

























































































essfully reared through stage VI nauplius. A brief com-
arative account of the larval development of both Octo-
asmis species follows; for details see Lang (1976).

Larvae of O. forrestii are quite similar to O. muelleri
Figs. 27, 28). The nauplius cs is small and triangular
ind develops small blunt lateral spines in later stages.
[he AP and DTS are considerably longer than the shield,
ind the fh are also quite long. In both species develop-
nent of the ps border is delayed until stage V.

The appendages of octolasmid nauplii are distinctive.
[he Anl and An2 are elongate relative to balanomorph
\auplii while the Mn is small with a poorly developed
xopod (see Figs. 33A, 34C). Setation of O. forrestii
\auplii differ from those of O. muelleri (Table 13) only at
tage IV (Fig. 29). Bristled setae (Fig. 3M) are present on
he Anl (Fig. 29A); development of setae at each molt,
lowever, follows a pattern similar to balanomorph
\auplii. The An2 exopod setae are long and delicate; un-
ike balanomorph species, setules are restricted to one
ide of the shaft for these setae. The Mn (Fig. 29C) shows
ittle increase in size during molts; exopod setation
Table 13) is significantly reduced in later stage nauplii
elative to all other described planktotrophic cirriped
\auplii.

The AP and DTS of octolasmid nauplii are extremely
ong, a feature also seen in Lepas nauplii (see Fig. 30).
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Figure 22.—Chelonibia patula. Abdominal process of
stage II (A, a), ITI (B, b), IV (C, ¢), V (D, d), VI (E);
labrum of stage II (F), IV (G), VI (H). Scale = 0.1 mm.
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Unlike Lepas nauplii, larvae of both Octolasmis species
lack abdominal spines.

The 1b of O. muelleri and O. forrestii is unilobed and
tapers to a median porelike structure. No teeth or den-
ticulation were observed (Fig. 29D).

Development of O. forrestii nauplii incorporates the
same unique features described for O. muelleri (Lang
1976). Morphology and naupliar size of these two species
varies little; identification to species from field samples
would be virtually impossible in areas where numerous
Octolasmis species occur. In coastal Carolina waters,
however, O. muelleri is the only octolasmid species com-
monly present. Only Lepas nauplii are similar in ap-
pearance; size and b morphology easily distinguish these
larvae. Although the nauplii of O. muelleri are distinc-
tive, the cyprid (see Fig. 36C) closely resembles Balanus
amphitrite-complex cyprids. Identification is possible
based on the symmetric carapace profile of O. muelleri
cyprids as opposed to the enlarged anterior region and ta-
pered posterior region common to Balanus species.

Lepas spp.
Five species of Lepas are commonly found in the west-

ern Atlantic (Zullo 1963). All are open water neustonic
forms whose occurrence in coastal waters is usually



Figure 23.—Chthamalus fragilis. Shield outlines of naupliar stages I-
VI (A-F); lateral profile of stage II (b), IV (d); carapace outline of
cyprid (G). Scales = 0.1 mm.

restricted to introduction by ships or floating debris
directed shoreward by storms. Collections on South
Carolina beaches following storms have produced Lepas
anatifera on driftwood and L. anserifera, L. pectinata,
and L. fascicularis on sargassum. Lepas hilli, although
not observed in present collections, should also occur on
occasion.

Although breeding populations of Lepas are not com-
monly found in coastal waters, circumstance introduc-
tion of gravid adults may result in local release of Lepas
larvae. The complete larval development of L. fascicu-
laris has been reconstructed from plankton samples
(Willemoes-Suhm 1876; Bainbridge and Roskell 1966).
John Moyse reared nauplii of L. pectinata and L. anati-
fera (pers. commun.) but larvae remain undescribed. In
present studies up to stage V nauplii of L. pectinata and
stage III nauplii of L. anserifera have been reared from
gravid adults washed ashore. Larvae obtained are quite
similar to those described for L. fascicularis. Staging of

Figure 24.—Chthamalus fragilis. Antennule of stage IV (A); anten-
na of stage IV (B); mandible of stage IV (C). Scale = 0.1 mm.

Lepas larvae is not difficult (see Bainbridge and Roskell
1966); however, identification of nauplii to species must
await further descriptions of Lepas larvae. Using L. pec-
tinata as an example, general features of Lepas nauplii
are outlined below.

Lepas nauplii have very long fh, a DTS, and an AP
(Fig. 30A-C). The shield of stage II nauplii is plain (Fig.

Table 11.—Setation formulae for nauplii of Chthamalus fragilis.

Stage Anl

An2 Mn

VI SPPPSPP SPPPSS 4P8P
N SPPPSPPSSPSP S 4P7P
v SPPSPPSSP P S 3P6P
I SPSPS*SP P S 2P5P
I SSPS SS P S SP4PS

PPSPP PSSSS SFFF SPFHG P5P SSSS SPSP PSCP PPC G
PPSPP PSSS SFFF SPFHG P 4PS
PPSPSPSS SFF SPFHG P4P

PP P PSS
PP S SS

48 SPSP PSCP PPC G
4S SP PPSCPPPCG
4SSP P CPPPCG
3SSP P CP PCG

FF SFHG P3PS
FF SFHG P3PS




Figure 25.—Chthamalus fragilis. Abdominal process of stage Il (A),
III (B), IV (C), V (D), VI (E); lateral profile of stage VI nauplius (F).
Scale = 0.1 mm.

30A, B). Later stages have dorsal and lateral shield spines
and often appear quite “ornate” (Fig. 30C). The densely
spinose AP is highly arched in early stage nauplii (Fig.
30A, B); abdominal spines are present (Fig. 30D, E) and
may be used to stage nauplii (Bainbridge and Roskell
1966). The b is broad edged with one or more pair of
teeth (Fig. 30F). Setation includes bristled setae on the
Anl (Fig. 30G) and feathered setae on the An2 (Fig.
30H). The Mn is well developed with notably long
postaxial endopod setae (Fig. 30I).
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Figure 26.—Chthamalus fragilis. Labrum
&
e

of stage III (A), IV (B), VI (C). Scale = 0.1
mm.

Nauplius SC

Examination of plankton samples taken 2 to 35 mi off
Georgetown Harbor, S.C., during October 1976, yielded
stages II-VI of an undescribed cirriped larva. The pre-
dominant barnacle larvae present in all samples ex-
amined have been designated “nauplius SC.”

The elongate form (Fig. 31) and size (see Table 15) of
nauplius SC resembles Octolasmis larvae, however, the
AP (Fig. 31) varies significantly. The fh are moderate in
length and directed rearward. Basic morphological
changes at each molt closely follow the expected balanid
pattern.

Setation (Table 14) is unique. The Anl (Fig. 32A) is
typical and shows a normal setation progression at each
molt. The An2 (Fig. 32B) endopod has feathered setae
and large numbers of setae in later stage nauplii. The Mn
(Fig. 32C) is well developed with typical setation pat-
terns.

The DTS is long in all naupliar stages, a feature also
seen in Lepas, Octolasmis, and Verruca (LeReste 1965)

Table 12.—Structure of the Octolasmis lowei-complex.

Synonyms of Octolasmis lowei Darwin-Nilsson-Cantell (1927)

Dichelaspis lowei Darwin, 1851
Dichelaspis darwini Filippi, 1861

Dichelaspis aymonini Lesson, 1874
Dichelaspis neptuni Mac Donald, 1869
Dichelaspis sinuata Aurivillius, 1894
Dichelaspis trigona Aurivillius, 1894

Dichelaspis mulleri Coker, 1902
Dichelaspis vaillantii Gruvel, 1902

Octolasmis geryonophila Pilsbry, 1907

Madeira
Mediterranean
Japan
Australia

Java Sea

Java Sea
North Carolina
Suez

Atlantic

Subsequent Modifications and Additions

0. aymonini-reinstated as species

0. brevis-Pearse, 1951 added as synonyms

0. uncus-Pearse, 1951
0. neptuni-reinstated as species

0. geryonophila-changed to synonym of O. aymonin

Hiro (1937)
Newman (1961)

Newman (1961)
Newman (1967)
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Figure 27.—Octolasmis muelleri. Shield outlines of naupliar stages I-VI (A-F); cyprid (G). Scale = 0.1 mm.
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Figure 28.—Octolasmis forrestii. Shield outlines of naupliar stages I-VI (A-F). Scale = 0.1 mm.
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Table 13.—Setation formulae for nauplii of Octolasmis muelleri.

Stage Anl

An2 Mn

VI SP PSBSSBPB
V SP PSBSSBSB
IV PP SBSSB B
I PSPSSB B
II SPSSB B
I SSSSS S

S3P 7P
S2P7P 4P 2PSSSCGSSS 3SCPPPPPG
2P 5P2S3PSPSSSSCG SS 3SCPPPPPG
2P 5P 3P P SS CG SS 3SCPPPPPG
SP 4PS 2PSS SS CG SS 3SCPPPP ?
SS SSS 38

4P 2PSSSCG SSS 3SCPPPPPG

S S G SS SSSSSSS

nauplii. The AP, however, is unique; a narrow stem is ab-
sent as the basal region splits directly into the furcal pro-
cesses (Fig. 31). Abdominal spination is restricted to one
large median spine in stages II-V (Fig. 31A-D) and six
smaller paired spines in stage VI (Fig. 31E, e).

The 1b (Fig. 31) is unilobed and tapers to a blunt den-
ticulate tip in all stages.

Larvae of this unknown species were not found within
North Inlet or Winyah Bay but were common (in Octo-
ber) in nearshore waters. The general body form and uni-
que AP structure of this nauplius readily distinguishes it;
however, larvae of this species do not closely match lar-
vae of any presently described family (Table 2). Possible
affinities of these nauplii are discussed later.

Hansen (1899) described 10 “‘species” of cirriped
nauplii from material collected by the Plankton-
Expedition. Based on carapace, DTS, and labrum mor-
phology, Hansen’s ‘“‘nauplius” may represent stage III
and IV of nauplius SC or at least a closely related species.
Similarly “naupliusa’ probably represents a stage VI
Balanus trigonus nauplii and “naupliusf” appears to be
stage IV and VI Balanus amphitrite nauplii. However,
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Figure 29.—Octolasmis forrestii. Antennule of stage
IV (A); antenna of stage IV (B); mandible of stage IV
(C); labrum of stage IV (D). Scale = 0.1 mm.

since Hansen did not describe appendages and other
naupliar detail, comparisons with present descriptions
are tenuous.

KEYS TO THE BARNACLE LARVAE
OF THE CAROLINAS

Assigning Stages

Based on reared and planktonic material, it is possi-
ble to construct a key to the predominant barnacle
nauplii of the Carolina coastal waters. The key is limited
to naupliar stages II-VI: stage I nauplii show little
morphological variation and are rarely encountered in
plankton samples while many cyprids (see page 36) can-
not be reliably identified to species. A two-step proce-
dure is followed. Since each naupliar stage often has its
own set of morphological features and size ranges,
nauplii must first be accurately “staged.” Different keys
for each stage or group of stages are then used to identify
the species of the nauplius.



Figure 30.—Lepas pectinata. Shield outline of naupliar stage 11 (A); shield outline (B) and lateral profile (b) of stage III; shield outline (C) and
lateral profile (c) of stage IV; abdominal spines of stage II (D) and stage IV (E); labrum of stage§ II and IV (F); antennule of stage IV (G); anten-

na of stage IV (H); mandible of stage IV (I). Scales = 0.1 mm.

Morphological features cited below for assigning stages
of barnacle nauplii are shown in Figure 4. Abdominal
process characters normally apply only to balanomorph
larvae; other features are valid for all larvae except
Octolasmis. In this case only the setation of the Anl is
valid. See Figures 1 and 4 for a complete list of terms and
abbreviations.
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la.

1b.

2a.
2b.

Frontolateral horns folded back, AP rudi-

TNENGRTY s 5 a e o T e Stage I
Frontolateral horns extended, AP well de-

VEIOPEA, . % e v o oo e e el lotaila uts e e e S i 2
Posterior shield margin absent .............. 3
Posterior shield margin present .............. 4




3a.

3b.

4a.

4b.

Figure 31.—‘“Nauplius SC."’ Shield outlines of naupliar stages I1-VI (A-E) and lateral profiles of stages V (d)
and VI (e). Scale = 0.1 mm.

Table 14.—Setation formulae for nauplii Y.

Stage Anl

An2 Mn

VI SPPPSPPPPPPSP 4P8P PPSPPSPPPSSFFFPFSCG P5P PPSPPSPSPS SPCPPPPG
Y SPPPSPPSPSP P 3P8P PPSPP PPP
IV SPPSPESP P P 2P7P PPSPS SPP

111 SPSPPSP. P P 2P5P PP P
I SSPSSP S S 2S4PS PP S

PP
SP

SFFFPFSCG P4PS PPSPP PSPS SPCPPPPG
SFF PFSCG P4P SPSPS PSP SPCPPPPG
FF PFSCG P3PS SP SP P P PCPPPPG
FF SF CG P3PS SS S S P PCPPP G

Frontolateral horn with plain tip, Anl

without preaxial seta ............... a0 Stage II
Frontolateral horn with split tip, Anl
with one preaxialseta ................. Stage II1

Compound eyes often present; thoracic
region with six pairs of median spines;
third Anl segment expanded ........... Stage VI
Compound eyes not present; thoracic re-
gion with 0-2 rows of spines; third Anl
segment notexpanded . ........... ... 5
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5a. Anl with two preaxial setae, AP with

series two SpIne pair ................... Stage IV
5b. Anl with three preaxial setae, AP with
series two and series three spine pairs . .. .. Stage V

Species Identification of Nauplii

Stage II nauplii are in many instances the most com-
monly encountered larval stage in plankton samples
(Lang see footnote 3) and for this reason complete figures
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Figure 32.—"*Nauplius SC."" Antennule of stage III (A); antenna of
stage 111 (B); mandible of stage 111 (C). Scale = 0.1 mm.

Figure 33.—Stage II nauplii of Balanus amphitrite-
complex species common in Carolina waters: Balanus
eburneus (A); B. improvisus (B); B. amphitrite am-
phitrite (C); B. subalbidus (D); B. venustus (E). Scale
= 0.1 mm.



Figure 34.—Stage II nauplii of barnacle species found in Carolina waters: Lepas pectinata (A); Lepas anseri-
fera (B); Chelonibia patula (C); ‘‘nauplius SC” (D); Conopea galeata (E); Chelonibia patula (F); Chthamalus

fragilis (G); Balanus trigonus (H). Scale = 0.1 mm.

for common stage II nauplii are provided (Figs. 33, 34)
and the stage II key should be studied prior to use of later
stage keys.

The present keys should account for most barnacle lar-
vae found in shallow-water regions from Georgia to North
Carolina. As evident by ‘“nauplius SC,” some unde-
scribed nauplii can be expected, particularly in offshore
samples. Difficulties in species identification of nauplii,
for the most part, is limited to Balanus amphitrite-com-
plex species (Fig. 33). Early stages of B. eburneus, B.
improvisus, and B. amphitrite are particularly difficult
to distinguish and may be easily confused.

The size of nauplii, in many instances, provides rapid
clues to both stage and identity of the specimen, how-
ever, caution should be exercised. Laboratory rearing
clearly demonstrates that significant size differences in
larvae may be induced by the temperature of egg incu-
bation and/or larval rearing (Lang see footnote 3). Sizes
of nauplii (Table 15) and cyprid (Table 16) show that lar-

vae developing in warmer water tend to be smaller than
larvae of the same species developing in cooler water.
Summer and winter stage II nauplii of B. improvisus
from North Inlet plankton samples and summer larvae
from Rhode Island show considerable size variation; both
seasonal and geographical size variation should be ex-
pected.

Key to Stage II Nauplii of the Carolinas

la. Labrum unilobed (Fig.26) .................. 2
by iabromiiotlobed - JaBRiets s s b o sk anlaaeass 5
2a. Shield rounded, DTS shorter than

shield length (Fig. 34G) ...... Chthamalus fragilis
2b. Shield triangular, DTS longer than

SB BRI . . e OV, S e s A 3
3a. Labrum with flat toothed edge (Fig.

308, SERRENGIL L . L O s . il Lepas spp.
3b. Labrum tapered to blunt tip (Fig. 35A) ....... 4



Table 15.—Size ranges of barnacle nauplii obtained by laboratory rearing and plankton samples. Measurements represent millimeters/I!
— 0.38 mm); n = number measured, TL = total length, SL = shield length, W = width; SC = North Inlet, South Carolina; RI = Ni

Bay, Rhode Island. See Materials and Methods for diet symbols.

Diet Stage 1l Stage 111 Stage IV Stage V Stage VI
Species Source Temp (°C) n TL. W n TL W n TW SL W n TL. SL. W n TL SL W
Balanus TET/MON ,
amphitrite SC 25 2928-3412-16 27 31-3616-20 13, 33-40 24-3017-23 12 40-47 28-2524-28 10 47-57 34-3927-3
Balanus TET/MON
eburneus SC 25 1032-3616-18 10 36-4118-23 10 42-45 30-3323-25 15 46-57 33-4426-32 15 57-62 39-4632-37
Plankton
SC July 831-3315-17 7 37-4120-22 10 28-3222-24 7 37-40 28-30 1 42 4«
Balanus TET/3H
improvisus SC 25 1528-3113-14 10 32-3816-19 10 41-46 29-3224-27 10 52-62 37-4132-35 10 65-72 48-5240-45
TET/MON
RI 20 1034-3716-18 10 37-4319-21 10 41-46 29-3225-28 10 51-60 39-4332-36 10 63-76 52-58 37-45
Plankton
SC Jan. 10 35-38 16-18 2 38-4119-20
Plankton
RI Nov. 15 35-43 17-20
Balanus TET/MON
subalbidus SC 25 630-31 14-15 5 32-3518-19 6 36-45 29-3120-23 7 48-51 36-4024-30 6 56-64 44-4833-35
Balanus TET/MON
trigonus SC 25 538-4017-18 10 44-4823-24 11 51-56 31-3628-32 2 61-65 41-4236-38 10 74-81 51-5743-50
Balanus TET/MON
venustus SC 25 1537-4017-19 10 41-4519-22 10 44-50 29-3323-27 10 54-64 38-4329-34 7 68-76 44-5134-37
Plankton
SC July 438-4017-18 4 43-4721-23 2 35-40 29-31 3 40-41 34-35 2 50-52 41-44
TET/SKEL
RI 20 1034-3916-18 10 40-4620-23 12 41-53 32-3523-28 13 51-64 38-4328-35 10 72-80 49-5737-42
Plankton
RI Oct. 10 39-44 18-20 5 44-4821-23
Chelonibia 3H/MON
patula SC 25 1042-4421-26 10 45-4925-28 10 52-60 35-4332-37 12 63-67 46-54 39-42 6 73-81 54-6142-50
Conopea (Molenoch and
galeata Gomez 1972) 7732-4416-20 53 40-5020-26 57 48-58 24-3422-31 45 56-74 34-4430-37 33 60-86 42-5836-48
Chthamalus TET/MON
fragilis SC 25 10 24-26 17-18 10 26-3017-20 10 24-2523-24 8 30-31 26-29 5 44-4719-24
Octolasmis TET/MON
muelleri Sc 27 879-8510-77 10 92-11112-14 9 118-134 16-18 6 167-182 32-36 23-27 9 254-278 52-55 36-39
Nauplius SC SC Plankton
Oct. 2" V42" T2 8 48-5115-16 10 54-58 23-2518-19 6 61-67 26-3022-24 5 66-74 36-3826-28

Table 16.—Size of barnacle cyprids reared in the laboratory: SC =
North Inlet, South Carolina, RI = Narragansett, Rhode Island; n =
number measured. See Materials and Methods for diet abbreviations.

Width  Length

(microns)
Species Source Diet-Temp. °C n x+sd x+sd
Balanus amphitrite SC TET/MON 20 32 239417 499+14
SC TET/MON 25 38 214+17 477+22
Balanus eburneus SC TET/MON 20 12 247+08 547+16
SC TET/MON 25 14 242+11 528+22
Balanus improvisus SC TET/MON 25 5 267+19 551426
RI TET/MON 20 10 257+24 573+16
Balanus trigonus SC TET/MON 25 7 264+19 570427
Balanus venustus SC TET/MON 25 6 235+10 545+08
RI TET/MON 20 16 243+16 572+34
Chelonibia patula SC TET/MON 25 10 262+05 648+30
Chthamalus fragilis SC  TET/MON 25 25 217422 456425
Octolasmis muelleri SC TET/MON 27 10 223+21 572425

4a. Abdominal process long, furcal lobes

absent or poorly developed (Fig. 35B,

34001, St SR Al Octolasmis muellert
4b. Abdominal process short, furcal lobes

long (Fig. 35b, 34C)

.............. “nauplius SC”’
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da.
5b.
6a.
6b.

Ta.

7b.

8a.

8b.

9a.

9b.

10a.

10b.

Shield with dorsal and lateral spines ......... 6
Shield without dorsal and lateral spines ...... 7
Dorsal shield spine long (Fig. 34E) ..... C. galeata
Dorsal shield spine short (Fig. 33E)
.................................. B. venustus
Frontolateral horn tips directed distinctly
forward (Fig. 85 ) T e e e = 8
Frontolateral horn tips perpendicular to :
shield median axis or directed rearward
(1 188 15T o) PR S A i s s S e e 10
Larva greater than 200 um wide, circular
shield (Fig. S4B ) i e et e e C. patula
Larva less than 200um wide, shield ellip- :
THEAL'. .. .o i wie aloionrn 2o wime s aat AR T !
Labrum with distinct teeth on median
lobe (Fig.33B) ......... B. improvisus (summer)
Labrum without distinct teeth on median
lobe (Fig. 33AY) #u /il Nt S B. eburneus
Frontolateral horns very short (Fig.
33D) et U R B. subalbidus
Frontolateral hornsnormal ................. 11
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Figure 35.—Morphological features of Carolina barnacle nauplii:
labrum of Octolasmis (A) and Lepas (a); AP and DTS of Octolasmis
(B) and ‘“‘nauplius SC”’ (b); forward orientation (C) and perpendicu-
lar orientation (c) of frontolateral horns; frontolateral horns and AP-
DTS configuration of Balanus subalbidus (D) and B. a. amphitrite
(d); stage IV carapace outlines of B. subalbidus (E), B. amphitrite
(F), B. eburneus (H), and B. trigonus (G). (See naupliar keys for de-
tails.)

QQ%

?

1la. Larva less than 340 um wide, lateral
shield margin somewhat straight with one
pair of small rounded spines (Fig.

T s s o el i & (are et o B. amphitrite
11b. Larva more than 340 um long, lateral
shield marginsrounded ..................... 12

12a. Frontolateral horns perpendicular to body
axis or directed slightly anteriorly, Ib
median lobe with teeth (Fig.33B) .......
......................... B. improvisus (winter)
12b. Frontolateral horns curved slightly poste-
riorly, b median lobe without teeth (Fig.
S Dty oo - PRI T A B. trigonus

Key to Stage III Nauplii of the Carolinas

la. Labrumunilobed .............. as in stage Il key
b Labrumnlobed s5is 2ol s ek el el 0ok . 5
5a. Shield with paired dorsal spines ............. 6

5b. Shield without dorsal spines ................ 7
6a. Dorsal shield spines long, approximate

lenpthiohfhisate S oe s Mot o ouivdanidh s C. galeata
6b. Dorsal shield spines very short . ...... B. venustus
7a. Shield wide (over 250 um) and round ... .C. patula
7b. Shield narrow (less than250 um) ............ 8
8a. Frontolateral horns directed perpendic-

WPy QT AT WATG LA e ke b dasbate hoe oo s A 9
8b. Frontolateral horns directed distinctly

TonwaTal e fe e e Ll e T L 10
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9a.

9b.
10a.
10b.
11a.

it

Frontolateral horns very short and straight,
AP less than half the length of the DTS
(B S ST e e e B. subalbidus
Frontolateral horns curved rearward, AP
one-half length of DTS (Fig. 35¢) ...B. amphitrite

Abdominal process one-half length of
DTS or less, fh extend straight . ... ... B. eburneus
Abdominal process over one-half length
of DTS fhvbendattipatit . L Ll fa s 11
Labrum with teeth on median lobe, larvae
less than 440 um inlength.......... B. improvisus
Labrum without teeth, larva over 440 um
inilengbhl b S o T s B. trigonus

Key to Stages IV-V Nauplii of the Carolinas

la.

1b.

5a.

5b.

6a.

6b.

Ta.

7b.

8a.

8b.

9a.

9b.

10a.

10b.
1la.

11b.

la.

1b.

oda.

5b.
6a.

6b.

Labrum unilobed ........... as in stage II key
Lighram trilohed .. 5 0 s i Sl e et o e 5
Shield with dorsal spines .................. 6
Shield without dorsal spines ............... 7
Long paired dorsal shield spines, distinct

lateral SPINES . vnb sl et Shmash « 1.a C. galeata
Very short paired dorsal shield spines,

spinulose shield margins ............ B. venustus

Shield nearly as wide as long, PS spines
short, Anl with SPPS terminal setae . .C. patula
Shield longer than wide, Anl with PSPP

Fermin Al S . < P ol okt e il e ts 1w 1o Sh A b o 8
Frontolateral horn tips perpendicular or

directed rearWaEd. .- . . 5. 55 5 oisis 5iomnip e 515 Hos 9
Frontolateral horn tips directed forward ...... 10

Frontal horns short, PS spines long, AP
less than one-half length of DTS (Fig.
517 0 R S 8 R S Py R B. subalbidus
Frontolateral horns short to moderate, PS
spines short, AP one-half length of DTS
10 Te ) o f S R I e B. amphitrite
Abdominal process subequal or longer
ERan BIRS 2L, i B G e e et P B. improvisus
Abdominal process shorter than DTS ......... 11
Posterior shield spines long, stage V with
five median spines on AP (Fig. 35G) . B. trigonus
Posterior shield spines moderate to short,
stage V with three median AP spines (Fig.
15 5 R DGO el B e S B. eburneus

Key to Stage VI Nauplii of the Carolinas

Labrum unilobed .............. as in stage Il key
Eahynm tElohed s .o ais o o oo soedee s o k@ sE ane g 5
Shield with two dorsal spines . ......... C. galeata
Shield without dorsal spines ................ 6

Abdominal process subequal or longer
AT s N SR AR R (1 7
Abdominal process shorter than DTS ......... 8



7a. Antennules with SPSS terminal setae . ..C. patula

7b. Antennules with PSPP terminal setae ........ 9

8a. Posterior shield spines longer than fh
................................. B. subalbidus

8b. Posterior shield spines equal or shorter in

length than'the fhits .. Sadsati o R 10
9a. Shield length greater than 560 um . . . .. B. trigonus
9b. Shield length less than 560 um . . . ... B. improvisus

10a. Antennae with 11 setae on exopod . ... B. venustus
10b. Antennae with 12 setae onexopod ............ 11
11a. Shield length generally greater than 400

um, fh tip extends straight .......... B. eburneus

11b. Shield length generally less than 400 um,

fh tip bent rearward's .o c e o va aa s B. amphitrite

Cyprids

Cyprid larvae are very similar in most barnacle spe-
cies. Size (Table 16) and even length to width ratios of
the carapace (Fig. 36E, F) vary with rearing conditions
(Lang see footnote 3). Present studies have failed to find
reliable means to identify B. amphitrite-complex cyprids
to species. Although Chthamalus fragilis cyprids (Fig.
36B) tend to be smaller, even this species may be con-
fused with cyprids of B. amphitrite.

Octolasmis cyprids (Fig. 36C) are “bean’’-shaped with
little size difference in anterior and posterior carapace
regions; fresh specimens have a distinct bright orange
pigment (Lang 1976).

Chelonibia patula cyprids (Fig. 36A) are the largest
larvae of balanomorph species in the Carolinas (Table
16). The large compound eye is distinctive.

Balanus trigonus (Fig. 36D) are also large but have a
small compound eye. The carapace is “teardrop” in
shape with well-rounded margins.

@
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Figure 36.—Cyprids of South Carolina: Chelonibia patula (A);
Chthamalus fragilis (B); Octolasmis muelleri (C); Balanus trigonus
(D); Balanus amphitrite reared at 30°C (E); B. amphitrite reared at
20°C (F). Scale = 0.1 mm.

Cyprid of other species have not been observed ¢
rectly. A more thorough study of pigmentation, size
variations, and fine carapace detail may eventually
result in methods to identify all cyprids.

DISCUSSION

Based on the proposed classification of the Balano-
morpha (Newman and Ross 1976), larvae from at least
one species of each balanomorph superfamily were ex-
amined: Chthamaloida, Chthamalus; Coronulaidea,
Chelonibia; and Balanoidea, Conopea and Balanus. Two
lepadomorph genera, Octolasmis and Lepas, were also
studied. As the number of cirriped larval descriptions in-
creases, it may be possible to correlate many larval
characteristics with adult taxonomy. At present,
information is too sparse to undertake a detailed study,
but certain general patterns are evident.

As observed by many previous authors, the trilobed
naupliar Ib is specific to the superfamilies Coronulaidea
and Balanoidea. These groups were originally combined
under the family Balanidea (Pilsbry 1916) and the use of
the term “balanid nauplii” in this study refers to larvae
from either superfamily. A unilobed lb occurs in larvae
from the remaining barnacle groups—the balanomorph
superfamily, Chthamaloida, and all known lepa-
domorphs and verrucomorphs. Further subdivisions of Ib
types may be possible as more larvae are described. For
example, Lepas and Pollicipes larvae (Table 2) have a
broad flat-edge b while chthamalids have a tapered
tongue-shaped lb.

Five of the North Inlet species studied (Fig. 33) are
part of the Balanus amphitrite complex. Within this
complex of closely reared species or subspecies it is pos-
sible to derive two natural groupings and three sub-
groups (Henry and McLaughlin 1975). Based on statis-
tical analysis of adult characteristics, B. amphitrite, B.
eburneus, B. improvisus, and B. subalbidus were placed
together in the ‘“‘Amphitrite group.” Henry and
McLaughlin considered B. amphitrite and B. improvisus
least similar within this group with B. subalbidus and B.
eburneus intermediate between them. A similar pattern
exists for the nauplii of these species. Balanus eburneus
and B. improvisus larvae are difficult to distinguish
while B. subalbidus and B. amphitrite nauplii are simi-
lar but relatively distinct from the first species pair. The
fifth member of the complex found in North Inlet, B.
venustus, was placed in a separate subgroup by Henry
and McLaughlin. Larvae of this species, with propor-
tionally long caudal spine, lateral spines, and dorsal
spines, are quite distinct from other larvae of the com-
plex, thus supporting the grouping of adults.

Balanus venustus nauplii more closely resemble those
of Conopea galeata during early stages, but unlike C.
galeata, lateral and dorsal carapace spines become
progressively smaller at each molt and by stage VI are es-
sentially lost. The particularly large dorsal spine of C.
galeata larvae is unique for presently described balanid
larvae; however, the long AP and DTS, large fh, and
well-developed abdominal spines are evident in other lar-



ae of the subfamily Archaeobalaninae (Acasta,
hirona, Eliminius, Solidobalanus—Table 2).

The coronulid Chelonibia was long considered a
rimative balanid but has recently been reclassified
Newman and Ross 1976). Although most adults of this
roup are extremely specialized obligatory commensals
Ross and Newman 1967), C. patula will settle on both
rustaceans and shells; its larvae may be typical of the
2nus but perhaps, like the adult, are a less specialized
rrm. The first and second stage nauplii of C. testu-
inaria, the only other larvae of the genus described, are
uite similar to C. patula larvae (Pillai 1958). The sig-
ificance of the distinctly pigmented gut region of C.
atula larvae is unknown. If this represents yolk cells, C.
atula may be evolving a lecithotrophic mode of develop-
1ent. The bulky body with highly arched carapace is
imilar to the form of lecithotrophic Scalpellum scal-
ellum larvae.

Features other than the large globular body closely re-
smble those of Balanoidea larvae. Setation and setal
ypes are typical; AP spination is similar, but additional
pines rarely seen in Balanus are present. This feature
Iso occurs in the coronuloid Tetraclita karandei
Karande 1974b). Of particular note is the retention of
PSS Anl terminal setal pattern in all naupliar stages.
intennular setation tends to be extremely conservative
1 cirriped nauplii and this variation makes C. patula
arvae unique for balanomorphs.

Chthamalid larvae differ in many aspects from coronu-
bid and balanoid larvae and perhaps more closely re-
emble lepadomorph larvae. All chthamalid larvae have
ispid and feathery setae and a unilobed lb. At least 16
etae are present on the An2 endopod of stage VI nauplii
f all chthamalid and most lepadomorph larvae, but no
nore than 14 setae occur in balanid larvae (Table 17).
*hthamalus fragilis nauplii, like other described larvae

Table 17.—Setal counts for the antennae of
stage VI nauplii of some barnacle species: “‘F”’
indicates feathered setae are present.

Number of setae
Species exopod endopod
Coronulaidea
Chelonibia patula 12 14
Tetraclita purascens 10 14
Balanoidea
Eliminius modestus 12 14
Conopea galeata 11 14
Balanus balanus 9 11
Balanus eburneus 12 14
Chthamaloidea
Chthamalus fragilis 12 18F
C. stellatus 12 18F
C. aestuarit 12 19F
Octomeris angulosa 12 17F
Chamaesipho columna 12 17F
C. brunnea 12 16F
Other
Verruca stroemia 12 16F
Pollicipes polymerus 12 16F
Lepas fascicularis 12 16F
Nauplius Y 12 19F
Octolasmis muellert 11 10
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in the genus (Table 2), lack PS spines and have lost the
DTS by stage VI. The nauplii of the pedunculate bar-
nacle, Ibla cumingi, bear a striking resemblance to C.
fragilis and C. stallatus (Bassindale 1936) larvae, but the
sketchy description (Karande 1974c) of Ibla nauplii pre-
vents a detailed comparison.

Octolasmis muelleri and O. forrestii larvae appear
atypical in many aspects. In general appearance the
nauplii most closely resemble Lepas larvae and indeed,
the poecilasmatid Octolasmis is considered to be closely
related to the Lepadae (Newman et al. 1969). As indi-
cated in the figures of Lepas fascicularis nauplii (Bain-
bridge and Roskell 1966), Lepas, like Octolasmis, has
bristled setae on the Anl (a feature presently unique to
these two groups). Octolasmis larvae, however, lack AP
spination, have a unique tapered lb, exhibit reduced
setal numbers on the An2 (Table 17), and have a much
reduced Mn. The cs does not develop a posterior border
until stage V. None of these features are shared with lar-
vae of other barnacle species. The significance or possi-
ble advantage of these modifications in Octolasmis lar-
vae is unknown. The reduction of the Mn and presence of
specialized setal types on the Anl infers a possible
modification of the general feeding behavior described
for balanid larvae (see Rainbow and Walker 1976). The
swimming pattern in Octolasmis nauplii consists of a
slow sweeping movement of the appendages as opposed
to a much more rapid beat for balanoid nauplii. It ap-
pears likely that there are fundamental differences in
swimming and feeding behavior.

Nauplius SC clearly demonstrates the present limited
knowledge of cirriped larvae. Although the most com-
mon cirriped larval type in offshore plankton samples ex-
amined, nauplius SC does not closely resemble any lar-
vae of known origin (Table 2). The unilobed 1b, fea-
thered setae, and An2 setation clearly excludes it from
coronuloid and balanoid species. The tapered lb, small
size in later stages, and furcal structure run counter to
known features of Lepas larvae. The lack of teeth on the
Ib and absence of hispid setae also make it a doubtful
chthamaloid species. Although the size and |b resemble
Octolasmis larvae, the short fh and appendages do not.

Nauplius SC thus appears to originate from one of the
numerous lepadomorph or verrucomorph families with
unknown larval types. If its larvae are equally predomi-
nant at other times of the year, positive identification
would be of interest both for larval biology and cirriped
species distribution.
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