Brachiopods versus Mussels: Competition,

Predation, and Palatability

Abstract. Unlike other shell-enclosed marine invertebrates, articulate brachiopods
are repellent to predators. Fish, sea stars, snails, and crabs all prefer bivalve
molluscs such as mussels to articulates. The mussels tested are mobile and out-
compete immobile articulates when space is limited. In subtidal field experiments,
mussels alone and predators alone each reduced the survivorship of articulates.
However, adding mussels to articulates in the presence of ambient predation
increased brachiopod survivorship by diverting predation from the brachiopods to
the mussels. Competition from mussels (or mussel-like bivalves) is a plausible cause
of the post-Paleozoic decline of articulates.

Articulate brachiopods are the most
abundant macroscopic fossil animals of
the Paleozoic. In later deposits they are
relatively rare and bivalved molluscs are
usually the most abundant shelled ben-
thos. The decline of the class Articulata
has attracted much speculation. Both
predation (I, 2) and competition with
bivalved molluscs (3, 4) have been in-
voked, but no controlled experiments
have tested the extent to which either
factor determines the present status of
articulates.

Articulate brachiopods and mussels
are likely to compete with each other and
be eaten by the same predators. Both are
suspension feeders and often live on the
surface of hard substrates. They occur
together throughout the world (5, 6).
Articulates dominate the macrobenthos
in certain boreal (7, 8) and austral habi-
tats (9). In Washington and British Co-
lumbia, I worked with four widespread
genera representing two orders and three
superfamilies (10, 11): Hemithiris psitta-
cea, Terebratalia transversa, Laqueus
californianus, and Terebratulina ungui-
cula.

In laboratory experiments inverte-
brate and vertebrate predators showed a
statistically significant preference for bi-
valves instead of articulates. Ten species
of snails, seven starfish, three crabs, and
eleven fishes were tested (/2) because of
their presence in brachiopod habitats,
ability to consume shelled prey, abun-
dance, and availability.

Ten individuals of each invertebrate
predator were given a simultaneous
choice of 12 mussel valves (6 Mytilus
edulis and 6 Modiolus rectus) and 12
articulate valves (4 Terebratalia, 4 Tere-
bratulina, and 4 Laqueus), all about the
same size, with meat ‘‘on the half-shell.”’
Individual fish (n = 44) were offered the
shell-free meats of single bivalves (M.
edulis and M. rectus) and articulates in
alternating sequence (/3). They often
convulsed and regurgitated articulates.

Repellency aside, articulates yield a
poor return for a predator’s efforts. The
ash-free dry weight of Terebratalia is
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only 3 percent of live weight, compared
to 10 percent for Modiolus demissus
(14). The claim that small size made
articulates preferred prey (I, 2, 15) is
inconsistent with the idea that predators
maximize their rate of feeding (16). The
argument that articulates are more vul-
nerable to predation than bivalves be-
cause of thinner shells (I, 2) becomes
moot if the contents are repellent.
Competition, especially with mussels,
is likely to limit the occurrence of articu-
lates. Mussels are dominant competitors
on rocky shores, but predation usually
restricts their monopoly to the intertidal
zone (17, 18). The mobility of mussels
(19, 20) gives them a major advantage
over the sessile articulates. For example,
M. edulis climbs upward, avoiding pre-
dation and fouling by its own copious
feces, and usually vacates the shady
overhangs (17) favored by articulates
(21, 22). Mytilus edulis engulfed a clump
of Terebratalia suspended above them
within hours; in this laboratory experi-
ment, anaerobic mussel feces fouled the

articulates and three of ten were dead
after 3 days (23).

In subtidal cage experiments, the ef-
fects and the interaction of competition
and predation were assessed. I trans-
planted articulates to trays, 79 to 86
brachiopods per tray. To evaluate preda-
tion, three different cage treatments
were used: a complete cage excluded
ambient predation, a cageless treatment
admitted predators, and a partial cage
(top only, no sides) allowed predator
access while controlling for other effects
of cages. To assess the interaction of
predation and competition, each of the
three cage (predator) treatments was
conducted in three different forms: bra-
chiopods only, a monolayer of Mytilus
edulis covering brachiopods and tray,
and likewise with Modiolus rectus. A
single experiment thus used nine total
treatments, one tray per treatment. The
experiment was repeated twice so that a
total of about 1480 individual brachio-
pods was used (24).

I also measured predation in the ab-
sence of mussels by bolting ‘‘cages”
over more than 1700 in situ brachiopods
(mostly Terebratulina) on a rock wall.
The same treatments were used: com-
plete cage, none, and partial cage. Three
replications produced a total of nine
treatments (25).

The transplanted brachiopods (Table
1) showed significantly reduced survi-
vorship in the presence of mussels, prob-
ably because mussels smothered them.
There were no live articulates (n > 100)
beneath mussels at the end of the experi-
ment. Comparing this result with the

Table 1. Survivorship of articulates in field transplants. Values are for two replications at site 1
and site 2. Each value represents a single treatment (tray) with about 80 articulates. Blanks
indicate lost treatments. Statistically significant effects are mussels present versus none at both
sites and, at site 2, Mytilus versus Modiolus (reflecting greater mobility of Mytilus) and
interaction of cage treatment with mussels (37, 38).

Survivorship (%)

Cage Overall
No mussels Mytilus Modiolus

None 48, 36 31,17 29, 64 36, 38

Partial 66 16, 14 42, 46 41, 29

Complete 56, 80 14 22,32 29, 56

Overall 57, 58 19, 15 31, 47 35, 41

Table 2. In situ caging experiment showing articulate survivorship during 1 year. Values
represent the mean * 1 standard deviation (arcsine-transformed) for three replications. The
same letter indicates values that are not significantly different (38).

Survivorship (%)

Cage
Terebratulina Laqueus
(n = 1615) (n = 167)
None 579+ 36a 10,0 = 9.1c¢
Partial 552+ 136a 20.6 = 17.7 ¢
Complete 93.6+ 05b 88.2 + 3.2d




lowest survivorship in any mussel-free
treatment (36 percent) shows significant-
ly increased mortality of articulates un-
der mussels (26). Snails and starfish ate
mussels, thereby increasing the survi-
vorship of articulates (that is, significant
interaction of cage and mussel treat-
ments). Drilled mussels were observed
beside live, undamaged articulates.

The in situ experiment lacked mussels
to divert predation, and predators re-
duced survivorship of articulates (that is,
the complete cage increased survivor-
ship) (Table 2). Starfish were seen eating
articulates. Brachiopods are apparently
the only marine benthos with repellent
shell-protected tissue (27). Other ben-
thos are eaten despite shells (28) but
have not evolved the added protection of
repellency.

The ubiquity of Paleozoic articulates
has been used as evidence both for and
against their role as prey (29). Growing
evidence (30, 31) of significant predation
well in advance of the Mesozoic ‘‘revo-
lution” (32) suggests that Paleozoic ar-
ticulates may have evolved a repellent.
Paleozoic articulates were abundant on
unconsolidated bottoms, but accelerat-
ing biogenic disturbance of these sedi-
ments probably restricted them to hard
substrata (31, 33), where they were out-
competed by epifaunal mussels that di-
versified during the late Paleozoic (34). If
Paleozoic articulates were repellent, the
evolution of numerous new predators in
the Mesozoic may have aided the articu-
lates in this competition and prevented
some articulate extinctions.

The interactions reported here proba-
bly have a long history. Modiolus is
known from the Devonian and Mytilus
from the Jurassic (11). Although unifor-
mitarianism must be cautiously applied,
other ancient mussels were probably
similar in their ability to detach, crawl
with the foot, and reattach by a byssus.
Articulates are immobile and cannot re-
attach if removed from the substrate (7,
22). Although mobility has surely varied
within each group (19, 35), it seems
likely that, on average, mussels (and
ecologically similar bivalves) have al-
ways had a superior ability to relocate,
and hence superiority in competition for
space.

In the “‘stochastic’’ (36) view of Gould
and Calloway (3), bivalves and brachio-
pods evolved like ‘‘ships that pass in the
night.”’ I suggest a more ‘‘deterministic’’
history: a long-term competitive interac-
tion mediated by predators that found
articulate brachiopods distasteful.

CHARLES W. THAYER
Department of Geology, University of
Pennsylvania, Philadelphia 19104
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