
Chapter 25 

Brachyura: The True Crahs 
John S. Garth and Donald P. Abbott 

The Brachyura represent the highest development attained by ar
ticulated animals in the sea. Their hormonally controlled molting 
cycle, autotomy reflex, and ability to regenerate lost limbs excite 
the physiologist; their highly organized nervous systems, complex 
organs of sight and sound production, and incipient social organi
zation beguile the animal behaviorist as well. Their commensal and 
mutualistic relationships with other invertebrates intrigue the ma
rine ecologist, and their role as hosts to invading arthropods en
gages the parasitologist's attention. 

Crabs first appear in the fossil record early in the Jurassic period 
of the Mesozoic, nearly 200 million years ago. As a group they 
show a continuation of the trend toward shortening the body and 
reducing the abdomen expressed in various anomuran groups 
(Chapter 24). The crab cephalothorax, formed by fusion of head 
and thorax and covered by the carapace, is short and broad, and 
forms virtually the whole body. The crab abdomen (corresponding 
to what gourmets call the "tail" of a lobster) is reduced to a thin, 
flat plate, tucked forward out of sight below the cephalothorax, 
hence the name "Brachyura," or "short-tailed" crabs. 

The original metamerism, or serial segmentation, of the cepha
lothorax is largely obscured except as represented by the appen
dages. The five pairs of head appendages include the first and sec
ond antennae and the innermost three pairs of mouthparts (the 
mandibles and the first and second maxillae). The eight pairs of 
thoracic appendages include the outermost three pairs of mouth-
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parts (the first, second, and third maxillipeds) and the five pairs of 
walking legs, the first of which are modified as chelipeds, or 
pincers. 

The abdomen in crabs usually retains some external indications 
of serial segmentation, and some, but not all, of the original ab
dominal limbs. Female crabs possess four pairs of pleopods, which 
are used to carry eggs during the reproductive season. The males 
bear two pairs of pleopods, used as copulatory organs. Uropods are 
lacking in the adult stages of all but the most primitive crabs, and 
in most crabs they are absent even in the hatched larvae. 

Crabs show some very effective locomotory innovations. Below 
their short, wide bodies the bases of the right and left members of 
each pair of walking legs are well separated; moreover, the legs 
themselves are relatively long and are hinged and suspended for 
the sideways gait that is so characteristic of true crabs. Many crabs 
can take relatively large steps, some species are capable of very 
rapid running, and nearly all can cling firmly to hard substrata 
when at rest. The limbs consist of non-repetitive segments or arti
cles, separated by joints. The movable segments, starting at the 
body and moving outward on a leg, are called the coxa, basi-
ischium, merus, carpus, propodus, and dactylus. Analogy of the 
cheliped and the human forelimb equates the merus with the 
forearm, the carpus with the wrist, the propodus with the hand or 
manus, the movable dactylus with the forefinger, and an opposable 
projection of the propodus with the pollex or thumb. The pollex is 
sometimes referred to as the fixed or immovable finger. Carcinolo-
gists (those who study crabs) often use the crustacean and human 
anatomical terms interchangeably. 

A crab whose leg becomes trapped or is gripped by a predator 



can escape by quickly autotomizing (shedding) the limb and run
ning away. Locomotory effectiveness is scarcely affected by the 
loss. Detachment of the limb is brought about by special muscles, 
and occurs at a preformed fracture plane in the basi-ischium. 

The crab body is covered by a hard exoskeleton that offers pro
tection but limits growth. Periodically, a crab seeks a sheltered hid
ing place, resorbs some materials from its exoskeleton, then splits 
the remaining shell and crawls out of it. In a short time the new 
exoskeleton, already partly formed inside the old shell but still thin 
and soft, thickens and hardens, but before it does the crab body ab
sorbs considerable water and expands to a size larger than before 
the molt. Missing limbs, if any, are regenerated along with molting, 
provided the loss has occurred sufficiently early in the intermolt 
period to permit their internal preformation. 

In crabs, as in other arthropods, increase in size must always be 
accomplished by molting, from the larval stages onward. The ferti
lized eggs, carried on special hairs on the pleopods of females, hatch 
as protozoea larvae and immediately molt to zoea larvae. These lar
vae are much more shrimplike in appearance than the adults. Dur
ing the zoeal period the young exist as part of the plankton. They 
swim actively by means of appendages on the cephalothorax that 
become the antennae and mandibles of the adult and feed on meta-
zoans, larval forms, and protozoa even smaller than themselves. 
Periodically they molt their larval exoskeletons, the body enlarging 
and undergoing some change in form at each molt. The stages be
tween molts are called instars, and different species of crabs exhibit 
one to five zoeal instars. The last zoeal instar is followed by a molt 
and metamorphosis to the megalops stage. The megalops looks a 
bit like a small crab. The abdomen is somewhat flattened and can 
be folded forward below the cephalothorax, allowing the animal to 
sit on the substratum like an adult. The abdomen can also be ex
tended posteriorly, allowing the megalops to swim swiftly by the 
beating of its strong pleopods. The megalops instar represents a 
transitional stage in the life of a crab, during which the animal 
swims about but settles from time to time, testing the bottom. The 
megalops molts to produce the first juvenile crab instar, which in 
nearly all crabs remains on the bottom and commences an adult 
type of existence. Molting occurs less frequently as crabs get larger 
and older. Some species cease molting on becoming sexually ma
ture; others continue to molt throughout life. 

Nearly 4,500 living species of crabs have been described. Some 
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occur in brackish or fresh water, or in damp habitats on land; some 
occur in the ocean deeps, and others are pelagic in the open sea; 
still others live on or in the bodies of other organisms. However, 
the great majority of species are free-living and benthic, and in
habit the sea floor on continental shelves and slopes in compara
tively shallow water. In terms of ecological diversity, they occupy 
a great variety of specific habitats and consume a great variety of 
foods. Body form varies along with habitat and way of life. 

The intertidal Brachyura fall into three large groups: the spider 
crabs, the cancroid crabs, and the grapsoid crabs (Rathbun, 1918, 
1925,1930). Additional groups occur in deeper water off our coast 
(Rathbun, 1937). The carapace tends to be longer than broad in spi
der crabs, its shape pyriform (pear-shaped), lyrate (broadly trian
gular), or alate (winged). In other crabs the carapace tends to be 
broader than long: in cancroid crabs like Cancer it is broadly oval; in 
grapsoid crabs like Pachygrapsus it is rectangular or squarish. In spi
der crabs the frontal portion of the carapace develops into a promi
nent rostrum (beak) consisting of a single or a double horn; in other 
crabs the front is either straight and flat or many-toothed. Hooked 
hairs are present in spider crabs for the attachment of foreign ob
jects; body hairs (setae) in other crabs, when present, are never of 
the hooked kind. 

For both the serious student of crabs and the amateur beach
comber who enjoys the pastime of crab watching, California is ide
ally situated. Between Crescent City (Del Norte Co.) and Monterey 
one may find cold-water species that occur north to Alaska; be
tween Santa Barbara and San Diego one may discover warm-water 
species that occur south to Bahia Magdalena (Baja California). 
Some crabs collectible at low tide in northern California are obtain
able only by dredging in southern California, whereas crabs that 
occupy middle intertidal levels in California may dominate high in
tertidal levels in Puget Sound (Washington). A roll call of crab fam
ilies illustrates the diversity to be found in the California intertidal 
region. 

The spider crabs, family Majidae, include the decorators, such as 
Loxorhynchus (25.10, 25.11) and Scyra (25.9), which disguise them
selves with bits of hydroids, sponges, and algae, and the kelp crabs 
Pugettia (25.4-7) and Taliepus (25.3), which are usually free of 
adornment. 

Among cancroid crabs are the Portunidae, a tropical family rang
ing as far north as Santa Barbara. These swimming crabs may be 
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recognized by the paddle-shaped last pair of legs. The family Can-
cridae is well represented, with nine species. A commercially im
portant fishery is based on the Dungeness crab. Cancer magisler 
(25.20), and several species of Cancer have been used in significant 
experimental studies. The pebble crabs, family Xanthidae, are 
abundant in the tropics; Cycloxanlhops (25.23) and Paraxanlhias 
(25.28) extend northward to Monterey, and some Lophopanopeus 
(e.g., 25.24) reach Alaska. An eastern xanthid, Rhithropanopeus har-
risii (25.27), recently introduced into San Francisco Bay, has spread 
into even severely polluted areas. 

Among grapsoid crabs, the family Grapsidae includes the shore 
crabs Pachygrapsus (25.43) and Hemigrapsus (25.44, 25.45), which 
dominate the higher intertidal region of rocky or muddy beaches. 
Semi-terrestrial and relatively hardy, they have been favorite ex
perimental subjects for a variety of physiological studies (e.g., Bol-
lenbacher, Borst & O'Conner, 1972; R. I. Smith & Rudy, 1972). The 
family Ocypodidae includes the fiddler crabs of the genus ilea (e.g., 
25.46), whose ritualistic courtship patterns have been studied by 
animal behaviorists (Altevogt, 1957; Crane, 1957,1975; Dem-
browski, 1926), and whose color changes, sexual dimorphism, and 
acclimation are of interest to physiologists and ecologists (e.g., Fin-
german, 1966; Valiela et al., 1974; Vernberg, 1969). The family 
Goneplacidae is represented by Malacoplax (25.30), usually found 
burrowing with Uca on intertidal mud flats, but ranging into the 
subtidal as well. Finally, the family Pinnotheridae embraces the pea 
crabs that usually live as commensals with other invertebrates 
(Cheng, 1967; Clark, 1956; Quayle, 1960). Free-living males of 
some genera bear little resemblance to females, which are animated 
egg sacs imprisoned within their unresisting hosts. Invertebrate 
species with which pinnotherids have been found as commensals 
are listed in Schmitt, McCain & Davidson (1973). 

Crabs contribute to human welfare both directly as food for man 
(Frey, 1971) and indirectly as food for fishes and other animals 
(Quast, 1968). Crab claws excavated from kitchen middens testify 
to the importance of this food source to early California Indians 
(Hubbs, 1967). A single species of crab. Cancer magisler, now ac
counts for 99 percent of the commercial catch in California waters, 
annually averaging 4,850 metric tons for the state, and over 16,000 
metric tons for the west coast. The planktonic larvae of this species 
are consumed in vast quantities by such pelagic fishes as the her
ring, pilchard, and salmon; these in turn are fed upon by the tuna. 



fur seal, and bear, respectively. Juvenile Cancer productus (25.22) are 
eaten in large numbers by the sculpin Scorpaena guttata, the kelp 
bass Paralabrax clathratus, and the sand bass P. nebulifer. The rock 
crab Cancer antennarius (25.16) is a delicacy esteemed by the sea 
otter of the Monterey coast, and adults of Pachygrapsus crassipes 
(25.43) are devoured by rats, raccoons, and sea gulls. Mink, ducks, 
and octopuses are crab predators in British Columbia. Hemigrapsus 
oregonensis (25.45) is stalked by the willet and other shorebirds, and 
is used by fishermen as bait for the pile perch in the Monterey area. 
Loxorhynchus crispatus (25.11) and Paraxanthias taylori (25.28) are im
portant food sources for some fishes, notably the black croaker and 
the cabezon; P. taylori is eaten by the scorpion fish as well. Lopho-
panopeus frontalis (25.26), Mimulus foliatus (25.8), and Pugettia spp. 
have been found among stomach contents of the tidepool fish Gib-
bonsia elegans in the Los Angeles area. 

Rathbun (1926), Menzies (1951), and more recently Zullo & 
Chivers (1969) and Nations (1970,1975) have contributed to our 
knowledge of fossil crabs of the Pacific coast. Of these the Cancri-
dae are best known because their heavy claws fossilize readily. Of 
living species Cancer magister (25.20) appeared in the Lower Plio
cene, C. antennarius (25.16), C. anthonyi (25.17), C. gracilis (25.18), C. 
oregonensis (25.21), and C. productus (25.22) in the Middle Pliocene, 
C. branneri in the Upper Pliocene, and C. jordani (25.19) in the Lower 
Pleistocene. When these and other living species are found as fos
sils either north or south of their present range, we have the best 
possible evidence of climatic change, assuming that past and pres
ent ecological requirements are similar. 

Warner (1977) provides an excellent modern introduction to the 
biology of crabs. For further general reading and reference the fol
lowing are also recommended: for crustacean biology. Green 
(1961), Kaestner (1970), and Schmitt (1965); for crustacean physiol
ogy, Lockwood (1967) and Waterman (1960,1961); for life history 
studies, Costlow & Bookhout (1960), Gurney (1960), Lebour (1928), 
and Wear (1970); for economic importance, Frey (1971) and 
Scheuerman (1958); for fossil crustaceans, Glaessner (1969); and for 
phylogeny and evolution, Whittington & Rolfe (1963), and Wil
liamson (1974). Carlton & Kuris (1975) offers a key to species com
mon in the intertidal zone in central California. Planktonic larvae 
found off the California coast may be identified to the family level 
using the key in Hart (1971a). 



Phylum Arthropoda / Class Crustacea / Subclass Malacostraca 
Superorder Eucarida / Order Decapoda / Suborder Reptantia 
Section Brachyura / Family Majidae 

25.1 Pyromaia tuberculata tuberculata (Lockington, 1877) 
( = Inachoides tuberculatus) 

Common under rocks in bays and on protected wharf pilings, 
low intertidal zone; subtidal to 411 m; Tomales Bay (Marin 
Co.) to Cabo Corrientes (Colombia); Japan; Pleistocene fossils 
from San Pedro (Los Angeles Co.) and San Diego Bay. 

Carapace pyriform, tuberculate, to 17.7 mm wide in males 
and 15.1 m m in females; rostrum bearing a single spine; post-
orbital spine curving around eye; manus of cheliped inflated 
in male; walking legs long and slender; body and appendages 
often heavily overgrown with sponges and seaweeds, provid
ing excellent camouflage; movements sluggish. 

Although this crab may be collected intertidally in the 
southern part of the state, it is more properly considered a 
subtidal species; northern and central California collections 
have been made with a dredge or trawl, as in Tomales Bay 
(Marin Co.) and Monterey Bay. 

See Garth (1958), Rathbun (1925,1926), Ricketts & Calvin (1968), 
Sakai (1976), Schmitt (1921), and Willett (1937); the figure used in 
Schmitt and in Rathbun (1925) is of the Gulf of California subspe
cies, P. tuberculata mexicana (Rathbun). 

Phylum Arthropoda / Class Crustacea / Subclass Malacostraca 
Superorder Eucarida / Order Decapoda / Suborder Reptantia 
Section Brachyura / Family Majidae 

25.2 Epialtoides hiltoni (Rathbun, 1923) 
( = Epialtus hiltoni) Small Kelp Crab 

Among holdfasts of eelgrass (Zostera) and surfgrass (Phyllospa-
dix), low intertidal zone; Santa Catalina Island (Channel Is
lands) and Laguna Beach (Orange Co.) to Bahia Magdalena, 
also Isla Guadalupe, Islas San Benito, and Isla Cedros (Baja 
California). 

Carapace width to 15.7 m m in males, to 9.6 m m in females; 
species distinguished from the young of Pugettia (25.4-7) or 
Taliepus (25.3) by the oblong rostrum with bilobed tip, the 
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broad and advancing anterior marginal lobes, the prominent 
preorbital tooth, and the elongated manus of the cheliped in 
the male. 

The discovery of this small kelp crab in an eelgrass holdfast 
in a cave at La JoUa (San Diego Co.) provided the clue that en
abled others to obtain it in goodly numbers and to extend its 
known range to Mexico and offshore islands. 

See Garth (1958) and Rathbun (1925). 

Phylum Arthropoda / Class Crustacea / Subclass Malacosiraca 
Superorder Eucarida / Order Decapoda / Suborder Reptantia 
Section Brachyura / Family Majidae 

25.3 Taliepus nuttallii (Randall, 1839) 
( = Epialtus nuttallii) Southern Kelp Crab, Globose Kelp Crab 

Clinging to larger brown algae, low intertidal zone on rocky 
shores, and among kelp beds offshore; subtidal to 93 m; Santa 
Barbara to Bahia Magdalena (Baja California); less abundant 
than formerly, owing to absence of large kelps; Pleistocene 
fossils from Playa del Rey (Los Angeles Co.). 

Carapace to 92 m m wide in males, to half that in females; 
species differing from Pugettia produda (25.4) in having a more 
convex carapace and a more prominent rostrum with a small 
triangular notch at the tip, and in lacking the small tooth in 
front of the eye; color dark red-brown. 

Rather than a replacement of Pugettia produda (25.4) south 
of Point Conception (Santa Barbara Co.), as suggested in 
Ricketts & Calvin (1968), T. nuttallii is the northern hemi
spheric analogue of the south-temperate T. marginatus (Bell, 
1835) from north Chile and Peru, and as such defines a north-
temperate region. 

This herbivorous crab shows a marked preference for large 
brown algae, especially Macrocystis and Egregia. 

See Garth (1955,1958), Hinton (1969), Johnson & Snook (1927), 
Leighton (1966), North (1964), Rathbun (1925), Ricketts & Calvin 
(1968), Schmitt (1921), and Willett (1937). 
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Phylum Arthropoda / Class Crustacea / Subclass Malacostraca 
Superorder Eucarida / Order Decapoda / Suborder Reptantia 
Section Brachyura / Family Majidae 

' 25.4 Pugettia producta (Randall, 1839) 
( = Epialtus productus) Shield-Backed Kelp Crab, Kelp Crab 

Young animals common among rocks or on the brown alga 
Egregia, low intertidal zone on rocky shores of protected outer 
coast in winter, migrating to floating kelp (Macrocystis) in 
summer as they grow older; subtidal to 73 m; Prince of Wales 
Island (Alaska) to Punta Asuncion (Baja California); Pleisto
cene fossils from Santa Monica and San Pedro (both Los An
geles Co.). 

Carapace width to 93 mm in males, 78 mm in females; color 
reddish or olive-brown, mottled with small round spots of 
darker shade, frequently lighter in young; species distin
guished from Taliepus nuttallii (25.3) by its depressed and alate 
margins. 

Both this species and T. nuttallii, the other large kelp crab of 
the California coast, were once placed in the genus Epialtus, 
now restricted to the smaller kelp crabs. 

Pugettia producta is mainly an herbivore on larger brown 
algae, aggregating in densities up to 27 per m^ of kelp hold
fast in the Monterey region. In California waters the preferred 
foods are Macrocystis, Egregia, and Pterygophora. In Puget Sound 
(Washington) the main summer diet is brown algae (Fucus, 
Sargassum, and Nereocystis); in winter, on pilings where the 
normal plant foods were not available, individuals changed to 
a carnivorous diet including barnacles, hydroids, and bryo-
zoans. Brackish conditions are not tolerated; the crabs do not 
osmoregulate, and the body wall is several times more perme
able than that of the common shore crabs Pachygrapsus crassipes 
(25.43) and Hemigrapsus nudus (25.44). 

Breeding in California occurs all year. Females mate while 
hard-shelled, and at least half the females are found carrying 
eggs at all months of the year. Pairs have been observed to 
mate in a male-under-female position, while eggs were still 
attached to the pleopods of the female. In Monterey Bay, eggs 
are carried for 2 8 - 3 1 days before hatching. Females held in 
the laboratory typically deposited a new brood of eggs within 
2 days after the hatching of the previous brood, and appear 



capable of producing a new crop of offspring approximately 
every 30 days. In Puget Sound populations, brood size for fe
males 4 1 - 5 6 m m in carapace width averaged about 61,000 
(range 34,000-84,000). In Monterey Bay, 66 percent of the 
ovigerous females examined had egg masses infested with the 
small (1—2 m m long) nemertean worm Carcinonemertes epialti. 
About 3 percent of all crabs were parasitized by the highly 
modified barnacle Heterosaccus californicus (20.34), which is 
visible beneath the abdomen (see Fig. 20.34) and interferes 
with normal reproductive activity. 

Additional studies have been conducted on the structure of 
the reproductive and nervous systems, the composition of the 
exoskeleton, and the physiology of respiration. 

See Andrews (1945), Boolootian et al. (1959), Fasten (1915), Garth 
(1958), Gross (1957a), Hart (1940,1968), Heath (1941), Hewatt 
(1938), Hines (1978), Hinton (1969), Huang & Giese (1958), Johnson 
& Snook (1927), Knudsen (1964a,b), Leighton (1966), MacGinitie 
(1935), MacGinitie & MacGinitie (1968), McLean (1962), North 
(1964), Rathbun (1925, 1926), Ricketts & Calvin (1968), Schmitt 
(1921), Thompson & Chow (1955), Weymouth et al. (1944), and 
Willett (1937). 

Phylum Arthropoda / Class Crustacea / Subclass Malacostraca 
Superorder Eucarida / Order Decapoda / Suborder Reptantia 
Section Brachyura / Pamily Majidae 

25.5 Pugettia gracilis Dana, 1851 
Graceful Kelp Crab 

In eelgrass and kelp, low intertidal zone on rocky shores; sub-
tidal to at least 73 m depth; Attu Island (Aleutian Islands, 
Alaska) to Monterey Bay. 

Carapace width to 39.2 mm in males, to 28.0 mm in fe
males; species differing from Pugettia richii (25.6) in having the 
anterior marginal tooth broad and completely joined to the 
postorbital, in having the merus of the male cheliped with a 
superior (dorsal) crest, and in having the legs stout rather 
than slender. 

Like the larger kelp crab P. produda (25.4), the graceful kelp 
crab keeps its carapace naked and smooth. It is active and has 
hooked and clawed legs, and does not disguise itself with bits 
of sponge, bryozoan, or algae, as do the more sluggish of the 


