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Larval Development of Cancer oregonensis Dana

(Decapoda: Brachyura: Cancridae) Reared in the Laboratory

Eun La Kim

Department of Marine Biology, Graduate School

Pukyong National University

Abstract

The complete larval development of Cancer oregonensis Dana, inhabiting area of
protected rocky shore from intertidal to subtidal, is described based on laboratory rearing. The
laboratory conditions were 8117 in water temperature and 28.5+0.1% in salinity. The reared
larvae were feed with newly hatched Artemia nauplii. All the larval stages are described and
illustrated. Larval morphology of C. oregonensis is compared with those of other Cancer species.

C. oregonensis has five zoeal and a megalopal stages. The species has four spines on
carapace. Coxa of the first maxilliped has one seta from first to fourth zoeal stages, and has one

epipod bud in fourth zoeal stages. The numbers of setae increase to three at fifth zoeal stage. One



epipod bud appeared on the coxa of the second maxilliped from fifth zoeal stage. In the first
abdominal somite, the numbers of sctae increase gradually from 1 to 3 from third to fifth stage. In
second zoeal stage, posterior margin on telson has 3 pairs of setae. As zoea develops from third to
fourth stage, the setae increases in pairs. The characteristic of megalopal stage is absence of the
spine on ischium of the cheliped.

The morphological characters of the genus Cancer are summarized.



Introduction

The Pygmy rock crab, Cancer oregonensis inhabits protected rocky
areas from the intertidal to the subtidal, ca. 400 m, where it is commonly
found nestling in holes, empty large barnacle shells, and kelp holdfasts
(Kozloff, 1974, 1987, Jensen, 1995; O’Clair and O’Clair, 1998).

The brachyuran crab, genus Cancer has a world-wide range of
distribution in the temperate zone to mid-latitude in the northern and
southern hemispheres (MacKay, 1943). The group is entirely marine and is
represented by 25 living species in the Atlantic and Pacific Oceans (Nations,
1979; Quintana and Saelzer, 1986). Its distribution has been reported from
the coast of the western and southern Europe, the western North and South
America, the Pacific coast of Japan, the Korean coast, the East China Sea,
and Australia (Nations, 1979; Ingle, 1980; Dai and Yang, 1991). From east
to west of the genus Cancer, the following 4 species occur in Southeast
Alaska: C. gracilis Dana, C. magister Dana, C. oregonensis Dana, and C.
productus Randall (O’Clair and O’Clair, 1998).

Of the 25 species of the genus Cancer, larval development was
described for 17 species from laboratory-reared or plankton samples (Rice,
1980; Quintana and Saelzer, 1986). The complete larval development was

reported for the following 12 species: C. amphioetus Rathbun (Iwata and



Konishi, 1981), C. antennarius Stimpson (Roesijadi, 1976), C. anthony
Rathbun (Trask, 1974; Anderson, 1978), C. borealis Stimpson (Sastry,
1977b), C. edwardsi Bell (Quintana, 1983), C. gracilis Dana (Ally, 1975), C.
irroratus Say (Sastry, 1977a), C. magister Dana (Poole, 1966), C.
novaezelandiae Jacquinot (Wear and Fielder, 1985), C. pagurus Linnaeus
(Ingle, 1981), C. productus Randall (Trask, 1970) and C. setosus Molina
(Quintana, 1984).

Up to now the larva of C. oregonensis was known by DeBrosses et
al. (1989) only for the megalopal stage based on plankton samples, and the
complete larval development of this is not known.

This study described the five zoeal and a megalopal stages of
Cancer oregonensis from specimens reared in the laboratory, and compared
morphological characters of the larvae of C. oregonensis with those of other

Cancer species.



Materials and Methods

A berried female of Cancer oregonensis was collected on 22 May
2001, by SCUBA diving, from the Auke Bay (58°20 N, 134°27 W),
Juneau, Alaska. The crab was transported to the laboratory at Juneau Center
of the School of Fisheries and Ocean Science, and reared in a glass jar (ca.
3 £) filled with sea water (8 C, 28.9%o) with aeration. The jar was placed in
an aquarium with running natural seawater until the larvae hatching.

On 28 May 2001 larvae hatched. Of these 60 larvae were
individually reared in small glass jars (ca. 50 m{) with natural sea water,
and mass cultures including about 250 larvae were made in four glass jars
(ca. 3 £) with sea water. The jars were kept in a tray of running sea water to
maintain a constant temperature. During the larval rearing, sea water
temperature was kept between 8+1C, and salinity range was 28.5 £ 0.1%o.
The sea water was renewed daily. All larvae were fed with newly hatched
brine Artemia nauplii daily. To observe mortality and developmental stage
of the larvae, exuviae and dead larvae were checked daily.

At least more than 10 specimens as well as the exuviae and the
dead larvae were preserved in 5% buffered seawater-formalin solution for
observation, measurements and drawings. Drawings of larvae were made

with the aid of a microscope equipped with a drawing tube. Liner characters



of each larvae were measured based on at least 10 specimens with an ocular
micrometer.

Measurements taken for dimensions of the larvae are as follows: (a)
carapace length (CL) from between eyes to posterolateral carapace margin
for zoea; from rostral tip to posteromedian carapace margin for megalopa;
(b) rostral spine length (RSL) for zoea; (c¢) dorsal spine length (DSL) for
zoea; (d) lateral spine length (LSL) for zoea; (e) distance between tip of
dorsal spine and rostral spines of carapace (TT).

The specimens used in the present study, including the berried
female, are deposited in the Invertebrate Zoology Laboratory, Pukyong

National University, Busan, Korea as PKNU-INVERT number 20010522.



Results

Description
In the complete larval development of Caner oregonensis,
there were five zoeal and a megalopal stages. The major
morphological characters of zoeal and megalopal stages are

described below.

First Zoea

(Fig. 1)

Size. CL: 0.60 mm (0.58-0.63 mm); RS: 0.63 mm (0.58-0.70 mm); DS:
1.29 mm (1.27-1.30 mm); LS: 0.30 mm (0.25-0.33 mm); TT: 1.95 mm
(1.85-2.00 mm).

Duration. 18-21 days (mean: 19 days).

Carapace (Fig. 1A, B). Rostral and dorsal spines well-developed; lateral
spine deflected and much shorter than other spines; rostral spine acute
distally and longer than antennal protopod; dorsal spine stout and curved
backward; anteromedial region without setae; anteromedial process and

pair of posterodorsal setae present; posterolateral marginal setae absent;



eyes sessile.

Antennule (Fig. 1C). Uniramous; endopod absent; exopod unsegmented,
conical with 2 short terminal setae and 3 aesthetascs of varying size.
Antenna (Fig. 1D). Uniramous; protopodal process about 2.1 times
length of exopod and tapered, with 2 rows of spinules on distal half;
endopod absent; exopod unsegmented, with 2 unequal setae.

Mandible (Fig. 1E). Asymmetrical; incisor and molar process
developed; mandibular palp absent.

Maxillule (Fig. 1F). Coxal endite with 7 setae; basal endite with 2
cuspidate spines and 3 setae; endopod 2-segmented, with setation of 1, 6
(2 subterminal +4 terminal) setae; no exopod on maxillure.

Maxilla (Fig. 1G). Coxal endite bilobed with 3+4 setae; basal endite
bilobed with 5+4 setae; endopod bilobed with 3+3 (1 subterminal + 2
terminal) setae; scaphognathite with 4 marginal plumose setae and an
apically tapering process fringed with dense fine hairs.

First maxilliped (Fig. 1H). Coxa with 1 seta; basis with 9 medial setae,
arranged as 2, 2, 3, 2; endopod 5-segmented, with setation of 2, 2, 1, 2, 5
(1 subterminal + 4 terminal) setae; exopod with 4 terminal plumose
natatory setae.

Second maxilliped (Fig. 1I). Coxa without setae; basis with 4 medial

setae, arranged as 1, 1, 1, 1; endopod 3-segmented, with setation of 1, 1,



5 (2 subterminal + 3 terminal) setae; exopod with 4 terminal plumose
natatory setae.

Third Maxilliped Not developed.

Pereiopods Not developed.

Abdomen (Fig.1J). Five somites plus telson; second somite with a pair of
dorsolateral processes directed anterioly; posterolateral magin of second
somite with obtuse angle; posterolateral margin of third-fifth somite with
a part of spinous processes; a pair of minute setae on posterodorsal
margin of second-fifth somites.

Pleopods Not developed.

Telson (Fig. 1J). Bifurcated; each fork long; 1 fused lateral spine, 1
dorsal articulated spine; posterior margin concave, armed with 3 pairs of
setac; innermost pair with 4 long interior spinules located proximal
quarter of spine; outermost pair with stout tooth-like spinules on distal

2/3 of spine.



Second Zoea

(Fig. 2)

Size. CL: 0.79 mm (0.75-0.83 mm); RS: 0.80 mm (0.73-0.88 mm); DS:
1.60 mm (1.57-1.62 mm); LS: 0.36 mm (0.30-0.40 mm); TT: 2.41 mm
(2.30-2.50 mm).

Duration. 14-16 days (mean: 17 days).

Carapace (Fig. 2A, B). Anteromedial region with 2 pairs of anterodorsal
setae; posterolateral carapace margin with 4 plumose posterior setae
inserted near margin; eyes now stalked and movable; otherwise
unchanged.

Antennule (Fig. 2C). Uniramous; endopod absent; exopod unsegmented,
with 2 short terminal setae and 6 aesthetascs.

Antenna (Fig. 2D). Enlarged.

Mandible (Fig. 2E). Larger than in first zoea.

Maxillule (Fig. 2F). Basal endite with 4 cuspidate spines and 3 setae;
exopod with 1 plumose natatory seta; otherwise unchanged.

Maxilla (Fig. 2G). Scaphognathite (exopod) with 11 plumose setae;
apically tapered process in first zoea now blunt and broad; otherwise
unchanged.

First maxilliped (Fig. 2H). Exopod with 6 terminal plumose natatory

10



setae; otherwise unchanged.

Second maxilliped (Fig. 21 ). Exopod with 6 terminal plumose natatory
setae; otherwise unchanged.

Third maxilliped Not developed.

Pereiopod. Not developed.

Abdomen (Fig. 2J). Posterolateral margin of third-fifth somites with
spinous processes more developed than in first zoea; otherwise
unchanged.

Pleopods Not developed.

Telson (Fig. 2J). Slightly enlarged.
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Third zoea

(Fig. 3)

Size. CL: 0.96 mm (0.95-1.00 mm); RS: 1.05 mm (1.00-1.10 mm); DS:
1.92 mm (1.9-1.95 mm); LS: 0.34 mm (0.30-0.38 mm); TT: 2.98 mm
(2.95-3.00 mm).

Duration. 14-18 days (mean: 16 days).

Carapace (Fig. 3A). Posterolateral carapace margin with 8 plumose
posterior setae inserted near margin; otherwise unchanged.

Antennule (Fig. 3B). Uniramous; endopod absent; exopod unsegmented,
with 1 short terminal seta and 7 aesthetascs.

Antenna (Fig. 3C). Endopod now developed as a broad bud; otherwise
unchanged.

Mandible (Fig. 3D). Enlarged.

Maxillule (Fig. 3E). Basal endite with 4 cuspidate spines and 4 setae;
otherwise unchanged.

Maxilla (Fig. 3F). Basal endite with 6+5 setae; scaphognathite (exopod)
with 19 plumose setae; otherwise unchanged.

First maxilliped (Fig. 3G). Exopod with 8 terminal plumose natatory
setae; otherwise unchanged.

Second maxilliped (Fig. 3H). Exopod with 8 terminal plumose natatory

12



setae; otherwise unchanged.

Third maxilliped (Fig. 31 ). Biramous with endopod and exopod.
Pereiopods (Fig. 3I). Five small buds; first leg with one gill bud (future
arthrobranch) on basocoxal part; second-fourth legs each with one gill
bud (future pleurobranch).

Abdomen (Fig. 3J). Six somites; dorsomedial seta on first somite;
posterolateral margin of third-fifth somites with well-developed acute
processes; otherwise unchanged.

Pleopods Not developed.

Telson (Fig. 3J). Apparent length reduced by formation of six abdominal
somite; posterior margin with additional small pair of medial setae;

otherwise unchanged.
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Fourth Zoea

(Fig. 4)

Size. CL: 1.30 mm (1.25-1.33 mm); RS: 1.23 mm (1.13-1.30 mm); DS:
2.66 mm (2.62-2.69 mm); LS: 0.38 mm (0.33-0.43 mm); TT: 3.85 mm
(3.75-3.92 mm).

Duration. 14-17 days (mean: 16 days).

Carapace (Fig. 4A). Posterolateral carapace margin with 11-13 plumose
posterior setae; otherwise unchanged.

Antennule (Fig. 4B). Biramous; endopod absent; exopod with 3
subterminal aesthetascs and 8 aesthetascs.

Antenna (Fig. 4C). Endopod elongate bud about 0.5 times length of
exopod; otherwise unchanged.

Mandible (Fig. 4D). Teeth on incisor and molar process differentiated

and developed.

Maxillule (Fig. 4E). Coxal endite with 8 setae; basal endite 5 with
cuspidate spine and 7 setae; epipod seta now present; otherwise
unchanged.

Maxilla (Fig. 4F). Coxal endite bilobed with 3+4 setae; basal endite
bilobed with 6+5 setae; scaphognathite (exopod) fringed with 27-29

plumose natatory setae; otherwise unchanged.
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First maxilliped (Fig. 4G). Coxa with 1 epipod bud and 1 seta; endopod
distal segment with 6 setae; exopod with 10 terminal plumose natatory
setae; otherwise unchanged.

Second maxilliped (Fig. 4H). Exopod with 10 or 10+ 1 terminal
plumose natatory setae; otherwise unchanged.

Third maxilliped (Fig. 4I). Endopod and exopod buds elongate, with 1
epipod bud and 2 gill buds (future arthrobranchs) on basal part.
Pereiopods (Fig. 41). Incipiently segmented buds; chelipeds bilobed; gill
formula unchanged and slight developed.

Abdomen (Fig. 4J). First somite with 2 dorsomedial setae; posterolateral
processes on third-fifth somites longer than in previous stage.

Pleopods (Fig. 4A). Pleopod buds on second-sixth abdominal somites.
Telson (Fig. 4J). Medial length increased compared with previous zoea;

posterior margin with 2 pairs of medial setae; otherwise unchanged.
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Fifth Zoea

(Fig. 5)

Size. CL: 1.59 mm (1.55-1.63 mm); RS: 1.35 mm (1.33-1.38 mm); DS:
294 mm (2.92-2.95 mm); LS: 0.30 mm (0.28-0.33 mm); TT: 4.31mm
(4.25-4.33 mm).

Duration. 19-24 days (mean: 23 days).

Carapace (Fig. 5A). Posterolateral carapace margin with 13-15 plumose
posterior setae inserted near margin; otherwise unchanged.

Antennule (Fig. 5B). With 2 small setae on proximal part; exopod with 9
subterminal and 6 terminal aesthetascs.

Antenna (Fig. 5C). Spinous process about 2 times length of exopod;
endopod elongate, more than 1.2 times length of exopod; otherwise
unchanged.

Mandible (Fig. 5D). Mandibular palp present as small bud.

Maxillule (Fig. 5E). Coxal endite with 11 setae; basal endite with 6
cuspidate spines and 10 setae; otherwise unchanged.

Maxilla (Fig. 5F). Coxal endite with 4+4 setae; basal endite with 7+8
setae; scaphognathite (exopod) fringed with 36-38 plumose natatory
setae; otherwise unchanged.

First maxilliped (Fig. 5G). Elongate epipod and 3 setae on coxa; exopod

16



now with 12 plumose natatory setae; otherwise unchanged.

Second maxilliped (Fig. SH). With epipod bud on coax; exopod now
with 12 or 12+2 plumose natatory setae; otherwise unchanged.

Third maxillipod (Fig. 5I). With epipod and 2 gill buds (future
arthrobranchs) elongate; endopod bud longer than exopod bud and
segmented.

Pereiopods (Fig. 5I). Developing; otherwise unchanged.

Abdomen (Fig. 5J). First somite with 3 dorsomedial setae; otherwise
unchanged.

Pleopods (Fig. 5A). Elongate; biramous with endopod buds on pleopods
second — sixth; otherwise unchanged.

Telson (Fig. 5J). Medial length increased compared with previous stage;

otherwise unchanged.
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Megalopa

(Figs. 6, 7)

Size. CL: 2.84 mm (2.75-2.93 mm)

Carapace (Fig. 6A, B). Considerably longer than broad, narrowing
anteriorly; rostrum well developed, directed anteriorly, dorsal spine
projected posterioly; posteroventral margin with S pairs of setae; eyes
well developed.

Antennule (Fig. 6C). Peduncle 3-segmented with 7, 5, 1 setae; endopod
2-segmented, distal segment with 3+4 setae; exopod 4-segmented with 0,
11-15, 10-13, 5-7 aesthetascs, fourth segment with 2 setae.

Antenna (Fig. 6D). Peduncle 3-segmented, with 6, 3, 4 setae; 8-
segmented flagellum with (from proximal to distal) 0, 0, 4, 0, 5, 0, 4, 4
setae.

Mandible (Fig. 6E). Molar and incisor processes not distinguishable;
mandibular palp 2-segmented, distal segment with 10 marginal setae.

Maxillule (Fig. 6F). Coxal endite with 15-17 setae; basal endite with 25-
27 setae; endopod 2-segmented, proximal segment with 0 or 1 seta, distal

segment with 1 or 2 setae.
Maxilla (Fig. 6G). Coxal endite bilobed with 7+6 setae; basal endite

bilobed with 10+8 setae; endopod subacute lobe, with 1 terminal seta,

18



with 4 setae on out margin; scaphognathite (exopod) margin with 65-69
plumose setae and 4 lateral setae.

First maxiliped (Fig. 6H). Epipod well-developed process, with 14-17
long setae; coxal endite with 23 setae; basal endite with 43 setae;
endopod not distinctly segmented, with 5-9 setae; exopod 2-segmented,
proximal segmented with 2-4 setae, distal segment with 3-6 terminal
plumose natatory setae.

Second maxilliped (Fig. 6I). Epipod with 4-6 setae and 1 gill bud,
endopod 4-segmented with 2, 1, 8, 10 setae; exopod 2-segmented,
proximal segment with 1 seta, distal segmented with 8 terminal plumose
natatory setae.

Third maxilliped (Fig. 6J). Epipod with 21 long setae; endopod 5-
segmented, ischium with 27- 30 setae, merus with 11-13 setae, carpus
with 16-18 setae, propodus with 12-13 setae, dactylus with 9-10 setae;
exopod 2-segmented, proximal segment with 3-5setae, distal with 6
terminal plumose natatory setae.

Pereiopods (Fig. 7A-E). All segmented and sparsely spinous; first
preiopods with 2 gill buds (future arthrobranchs) at base of coxa, second
pereiopods with 1 gill bud (future pleurobranch) on coxa, third
pereiopods with 1 gill bud (future pleurobranch) on coxa, fourth and fifth

pereiopods devoid of gill buds; dactylus of fifth pereiopods with 1 long

19



straight seta and 2 long curved setae.

Abdomen (Fig. 6K, L). Six somites, with 4, 7, 8, 7, 3, 2 pairs of surface
setac on somites 1-6; posterolateral margin of second-fifth somites
broadly truncate.

Pleopods (Fig. 6A, 7F, G). Somites 2-5 each with pair of biramous
pleopods; endopod unsegmented with subterminal hooks on internal
margin; exopod fringed with 19 plumose natatory setae on second
somite; fifth somite with 15 plumose natatory setae.

Uropod (Fig. 7H). Endopod absent; exopod 2-segmented, proximal
segment with 1 seta, distal segment with 9 plumose natatory setae.

Telson (Fig. 7H). Broader than long, subquadrate with 2 pairs of dorsal

setae.
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Discussion

Morphological characters of Cancer species larvae represent those
of the family Cancridae, because the family is represented by the genus
Cancer only. The Cancrid zoeae are similar to Portunid in zoeal general
morphology, so that distinguishing of the larvae of the two families is not
easy (Rice, 1980; Ingle, 1981). A distinguishable character of the two
families is the zoeal morphology of spinules on the posterior margin of the
telson. Cancrid larvae have stout tooth-like spinules on the posterior margin
of the telson that Portunid larvae lacks. .

Larval development of 17 Cancer species has been reported so far
in the world ocean (Table 1). Of the 17 Cancer species only 4 species (C.
gracilis, C. magister, C. oregonensis, C. productus) occur in Southeast
Alaskan coast (O’Clair and O’Clair, 1988).

The major morphological characteristic of C. oregonensis zoea is the
possesion of process on posterolateral margin of the abdominal somites 2-5
that discriminate C. oregonensis from the other Cancer species. (Table 2).
Rice (1975, 1980) and Quintana and Saelzer (1986) categorized the Cancrid
species into 2 groups (“a” and “b”) based on the larval morphology of the
zoea, particularly on the armature of appendages. The group “a” has the

basal segment with 2 setae of the endopod of the first maxilliped, the
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endopod of antenna with 2 setae, the two maxillular endopod segments
armed with 1, 4-5 setae respectively, and the endopod of the maxilla with 6
setac. The group “b” has the basal segment with 3 setae of the endopod of
the first maxilliped, the endopod of antenna with 3 setae, the two maxillular
endopod segments armed with 1, 6 setae respectively, and the endopod of
the maxilla with 7-8 setae. According to their grouping C. amphioetus, C.
gibbosulus, C. porteri, and C. oregonensis do not belong to neither the
group “a” nor “b”, because the 4 species partially share the zoeal characters
of the both groups, although C. oregonensis is closely related to the group
“a”. The closely relating zoeal characters in C. oregonensis are the basal
segment with 2 setae of the endopod of the first maxilliped, the endopod of
antenna with 2 setae, the endopod of the maxilla with 6 setae as characters
of the former group, and the two maxillular endopod segments armed with
1, 6 sctae respectively as characters of the latter group. There are 3
additional zoeal characters to categorize the Cancer species, described so
far, in addition to the previous 4 zoeal characters proposed by Rice (1980)
and Quintana and Saelzer (1989). The additional characters are the
followings: the setations of the distal segment of antennal exopod, the
setation of the coxa of the maxillule, and existence of spinose on
posterolateral margin of abdominal segments (Table 2). As mentioned

above, the zoeal characters of C. oregonensis is closer to those of the group
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“a” than the group “b”, even though C. oregonensis shares the zoeal
characters of the group “a” and “b”. Comparison of the zoeal characters of
C. oregonensis with those of the species, which belong to the group “a”,
revealed that C. oregonensis is the most closely related with sympatric C.
gracilis in the number of sharing character.

In megalopa of C. oregonensis, there was no morphological

difference between the laboratory-reared specimens (the present study) and

the plankton specimens (DeBrosse ef al., 1989) (Table 3).

23



Acknowledgements

[ -am very grateful to Prof. K. W. Nam for continuous guidance and
encouragement throughout the study. I am particularly grateful to Prof. S. Y.
Hong for his advice and critically reading the manuscript providing many
helpful suggestions for its improvement. I would also like to thank Profs. M.
S. Yoo and H. J. Baek for their critical review of the manuscript. I wish to
express my appreciation to Prof. T. C. Shirley (University of Alaska
Fairbanks, Juneau, U.S.A.) for collection of the ovigerous females of
Cancer oregonensis and all facilities provided for the completion of this
experiment. Special thanks are due to M. H. Son, K. B. Kim, J. H. Choi, J.
N. Kim, M. H. Kim, I. Y. Choi and H. Y. Li for valuable help during the
work. Finally I am grateful to my parents for their moral support in making

this work possible.

24



References

Ally, J. R. R. 1975. A description of the laboratory-reared larvae of
Cancer gracilis Dana, 1852 (Decapoda, Brachyura). Crustaceana, 28:
231-246.

Anderson, W. R. 1978. A description of the laboratory- reared larvae of
yellow crab, Cancer anthonyi Rathbun (Decapoda, Brachyura), and
comparisons with larvae of Cancer magister Dana and Cancer
productus Randall. Crustaceana, 34: 54-68.

Connolly, C. J. 1923. The larval stages and megalops of Cancer amoenus
(Herbst). Contributions of the Canadians of Biological Fishery, 1: 337-
352.

Dai, A. and S. Yang. 1991. Crabs of the China Seas. China Ocean Press,
Beijing, China, 682 pp.

DeBrosse, G. A., A. J. Baldinger, and P. A. McLaughlin. 1989. A
comparative study of the megalopal stages of Cancer oregonensis
Dana and C. productus Randall (Decapoda: Brachyura: Cancridae)
from the Northeastern Pacific. Fishery Bulletin, U. S., 88: 39-49.

Fagetti, G. E. 1960. Primer estadio larval de cuatro crust ceos
Braquiuros de la Bahai de Valparaiso. Rvesta de Biologia Marina, 10:

143-154.

25



Ingle, R. W. 1980. British Crab. British Museum (Natural History),
Oxford University Press, Oxford, 222 pp.

Ingle, R. W. 1981. The larval and post-larval development of the edible
crab, Cancer pagurus Linnaeus (Decapoda: Brachyura). Bulletin of
British Museum, Natural History, 40: 211-236.

Iwata, F. and K. Konishi. 1981. Larval development in laboratory of
Cancer amphioetus Rathbun, in comparison with those of seven other
species of Cancer (Decapoda, Brachyura). Publications of the Seto
Marine Biological Laboratory, 26: 369-391.

Jensen, G. C. 1995. Pacific Coast Crabs and Shrimps. Sea Challengers.
Monterey, California, 87 pp.

Kozloff, E. N. 1974. Key to the Marine Invertebrates of Puget Sound, the
San Juan Archipelago and Adjacent Regions. University of
Washington Press, Seattle, 226 pp.

Kozloff, E. N. 1987. Marine Invertebrates of the Pacific Northwest.
University of Washington Press, Seattle, 511 pp.

Lebour, M. V. 1928. The larval stages of the Plymouth Brachyura.
Proceedings of Zoological Society of London, 1928: 473-560.

MacKay, D. C. G. 1943. Temperature and the world distribution of crabs
of the genus Cancer. Ecology, 24: 113-115.

Mir, R. D. 1961. The external morphology of the first zoeal stage of the

26



crabs, Cancer magister Dana, Cancer antennarius Stimpson, and
Cancer anthonyi Rathbun. California Fish and Game, 47: 103-111.

Nations, D. 1979. The genus Cancer and its distribution in time and
space. Bulletin of the Biological Society of Washington, 3: 153-187.

O’Clair, R. M. and C. E. O’Clair. 1988. Southeast Alaska’s Rocky Shores,
Plant Press, Alaska, 564 pp.

Poole, R. L. 1966. A description of laboratory-reared zoeae of Cancer
magister Dana and megalopae taken under natural conditions
(Decapoda, Brachyura). Crustaceana, 11: 83-97.

Quintana, R. 1983. Larval development of the edible crab, Cancer
edwardsi Bell, 1835 wunder laboratory conditions (Decapoda,
Brachyura). Reports of the Usa Marine Biological Institute, Kochi
University, 5: 1-19.

Quintana, R. 1984. On the prezoeal stage of three species of the genus

Cancer L. from Chilean coasts (Candridae, Brachyura). Researches on

Crustacea, 14: 143-151.

Quintana, R. and H. Saelzer. 1989. The complete larval development of
the edible crab, Cancer setosus Molina and observations on the
prezoeal and first zoeal stages of C. coronatus Molina (Decapoda,
Brachyura, Cancridae). Journal of the Faculty of Science, Hokkaido

University, 24: 267-303.

27



Rice, A. L. 1975. The first zoeal stage of Cancer pagurus L., Pinnotheres
pisum (Pennant) and Macrophthalmus depressus Riippell (Crustacea,
Decapoda, Brachyura). Bulletin of British Museum, Natural History
(Zoology), 28: 237-247.

Rice, A. L. 1975. 1980. Crab zoeal morphology and its bearing on the
classification of the Brachyura. Transactions of the Zoological Society
of London, 35: 329-332.

Roesijadi, G. 1976. Descriptions of the prezoeae of Cancer magister
Dana and Cancer productus Randall and the larval stages of Cancer
antennarius Stimpson (Decapoda, Brachyura). Crustaceana, 31: 275-
295S.

Sastry, A. N. 1977a. The larval development of the rock crab Carncer
irroratus Say, 1817, under laboratory conditions (Decapoda,
Brachyura). Crustaceana, 32: 155-168.

Sastry, A. N. 1977b. The larval development of the Jonah crab, Cancer
borealis Stimpson, 1859 under laboratory conditions (Decapoda,
Brachyura). Crustaceana, 32: 290-303.

Terada, M. 1987. Zoeal forms of 14 species of crabs from the Enshunada.
Researches on Crustacea, 16: 93-120.

Trask, T. 1970. A description of laboratory-reared larvae of Cancer

productus Randall (Decapoda, Brachyura) and a comparison to larvae

28



of Cancer magister Dana. Crustaceana, 18: 133-146.
Trask, T. 1974. Laboratory—reared larvae of Cancer anthonyi (Decapoda:
Brachyura) with a brief description of the internal anatomy of the

megalopa. Marine Biology, 27: 63-74.

29



Pygmy Crab, Cancer oregonensis Dana® A4 A+

oY
flo
i)

PHYGT 5 P E D

Family Cancridae®l &= Cancer oregonensis Dana2] E @3 oz )
B #3270 zoea FAS AFHAA & 81T AE 285+0.1% 2A0E 74
Abgete] ZF FA7]e] g7z, HEEsE EAE v Al

C. oregonensisi= 5719 zoea”]9} 1719 megalopa”] & 7F2th. 7zt 479

7EAE ZEAT 171904 4719 zoea FAel QlolA A WA Eriele] wigtuitie] 27)

30



ol e 2 AAY, 57 zoead b 372 Z7 skl C1wlal 4719 zoea A A E
o127k vhERd . Zoea S7]ol A E T WA kel o] wigtubcel] 17)9] £A7F AR
ZoeaZt 17]e1A 3712 whAighe] whe} 1WA H5 wioje] R =7 17helM 371=
dA2b F7he Tk Zoea 271744 el whoie]  shgabe]el 3 el FRE AT &
Aol whastdA 1 7 Hak 1714 S-S HAth Megalopa®] Hd& AT
g o] elutrel] Zw7 FAjste Zelh

C. oregonensis SHES B4 02 o9/ $459 SA3 ww, 129

31



Tables and Figures



¢

A B90Z

(LL61) uOSWEI[[I A\ PUB 90T

snuvijjag D

. - (s1se09
pue3ug ‘uoad( guiod auoIsjeoyg I~ ] 981D ‘edo[edaly * A ~ [ ea07 (1861) 918ug ueadoing)
pue[3uy 9950(] 9A0D) YHom[n] [ 8307 (sL61) @01 snin3od ) oNUE[}Y
{ AI- T qe1D ‘edo[eBoly * A ~ ] w007 (8261) mogag wIa1sed-yHoN
15800 UBI[IYD O~1 ®e0Z (£861) PRI L :
; [ 2907 (LE61) EMBIY snjnsoqqis D (eououry yinog

ueder ‘opreyp[o} ‘BInqy

edofedaq © A ~ | Bo0Z

(1861) Wystuoy] pue ejem]

sngaoydup -

JO s15800 21J108)
Jyloed

i [ ®o07 (€L61) BIRM] W3)SaM -YHON
VS ‘uiseg punog 1a8nd | edoredsy (6861) v 12 3ssoxga(q
VSN ‘Aeg 1pjoquIny] yinog v20Z314 (9L61) 1pefisaoy | smonpoud
VSN “Aed 1pjoquiny ynog edo[e3ajq ‘ A ~ [ ©20Z (0L61) Yse1L
VS ‘uiseq punog1a8ng | edoje3on (6861) '1p 12 9ss01ga(] | SISU2U0Za.40 )
VSN ‘uiseq punog103ng | edoje3oy (6861) "7p 12 assoxga(y
VSN ‘BIwoji[e) ‘Anunod 1pjoquiny jo 1se0) £20231d (9L61) pefisooy (eouaury yIoN
VSN * eruiogie) ‘exong edo[edo N A ~ ] 8207 (9961) 100d | 42ISIBDULD | JO 515200 dlj10E4)
VS ‘19plog uo3a1Q pue exaing [ 807 (1961) A Jnroed
é {BI0Z ‘B20Z31g (re61) AexporIN wsey-YUoN
VSN ‘eruiogife) ‘Aeg o1pad ueg edo[eSIN “ A ~ | 8207 ‘eao0zaig (sL61) A1y SH1OD43 ")
V() ‘BIUIOI[) ‘Aeg UOISSI edoreBN °  ~ | 2207 ‘ed0z1g (8L61) uosiopuy
i edo[e8o ¢ A ~ [ BOOZ (bL61) NSCLL fuoyuv ")
VSN “19p10q uoda1() pue exaIng | ©20Z (1961) SN
VSN ‘Aeg 1pjoquiny ginog edo[eBol * A ~ ] ©30Z ‘ed0za1d (9L61) PRSP0 | gy o
VS ‘19pioq uodai() pue eyaIng ] B07Z (1961) WA
seare Surjdueg [er1yeLt pareai soge)s [eAle] siogny sorvedg
! uopue[q .

P[0 dy} ut $3199ds 420up) J0 sarprys uondudsap [eAIeT | 9[qRl.




edo[eday * A ~ [ €907 (S86T) 1oplaty pue reap ovipuvjazavAOU ) pue[ea7 MIN
PUR[BIZ MON edoegan (5961) IBapp ’ Jo s3sB0))
QMY ‘1880 UBI(IY) 1 8207 (0961) madeq 142140d ")
3y ‘Aeg ownrjo)) [ 8307 ‘@20z21d (9861) 19z[9eS pue eugiuIng) SMIDU0409 )
oIy ‘Aeg ownijo) B20Z21J (y861) eueyund (eoLIBUIY YINOS
a1y “Aeg owni[o) 8202314 (9861) J9z[oeS pue euglUINg snsops 5 | 3O $ISe00 Ol1oed)
3y ‘Aeg ownyjo) I qe1D ‘edo[eSo A ~ | BR0Z (¥861) ruBlUIMQ) oyroRg
3D “Aeg ownijo) 90Z314 (¥861) eueune) 1paDMps ua)seg-ynog
a[y) ‘Aeg ownijo) edo[e3oJN ¢ A ~ | 8907 ‘©90Z31] (£861) euriuInd
VS0 ‘PUB[ST POy sypaLoq
‘Keg] nosuedelreN edofe3oN ¢ A ~ | 8207 ®20Z31J (92.61) Anses n 70
VSN ‘Pue[s] apoyy (eouRWY YUON
‘Keg nesuederreN edo[e3aIN ¢ A ~ | 8207 ‘©20Z31J (eLL61) Anseg SMIDA041 D) | 10 S15800 ONUE[IY)
epeur)) dNULY edo[edaq Al~ [ ®07 ‘B20z21] (€z61) ATTouuo)) onueRy
edofeday (z881) uoxey snua0uD °) UI3159  -UHON

93e1s [eAIR[-1SO{ “(¢) B90OZ

(££81) ynwg




asnqo ssoutds Aomutt  asourds ‘A3ySis asourds asourds ‘ApyJus 91198 A[enurwa urdrew
T4 asnyqo $-¢ S-1 G-1 §-Z Joxred ¢-7 [e1a)e[019)s0d  ‘SJUAWIZAS  [BUTLOPQY
[+ T1°C°¢ I+ ‘T1°T¢ I+F ‘T°1°CT°¢ I+v 71 ‘Tc I+7 212 I+ 2122 aejas podopua padifpixew 11y
06 @S 0] 01 6 6 6 seas siseq padiffixewt 1811,
[+¥ [+ I+ I+¢ [+ [+ ayreudoydess efpixepy
(¥) M‘TV «WATVFMITW -~ < <~ 3 3 ‘ 3 < 3 3 13 3 13 3
o e ey e+S ey S+b e+ e+ SHp ety E+E S+ e+E E+y S+ E+E 9195 BX00 'sIseq :podopud ‘e[[IxeN
(c) £TE S+ Tty
LS LS 9°¢ 9°g LS LS 28Jas X8O ‘SISBQq ‘D[N[[IXBN
9°1 91 9°1 9 I 91 aejos podopua ‘d[nyIxey
€ £ 3 ¢ 4 4 ae1as [ejsip podoxa ‘euusiuy
WbV v € € S ¢ 9B10S-SOSBIOYISIT ‘QNUUIIUY
(¥) (€) () 2 (6) (8) (s1) M
SNIDAOAAL ") snandod ) snjonpo.d ) 42181301 ) $1710048 °) 51SU2U032.40 7))

'6861 ‘[P 12 9ss01ga( (L) 1861 IYSIUOY] pue
B1eA] (91) :SL6T ATV (ST) :0L61 SeAL (1) :SL6T 9919 (£1) :8L61 U0sIPUY (Z1) 61 ¥eIL (T1) 19461 1Pefise0y (01) 19961
91004 (6):1961 1A (8) 1861 BPEIL (L) :0961 Bitenny mageq (9) :qLL61 AnsS (S) 2LL61 AnseS (b) :€261 A[[OUu0)) (£) :S/61
901 Pue [86[ 93U (7) :[euLlew Judsald (1) :10ye saroads 4ooun) 9ATaM] JO 93eIS [BI0Z I811J JO $aIMjed) daneredwo)) 7 a[qe].



asouds ‘Apysiys

smqo «n S°1 asourds Apy3iys asoulds Apiy3is asourds asnqo uidrew
G-¢ ‘asourds Apy3irs G-¢ G- G-€ G-1 [erojefordisod ‘sjuswiSos [eUIUIOPQY
@ St
I+ T°T°TC I+r2°1°C°C I+7°C°1°TC 6 [+V T 1°T°¢ I+ T1°T°€ oejes podopua padif[ixeut 1s11,{
3 8 6 i 6 6 aeos siseq padiixew 1811,
Lo+ +y I+e [+ I+¥ [+b ayyreudoydeos ef[ixejy
(en €€ V¥ €+€ cif 10, G
PHE DA CHE gy EHEEHEY s_w e AM EHE ‘PP EFE EHEPHPEHY  CHESHPEHS 98198 BX00 fsiseq spodopus ‘ef[xey
+ e+
(8) €€ VY T+
9°¢ 9°S 9°¢ LS v 'S 9°¢ 91198 XBOO 'SIseq Q[n[[IXeN
9°1 Sl vl 9 ¢ 91 ae1as podopus ‘an{[IXe
¢ ¢ ¢ [4 € € av)as [eisIp podoxa ‘euuaiuy
€ ¢ € ¢ P v 9B]25-SISBIOYISIR ‘A[NUUNUY
oD (€D @D (®) (01)(8) () ) ©)
smpporyduw ) uoyiun ) SnipUUIUD ") snnsoqqs ) ras0d ) SpaL0q )




-1 T 61 aeyas ‘podoxa spodoin

9 9 SJUSWIIS [BUIUOPQY
8-y "¢-¢ 9 ‘6-¢ sejes ‘podoxs padifixew pay L
. SJUWIIS [BISIP 991U} JO LI5S
11-8°679 ‘-1 01°8°1
‘podopus padifjixew puodag
€8-89 69-59 ayyjeudoydeos e{IxeN
91-€1'62-¢C €1 ‘81 9B1aS ‘BX00 ISISeq IM[[IXBA
il Z-1°1-0 ae1es ‘podopua anj[Ixe
11-6 01 oeas ‘dred tenqipuey
v-€ v °1-0 ‘S-¢ e e
P Yy 0SSO0y
0ve1-00 o [eistp 01 feturxord ‘a1as [RUUSITY
oy oty 0V0vE9
Sy €T 9 ¢
g 11 sjuowdes ruuUY
e L orlas ‘podopus a[nuuauy
(IR S€-97 9.19s-s0sejayISae ‘podoxa s[nuusuy
(6861) Jp 12 2501 Apns yuasaxd oy,

'SISUIUOS.10 420uD)) JO dedoleTaur Jo saryes) aaneIedwo)) "¢ S[qR].
























	표지
	목차 
	초록 
	1. Introduction 
	2. Materials and Methods 
	3. Results 
	3.1 Description 

	4. Discussion 
	참고문헌 
	요약 
	부록 

