
PETER W. GLT. On the Ecology
of the Caribbean Chitons

Acanthopleura granulata
Gmelin and Chiton

tuberculatus Linne:
Density, Mortality, Feeding,

Reproduction, and Growth

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY • 1970 NUMBER 66



SERIAL PUBLICATIONS OF THE SMITHSONIAN INSTITUTION

The emphasis upon publications as a means of diffusing knowledge was expressed
by the first Secretary of the Smithsonian Institution. In his formal plan for the Insti-
tution, Joseph Henry articulated a program that included the following statement:
"It is proposed to publish a series of reports, giving an account of the new discoveries
in science, and of the changes made from year to year in all branches of knowledge
not strictly professional." This keynote of basic research has been adhered to over the
years in the issuance of thousands of tides in serial publications under the Smithsonian
imprint, commencing with Smithsonian Contributions to Knowledge in 1848 and continuing
with the following active series:

Smithsonian Annals of Flight

Smithsonian Contributions to Anthropology

Smithsonian Contributions to Astrophysics

Smithsonian Contributions to Botany

Smithsonian Contributions to the Earth Sciences

Smithsonian Contributions to Paleobiology

Smithsonian Contributions to Zoology

Smithsonian Studies in History and Technology

In these series, the Institution publishes original articles and monographs dealing
with the research and collections of its several museums and offices and of professional
colleagues at other institutions of learning. These papers report newly acquired facts,
synoptic interpretations of data, or original theory in specialized fields. Each publica-
tion is distributed by mailing lists to libraries, laboratories, institutes, and interested
specialists throughout the world. Individual copies may be obtained from the Smith-
sonian Institution Press as long as stocks are available.

S. DILLON RIPLEY
Secretary
Smithsonian Institution



SMITHSONIAN CONTRIBUTIONS TO
ZOOLOGY

NUMBER 66

Peter W. Glynn On the Ecology
of the Caribbean Chitons
Acanthopleura granulata Gmelin
and Chiton tuberculatus Linne:
Density, Mortality, Feeding,
Reproduction, and Growth

SMITHSONIAN INSTITUTION PRESS

CITY OF WASHINGTON

1970



ABSTRACT

Glynn, Peter W., On the Ecology of the Caribbean Chitons Acanthopleura granulata
Gmelin and Chiton tube?culatus Linne: Density, Mortality, Feeding, Reproduction,
and growth. Smithsonian Contributions to Zoology, 66: 1-21, 1970.—Ecological
studies on two tropical chiton species (Acanthopleura granulata, Chiton tuberculatus),
including density, mortality, feeding, reproduction, and growth, were carried out
along the shore on coral reefs in Puerto Rico and Panama. Spatial segregation is
often complete in the vertical distributions of these chitons on the shore, Acanthopleura
occurs at a high level and Chiton below mean sea level. Acanthopleura is usually
less numerous, 1-8 individ./m2, but present at a higher biomass density, 17-21 gm/m2,
than Chiton, 1-22 individ./m2 and 8-13 gm/m2. A 40 percent reduction in suitable
habitat by hurricanes between 1962 and 1968 was probably the cause of a nearly
equal decrease in the numerical density of the chitons. Biomass density per unit area
remained essentially constant. Mortality results from low water exposure, dislodgment
and abrasion, and probably from predation by shore birds and fishes. Feeding is
primarily nocturnal, Acanthopleura feeds eight hours a day, and Chiton six to seven
hours daily. Several species of blue-green, green and red algae, and a relatively large
quantity of inorganic material, are browsed from the rock substratum. Breeding in
both species is seasonal, principally confined to the late summer and autumn when
sea-water temperatures are at a maximum. A nearly 2:1 sex ratio in'favor of males
was found in sexually mature individuals, and larger chitons seemed to produce a
proportionately greater amount of spawn. Spawning in Acanthopleura occurs in phase
with the new and full moon; no marked rhythm was observed in Chiton. Multiple
spawning of individuals probably occurs throughout the breeding season and the
release of gametes is estimated to equal 5-10 percent of the dry weight standing crop in
Acanthopleura and around 34 percent in Chiton. The rate of growth in both species
is similar, equal to about 30-40 mm/yr. Sexual maturity is attained in one year. The
bulk of the populations is composed of relatively young animals (—2 yrs.), indicating
a rapid turnover.
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Introduction

Acanthopleura granulata Gmelin and Chiton tubercu-
latus Linne contribute significantly to the numerical
and biomass densities of the littoral fauna in the trop-
ical western Atlantic region. Chiton ranges as far north
as Bermuda, whereas the northernmost range of
Acanthopleura is in south Florida (Warmke and Ab-
bott, 1961). The two species are members of the family
Chitonidae in the Order Chitonina, and commonly
cohabit the zone of emergent rubble on the seaward
edge of coral reefs. Despite their abundance and ap-
parent dominance in this biotope, little attention has
been directed toward a quantitative assessment of these
chitons as a functional component of the shore assem-
blage. The contributions of Crozier and Arey on the
general ecology and ethology of C. tuberculatus at
Bermuda (Crozier, 1918a, 1918b, 1920, 1921; Crozier
and Arey, 1918; Arey and Crozier, 1919), and of Lewis
(1960) on the reproductive biology of the two species
at Barbados, comprise all previous efforts of direct
ecological bearing. Analysis of various aspects of the
ecology of these species is enhanced by a number of
features which simplify field and laboratory measure-
ments—for example, accessibility, limited movements,
rapid adjustment to new surroundings, and hardiness.
Additionally, marked seasonal breeding in some regions
allows recognition of year classes, and thus provides a
means for determining the rate of growth.

This paper summarizes the results obtained on
studies of reproduction and growth, including seasonal

Peter W. Glynn, Biologist, Smithsonian Tropical Research
Institute, P.O. Box 2072, Balboa, Canal Zone.

activity, spawning, recruitment, rate of growth and
age at sexual maturity. Data on numerical and biomass
densities, as well as movements and feeding are also
included to provide a base for continuing studies of
rates of erosion and the energetics of the two species.
Most of the work was carried out in the vicinity of
La Parguera, Puerto Rico, except where specifically
stated otherwise. Data from the Atlantic and Pacific
sides of the Isthmus of Panama were obtained in the
Canal Zone or immediately adjacent to this area in
the Republic of Panama.

Some marked discrepancies with earlier findings be-
came apparent in the course of this study. The most
important of these concern a relatively slow rate of
growth and prolonged development to sexual maturity
reported for C. tuberculatus in Bermuda (Crozier,
1918a, 1918b, 1920). Evidence from several sources
in the present study indicates that growth and attain-
ment of sexual maturity occur rapidly in the two
chiton species. Examination of C. tuberculatus from
Bermuda, to help clarify the indirect methods of
measurement employed by Crozier, indicates that this
species develops rapidly and at a similar rate in the
northernmost part of its range. Because the earlier data
were the only available for a warm-water species, it has
been cited repeatedly as a basis for comparison between
tropical and temperate regions (e.g., Hyman, 1967).
In order to provide a clearer perspective for the assess-
ment of these parameters, a portion of the paper is
devoted to a critical discussion of all data now available
on growth and reproduction in chitons.

Specimens of the two chiton species forming the
basis of this study, and of four other chitons providing
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data on reproductive seasonality, have been deposited
in the collections of the United States National Mu-
seum, Division of Mollusks. A list of these species, in-
cluding collecting localities and reference numbers,
follows:

Acanthop'eura granulata Gmelin, 1791

Chiton tuberculatus Linn6, 1758

Chiton marmoratus Gmelin, 1791

Chiton squamosus Linn6, 1764
Acanthochitona pygmaea Pilsbry, 1893
Tonicia schrammi Shuttleworth, 1856

The two collections of C. tuberculatus examined
from Bermuda are cataloged under USNM numbers
621566 and 680745.

Distribution and Numerical Density

In Puerto Rico Acanthopleura and C. tuberculatus
frequently cohabit wave-swept shores composed of
boulder-sized rocks. Acanthopleura occupies the high-
est level on the shore, with adults and sometimes the
young on the upper surfaces of the substratum. Chiton
is located at a lower level, usually beneath boulders
during the daylight hours. Individuals of all sizes in
Chiton tended to be photonegative, not just the younger
stages (—2 cm) as found by Crozier and Arey (1918).
Chiton tuberculatus is absent from certain coastal areas
in Puerto Rico which lack loose rocks; for example,
cemented dune formations and intrusive headlands.
On such shores this same level is often occupied by C.
marmoratus. Chiton marmoratus occurs only sporadi-
cally on the rubble shores of coral reefs. High popula-
tion densities of Acanthopleura and C. tuberculatus are
present on most of the emergent, outer coral reefs in
southwestern Puerto Rico off La Parguera, and also
along much of the rocky coastline subject to adequate
circulation and exposure.

The vertical heights occupied by resting chitons in-
dicate the extent of spatial segregation of the two
species populations (Table 1). Of 31 Acanthopleura,
about 77 percent occurred between the +10 to +19
cm level. All the other individuals were at higher levels,
up to between + 20 and +59 cm. All of the 51 Chiton
were found below MSL (mean sea level), some occur-
ring as deep as —39 cm. The entire population of
Chiton was submerged most of the time. No tendency
was noted of larger individuals of Chiton to occur in

the open and higher up on the shore as at Bermuda
(Crozier and Arey, 1918). Although no overlap in ver-
tical zonation is shown here, overlap does occur occa-
sionally, especially on the rubble shore of coral reefs
(Glynn, 1968a). The horizontal component of overlap-
ping distributions is usually no greater than 1 m.

T A B L E 1.—Vertical distribution (relative to MSL) of
chitons at rest on the shore. Measurements obtained on
24 October 1968 during a calm morning at Papayo, La
Parguera (17° 58'25" N; 67°0V17"W). Elevations
were reckoned by comparing the stand of sea at Papayo
with tidal records over the same period at United States
Coast and Geodetic Survey tide station, Magueyes Island.

Acanthopleura

Height{cm) Number

From

+ 40
+ 30
+ 20
+ 10

To

+ 59
+ 39
+ 29
+ 19

1
1
5

24

Per-
centage

3.2
3.2

16. 1
77.5

Chiton

Height{cm) Number

From

0
- 1 0
- 2 0
- 3 0

To

- 9
- 1 9
- 2 9
- 3 9

4
18
23

6

Per-
centage

7.8

35.3
45. 1
11.8

Chiton populations were first censused at Turrumote
Reef in 1962, again in 1968 and at this time on three
other reefs. Transect sampling plots 0.5 m wide, ex-
tending over the distributional limits of both species,
were used. These usually varied in length from 1 m
to 5 m, depending on the slope and degree of ex-
posure. The total sampling area therefore included
from 0.5 m2 to 2.5 m2. Spacing between transects
ranged between 10 m and 50 m; these distances were
established according to the physical homogeneity
of the habitat and degree of exposure to the sea.
Sampling was carried out during the day at low water.
The entire sampling area was thoroughly excavated.
Estimates of total densities were extrapolated from the
counts obtained in the sample plots combined with
field maps of the habitable areas available.

Acanthopleura showed maximum densities of 16
and 17 individ./m2 (Tables 2 and 3). Chiton exceeded
a density of 30 individ./m2 in six samples. Variations
in abundance in an eastwest direction varied markedly,
showing no obvious trend along the length of the
reef. Total counts indicated that Chiton outnumbered
Acanthopleura on the mid-islet of Laurel Reef, at
Media Luna Reef, and on Turrumote Reef. Acantho-


