October, just before bréeding)the number of’
short-spined snails was greatly feduced and the proportion

of long-spined snails was greater.

Formation of Breeding Aggregations

Playa Estacién Bfeeding Clusters

The firét<breeding aggregation and egg cluster was
" observed in the study areé at Playa Estacidén on December 31,
- 1979. A year later, however, egg cases were found at the
Punta Pelfcano area as early as 22 November 1980 (Curt
‘Lively, pers. comﬁun.). Observations by Houston (1976) sug-
gést'mid—December is the onset of the 4ecanthina angelica
breeding season. From this it is inferred that the formé-
‘tion of aggregations,‘copulation; éﬁd egg-laying begin from
mid-November to‘Décember.

Tmmediately following this,first>observation, egg

clusters #2 and #3 were found in the E zone adjacent to the
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study area on January 2 and 3. Other élusters were observed
outside the study area but data were taken for bnly one -
»other cluster (#5) beginning February 20. |

All clgsters were observed in the +0.8 to +l.0 m
(2.5 £t to 3.3 ft) regién of the intertidal zéne at the
level of the C zone and into the B zone under medium to
large flat-bottomed basalt or coquina boulders, except
cluster #2 which was found ih’a crevice of. a smali patch of
coquina terrace, similar to the Tetraclita outcrdps, but
without living Tetracli#a. This terrace was at the +1.5 m
(5 ft) level of the‘intértidal zone to the eaét of and
sépérated from T-I by a narrow (less than two feet in width)
'spit,of_sand, and surrounded on all other sides by sand.

The egg cases hung from the ceiling §f a deep crevice, which
was open at both ends ahd the 171 various colored_sﬁails_
were éécked inside; This'locatibn proved to be a sub-
optimal place to breed. During the following éensus period
on February 2, the crevice was found buried under sand with
no trace of any snalls..

Cluster #1 at the lowef extreme of the observed
‘breeding range, +0.8 m (2.5 ft), for léSS'vaious reasons,
was also found dispersed on February 2. The original
cluster of 68 snails was reduced:to two snails. I observed
most of the approximately 500‘egg:cases with tiny holes on

their sides, less than .5 mm in diameter, possibly drilled
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‘by Mitrella guttata, a small carnivorous gastropod which
was found éggregated‘under this boulder. It is possible
that predation pressure on the egg cases drove the snails
of cluster.#l to disperse at this time, perhaps to 1aj eggs
" in a habitat more conducive to their survival; |

Egg cluster #4 was seen only oniFebruary 2 and con-
sisted of only one Snail énd two associated egg cases.

Cluster #5 was at a disténce from the other clusters,
‘ciosé to a third large Tetraclita outcrop{(T—IIIj~to the
east of T;I aanbout +1.0m (3.3 ft). This cluster was
unigue in that it harbored no painted snails when discovered
on February 20. ‘The.MMAsnails found under the large coguina
boulder were measufed; marked with a purple dot and returned.
Additional snails found there the following day were simi—
lafly marked. From ﬁhe'first to the seéohd day- of observa-
tion this éluster showed a 100 percent increase in size and
withiﬂ two days it dropped to only one snail. Perhaps two
days- in a row‘of painting‘and'measuring was too much to be
tolerated.

Cluster #3 was also checked daily in February to
detect movement‘in aﬁd out of the cluster. Clustér #3, un-
" like #5, was originally composed of unmarked, lsT, SSps and
S84 snalls, aé it was located adjacent to the study area at
+0.9 m (3.0 £t) at the same level as the upper C zone, |

about eight meters from the low edge of the T-I zone. The
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234 snails clustered there on ﬁebruary 20, regardless of
their color, were painted with a red dot of fingefnail
polish. in an attempt to control for the disturbance done
on elusfer #5, cluster #3 was not checked quantitatively
-on February 21 and no painting or measuring wes done. The
cluster, however, qualitatively appeared intact, i.e. |
epproximately the same size as before with most snails
having the red mark. Two deys later the cluster appeared
more or less the same. By March 13 there was significant
dispersal out of the cluster and some snails without a red
mark had moved in.

The dispersal of cluster #3 into the surroundihg
study areas in March and April can be seen in Figure 15.
Of the 234 Acanthina marked in cluster #3 in February, 105
were recaptured in March in the surrounding zones., This
45% recapture for March was further reduced to 31% in April.
These Acanthina, like the population in general, first dis-
persed predominsntly into'the’Bbzene,vbut also dispersed
substantially into the C zone in March. By April the dis-

persal reached into the terraces of the T zone.

Clustering in Each of the Spine-Location Categories

As discussed previously, Figures 9-12 show January
-and February to be the months of stfong clustering for the
88p> S84 and unmarked snails, and only in February was

there strong clustering in the recaptured lsT snails.
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Dispersal of Aoanthina angelica from cluster #3.
— The dispersal from cluster #3 of the E zone
is presented from Feb. through April 1980 . The
total number of recaptured cluster #3 snails (N)
is presented at the top of the figure.
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Figure 16 (a-d) gives another perspective on the
clustering activity of each spine category of snéil over
time. In January only 20% of the recaptufed 1sT snails were
clustered, but the percentage increased to 50% clustered in
February and decreased to 12.5% in March. Ali other sﬁine
categories, however, éhowed a peak in the percentage of
clustered recapturesAin Janﬁary with a decline in this pér—
centage through March. In January 62% of the recaptured

sso‘snails were in a cluster while 54% of the ss, snails

B
were clustered and 81% of all the unmarked snails censused
in January were in these breeding aggregations. In each’
case, except that.of‘the lsT snails, over half of the cen-
sused snailusere fbund in breedingygroups in January.

It ié especially notewérthy that.SO% of the re-
captured lsT snails were clustered in cluster #3»with
shbrt—spined-(sSB and ssc) snalls in February. Though it .
amounts to dnly four snails, it is. significant that these
long-spined snails were_found in breeding aggregations with
Sl_short—spinedc, 19 shoft-spinedB and 171 long- and short=

spined unmarked snails.

Shell and Spine Size Within the Clusters

Playa Estacién. The spine and shell lengths of

"marked Acanthina and a sample of unmarked Acanthina. from

each of the three breeding clusters at Playa Estacidn are
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Figure 16. Monthly distribution of marked Aoanthina
angelica found in breeding clusters. — Data
are presented from Oct. 1979 through April 1980.
a) long-spined snails (Is®), b) short-spined
snails from the B zone (sss), ¢) short-spined
snails from the C zone, (ssq) and d) unmarked
snails. N values are presented above each
X-axis.
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presented in Figure 17. The fraction of measured snails
which had 1ohg spines in each ciuster, using 3.3 mm minimum
length as the criterion for a long spine, is presented in
ofder from the highest intertidal clusterAto~the lowest
(Table 2). 1In the highest clusters 4.4% of tﬂé deanthina
Were long-spined while 8.9% were long-spined in the inter-
mediate clustér and 12.2% in the lower cluster. Thé per-
centége of long—spined snails in each cluster increased
slightly as the tide height of the cluster decreased. The
range of tide heights of the observed clusters, howevérg'
is énly l;Q_ft.ahdiany real intertidal‘pattern would not
necessarily be obéerved-in this limited range. These déta,
however, show that small numbers of long-spined snails were
-breediﬁg ih clusters with predominantly short-spined
Acanthina at Playa Estacién.

Punta Pelioéno., The spine and shell lengths of

the Acanthina breeding cluster samples'measured at Punta
Pelfcano are presented acecording to tidal height (Fig. 18).
The fraction and percentages of ldng-spinéd snails in the
observéd clusters are also recorded in order of decreasing
tidal level (Table 2). The percentage of long-spined snails
appears to be greatest in the clusters at the highest tidal
‘level, intermediate at the intermediate‘level and lowest in
the lower clusters. As the clusters go from Tetraclita-

covered boulders to an intermediate area where the Tetraclita
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Scatter graph of spine lengths on shell
lengths of Aoanthina angelica in breeding
clusters at Playa Estacion. — Cluster #2
is presented as dots (.), cluster #3 as

crosses (+) and cluster #5 as triangles (A).
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Table . 2. "Fraction and percentages of long-spined Acanthina angelica morphs in
- breeding clusters at Playa Estacidn and Punta Pelicano in Jan. and

Feb. 1980. - V
Fraction  Combined % of
' Cluster Tidal Level Long- Fraction  Long- X % of
Location o # m - - ft Spined Long-Spined Spined Long-spined
Playa Estacidbn 2 +1.5 4+5.0 '3/68 » . h.u
| 5 $1.0  +3.5  4/u5 | . 8.9 . 8.6
3 +0.9 +3.1- 9/74 : 12.2
Punta Pelfcano Py +2.4  +8.0  6/22 :
. : 10/45 22,2
Py  +2.4 48.0  4/23 -
PS +1.8 +6.0 6/43 6/43 - 14.0 15.4
P, +1.2  +4.0 2/18 - |
3/35 8.6
P +1.2 +4.0 1/17 : :

Th



Figure 18.

Shell length (mm)

Scatter graph of spine lengths on shell
lengths of Aoanthina angeliaa iIn breeding
clusters at Punta Pellcano. — a) Clusters
P% and 7?2 amongst the Chthamalus prey, b)
Clusters Pg and P™ amongst the Tetvaclita
prey and c] Cluster P5 in an intermediate
area with both prey species.
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and Chthamalus barnacles meet, ﬁo'the lower zones of
strictly Chthamalus, spanning a tidal range of 4 ft, the
percentages of long-spined snails in these clusters goes
from 22.2% to 14.0% to 8.6%, respectively. Considering
vthat long-spined Adcanthina are‘best adapted té eat Tetra—
clita, one would predict that in'ﬁhé Tetraclita area the
proportion of long-spined snails iﬁ breeding clustefs would
be large, but most assuredly that it should be larger than.
ﬁhe proportionrof long—spined snails in-ﬁhe clusters of
the lower zones, where the small barnacle prey dominate
the surface of the boulders. This is indeed the case.

The five PuntalPelicano éamples were compared by
using an analysis of covariance, testing the null hypothesis
that the slopeé of the regreséions of spine size oﬁ shell
size were equal. The F statistics‘for both pooled and
non-pooled data (FOlOSQl),'2,ll7 = 1.93 and FO.OS(l), b,117 =
.97, respectively) show the slopes are essentially equal
(p <.05). Though the proportion of long-spined snails dif-

" fers at the three tidal leveis observed, there appears to
bé né significant difference in the spine/shell length
ratios of Acanthina in the two Tg%raclita—area clusters,
the intermediate cluster and the two Chthamalus-area
clusters. The breeding clusters ét Punta Pelicano, like

those at~P1aya'Estacién»appear to be composed of small



numbers of long-spined, but predominantly short-spined

snails, at all the observed intértidal levels.

by



CHAPTER IV
DISCUSSION

Pre-Mating Intertidal Migration

Migratory behavior'in intertidal gastropbds during
the breeding season is not an uncommon phenomenon.  Down-
ward migratidn by the high intertidal Littérina neritoides
during the spawﬁing season presumably increases its oppor-
" tunities for shedding eggs into the sea (Fretter and Graham
1962). Other loWer—shoré trochids have been4observed‘to
migrate upshore coincidentally with the spawning season
(Desai 1966; Underwood 1973, 1979). The study by Desai
-(1966),corfelates changes in geotactical.responses of the
snail Monodonta lineata with temperature changes indicating
témperature could be an impqrtant environﬁental cue in
stimulaﬁing this intertidal migration.

The exact nature of the stimulus for movement of
Acanthina angeliéa is beyond theuécope of this study, but
temperature is probably an impdfﬁant component of it. The
‘annual range of séa surface temperature at Puerto Peflasco
is extreme, sometimes reaching an amplitude of 23.OOC
(Thomson and Lehner 1976). It can be seen from curves of

" the mean annual cycle of sea surface temperature in the

45
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Puerto Penasco vicinity (Maluf in press) that November is
the month of sfteepest drop in temperature,‘Jahuary and
February are the months of 1oﬁest sea surfaée temperature
and the greatest temperature increase occurs in April,
reaching a maximum in August. | -

From PFigure 7 showing monthly changes in total pop-
ulation density in each zone and Figures 9,thfough 11
showing lohg- and short-spined snalil movements it is clear
that November, the month of the most draétic-drbp in sea
temperature, is the onset of a general migration of the
Acanthina population at Playa Estacidn. The.data imply the
initial movements in all zones. are seaward. By January the
‘movement of all but the.loné—spined Tetraclita zone snails
is strongly into clusters and 50% of these l;T sndils join |
the clustersuby February. Januarj-and Febfuary, the months
of peak clustefing activity are alsovthe months of the low-
est sea surface temperatures.

The initial dbwnward migration of Adcanthina could
function to: . i) gather the population togethér for the
formation of breeding clusters, 2) minimize desiccatien and
cold temperature stresses for both eggs and hatching juve-
niles, 3) provide optimal egg laying siteS;and )y provide
food for hatching juveniles, which are frequeﬁtlyrfound
inside the tests of the low intertidal barnacle (Dungan,

pers. commun.).
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Though the stimulus for formation of these aggrega-
tions is unknown, 1t seems likely that it could be a response
to a'chémical signal réleased}into the water (Kohn 1961).
The tendeﬁ@y for Acanthina to move toward boulders harboring
egg masses but devoid of snails (Yensen, pers; commun. )
'suggests thét the egg cases could be the source of such a
chemipal cue. If chemotaxiévis involved,'a downward gather-
ing of the population seems a bettér alternative than up-
shore gathering in terms of delivering the chemicai message
to the populétibn as lower individuéis spend more tlme
immefsed in sea water, the proposed medium bf chemical
tranéfer. "

Thé low intertidal regions probably provide- the best
bouldér habitat for aggregating with minimal exposure to
desiccation and temperaturéAstresses for both eggs and
hatching juveniles. ‘The data from Playa Estacién, hoﬁever,
show more clustering in- the mid andvhigh.intertidél zZones.
It is possible that the flat-bottomed boulders selected for
layiﬁg down egg masses were limiting in the L zone studied .
'and.snails wére'seébndarily forced toward shore in search of
suitable habitaf (See Fig. 6).  Though no clusters were ob-
served ih the L zone, T have observed clusters in the
adjacent low intertidal areas whepe,boulders are abundant;
It should be noted élso that Acanthina clustering and egg

laying at Punta Pélicano is for the most paftAdone in the
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deep crevicés of huge graﬁitié boulders. Thése.crevices
are abundant at Punﬁa Pelicéno and offer excellent pro-
tection against exposﬁre, Here I found clusters abﬁﬁdant
throughout the intertidal range of Acanthina.

Another strategy, howeversrwould‘be,té gather at the
centef of the intertidal range of the population. At the
onset of the study snails from the low zone were not marked
due to the scarcity of boulders in this area. The movement
of these snails is lumped in with movement of all unmarked
snalls from various other s@urCes, and consequently -any up
or downward movement of these low snails is indistinguish-
able. Snails from all the upper regions, however, show an

'initial tendency to move down the shore.

Breeding Aggregations

Gregarious behavior as observed inrAcanthind
angelica during'the breeding season could be adaptive in
several ways. First, it is inferred from the.structure of
thé reproductive systems (Houston 1976) that Acanthina has
internal fertilization and from this it i1s assumed that |
the formation of aggregatioﬁs would. facilitate bringing.
'the separate sexes together for copulation. .Secondly, iarge
masses of egg capsules as describéd by Wolfson (19705 and
Houston (1976) are likély to be more capable of retaining

moisture than individual egg capsules. Gregarious behavior
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would also serve to protect the egg capsules from preda- |
tion,vsince there is hardly room for even the tiniest
predator to enfter anregg capsule mass when hundreds of
adult Acanthina are clustered together so as to form a co-
hesive mound above the eggs. Oﬁe,egg mass whiéh was found
in February atAPlaya Estacidn without any Acanthina clus-
tered about it had mostly empty egg cases which bqre tiny
gastropod drill holes on their sides.

Observations made on'cluster #3 over a four-day
pefiod suggest that individual Acanthinag remain with the
egg masses for a while. Nothing conclusive can be said,
however, about tﬁe length of time an individual stays with
a cluster, nor can anything be said about the possibility
of short feeding bouts taken while in these breeding aggre-
gations. If Acanthina remain in clustéers beyond tﬁe time .
peribd necessary for copulation and‘egg laying, this be-
havior could be construed as a fofm of parentél care;
Yehsen (1979) has observed as few as 10 tQ 15 snails emerge
from egg capsuleé which contaihed up to BOO'eggs in an
aquarium. The clustering of Acanthina bvef the egg masses
could serve to increése the probability of survival of this

limited number of offspring.

Post-Mating Dispersal and Intertidal Distribution
There is a clear tendency for adult long- and short-

spined Acanthina angelica to disperse after breeding into
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the C zone and especially into the upper B and T zones
(Fig. 9-12). Juvenile Acanthina, however, disperse first
into the low zone and then concentrate in the C and B
zones, but do not disperse into the upper Tetraclita areas
at Playa Eséacién (Fig. 13). intraspecific sﬁore—level
size gradients showing both increases and decreases in size
Vwith-intertidal tide height are well known.amohg gastropods
(see review Vermeij l972). ‘In‘other thaid gastropods such
as Thais lapillus of the British Isles (Feare 1970) and
Thais iameZZosa.and T. emarginata of the Pacific Puget Sound
intertidal (Bertness 1977), unlike Acanthina angelica at
Playa Estacidn, the juveniles inhabi@ higher regions of the
intertidal. Verﬁeij (1972) considers sﬁch gradients where-
shell size>decreases in an upshore direction to be character—
istic of lowér shore species in Which pre-reproductive,
post-larval mortality is due to predation or biotic intéf;
actions, usually most intense in the loWer.intertidal
regions. Bertness (1977) considers predator-prey size
selection which acts on all members of the population,
rather than-merely the pre-reproductive members, to be
responsible for the intraspecific and interspecific size
gradients observed for T. lamellosa and T. emarginata. The
Pacific coast barnacles, the major prey of these thaids,

show a size gradient with the larger barnacle species lower
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in the intertidal zone corresponding to the size class
distribution and species size diétribution observed in
Thais spp.

| In the northern Gulf of Califorhia the observed
interspecific barnaéle size gradienﬁ increaseé with eleva-
tion. This is opposite the'patterﬁ observed 1in.Pacific
coast barnacles. It does, howéver, roughly correqund to
fhe size distribution of the Gulf'predator; Adeanthina
angelica. After breeding only adult snails are found
amongst the high, large barnacle Tetragcelita stalactifera,
‘while both juvenile and adult snails are found in the mid
and lower end of the species intertidal range amongétrthe
small barnacle pfey Chthamalus anisopoma. It is possiblé
that small individuals are eliminated from the high inter—
tidal regions because of the harshness of the physical
environment, éspecially in terms of the stresses of exposure
which would be moét éffective against small individuals
(Vermeij 1972)5 The northern Gulf of California with its
extreme tidal range 1s known to be physiéally extreme and
other intertidal communities there are also considered to

be physically controlled (Thomson and Lehner 1976).

Nature of the Spine Polymorphism

Adult Acanthina angélica at Playa Estacidén diverge

with respect to apertural spine size (Yénsen 1979). The -
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intertidal distribution of the two spine size mofphs in the
field %S'more cloéely correlated with the size distribution
of the two barnacle prey species than with shell size élone.
Snaiis with a 1ong spine on‘theif shell aperture are gen;
eraily found in the high inﬁertidal zone amonést Tetfaclita,
the large bafnacle prey. - Short—spined Acanthina angélica
generally occur in the lowériintertidal zone of Chthamalus,
a smaller barnacle prey (Yénsen 1979). The labial spine is
generally cpnsideréd to be used as a wedge to pry open the
opercular plates ofiits barnacle prey (MacGinitie'aﬁd |
"MacGinitie 1968; Yensen 19793 Houston>l980). The direct
correlation of Acanthina spine size with its prey size in
the field is further substantiated by laboratory féeding
éxperiments in which Acantﬁiﬁa significantly'chahged its
spine length if the prey épecies and thus prey size of bar-
nacle was switched. Longfspined Acanthina significantly
reduded thelr spine length‘when fed the small bafnacle prey
for three months while short-spined snails éignificantly
increased their spine lengths when fed the large barnacle
prey for three monﬁhs. Controls did'not alter thelr spine
lengths significantly (Yensen 1979).°

‘The mechanism for regulation of spine length is
not known, though Yensen sﬁggests it could be the dif-

ferential deposition of shell material on the outer 1lip of
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thé shell rather than the spine.” When shell material is
added to the outer lip of the shell the spine length is
reduced;.when material is deposited on the spine but-not on
the outer lip,vthe spine 1ncreases in length. ItAis pos-
sible that snails feeding on large barnacles are forced to
extend their mantle over the spihe further than is_neceséary
when feeding on small barnacles. If deposition of calcium
- carbonate onto the spine occurs during feeding, this‘could
explain. why snails which consistently feed on lafge bar-
nacles have long spines,: Yensen'sldata (1979) suggests
that spine growth in AcanthiﬁaAis somehow stimulated by the
size and shapevof the available bérnacle prey; |

Other workers have correlated aspects of diet with
intraspecific variation in other morphdlogical parameters -
of thaid gastropod shells (Moore 19363 Bryans 1969; Spight
- 19733 Kitching and Lockwood 1974), but without experimental
' backing. Wave shock (Kitching et.al. 1966; Largen 1971;
Wigham 1975), substrate (Gunter 1938) and crowding (Seed
1968) have also been shown to affect moiluscan shell form.
such noanorphological paramgters-of gastrobod populations
as density, growth rate ang:survival are also known to vary
With local environmental conditions (Spight 1972).

On the other hand the phy;iological traits which

" affect shell morphology, growth rate and mortality in
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Littqrina picta were shown to have a high heritability N
(Struthsaker 1968). Variations in shell size (Cook 1965,
1967), shape (Staiger 1957) and color»(Sheppard 1952;
‘ Clarke 1960) are known to have a strong genetic basis in
many populations of marine and‘terrestrial gastropods.

The metabolic rate of a poikilotherm is directly
influenced by the enviromment. Newell (1964) poiﬁts out
that variations in metabolic rate can explain a lot of the
morphological variation in gastropod shell form. The
metabolic processes_themselves, however, are determined by
the génetic system and consequently the genetic system
imposes certain limité on fhe genefal shape and degree of
adaptability of an organism té its environment. The rela-
tive importance of each factor towards the ultimate pro-
duction of the observed pheﬁotypeslcan only be determined

conclusively through extensive breeding experiments.

Maintenanée of the Spine Polymorphiém iﬁ the Population
The ﬁainienance of a genetic polymorphism ih'a
population involves the counteraction of gene flow between
populations’and natural selection by the environment} In
the past selection pressures in nature were ponsidered so
iow that intéfbfeeding between polymorphs would obscure
their differehoes, but selection coefficients as high as

.77 have been found (Antonovics 1971). Maynard-Smith (1966).
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maintains that in order to first establish a stable poly-
morphism in a heterogeneous environment a selective advantage
of at least 30% is required; and this only in the face of
habitat selection resulting in some reproductive separaéion

' of polymorphs.

Breeding Clusters and Spine-3ize Morphs

Though long- and short-spined shéilé were noted to
form separate breeding aggregations at Playa Estacidn
(Yensen 1979), I did not find this to be the case. The few
recaptured long-spined snails were intermixed in the breed-.
ing aggregations of predominantly short-spined snailé. In
’the same aggrégations with these recaptured long-spined
snails, additionai long-spined Adcanthina were also found
(Fig. 17, Table 2). 1In the threé breeding clusters méésured
at Playa Estacién 4. 4%, 8.9% and 12;2%? a mean‘value of 8.6%
"~ of the Acanthina anéelica in each:cluster were long-sbined
snails. OFf the total 409 sﬁails markedlaf the beginning of
the étudy 54 were considered long-spined, which estimates
the percentage of long-spined snails in the adult popula-
tion at 13.2%. The percentages of long—spined snails found
in the observed breeding clusters does not differ signif-
icantly from the esﬁimate of long-spined snails in the adult

population (t(z) = 2.04, .10<P<.05).
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The'percentages df long-spined 4dcanthina in the '
fi&e samples of breeding clusters at Punta Pelicano (Fig.
~18, Table 2) have a mean value of 15.4%. The percentages
of long-spined snails invthe observed clusters at Punta
Pelicano are higher than those found at Playa-Estacién and
though I have no eStimafe of the percentage of long-spined
snails in the adultnpopulation at large at Punta Pelicano,
I suggest fhat this repfesents a true diffefence in the
peréentages of long-spined Adcanthina in the two areas.
| In the March census thereAappeared five additional
mafked longfspined snails in the T-IT area which were not
accounted for during the peak of clusftering activity. Zones
below the T-II area, however,\were not included in the :
monthly'oensgs and consequently any clustering .of fThese
snails in thét areé would prbbably go undetected. It is
~possible thatlthese'long;spined snalls and some of the other
uncaptured iong-spined snails were inVolved in clusters of
5n1y 1ong-’spined snails. In addition, the possibility that
' mating wiﬁhin an aggregation is non-random, such that 1s
snails mate with one another and ss snails mate with one
another cannot be excluded sincé copulation was not observéd.ﬂ
The time lag observed for peak clustering in ls snails could
force such non~random mating. This seems unlikely, however,
since even though short-spined snails peaked in thelr clus-

tering activities in January at 54 and 62% for ssp and ssg
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snails, respectively, a large percentage of these short-
.spined snails were_still clustered in February (38 and 43%,
respectively) (see Fig. 16).' These snails were actively
laying déwn'egg cases at this time (pers. obs;).'

I have made observations of intermixed bfeeding
aggregations of longf and short-spined snails at Pléya
Estacidn and Punta Pelfcano in proportions comparable to
thé proportion of long-spined snails in the adult popula-
tions. This in conjunction with my lack of any observa-

- fions of separate, uni—spinekmorph aggregations~suggesté
that mating and consequently gene flow between spline morph
types éan be substantial. This gene flow between morphs
would work to mask any genetic pol&morphism maintained Ey

selective forces.

Post-Mating Distribution and SéleCtion on Spine-Size Morphs
After breeding there is an influx of both long-
~and short-spined snails into the Tetraclita zone showing
A'no initial selection of habitat based upéﬁ spine size or
prey size (Fig. 9-11). Before the subsequent breeding
season, however, the upper Tetraclita areas are once again
inhabited by predominantly long-spinedvsnails (Fig. 14).
The 45% incféésé‘iﬁ~the;proportion of long—spined‘morphs
in the Tetrac?itd;areé from April to October is largely a

result of a decrease in the number of shgrt—spined morphs
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rather than an increase in the number of long-spined morphs.
- In light of the ability of deanthina to change its spine
length in the laboratory (Yensen 1979), one might'have ex-
pected an increase in the number-of long-spined morphs to
correspond with the decrease 1n thé number ofAshort-spined
morphs in the Tetraclita areas. Since this was not the
pattern obserwved, the large loss in ﬁumbérs‘of short-spined
morphs can best be explained by either a étrong selection
against shortéspined snails in the Tetraclita areas br the
movement of short-spined snails from thejTétracZita area
to a more sultable habitat, with the smaller barnaoie prey;

Yensen (1979) predicted that snails in the field
would not switch spine types if the cost of switching wasv'
greater than the gain resulting from foraging with a more
effiéient spine size. ‘Abundance-of the~available_barnacle
prey, distance from the other choice of barnacle prey and:
_ density of snails in ﬁhe area are all factors which might-
affect such a cost-benefit analysis. Paine (1966) found
sheil/spine length ratios of Acaﬁthina angelica'near.San
Felipe, Baja. California Norte to decreasé from 1959 to 1963
and.he.attributed this to fluctuations in the barnacle pop-
uiations. " The difference observed in the proportion of>
long;spined snails in the bréeding.populations at Playa

Estacién and Punta Pelicano (Table 2) 1s also considered



59
to reflect a difference in the abundance of Tetraclita in
the two areas. | ‘

The selection of optimal-habitat after breeding
based on barnacle prey abundance and Acanthina densities,
in conjunction with selection againét morphs foraging with
an "incorrectly-sized" spine appear to be two strong selec-
tive forces working to malntaln the splne polymorphism in 7
the populations of Acanthina in the vicinity of Puerto
Peflasco. "These -selective forces appear to be incdrporated
in the term "disruptive switching" used by Yensen (1979) and
are probably responsible for the distribution.of predomi-
nantly long-spined snails in the Tetraclita area—and short-
.spined snails in the Chthamalus areas. The effects of
.selection are maskéd, however, due to the gfegarious behavior
of Acanthina angelica and the intermixing of long- and
short-spined morbhs during the breeding season. Conse;
quently, the spine polymorphism does not appear to be
‘stabilizing in the population. All fthe evidence a&ailable
indicates that Acanthina spine size 1s a plastic character
which can vary in response to the availability of the
barnacle prey (Yensen 1979) and fhis in tﬁrn determines the
proportion of;each spine*mbrph in the population.

At Playé»EstaCién sand movement following storms can

result in the_inundétion of large masses of both barnacle
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species (Yensen, pers. cohmun.; Turk, pers. obs.). Sand
disturbance is known to have significant effécts on the
structuring of other intertidal communities at Playa
Estacidn (Mackie, pers. commun.; McCourt, pers. commun.).
The extreme temperaturés and tides in the norﬁhern Gulf of
California provide a temporally fluctuating and sometimes
unpredictable environment for Acanthina. Figures 4, 5 and-
6 illustrate theldiversity of habitat encountered by
Acanthina angelica in the vicinity of Puerto Petnasco.

Short-term adaptabiiity with respect to spine length
in Acanthina enables Acanthina populations to successfully
exploit the heterogeneous énvironment they inhabit and in
addition it protects them from over-specialization in an
eﬁvifonment where there are often extreme,and unpredictable
temporal fluctuations. The ability of_individuals to
respond to these fluctuations within a generatioh would
seem fo increase their overall fitness. Genetic fixation
of spine 'size, on the other hand, would séemvto reduce
Acanthina’s ability to respond té its>fiuctuating environ-
ment and in such an extremely heterogeneous and temporally
variéble_eﬁvironment as the northern Gulf of California

would decrease its overall fitness.



 CHAPTER V
CONCLUSIONS -

1) The Acanthina angelica populations studied at
Playa Estacidn begin a general downshore interfidal migraff
tion in November, the month of sharpest drop in mqnthly
. mean séa surface temperature. ' |
2) Clustering behavior and the laying of egg
‘masses 1is strongest in january and February, the months of
lowest éea surféce temperaturé at Playé Estacidn.

3) Both long- and short-spined Acanthinavangélica
were found intermixed in fhe same breeding aggfégations at
Piaya Estacién and at Punta Pelfcano. At Playa. Estacidn a
mean .of 8.6% of ﬁhe clustered snails were long spined. This
~1s not significantly'different from an esfimate of the proéf
portion of long-spined snails in the adult population before
_breedihg‘ét Playa Estacién, at 13.2%. At Punta Pelfcano a
mean of 15.4% of the clustered snails were long spined.

) Juvenile’snails disperse into the lower end of
the intertidal range of Acanthina after hatching; they do
not disperse into the upper Tetraclita areas. .

5) Adult Acanthina disperée throughout the inter-

tidal‘range of Acanthina after breeding, but théy generally

61
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migrate up the shore and into the Ietraclita outcrops at
‘PlayavEstaciéh;

6). In April immediatély after breeding both long-
and short—spined‘snails were found in the Tetraclita areas.
.The'number_of short-spined snalls 1n these areas Qas sig—~
nificantly reduced by the following October.

7) This seasonal change in total number of snails
in the Tetraclita area, resulting in predominantly long-
spined snails there before the breeding season has .been
attributed to "disruptive switching" (Yensen 1979) resulting
in habitat selection. Habitat selection based on the avail-
ability of the barnacle prey species could be responsible
for maintaining the spine polymorphism in the populations
of Acanthina at Playa Estacidn. The force of this selection
would tend to be masked by gene flbw between long- and
short—spined morphs, and consequently the spine polymorphism‘
wiil trobably not be evolutionary stabilized in the popﬁ—
lation. -

" 8) In conclusion, the ability of 4canthina angelica
to respond to fluctuatioﬁ in available prey by changing itsa
spine length enables it to best utilize a heterogenéous
eﬁvironment'reducing competition without over-specialization.
Such adaptability would tend to increase its fitness in a
highly fluctuating, unpredictable heterogeneous environment

such as the northern Gulf of California.



LITERATURE CITED

Antonovics, J. 1971. The effects of a heterogeneous
environment on the genetics of natural populations.

‘Am. Sci. 59: 593-599.

Bertness, M. D. 1977. Behavioral and ecological aspects
of shore-level size gradients in Thais lamellosa
and Thatis emarginata.' Ecology 50:.86—97.

Bryan, G. W. 1969. The effects of oil spilill removers
: (detergents) on the gastropod Nucella lapillus on
a rocky.shore and in the laboratory. J. Mar. Biol.
Assoc. U. K. U49: 1067-1092.

Clarke, B. 1969. Divergent effects of natural selection |
on two closely-related polymorphic - -snails.
Heredity 14: 423-443,

Cook, L. M. 1965, Inheritance of shell size in the sna11
Arianta arbustorum. Evolution 19: 86-94,

Cook, L. M.,  1967. The genetics of Cepaea nemoralis.
' Heredity 22: 397-410.

Desai, B. N. 1966. The biology of Monodonta Lineata (da
Costa).. Proc. Malac. Soc. London 39: 383-388.

Feare, C. J. 1970. Aspects of the ecology of an exposed
population of dogwhelk Nucella lapillus (L ).
Oecologia 5: 1-18.

Fretter, V. and A. Graham. 1962, British Prosobranch
‘ Mollusecs. London: Ray Society, 755 p.

Gunter, G. 1938. Comments on the shape, growth and
quality of the American oyster. Science 88:

546-547.

Houston, R. S. 1976. The structure and function of neo-
gastropod reproductive systems: with special
reference to Columbella fuscata. Sowerby, 1832
Veliger 19: 27-46.

.63



6l

Houston, R. S. 1980. Mollusca. Chapt. 9. In Common
Intertidal Invertebrates of the Gulf of California.
(R. C. Brusca). Tucson:. The Univ. of Az. Press,
pp. 130-204. :

Kitching, J. A. and J. Lockwood. ~1974. Observations on
shell form and its ecological significance in
Thaisid gastropods of the genus Lepsiella in N.
Zealand. Mar. Biol. 28: 131-144.

Kitching, J. A., L. Muntz and F. J. Ebling. .1966. The

: ecology of Lough Inc. XV: The ecological signif-
icance of shell and body forms in Nucella. J.
Animal Ecol. 35: 113-126.

"Kohn, A. J. 1961. Chemoreception in gastropod molluscs.
Am. Zool. 1l: 291-308.

Largen, M. J. 1971. Genetic and environmental influences
upon the expression of shell sculpture in the dog-
whelk  (Nucella lapillus). Proc. Malac. Soc. '
London 39: 383-388. -

MacGinitie, G. and N. MacGinitie. 1968. ©Natural History
of Marine Animals. New York: McGraw-Hill, 523 p.

Maluf, L. Y. in pfess. The Physical Oceanography. Chapt.
In Island Biogeography in the Sea of Cortez. Case,
T. J. and M. L. Cody, eds. Cambridge: Harvard Press..

Maynard-Smith, J. 1966. Sympatric Speciation. Am. Natur.
100: 637-650. _ '

Moore, H. B. 1936. The biology of Purpura Lapillus I.
Shell variation in relation to environment. J.
Mar. Biol. Assoc. U. K. 21: 61-89.

Newell, G. E. 1964. Growth. Chapt. In Physiology of

Mollusca, Vol. 1. Wilbur, K. M. and C. M. Yonge,
eds. New York: Academic Press, pp. 211-237. .-

Paine, R. T. 1966. Function of labial spines, composition
' of diet and size of certain marine gastropods.
Veliger 9: 17-2L4.

Seed, R. 1968. PFactors. influencing shell shape in the
. mussel Mytilus edulis. J. Mar. Biol. Assoc. U. K.
48: 561-584. : .



65

Sheppard, P. M. 1952. Natural selection In 2 colonies of

Splght,

Splght,

Staiger,

the polymorphic land snail Cepaea nemoralis .
Heredity 6: 233-238.

T. M. 1972. Patterns of change In adjacent popu-
lations of an Intertidal snail Thais lamellosa.
Ph.D. Biss., University of Washington, Seattle,
308 p.

T. M. 1973. Ontogeny, environment and shape of a
marine snail Thais lamellosa Gmelin. J. exp. mar.
Biol. Ecol. 13: 215-228.

H. 1957. Genetlcal and morphological variation
in Purpura lapillus with respect to local and
regional differentiation of population groups.
L*Annee Biologique 33: 251-258.

Struthsaker, J. W. 1968. Selection mechanisms associated

Thomson,

with intraspecific shell variation in Littorina
piota. Evolution 22: 459-780.

D. A. and C. E. Lehner. 1976. Resilience of a
rocky intertidal fish community in a physically
unstable environment. J. exp. mar. Biol. Ecol.
22: 1-29.

Underwood, A. J. 1973. Studies on the zonation of iInter-

tidal prosobranchs (Gastropoda: Prosobranchia) in
the region of Heybrook Bay, Plymouth. J. Animal
Ecol. 42: 353-372.

Underwood, A. J. 1979. The ecology of intertidal gastro-

Vermelj,

Wigham,

Wolfson,

pods. Adv. Mar. Biol. 16: 111-210.

G. J. 1972. Intraspecific shore-level size
gradients in intertidal molluscs. Ecology 53:
693-700.

G. D. 1975. Environmental influences upon the
expression of shell-form in Rissoa parva (da Costa)
(Gastropoda: Prosobranchia). J. Mar. Biol. Assoc.
U. K. 55: 425-438.

F. H. 1970. Spawning notes. V. Acanthina
angelica 1. Oldroyd, 1918 and Acanthina Jlugubris.
Sowerby, 1921. Veliger 12: 375-377.






