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THE LARVAL DEVELOPMENT OF CLIBANARIUS VITTATUS
(BOSC) (CRUSTACEA: DECAPODA ; DIOGENIDAE)
REARED IN THE LABORATORY?®

W. H. LANG2 AND A. M. YOUNG

Betle 1. Baruch Institute for Marmme Biology and Coastal Research,
University of South Carolina, Columbia, South Carolina 29208

Published descriptions of the larval development of members of the Anomuran
family Diogenidae are limited to sixteen species in seven of the fifteen genera (see
Table 1). In addition, Hale (1927) claims a direct development for Cancellus
typus. Calcinus verrilli and six species of Paguristes have been reported reared by
Provenzano (1968) and Cancellus spongicola has been hatched (Provenzano,
personal communication), but these descriptions remain unpublished. No larval
descriptions exist for species of the genera Allodardanus, Aniculus, [socheles,
Loxopagurus, Paguropsis, Pseudopagurus, or Troglopagurus. In the genus
Clibanarius descriptions of the larvae of C. erythropus (Hesse, 1876 ; Issel, 1910;
Boraschi, 1921 ; Bouvier, 1922 ; Carayon, 1942 ; Dechancé and Forest, 1958 ; Pike
and Williamson, 1960a, b), an illustration of the larvae of C. tricolor (I.ewis, 1960),
and mention of larvae of unidentified species of Clibanarius (Czerniawsky, 1834 ;
Menon, 1937) have been published. Provenzano (personal communication) has
reared C. anomalus, C. antillensis, and C. tricolor but none of these descriptions
has been published.

Clibanarius vittatus (Bosc) is a very common hermit crab species in intertidal
and shallow estuarine water regions of the southeastern coast of the United States.
Its known range is from the Potomac River, Gunston, Virginia to Rio de Janeiro,
Jrazil (Williams, 1965). Although the species has been successfully reared by
Provenzano (personal communication) and larval stages have been reared and
partially described by Kircher (1967) and Kurata (unpublished), a published
description of the larvae of C. wittatus has not been completed. The following study
was undertaken to provide complete descriptions of laboratory-reared larvae of
C. wittatus to aid in accurate identification and staging of decapod larvae in field
sampling or laboratory investigations.

MATERIALS AND METHODS

On July 7, 1975 numerous specimens of C. vittatus were collected by hand from
shallow water (temperature, 26° C; salinity 30%¢) in the North Inlet estuary,
Georgetown, South Carolina. The shells of the hermit crabs were carefully broken
and several shell-less ovigerous females were isolated individually in 9 ecm Carolina
culture dishes containing filtered natural sea water of 25% salinity and maintained

! Contribution No. 159 from the Belle W. Baruch Institute for Marine Biology and
Coastal Research,

2 Present address: E.P.A. Environmental Research Laboratory, South Ferry Rd.,
Narragansett, Rhode Island 02882.
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LARVAL DEVELOPMENT OF CLIBANARIUS

Published descriptions of larvae of Diogenidae.

TABLE 1

Genus Species Author Date Material
Calcinus ornatus Pike and Williamson | 1960b | all stages
tibicen Provenzano 1962 all stages
Clibanarius | erythropus Hesse 1876 | zoeal stage I only (as Pagurus
misanthropus)
Issel 1910 zoeal stage I only (as C. mus-
anthropus)
Boraschi 1921 zoeal stage I only (as C. mis-
anthropus)
*Bouvier 1922 megalopa only (as Glaucothoe
grimaldit)
Carayon 1942 megalopa only (as C. misanthro-
pus)
Dechancé and Forest | 1958 megalopa only
Pike and Willilamson | 1960a | zoeal stage I; megalopa
Pike and Wilhlamson | 1960b | zoeal stages I, 11, 111
tricolor Lewis 1960 unspecified zoeae
Dardanus arrosor Issel 1910 zoeal stage 1 only (as Pagurus
arrosor)
Boraschi 1921 zoeal stage | only (as Pagurus
arrosor)
Bourdillon-Casanova | 1960 zoeal stage [ only
Pike and Williamson | 1960b | zoeal state I only
Dechancé 1962 zoeal stage | only
Kurata 1968a | all stages
Sfucosus Provenzano 1963b | megalopa only (as Petrochirus
diogenes)
Biffar and
Provenzano 1972 megalopa only
INSIgnis Provenzano 1963b | megalopa only
scutellatus Provenzano 1963b | megalopa only
VENOSUS Provenzano 1963a | megalopa only
Diogenes pugilator Gurney 1927 all stages
Menon 1937 all stages
MacDonald, Pike
and Williamson 1957 all stages
Pike and Williamson | 1960a | all stages
Pike and Williamson | 1960b | all stages
vartans (?) |*tCzerniawsky 1884 two zoeal stages only
Paguristes digitalis Kurata 1968b | all stages
oculatus Issel 1910 | zoeal stages I and III; megalopa
Pike and Williamson | 1960b | all stages
| sericeus Rice and Provenzano | 1965 all stages
turgidus Hart 1937 all stages
Petrochirus diogenes Provenzano 1968 | all stages
Trizopagurus | magnificus Provenzano 1967 all stages

* Not seen by present authors.
1 In Russian, extracts in Bouvier (1891),

at 25° C under a 15L:9D light schedule.
hatched, and 100 of the most active larvae were placed individually in 6 cm dishes
containing 15 ml filtered natural sea water of 25%, salinity and were maintained

At 1500 hours on July 8 one brood



W. H. LANG AND A. M. YOUNG

86

‘9//L 0] (9 = u ‘L¢T = X) sAep g1—6 Pue G/ /L 10] (g = u ‘'s’g = X) s&ep -8 ‘qA[ 28e3s 10J L vAT 98y 10§ uoald sonjep L
‘0L/) 10J (9 = U

‘S'ey = X) sAep /F-6¢ pue g2/ 0] (7 = u) skep (¢ ‘qAT @3e3s woaj 30aap edojeSow 10g ¢ A 28e1s woaj payorear edoeSow 10J udA13 sonjep L
"qrad IsI1y 03 Jjouw 03 pamo[[e jou ardojesau—pajruiuLia) JURWLIDAXY o
9161 ‘AIN[ 10J 06 *SL61 ‘AIn[ 10 00T 4
| n
¢ 0¢ 4] ¥¢ Sl 6f | 1C e Y4 9t OF u
¢o¢ ok 66 8L Lk €9 6L 9 £'38 7S 3 6 X
eh-C¢ 11-6 96" [ dl6=9 [ 1lL=C | 0TS L9 | 91-9 =% | LT=CT || T1-8 aduwd
: (sdep) a3e1s yoea jo uoneIn g
ee 6 ee e 3 Te ¥ €t oF 68 u
0L CSE NG LS LG L 6¢ i Té 8°1¢C 0°¢T LGl 0 X
115-¢% | log—¢¢ _ eF-CC | 62-SC | 'SC-SC || ¥C=6T | 6C=6I | LI=ST | LT=2ZI | TI-8 aBuel
: (sAep) a3vys
[oed orar 0} M:EB:: wodj ol J,
€¢ ok 76 e S0 89 S0 88 | L8 9 0S 6¢ (a8eys Juonbos
u (NS yoeaI 01 23e)S pajeapul jo ase
“ ; _ -juaoaod) 9Fe)s yoro uylM [RAIAING
Lo G 8% | <l 87 c IS Sz 0% oY (ydoqunu [eur
__ [ 'm_.hc Jo a3ruaoaad) o3eys poreoip
h_ -UI 0} 93R)S [L20Z JS11) WOd] [PAIAING
9L61 _ SL6L | 9161 F SL61 9L61 sLol 9L61 SLol 9L61 SLol 9Lel SLol ssayayey A
rdoresa A B207 Al B07 111 07 11 B207 I B0z HEb L8 T

“Cuop0qv] gy ur patvas (9sog) SNYLINIA SNLIRURQID) [0 SaFDIS [DeD] YY) fo UOUDIND PUD ‘2] Juaudojacap ‘poeicang

IT 918V,



LARVAL DEVELOPMENT OF CLIBANARIUS 87

under the conditions described above. Water was changed daily and two drops of
concentrated freshly hatched Artemia nauplii (San Francisco Bay) were added
following each water change.

Individual records were kept for each zoea to determine the number and dura-
tion of larval stages. Exuviae from each stage and larvae were preserved in 70%
ethyl alcohol. Drawings were made from larvae and exuviae mounted in glycerine
using camera lucida. Measurements of preserved larvae were made with an ocular
micrometer. Total length (TL) and carapace length (CL) are as described
by Pike and Williamson (1960b). Additional larvae were reared during July and
August, 1976 to allow for measurements on a larger number of individuals and to
check for variations between different broods.

RESULTS

Four or five zoeal stages and a megalopa were obtained through rearing. Rear-
ing in 1975 was terminated before the first crab stage was reached, while in 1976
megalopae were allowed to molt to first crabs. Although similar rearing techniques
were used in both instances, the 1976 larvae generally had better survival and
longer duration of larval stages. Overall survival values, times to reach each
stage, and duration of each stage are summarized in Table 1I.

Measurements of CL. and TL in C. wittatus zoeae and megalopa are presented
in Table ITI. Of four hatches of C. vittatus measured at stage I, only July, 1975
and July, 1976 were reared. Of particular note is the size variation observed at
stage I. Tarvae of hatch August, 1975 are consistently larger than those of
hatch June, 1976 while July, 1975 and July, 1976 are intermediate in size. As
expected with this initial variation, size ranges of later zoeal stages often overlap.

TaBLE 111

Size ranges and means for carapace length and total length (in mm) of the larval stages of Clibanarius
vittatus (Bosc) reared in the laboratory.

| Carapace Length Total Length
Stage Hatch : — =

Range x n | Range 2 n
Zoea 1 July, 1975 0.9-1.1 1.0 15 1.9-2.2 24 15
August, 1975 1.0-1.1 1.0 10 2.1-2.4 2.3 10
June, 1976 0.9-1.0 1.0 10 2.0-2.2 2.1 10
July, 1976 1.0-1.1 1.0 10 2.0-2.3 251 10
Zoea 11 July, 1975 1.1-1.3 122 5 2.3-2.9 2.6 5
July, 1976 11=12 1Al 10 2.2-2.7 2.5 10
Zoea 111 I July, 1975 12517 1.6 4 2.8-3.5 3.3 4
[ July, 1976 1.7-2.0 1.8 10 3.5-4.1 37 10
Zoea IVa July, 1975 1.7-2.5 21 4 3.6-4.4 4.1 +
July, 1976 2.0-2.5 22 1( 3.8-5.0 4.4 10
Zoea 1Vb July, 1976 2.3-2.6 24 4 4.4-5.2 4.8 4
Zoea V July, 1975 2.6-2.7 2.6 3 4.5-4.8 4.7 3
July, 1976 2.3-2.7 225 0 4.3-5.3 4.9 9
Megalopa July, 1975 1.1-1.5 1.4 4 3.8-4.1 3.9 4
July, 1976 1.3-1.4 iles] 3 3.2-3.7 3.4 3
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The size of stage IV zoeae molting to megalopa (IVb) is greater than that for
stage IV zoeae (I1Va) molting to stage V. Size alone is not an adequate or reliable
criterion for staging larvae of C. wittatus.

Pigmentation of larvae was not studied in detail since the bulk of the material
was preserved for later examination and alcohol rapidly bleaches chromatophores
in this species. Based on brief observations of freshly sacrificed zoeae, a general
pattern is evident. Chromatophores are red or orange-red and present in all
stages. Small chromatophores occur ventrally along the rostrum and at the bases
of the antenna and antennule. Variable patterns of small chromatophores and a
diffuse faint reddish color are found in the mouth parts. At least three distinct
chromatophores are found on the ventrolateral carapace surface. The abdomen
has a large dorsal chromatophore in each segment and some fine color spots on the
ventral surface. A more critical study of pigmentation in C. wiftatus may pro-
vide a useful characteristic for the identification of fresh material.

Descriptions and drawings of each stage follow. The present study has
stressed setal numbers; when setal types are mentioned, terminology is based on

Ficure 1. Clibanarius vittatus : lateral view of zoeal stages I-V. Stage IV zoeae
may molt to stage V (IVa) or directly to megalopa (IVb).
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FiGure 2. Clibanarius wvittatus: dorsal view of zoeal stages I (A), IT (B) and V (C).

that used by Bookhout and Costlow (1974). Abbreviations used are as in
Roberts (1970).

Due to the individual variation and complex configuration of the mandibles,
only two examples of the configuration and development of the palp are shown
(Fig. 6). No attempt has been made to illustrate the mandibles for each stage.

Zoeal (Fig.1,1,24)

The rostrum is long, extending beyond both the antenna and antennule and
constricts to a short narrow tip curved ventrad. The carapace is without processes
or spines; the postero-lateral border is smoothly rounded. Eyes are sessile. The
abdominal somites are plain without spines; the sixth somite and telson are
fused. The telson is bilaterally convex with a prominent median notch (Fig. 3A),
The telson formula is 7 4 7; process 1, a very short blunt spine; process 2, a
short setose hair; processes 37, long plumose setae.

Al (Fig. 4A): uniramous, unsegmented, with 3 terminal aesthetascs, 2-3
terminal plumose setae, and 1 prominent subterminal seta.

A2 (Fig. 5A) : basipod with 1 short spinose spine; endopod about % length
of scale with 3, rarely 4, terminal setae; scale with 9-11 plumose setae.

Mn (Fig. 6A) : large anterior conical tooth and complex array of smaller teeth
and projections on biting surfaces; asymmetric, palp absent.

Mx1 (Fig. 7A) : coxal endite with 6 setae; basal endite with 1 denticulate and
2 denticulate cuspidate setae and occasionally 1 short simple seta; endopod with
no distinct segmentation, 3 plumose setae.

Mx2 (Fig. 8A) : coxal and basal endites bilobed ; coxal endite with 6 setae on
proximal lobe, 4 setae on distal lobe: basal endite with 5 setae on proximal lobe,
3—4 setae on distal lobe; endopod with 2 terminal and 2 subterminal setae, fringed
edges ; scaphognathite with 4-6 plumose setae.

Mxpl (Fig. 9A) : basis with 7-9 fine setae on inner margin; endopod 5-seg-
mented, fringed on outer margin of segments 2-4, 1 phmmsc seta at distal margin
of 4th segment 2, 2, 1, 2 fine setae on inner margin of segments 1-4; segment
5 with 3 denticulate setae and 1 simple seta terminal. Exopod with 4 terminal
natatory plumose setae.
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Ficure 3. Clibanarius vittatus: telson of zoeal stage I (A), II (B), III (C), IV (D),
and V (E). Detail of telson processes 1-5 (F) indicates pattern found in stages III-V.

Mxp2 (Fig. 10A) : basis with 3 fine setae on inner margin; endopod 4-seg-
mented, 2 fine setae each on inner margin of segments 1-3, segment 4 with
terminal plumose or denticulate setae, 1 plumose seta on outer margin; exopod
with 4 terminal natatory plumose setae.

Mxpd (Fig. 10a) : uniramous exopod without setae.

Zoea II (Fig. 1,11, 2B)

Except for size increase, the rostrum and carapace are as in stage I. The
eves are stalked. The telson has a shallow notch medially with convex lobes
(Fig. 3B). The telson formula is 8 + 8; process 1, greatly reduced or absent
(Fig. 3F) ; process 2, a short plumose hair ; processes 3-8, plumose setae. Pleopod
buds and uropods are absent.

Al (Fig. 4B) : uniramous, 2-segmented ; peduncle with 3—4 long plumose setae
and 0-2 short setae at base of distal segment; distal segment with 2 terminal
acsthetascs, 2-3 terminal fine plumose and 2 subterminal aesthetascs.

A2 (Fig. 5B): basipod unchanged; endopod with 4 setae; scale with 11
plumose setae.

Mn: increase in size and number of smaller teeth.

Mx!l (Fig. 7B): coxal endite with 6 setae; basal endite with 4 denticulate
cuspidate setae, 1 short plumose seta and 1 very short simple seta; endopod with
3—4 plumose setae.

Mx2 (Fig. 8B): coxal endite with 6-7 setae on proximal lobe, 3—4 setae on
distal lobe; basal endite with 4-5 setae on proximal lobe, 34 setae on distal
lobe ; endopod unchanged ; scaphognathite with 7 plumose setae.
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Ficure 4. Clibanarius vittatus: antennule of zoeal stage I (A), II (B), III (C), IV
(D), and V (E}.

FiGure 5. Clibanarius vittatus: antenna of zoeal stage I (A), II (B), IIT (C), IV (D),
Vo (E).
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Ficure 6. Clibanarius vittatus : mandibles of zoeal stage I (A),
11T (B) and anterior view of zoeal stage V (C).

Mxpl (Fig. 9B): basis unchanged; endopod 5-segmented, 1 seta on outer
margin of each segment 14, 2, 2, 1, 2 fine setae on inner margin of segments
1-4, segment 5 with 3 denticulate setae and 1 simple or denticulate seta terminal;
exopod with 6 terminal natatory plumose setae.

Mxp2 (Fig. 10B) : basis with 4 fine setae on inner margin; endopod 4-seg-
mented, 2 fine setae on inner margin of each segment 1-3, O, 1, 1, 1 setae on
outer margin of segments 1-4, segment 4 with 4 terminal serrate or denticulate
setae; exopod with 6 terminal natatory plumose setae.

Mxp3 (Fig. 10b) : uniramous with 5, sometimes 4, terminal natatory setae.

Zoea Ill (Fig. 1,111)

The rostrum and carapace remain unchanged. An articulation between the sixth
abdominal somite and the telson first appears. Uropods (U) present with exopod
and endopod fused. Pleopod buds are usually absent or very rudimentary. The
posterior margin of the telson is concave with no notch or bilateral lobes (Fig. 3C).
The telson formula is 8 + 1 + 8; process 1, a small stub, process 2, a plumose hair ;
process 3 a plumose seta; process 4, a fixed spine; processes 5-8 and medial
process, plumose setae.

Al (Fig. 4C) : uniramous, 2-segmented ; peduncle with 4 long plumose setae
and 3—4 short setae at base of distal segment ; distal segment with 2 thick terminal
aesthetascs, 3 terminal fine plumose setae, and 2 fine subterminal aesthetascs.

A2 (Fig. 5C): basipod unchanged; endopod with increased diameter, setae
reduced in number to 1 simple terminal process; scale with 11-12 plumose setae.

Mn (Fig. 6B) : essentially same as earlier stages with increased complexity of
denticulation,

Mxl1 (Fig. 7C) : coxal endite with 6-7 setae; basal endite setae larger than
stage I but number unchanged ; endopod unchanged.

Mx2 (Iig. 8C): coxal endite proximal lobe may increase to 8 setae; scapho-
gnathite with 7-10 plumose setae; other setal counts as in stage II.

Mxpl (Fig. 9C) : setation as in stage II.

Mxp2 (Fig. 10C) : setation as in stage II.
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FiGUure 7. Clibanarius wittatus; maxillule of zoeal stage I (A), 1I (B), I1II (C),
IAVE (D) A VE ((18)e
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Ficure 8. Chibanarius vittatus: maxilla of zoeal stage I (A), II (B), III (C), IV (D),
VIR E )

Mxp3 (Fig. 10¢) : uniramous 3-segmented with 5-6 terminal natatory plumose
setae.

U (Fig. 3C): exopod fused to propod, 6-9 plumose setae present; endopod
simple bud.

Zoea IV (Fig.1,1V,ab)

The rostrum and carapace remain unchanged. Pleopods (P1) vary from not
present (Fig. 1, IV a) to conspicuous buds (Fig. 1, IV b). Leg buds may be
present. The uropod has an articulated exopod and endopod. The telson formula
may be the same as stage III or increase by 1 seta to 9+ 9 (Fig. 3D). Larger
individuals with well-developed leg and pleopod buds will molt directly into the
megalopa.

Al (Fig. 4D): biramous, 2-segmented; peduncle unchanged; inner ramus,
plain bud up to 3 length of outer ramus ; outer ramus with 2-3 terminal aesthetascs,
4 termunal setae and 2 or more fine subterminal aesthetascs.

A2 (Fig. 5D): basipod unchanged; endopod longer than scale, weakly seg-
mented with terminal process; scale with 11-14 plumose setae.

Mn : palp bud may be evident.

Mx1 (Fig. 7D) : coxal endite with 7-8 setae ; remaining setation as in stage I11I.

Mx2 (Fig. 8D) : proximal lobes of coxal and basal endites may increase to
9 and 6 setae, respectively; scaphognathite with 12-14 plumose setae.

Mxpl (Fig. 9D) : setation as in stage II.

Mxp2 (Fig. 10D) : endopod setation as in stage II; exopod with 67 terminal
natatory plumose setae.
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Mxp3 (Fig. 10d) : setation as in stage I11I.

Pls to P1;: small uniramous buds variable in length.

U (Fig. 3D): exopod and endopod articulated ; exopod with 8-12 plumose
setae, endopod with 3-06 setae.

Ficure 9. Clibanarius vittatus: first maxilliped of zoeal stage I (A), 1T (B), IIT (C),
IR eV G
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Zoea V (Fig.1,V, 2C)

The postero-lateral carapace i1s somewhat expanded. Pleopod and leg buds
are always well-developed and at times exhibit segmentation and some setae
(pleopods with 3—4 terminal setae and leg buds with bristles). The telson is
nearly rectangular with a concave posterior border (Fig. 3E). The telson
formula is 9 + 9 with process types as outlined for stage III.

Al (Fig. 4E): biramous, 2-segmented; peduncle unchanged; inner ramus

Froure 10.  Clibanarins vittatus: second (A-E) and third (a-e) maxillipeds of zoeal
stage I (A, a); 11 (B, b), IIT (C o), ILYa(Dd) Ve lE e
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Ficure 11. Clibanarius wvittatus: dorsal (A) and lateral (B) views of megalopa.

may have a fine terminal hair; outer ramus with 3 terminal aesthetascs, 4 terminal
setae and 4 or more subterminal aesthetascs.

A2 (Fig. 5E): basipod unchanged; endopod longer than scale, 2-segmented
with terminal process; scale with 13-14 plumose setae.

Mn (Fig. 6C) : simple palp present.

Mx1 (Fig. 7E) : coxal endite with 8 setae; basal endite may have 1 additional
small seta relative to stage IV ; no change in endopod.

Mx2 (Fig. 8E) : coxal endite with 9-10 setae on proximal lobe, 4 setae on
distal lobe ; basal endite with 5-6 setae on proximal lobe, 4-5 setae on distal lobe ;
endopod unchanged ; scaphognathite with 15-19 plumose setae.

Mxpl (Fig. 9E) : setation as in stage II.

Mxp2 (Fig. 10E) : endopod as in stage II; exopod with 8 terminal natatory
plumose setae.

Mxp3 (Fig. 10e) : endopod bud evident on basis; exopod with 6 terminal
natatory plumose setae.

P1, to P1;: long uniramous buds, at times with 3—4 terminal setae.

U (Fig. 3E) : exopod and endopod articulated ; exopod with 9-12 plumose
setae, endopod with 5-7 plumose setae.
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D \/// /

Freure 12. Clibanarinus wvittatus; megalopa appendages: antenna (A), antennule (B),
mandible—dorsal view (C), and maxillule (D).

Megalopa (Fig. 11)

The carapace is shorter than the abdomen ; the rostrum is reduced to a small
blunt projection. The posterolateral carapace margin is fringed with simple
setae; nc spines are present. The telson (Fig. 14E) 1s symmetrical, the posterior
margin convex with 8-9 long plumose setae and a variable number of short
processes on the margin and dorsal surface. The total length of the eye and stalk
is about twice the width. The cornea is slightly enlarged. No ocular scales are
present.
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Al (Fig. 12A) : outer ramus 5-segmented with 4 aesthetascs on segment 2, 4
aesthetascs and a few fine simple setae on segment 3, 3 aesthetascs and 2 simple
setae on segment 4, and 2 subterminal simple setae and 1 long terminal simple seta
on segment 5; inner ramus J3-segmented with 2 simple setae on segment 2 and
5-6 simple setae on segment 3.

A2 (Fig. 12B): flagellum with 11 segments, all with short setae distally and
1 longer seta on terminal segment tip; scale reduced with about 3 simple setae.

Mn (Fig. 12C) : cuplike with prominent smooth ventral edge and short raised
dorsal edge; palp 3-segmented with 2 short serrate setae and 5-7 short simple setae
on terminal segment.

Mx1 (Fig. 12D): coxal endite with about 18-20 setae; basal endite with 2
subterminal setae, 16 terminal cuspidate and denticulate setae and 1 thick
plumose seta; endopod unsegmented with 1 terminal simple seta and no palp;
one plumose seta present on inner margin of basis.

Mx2 (Fig. 13A) : coxal and basal endites bilobed with numerous setae; endo-
pod unsegmented without setae; scaphognathite with about 60 plumose setae.

Mxpl (Fig. 13B) : bilobed basis, the proximal lobe with 5 setae, the distal
lobe with about 20 setae; endopod unsegmented with 8-10 plumose setae along
outer margin.

Mxp2 (Fig. 13C) : basis with 3 plumose setae on inner margin, endopod 4-seg-
mented with 4 denticulate setae on segment 3 and 6 terminal spines on segment
4 ; exopod with 6-8 terminal plumose setae.

Mxpd (Fig. 13D) : basis with 2-3 plumose setae on inner margin; endopod
S-segmented with complex setation; exopod with 6 long plumose setae and 2-4
short plumose setae.

Py to P5 (Fig. 11, 14) : chelipeds equal with setae most numerous on claws;
P, distinctly shorter than P, and Pj3; P, and P; similar, with dactyl about 3
length of propodus; Py and P; shorter and subchelate with tubercles and numerous
simple setae on terminal segments (Fig. 148, C).

Pl, to P15 (Fig. 14D) : paired on abdominal segments 2-5; biramous, inner
ramus, simple unarmed lobe, outer ramus with 89 plumose setae.

U (Fig. 14E) : equal in size; propod with simple setae at outer margin of exo-
pod articulation ; inner margin forms raised edge at endopod articulation but no
spine present ; exopod with 12-20 plumose setae and about 6-7 tubercles; endo-
pod with 8-15 plumose setae.

Discussion

The constricted tip of the rostrum and lack of spines on the carapace and
abdominal somites in all stages and the deeply notched telson of stage I readily
distinguish the zoeae of C. wittatus from pagurid larvae in South Carolina waters.
However, these features are also shared by the zoeae of C. erythropus (Pike
and Williamson, 1960b), C. anomalus, C. antillensis, C. tricolor ( Provenzano, per-
sonal communication) and C. zebra (Hazlett, personal communication). There-
fore, in regions where more than one species of Clibanarius are present, additional
features will be required to separate species.

Staging of zoeae 1-1V for C. wittatus may be accomplished using maxilliped
setation and telson /uropod characters as outlined by Pike and Williamson (1960D).
The separation of stage IV and V is more difficult since the maxillipeds, telsons,



100 W. H. LANG AND A: MY OUNG

Froure 13, Chbanarius vittatus, megalopa appendages: maxilla (A), first maxilliped (B),
second maxilliped (C), and third maxilliped (D).

and uropods are nearly identical in the two stages. Pike and Williamson (1960b)
note the presence of pleopods in stage V diogenid larvae as opposed to their
absence n stage IV. 1In C. wittalus, pleopods may be present in both stages
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Ficure. 14. Clibanarius vittatus, megalopa appendages: right and left chelipeds (A)
fourth pereiopod (C), fourth pleopod (D), and telson (E).
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although less common in stage IV. The most reliable single characteristic to
separate stages IV and V in C. wittatus is the lack of mandibular palps in stage 1V.

The most common developmental series for C. wittatus is five zoeal stages.
A short series of four zoeal stages was observed eight times in the present
study and also noted by Kircher (1967). The number of zoeal stages for the
Diogenidae is variable, ranging from two zoeae in Paguristes sericeus (Rice and
Provenzano, 1965) to 6-8 zoeae in Calcinus tibicen (Provenzano, 1962).

Available characteristics of diogenid larvae have been reviewed by Provenzano
(1968). The constricted rostrum and lack of abdominal spines may prove to be
characteristic for the genus Clibanarius, but larvae of only two species have been
described in detail to date. In C. erythropus (Pike and Williamson, 1960h) the
telson and sixth abdominal somite are first articulate in stage 1I, as opposed to
stage 111 1 C. wittatus. In stage 111 larvae the fourth telson process is reduced
to a small tubercle in C. erythropus, while the process 1s retained as a prominent
tused spine in C. wittatus. Ranges of setation counts also vary in some appendages,
but, in general, the zoeae of the two species are very similar.,

The megalopa of C. vittatus may be recognized in plankton samples from South
Carolina by 1ts equal-sized chelipeds and suboval telson with nine long marginal
setae.  The second and third pereiopods are nearly identical. Distinctive spines
or teeth on the dactyvl or propodus, as seen i certain other diogenid larvae ( Pro-
venzano, 1968 ), are absent.

As the only other megalopa described for the genus 1s that of C. ervthropus
(Dechancé and Forest, 1958), a detailed discussion of generic and specific char-
acteristics is impossible at present. However, based on key morphological char-
acteristics of the megalopa listed by Provenzano (1968), certain points should
be noted. The ventral antennular ramus is three-segmented in C. wvittatus, C.
erythropus, and C. tricolor (Provenzano, 1968). The shightly dilated cornea, lack
of eye scales, carapace shape, uropods, and telson are all similar in C. wittatus and
C. ervthropus. The flagellum of the antenna consists of eleven segments in
C. wittatus, while there are only seven segments in C. ervthropus and C. tricolor.
The endopod tip in the megalopa of C. ervthropus is distinctly recurved (Dechancé
and Forest, 1958) ; in the megalopa of C. wittatus it 1s straight and very similar
to that described for Petrochirus diogenes ( Provenzano, 1968).

Despite unexplained differences in stage duration and mortality, the morphology
of the two hatches of C. wittatus larvae reared in this laboratory varied little from
cach other. Major morphological features were consistant while setal counts varied
within similar ranges. Plankton tows from North Inlet yielded only stage I
zoeae, making planned comparisons with “wild” larvae impossible. In general,
descriptions of laboratory reared decapod larvae appear adequate to identify and
usually stage “wild” larvae but detailed comparisons are rare and should be pursued.

We wish to express our appreciation to Dr. Anthony J. Provenzano, Jr., Old
Dominion University, Norfolk, Virginia, for his review of this manuscript, and
to Dr. Brain A. Hazlett, University of Michigan, Ann Arbor, Michigan, for
providing figures of C. zebra larvae. This research was supported, in part, by
EPA grant #R804407010.
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SUMMARY

1. A table of previous descriptions of larvae of Diogenidae is given.

2. Larvae of the hermit crab Clibanarius vittatus were reared on a diet of
Artemia nauplii. Five, rarely four, zoeal stages and a megalopa were obtained.
Duration, mortality and sizes of larvae from two hatches are listed.

3. Detailed descriptions and figures for each larval stage are presented.

LITERATURE CITED

Birrar, T. A., ANp A. J. ProviEnzano, Jr., 1972. A re-examination of Dardanus venosus
(H. Milne Edwards) and D. smperator (Miers), with a description of a new species
of Dardanus from the western Atlantic (Crustacea, Decapoda, Diogenidae). Bull.
Mar. Sci., 22: 777-805.

Bookuout, C. G., axp J. D. Costrow, Jr., 1974. Larval development of Portunus spinicarpus
reared in the laboratory. Bull. Mar. Sci., 24: 20-51.

Borascur, L., 1921. Osservazioni sulle larvae dei crostacei decapodi: brachiuri e anomuri.
Mem. Reale Com. Talassogr. Ital., 87 : 1-32.

BourniLLon-Casanova, L., 1960. Le meroplancton du Golfe de Marseille: les larves de
Crustacés Décapodes. Rec. Trav. Sta. Mar. Endoume Fac. Sci. Marseille, 18: 1-286.

Bouvier, E. L., 1891. Les Glaucothoés, sont-elles des larves de Pagures? Ann. Sci. Nat.
Zool., 12: 65-82.

Bouvier, E. L., 1922. Observations complémentaires sur les Crustacés Décapodes provenant
des campagnes de S. A. S. le Prince de Monaco. Pages 1-106 in Resultats des cam-
pagnes scientifique accomplies sur son vacht par Albert I, publies sous sa dirvection
avec le concours de M. Jules Richard. Monaco, Fasc. 62.

CAraYoN, J., 1942, Sur le stade glaucothoe du pagure Clibanarius misanthropus et sur
'etablissement de la dissymetrie chez les pagures. Comparison avec Glaucothoe
grimaldii. C. R. Hebd. Séanc. Acad. Sci. Paris, 214 : 387-389.

CzERNIAWSKY, V., 1884. Crustacea Decapoda pontica littoralia. Schr. Nat. Gesell. Charkoff,
13: 1-268.

DecHANCE, M., 1962. Remarques sur les premiers stades larvaires de plusiers especes indo-
pacifiques du genre Dardanus (Crustacés Décapodes Pagurides). Bull. Mus. Nat.
Hist. Natur. Paris, 34 : 82-94.

DECHANCE, M., axp J. Forest, 1958. Les glaucothoés de Catapaguroides timidus (Roux) et de
Clibanarius ervthropus (Latreille). Remarques sur le stade post-larvaire des pagurides.
Bull. Soc. Zool. Fr., 83: 274-293.

GURNEY, R., 1927. Report on the larvae of the Crustacea Decapoda. Zoological results of
the Cambridge Expedition to the Suez Canal. Trans. Zool. Soc. London, 22: 231-286.

Hare, H. M., 1927. The crustaceans of South Australia. Part I. (Handbooks of the flora
and fauna of South Australia). Harrison Weir, Adelaide, 201 pp.

Harr, J. F. L., 1937. Larval and adult stages of British Columbia Anomura. Can. J. Res., D15
179-220.

Hessk, E., 1876. Description des Crustacés rares ou nouveaux des cotes de France. Ann.
Sci. Nat. Zool., 5: 1-42.

Isser, R., 1910. Ricerche intorno alla biologia ed alla morfologia dei crostacei decapodi.
Parte I. Studi sui Paguridi. Arch. Zool. Ital., 4: 335-397.

KircHER, A. B., 1967. The larval development of Clibanarius vittatus and Hypoconcha arcuata
in six salinities. Masters thesis, Duke University, Durham, North Carolina, 143 pp.

Kurata, H.,, 1968a. Larvae of Decapoda Anomura of Arasaki, Sagami Bay—II. Dardanus
arrosor (Herbst) (Diogenidae). Bull. Tokai. Reg. Fish. Res. Lab., 56: 173-180.

Kurata, H., 1968b. Larvae of Decapoda Anomura of Arasaki, Sagami Bay—IIL. Paguristes
digitalis (Stimpson) (Diogenidae). Bull. Tokai. Reg. Fish. Res. Lab., 56: 181-186.

Lewts, J. B, 1960. The fauna of rocky shores of Barbados, West Indies. Can. J. Zool,
38: 391-435.

MacDon~awp, J. D., R. B. Pikg, axp D. I. WirLiamson, 1957. Larvae of the British species
of Diogenes, Pagurus, Anapaguwrus and Lithodes (Crustacea, Decapoda). Trans.
Zool. Soc. London, 128 : 209-257.



104 W. H. LANG AND A. M. YOUNG

Mexon, M. K., 1937. Decapod larvae from the Madras plankton. Bull. Madras Gouvt. Mus.
(Natur. Hist. Sect.), 3: 1-56.

Pikg, R. B, axp D. I. WiLLiamson, 1960a. Crustacea, Decapoda: larvae. XI. Paguridea,
Coenobitidea, Dromiidea and Homolidae. Fich. Ident. Zooplankton, 81: 1-9.

Pike, R. B, axp D. I. WirrLiamson, 1960b. Larvae of decapod Crustacea of the families
Diogenidae and Paguridae from the Bay of Naples. Publ. Sta. Zool. Napoli, 31:
493-552.

ProvENzANO, A. ., Jr., 1962. The larval development of Calcinus tibicen (Herbst) (Crustacea,
Anomura) in the laboratory. Biol. Bull., 123 : 179-202.

Provenzano, A. J., Jr, 1963a. The glaucothoé stage of Dardanus venosus (H. Milne-
Edwards) (Decapoda: Anomura). Bull. Mar. Sci. Gulf Caribbean, 13: 11-22.
ProvExzano, A. J., Jr., 1963b. The glaucothoes of Petrochirus diogenes (L.) and two species

of Dardanus (Decapoda: Diogenidae). Bull. Mar. Sci. Gulf Caribbean, 13: 242-261.

Provenzawo, A. J., Jr., 1967. The zoeal stages and glaucothoe of the tropical Eastern Pacific
hermit crab, Trizopagurus magnificus (Bouvier, 1898) (Decapoda: Diogenidae),
reared in the laboratory. Pac. Sct., 21: 457-473.

Provenzanxo, A. J., Jr, 1968. The complete larval development of the West Indian hermit
crab Petrochirus diogenes (L.) (Decapoda, Diogenidae) reared in the laboratory.
Bull. Mar. Sci., 18: 143-181.

Rice, A. L., anp A. J. Provexnzano, Jr., 1965. The zoeal stages and the glaucothoe of
Paguristes sericeus A. Milne-Edwards (Anomura, Diogenidae). Crustaceana, 8:
239-254.

Roserts, M. H., Jr., 1970. Larval development of Pagurus longicarpus Say reared in the
laboratory, 1. Description of larval instars. Biol. Bull, 139: 188-202.

WirrLiams, A. B., 1965, Marine decapod crustaceans of the Carolinas. Fish. Bull. Fish 1 ild-
life Serv. U. S., 65: 1-298.



ImEE BHL

Biodiversity Heritage Library

Lang, William H. and Young, Tony. 1977. "THE LARVAL DEVELOPMENT OF
CLIBANARIUS VITTATUS (BOSC) (CRUSTACEA: DECAPODA; DIOGENIDAE)
REARED IN THE LABORATORY." The Biological bulletin 152, 84-104.
https://doi.org/10.2307/1540729.

View This Item Online: https://www.biodiversitylibrary.org/item/17332
DOI: https://doi.org/10.2307/1540729
Permalink: https://www.biodiversitylibrary.org/partpdf/10842

Holding Institution
MBLWHOI Library

Sponsored by
MBLWHOI Library

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: University of Chicago

License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 25 August 2023 at 14:22 UTC


https://doi.org/10.2307/1540729
https://www.biodiversitylibrary.org/item/17332
https://doi.org/10.2307/1540729
https://www.biodiversitylibrary.org/partpdf/10842
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

