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ABSTRACT.Three new species of luminescent myodocopid ostra-

codes, Vargula graminicola, V. shulmanae, and V. contragula from

the San Bias Islands, Panama are described. V. graminicola and V.

shulmanae are sibling species differing in few morphological char-

acters but distinctive in diet, habitat, and bioluminescent patterns.

They are compared to Vargula parasitica (Wilson, 1913), a mor-
phologically similar Jamaican ostracode. V. contragula is morpho-
logically a very distinct species. All three new species produce dis-

tinctive bioluminescent patterns in the water column at night. V.

graminicola occurs within and above shallow marine seagrass beds,

V. shulmanae occurs primarily within and over steep slopes and
walls of deeper coral reefs, and V. contragula is found mainly on
gorgonian dominated shallow low profile coral reefs and slopes.

RESUMEN.Se describen tres nuevas especies de ostracodos mio-

docopidos luminiscentes, Vargula graminicola, V. shulmanae y V.

contragula de las islas de San Bias, Panama. V. graminicola y V.

shulmanae son especies gemelas que difieren en pocos caracteres

morfologicos pero que se diferencian claramente en su dieta, habitat

y patrones de bioluminiscencia. Estas especies son comparadas con

Vargula parasitica (Wilson, 1913), un ostracodo de Jamaica de si-

milar morfologia. V. contragula es una especie morfologicamente

muy diferente. Las tres nuevas especies producen patrones de bio-

luminiscencia distintos en la columna de agua durante la noche. V.

graminicola se encuentra en el interior y por encima de lechos de

praderas de yerbas marinas de poca profundidad, V. shulmanae esta

principalmente en el interior y sobre pendientes pronunciadas y
murallas de arrecifes de coral mas profundos, en tanto que V. con-

tragula habita principalmente en arrecifes y pendientes de poca pro-

fundidad dominados por corales gorgonicos.

INTRODUCTION

Many species within the ostracode genus Vargula Poulsen,

1 962, are known to be luminescent. Luminescent nocturnal

displays, presumably for purposes of sexual communication,
have been shown to occur within the genus in the U.S. Virgin

Islands (Morin and Bermingham, 1980). During nocturnal

surveys of the reefs and surrounding habitats of the San Bias

Islands, Panama, the junior author discovered a wide variety

of distinctive luminescent display patterns produced by os-

Contributions in Science, Number 373, pp. 1-23

Natural History Museum of Los Angeles County, 1986

tracodes that were closely associated with particular habitats.

From our collections, it has become clear that each lumi-

nescent pattern is produced by a distinctly different species

and that each species is associated with a particular habitat;

thus there is a great deal of resource partitioning among these

ostracodes. Furthermore, it appears that all of these species

are undescribed. This paper is the first of several in which

we describe these species and aspects of their biology. Papers

dealing with their population biology, activity patterns, and
bioluminescent displays are in preparation. Three obvious

and abundant luminescent Vargula species in the shallow

Caribbean waters of Panama are described here.

MATERIALSANDMETHODS
Specimens were collected using a variety of methods but all

were caught at night when they are most active in the water

column and along the substrate surfaces. Specimens were

caught in the water column 1 ) indiscriminately using a diver-

pushed double plankton net ('/i mdiameter, 0.5-mm mesh)
or, more often, by sweeps through the luminescent displays.

Diver-collected sweeps were done either 2) repeatedly using

a 20-cm diameter, 0.5-mm mesh net through the displays or

3) individually using a ‘discrete trap.’ A discrete trap con-

sisted of a double-walled triangular net (24 cm on a side and
0.5-mm mesh) sealed together on two sides and with Velcro

across the top so that it could be sealed or opened into a

cone. After passing the cone through a discrete luminescent

display the contents could be trapped inside by pressing the

Velcro together. In both sweep collection methods the lu-

minescent display type observed consistently correlated with

the expected species actually caught (see general biology sec-
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tions). Epibenthic collections were made by attracting ostra-

codes to 4) fish carcasses enclosed in plastic window screen

(to keep out most of the isopods and other larger organisms)

[=fish trap] or 5) ‘cone traps.’ These cone traps were baited

with dead fish and made from weighted plastic freezer con-

tainers (8x8x6 cm) with four 2-cm holes cut through on
the sides. Each hole was covered by window screen (1.7-mm
mesh) on the outside (to let in ostracodes but keep out iso-

pods) and a cone of 0.5-mm mesh plankton netting with a

2-mm inner orifice on the inside.

Details of the luminescent displays were obtained by direct

observations, timed analysis of underwater tape recordings

of divers comments, and laboratory observations. Details of

all these methods will be presented elsewhere (Morin, in

preparation). Ostracodes were usually preserved by 1) placing

them for 10-15 min in a mixture of 50% seawater and 50%
0.36 MMgCL (isotonic to seawater) [this mixture acted as

an anesthetic to relax but not kill the ostracodes], 2) trans-

ferring them to buffered 4% formaldehyde for 10-20 min for

fixation, and then 3) placing them in 70% ethanol (usually

they were transferred to a second 70%ethanol solution later).

Using a dissecting microscope, overall body measurements
were made to the nearest 0.02 mmon both living and pre-

served ostracodes (both were equal). All other measurements
were made using a compound microscope.

Holotypes and some paratypes are deposited in the United

States National Museumof Natural History (USNM), Smith-

sonian Institution, Washington, D.C. The remaining para-

types are deposited in the USNMand in the Natural History

Museum of Los Angeles County (LACM).

SYSTEMATICS

Vargula graminicola, new species

Figures 1, 2, 3A, 3B, 4A

HOLOTYPE

USNM193214 adult male, length 1.71, height 1.06 mm; in

alcohol. Sample 19. 6 Sept. 1983 of about 1930 hr, '/t-2 m
above bottom at 5-m depth over grass bed just west of T-Bar

Reef, San Bias, Panama; taken by sweep net; Diana Pilson,

col.

ALLOTYPE

USNM193215 gravid adult female, length 2.01, height 1.33

mm; in alcohol. Bottle 10 (data below).

PARATYPES

Sample 32. 8 Sept. 1983 at 2010-2020 hr, 1-2 m above

turtle grass at 5-m water depth ca. 10-15 m west of T-Bar

Reef, San Bias, Panama; sweep nets of lower part of 20 lu-

minescent displays; J.G. Morin, col.; 1 male (JM3-A, on slide

and in alcohol), 3 males (JM3-K, with choniostomatid co-

pepods), 91 males (JM3-C-E, J, L), 4 A—2 males (JM3-F,

N) (LACM). Sample 19. 6 Sept. 1983 at about 1930 hr, ‘/i—

2 mabove bottom at 5-m depth over grass bed just west of

T-Bar Reef, San Bias, Panama; taken by sweep net— part of

haul; Diana Pilson, col.; 1 12 males, 1 juv. (USNM 193218,

193219, 193220, 193221). Bottle 10. 31 Aug. 1983 at 1900-

2000 hr, ca. 4 meast of T-Bar Reef, San Bias, Panama, about

5-m depth; “fish trap” in sand blowout; J.G. Morin, col.; 1

female (JM10-10-T-X, with choniostomatid copepod), 1 fe-

male, 1 male (JM10-10-T-W), 10 females (JM10-10-T), 1

female, 1 ?A —2 ovigerous female (JM10-10-T-Y) (LACM).
Bottle 9. 31 Aug. 1983 at 1 900-2000 hr, on east side of T-Bar

Reef, San Bias, Panama, about 3-m depth, “fish trap” among
corals on reef; J.G. Morin, col.; 1 male, 1 female (USNM
193216, 193217). Bottle 18. 6 Sept. 1983 at 2000 hr on east

side of T-Bar Reef, San Bias, Panama, “fish trap” on grass

bed; J.G. Morin, col.; 1 male, on SEMstub and in alcohol,

1 male on SEMstub, and 1 female on SEMstub (LACM).
JM Box 1#24. 12-13 Dec. 1983 between 2400 and 0200 hr

(combined from 1 collection each night), sweep nets lA-2 m
above turtle grass at 5-m depth ca. 100-200 mwest of Vieja

Reef, San Bias, Panama; J.G. Morin, col.; 1 female (B, on
slide and in alcohol), 1 male (A) (LACM). JM Box 2#14-A.
12-13 Dec. 1983, data same as JM BOX 1 #24; 1 male (on

slide and in alcohol) (LACM). Sample 1210.1a. 12 Oct. 1984

at 1900-1915 hr, on grass beds northwest side of Reef 26

(Macaroon), San Bias, Panama, about 4-m water depth; bait-

Figure 1. Vargula graminicola. A. JM3-A, male, valve length 1.75 mm: right lateral view of complete specimen showing valve, lateral eye,

and tips of right mandible and furca. B, C. USNM193216, male, length 1.71 mm, lateral views of complete specimen showing valve and

lateral eye: B. Left valve; C. Right valve. D. USNM193219, male, length 1.71 mm, lateral view of complete specimen showing valve and
lateral eye. E. Holotype, USNM193214, length 1.71 mm, left lateral view of complete specimen showing valve and lateral eye. F. USNM
193219, male, length 1.71 mm, lateral view of complete specimen showing valve and lateral eye. G. 2310.3-A, male, length 1.67 mm, medial

view of left 1st antenna (d-, e-bristles and distal parts of sensory, c-, f-, g-bristles not shown). H, I. JM3-A, male, length 1.75 mm, 2nd antenna:

H. Medial view of endopodite and first 2 joints of exopodite; I. Bristle of 2nd exopodite joint. J. USNM193216, male, left lamella of furca.

K. JM Box 1-24B, female, length 2.01 mm, left lateral view of complete specimen, showing valve, lateral and medial eyes, furca, and caudal

list (dotted line). L, M. USNM193217, female, length 2.01 mm, lateral views of complete specimen: L. Left valve and lateral eye; M. Right

valve, lateral eye, and eggs (dotted lines). N-S. JM Box 1-24B, female: N. Inside view of caudal process of left valve; O. Inside view of caudal

process of right valve; P. Tip of left mandible, medial view, showing 3rd and distal 2nd joints of endopodite; Q. Tip of right maxilla, lateral

view, showing 2nd and distal 1st joints of endopodite; R. Exopodite of right 5th limb, posterior view; S. Anterior of body and upper lip.
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Figure 2. Vargula graminicola. A-C. JM Box 1-24B, female, length 2.01 mm: A. Inside view of anterior end of right valve; B. Left mandible,

medial view; C. Tip of 7th limb. D, E. JM3-A, male, length 1.75 mm: D. 6th limb; E. 7th limb.

ed multiple cone trap; J.G. Morin, col.; 3 females (A-C)
(LACM). Sample 2310.3. 23 Oct. 1984 at 1830-1910 hr, on
grass beds ca. 40 mwest of Reef 26, San Bias, Panama, about
5-m water depth; baited multiple cone trap; J.G. Morin, col.;

1 male (A), 5 males (B) (LACM).
DIAGNOSIS. Caudal process low (below incisur), and

shaped as triangular curved point. Female carapace length

1.80-2.25 mm; male 1.52-1.85 mm. Furca: 9 pairs of claws;

claws 2 and 4 fused to lamella; claw 4 broader than, but not

longer than claw 3. Second antenna: Bristle on 2nd endo-

podial joint with 6-8 (usually 7-8) stout ventral spines. Man-

dible: No terminal bristles with bulbous base. Maxilla: 2

alpha-, 3 beta-bristles, 4 a-, 3 b-, and 3 c-bristles. Fifth limb:

4th and 5th exopodial joints separated by suture; 4 bristles

on 4th joint, 2 bristles on 5th joint. Infold: Rostrum with

row of 1 9-3 3 bristles parallel to outer margin plus 0-2 bristles

anterior to and 4-12 bristles posterior to row; anteroventral

infold with row of 38-53 bristles plus 20-69 bristles posterior

to row. Seventh limb: Longest of 7 long teeth in comb lateral,

not central; with peg opposite comb; without dorsal jaw. Lip:

Tusks unbranched, with terminal and distal short hairs (spar-

ser in females).

ETYMOLOGY.Vargula graminicola is derived from the

Latin graminis which means “of or pertaining to grass” and
the Latin -icola which means “an inhabitant.” This species

inhabits seagrass bed habitats.

DESCRIPTIONOFADULTMALE. Carapace (Figs. 1 A-
F, 3A, 4A). Similar to that of adult female, only about 90%
as long but more elongate, with short but larger, more pointed
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Figure 3. Vargula graminicola, V. shulmanae, and V. contragula. A, B. Vargula graminicola. A. Bottle 18; 6 Sept. 1983, SEM-1A-179
specimen #3, male, right lateral view showing valve, furcae, and copulatory organ. B. Bottle 18; 6 Sept. 1983, SEM-1B-168 specimen #2,

female, left lateral view showing valve, proximal furcae, and distal setae of first antennae. C. Vargula shulmanae, 21 1 1.6-SEM-1C-237

specimen #6, male, right lateral view showing valve, furcae, and distal 1st antennae and mandibles. D. Vargula contragula, 2310. la-SEM-
3a- 197 specimen #2, male, left lateral view showing valve, furcae, distal 1st and 2nd antennae, and mandibles. Scale bar = 200 >im. r =

rostrum; i = incisur; c = caudal process; 1 = 1st antenna; 2 = 2nd antenna; m= mandible; co = copulatory organ; f = furca.

(shaped as triangular curved point), caudal process, and
straighter dorsal margin.

Infold. Infold of rostrum with about 22-33 double bristles

forming row parallel to rostral margin and continuing pos-

teriorly along incisur margin (about 3-8 along incisur mar-

gin), 0-2 double bristles anterior to row, about 4-12 double

bristles posterior to row, 1-2 double bristles near dorsal edge

of incisur and 1-3 tiny double bristles dorsal to inner edge

of incisur. Anteroventral infold with row of 4-5 double bris-

tles near inner edge of incisur, 1-2 short double bristles near

posterior edge of incisur infold, about 38-53 double bristles

paralleling margin and continuing onto ventral infold (in-

cluding 2-5 bristles on anteroventral incisur margin), about
20-69 double bristles posterior to row, row followed poste-

riorly on left valve by 3-8 widely spaced single bristles; list

becoming broader in vicinity of caudal process with posterior
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fringe (fringe usually with minute pointed processes), list with

10-38 tiny bristles (unclear, about 38 in left valve), possibly

with 1 tiny bristle posteroventral to list, about 10-12 tiny

bristles or projections (unclear in left valve) forming row
paralleling posterior edge of caudal process. Left valve with

caudal list ending dorsally in knob. Right valve similar to

that of female.

Selvage. Selvage with lamellar prolongation with smooth
edge and striations present along ventral and anterior mar-
gins of valves; lamellar prolongation along ventral margin of

incisur broader and with striations more visible than else-

where.

Size. USNM193214 length 1.71, height 1.06 mm(holo-

tye). Range (n = 113) for all specimens measured: length

1.52-1.85 mm, height 0.91-1.10 mm.
First antenna (Fig. 1G). First joint bare; 2nd joint with
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Figure 4. Vargula graminicola and V. shulmanae. A. Vargula graminicola. Bottle 18; 6 Sept. 1983, SEM-2B-252 specimen #1, male, inside

view; left valve, 1st antenna and 5th limb removed. B. Vargula shulmanae, 21 1 1 .6-SEM-2C-233 specimen #1, male, inside view; left valve,

2nd antenna, mandible, maxilla, 5th and 6th limbs removed. Scale bars = 200 c = caudal process; 1 = 1st antenna; 2 = 2nd antenna;

m= mandible; 4 = 4th limb (maxilla); 7 = 7th limb; co = copulatory organ; f = furca; e = lateral eye; tul = tusk of upper lip; am = severed

ends of central adductor muscles.

spines forming medial rows and on dorsal margin. Third joint

short, ventral margin half or less than half length of dorsal

margin, with medial spines forming row, 1 dorsal spinous

bristle just proximal to middle and 1 long spinous terminal

medial ventral bristle; 4th joint with 1 spinous terminal or

subterminal dorsal bristle and 1 spinous distal or terminal

ventral medial bristle. Sensory bristle of 5th joint with 10

long proximal filaments, 2 more slender distal filaments and
bifurcate tip, bifurcate tip and last filament with narrowed
tips. Sixth joint with short spinous medial bristle near distal

margin. Seventh joint: a-bristle spinous, longer than bristle

of 6th joint; b-bristle with stout proximal filament with bul-

bous base followed by large sucker, short filament with nar-

rowed tip, and small distal process ending in narrowed point-

ed tip, 2 distal slender filaments each bearing 5-6 small suckers

(distal filament not extending beyond tip of bristle); c-bristle

similar to b-bristle but about twice as long, and with larger

basal filament and sucker; bristle with 2 distal filaments with

4-5 small suckers, about 7 long slender bare distal filaments,

and bifurcate tip. Eighth joints: d- and e-bristles bare, fila-

mentous, about same length as b-bristle, tips blunt or with

minute process; f-bristle with 8-9 slender filaments increas-

ing in length distally, some with 1-3 spines; g-bristle with 10

slender filaments increasing in length distally and with 1 spine

each (except last filament), bifurcate tip; c-, f-, and g-bristles

long (g-bristle longest), longer than sensory bristle of 5th

joint.

Second antenna (Figs. 1H, I, 4A). Protopodite with short

spinous distal medial bristle. Endopodite 3-jointed: 1st joint

with 4 proximal bristles (1 short, 3 very short) and 1 short

distal spinous bristle; 2nd joint elongate with 1 short terminal

bristle (missing on 1 limb examined), 3rd joint about V2-V 1

length of 2nd joint with long terminal filament (Fig. 1H).

Exopodite: 1st joint with spines on dorsal margin; 2nd joint
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with rows of medial and lateral spines crossing ventral mar-
gin, bristle not reaching or almost reaching end of 9th joint,

with 6-7 stout ventral spines (Fig. 1H, I); joints 3-8 with

basal spines becoming longer distally and with bristles with

natatory hairs; lateral spine of 9th joint slightly larger than

spine of 8th joint; 9th joint with 4 bristles (2 longest with

natatory hairs, 1 not as long with natatory hairs and short

spines, 1 shorter with short spines).

Mandible (Fig. 4A). Coxale endite spinous, with bristle

near base. Basale: Ventral margin with 1 short and 1 long

spinous a-bristle with bases on medial side, 1 short b-bristle

with base on lateral side (close to a-bristles), 1 long spinous

and 1 short c-bristle near middle of margin, and 2 distal

d-bristles, both some distance from c-bristles (1 shorter with

short spines and 1 very long with long proximal and short

distal spines); dorsal margin with 1 long spinous distal bristle

with short spines and 2 long unequal subterminal bristles

with short spines. Exopodite with medial hirsute dorsal pro-

cess extending to pointed tip and 2 long ventral bristles with

short spines (distal shorter). First endopodial joint with 4

ventral bristles (1 long with long proximal and short distal

spines, 1 long with short spines, 2 short with short spines).

Second endopodial joint: Medial and lateral rows of spines

or hairs, dorsal margin with 16-18 bristles (5-6 long spinous

bristles, 5 shorter bristles with short spines or hairs, 4-6 short

hirsute medial bristles, 2 short stout medial bristles with stout

spines or possibly hairs); ventral margin with 2 single distal

bristles (bristles with bases together on 1 limb of 1 specimen)

and 1 subterminal bristle equal in length to and with base

on lateral side of base of stout finger-like subterminal un-

ringed process (probably modified bristle) [tips either bifur-

cate or hollow and middle bristle extending beyond base of

subterminal bristle]; process not touching 3rd joint and with

slender rounded point usually extending beyond or to end of
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3rd joint. End joint with 3 long claws with proximal spines

and 4 bristles, none with bulbous base and none longer than

claws (1 dorsolateral bare and slightly ringed claw-like bristle

extending almost to end of dorsal claw, 1 prominent short

bare ventral bristle, 1 long [
34 claw length] spinous ventral

medial bristle with bifurcate tip, 1 long stout, but not bul-

bous, spinous lateral bristle extending to tip of claws).

Maxilla. Endite I with 1 2 stout spinous claw-like bristles;

endite II with 4 spinous bristles (3 long stout), endite III with

4-5 spinous bristles (4 stout, long). Coxale with stout dorsal

bristle proximally hirsute and with short distal spines. Basale

with 1 long spinous lateral bristle, 1 long spinous medial

bristle on or near ventral margin and base of exopodite and
1 spinous terminal medial bristle (may be on 1st endopodite

joint). Exopodite with 1 long proximal bristle with long prox-

imal hairs and short distal spines and 2 long terminal bristles

(1 with long proximal hairs and short distal spines, 1 with

short spines only). First endopodial joint with rows of medial

hairs, 2 alpha-bristles (outer bristle longer with long hairs,

inner bristle with short spines), 3 beta-bristles (outer longest

and pectinate, inner 2 with short spines); cutting tooth large

and prominent, bifid (proximal projection with rounded point,

distal projection more than twice as large with rounded
squarish shape); additional short rounded tooth on terminal

lateral margin near ventral margin. Second endopodial joint

with 4 long distally ringed a-bristles (2 longest with proximal

short spines); 3 long, stout, very pectinate claw-like b-bristles

(1 unringed, 2 ringed); 3 distally ringed c-bristles (2 very

pectinate, 1 short); 3 stout, very pectinate d-bristles ( 1 ringed).

Fifth limb. Epipod with 42-48 bristles. Protopodite with

large distal undulate anterior tooth and 1 long anterior bristle

with long proximal and short distal spines. Endite I with 7

stout unequal bristles (6 with long spines, 1 short with shorter

spines); endite II with 5-6 bristles (5 stout with long spines

including 2 distally pectinate); endite III with 7 unequal bris-

tles (most stout with long spines, 5 distally pectinate). First

exopodial joint with 6 pectinate teeth and 1 proximal peg

(smooth except for tiny spines on tip), 1 large spinous bristle

near peg, row of 4 anterior bristles with long proximal spines

or hairs ( 1 of 2 short proximal bristles may be on protopodite,

2 distal bristles longer, stouter); 2nd exopodial joint with 10-

1 1 long stout pectinate claw-like end bristles arranged some-
what into 3 rows (4 bristles unringed, claw-like), and 1 pos-

terior bristle with long proximal hairs and long distal spines.

Inner lobe of 3rd exopodial joint hirsute, with 3 bristles (1

proximal posterior with long proximal hairs and short distal

spines and 2 terminal with short spines); outer lobe hirsute

with 2 terminal bristles with short spines ( 1 with long prox-

imal hairs or spines). Fourth and 5th joints hirsute, separated

by faint but distinct suture, 4th joint with 4 subterminal

bristles with short spines, 5th joint with 2 terminal bristles

with short spines and terminal group of spines (5th joint with

2 lobes, each with 1 bristle in JM2-C, but only 1 lobe in

JM3-A).
Sixth limb (Fig. 2D). Hirsute laterally, 5 bare bristles in

place of epipod. Endite I with 3 bristles (2 short with long

hairs, 1 long with longer hairs); endite II with 5 bristles (3

short with long hairs, 2 long with long proximal hairs and
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short distal spines); endite III with 4 bristles with long prox-

imal hairs and short distal spines (2-3 long, 1-2 short); endite

IV with 3 bristles with long proximal hairs (2 long with short

distal spines, 1 short). End joint spinous, with 6-7 spinous

bristles decreasing in length posteriorly, each with long stout

distal spine-like hairs ( 1 more medial with shorter proximal

spines), followed by space and 3 hirsute posterior bristles

increasing in length posteriorly (anterior of these with stout

distal spines). Limb with suture separating end joint from

proximal part of limb, partial suture at base of endites III

and IV (sometimes II).

Seventh limb (Figs. 2E, 4A). Comb side with 1-2 distal

and 3-4 terminal bristles, each with 2-4 bells; peg side with

3 distal and 3 terminal bristles, each with 2-3 bells. Comb
consisting of 7 long spinous teeth with widened tips (2 lateral

and 1 middle teeth shortest) and 4 short blunt teeth (2 on

each side) with long basal spines and possibly with bumpy
tips. Single procumbent short peg (slightly shorter than short

comb teeth) with hook-like inner basal protuberance and
terminal wreath of about 8 tiny teeth; terminal surface be-

tween comb and peg possibly ridged at base of comb.
Furca (Figs. 1J, 3A, 4A). Each lamella with 9 claws; claws

2 and 4 fused to lamella, remaining claws separated from
lamella by suture; claw 3 more slender than but about same
length as claw 4; claws 1 and 2 with long row of posterolateral

(a few proximal teeth longer on claw 2) and distal row of

medial teeth; all remaining claws with long row of postero-

lateral teeth and at least claws 3-5 with medial teeth.

Bellonci organ. Short, cylindrical, rounded.

Eyes. Medial eye small, pigmented (sometimes restricted

to band). Lateral eye about twice size of medial eye, pig-

mented, with about 1 2 ommatidia. Lateral eye length ranges

in size from 0.23 to 0.30 mmand pigmented area from 0.20

to 0.25 mm(n = 113). Eye pigment brown in reflected light;

maroon or maroon-brown in transmitted light.

Upper lip. Anterior undivided part with numerous glan-

dular processes with unpigmented lobular tips and proximal

bands of maroon pigment; middle part with 2 long tusks, 1

on each side; each tusk with short distal and terminal hairs

and with glandular processes ( 1 terminal and 3-6 posterior;

processes sometimes appearing to have pointed tips); part

posterior to tusks, rounded, hirsute (proximal hairs bunched).

Anterior of body. Rounded projection dorsal to 2-3 shorter

usually pointed projections.

Posterior of body. Smooth.
Copulatory organ (Fig. 3A). Anterior lobe rather conical,

longer than short posterior lobe, which has at least 1 group

of about 3 bristles.

DESCRIPTIONOFADULTFEMALE. Carapace (Figs.

1K-M, 3B). Oval with deep incisur and protruding caudal

process; anteroventral, posteroventral, posterodorsal, and

anterodorsal margins broadly rounded. Greatest height near

middle; not markedly higher in posterior half. Caudal process

small (slightly larger in right valve than in left), dorsal margin

rather straight, forming obtuse angle with rather truncate

posterior margin of valve, dorsal edge of process slightly

shorter than dorsal edge of incisur; both incisur and dorsal
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edge of process at about midheight of valve. Dorsal edge of

incisur slightly overlapping ventral edge at inner end; faint

line on outer surface of valve curving from inner dorsal edge

of incisur to anterior margin of valve ventral to incisur. Tip
of rostrum with few nodes. Outer surface smooth but with

faint pattern resembling overlapping scales, visible at 100x;

scale-like pattern producing minute points on anteroventral

and posteroventral margin. Surface with rather regularly dis-

tributed small pores, some with minute bristles.

Infold (Figs. IN, O, 2A). Similar to that of adult male
except rostrum (Fig. 2 A) with about 7-10 double bristles

posterior to main row of 19-30 double bristles, 0-1 bristle

anterior to row; anteroventral infold with row of about 38-

5 1 double bristles parallel to margin (including about 2-4 on
anteroventral margin of incisur) about 34-64 double bristles

posterior to row; 0-3 bristles posteroventral to list near be-

ginning of caudal process, list of caudal process in left valve

(Fig. 1 N) with numerous tiny bristles and projections forming

irregular row and posterior margin with tiny ripples, caudal

list straight except for slight bend in dorsal half, caudal list

of left valve terminating dorsally with round knob and pos-

sibly with a rounded dorsally directed process with posterior

groove, dorsal and posterior to knob; caudal list of right valve

(Fig. lO) with more than 50 tiny bristles, sometimes with

minute pointed processes or fringe on ventral posterior edge,

caudal list rather straight, ending in raised dorsally directed

bar; small pocket formed in infold posterior to dorsal end of

caudal list, pocket may be half socket (open ventrally) re-

ceiving knob from left valve.

Selvage. Similar to male.

Adductor muscle scars. About 13 irregular scars, some
divided.

Size. USNM193215 length 2.01, height 1.33 mm(allo-

type). Range (n = 24) for all specimens measured: length

1.80-2.25 mm, height 1.18-1.43 mm.
First antenna. Similar to male except b-bristle of 7th joint

about V1-V 2 longer than a-bristle, with 2 short proximal fil-

aments; c-bristle with about 8 filaments (with teeth or spines)

becoming longer distally, about 6 times length of b-bristle;

8th joint with distal filament of f- and g-bristles much longer

than others, small round knob at medial dorsal base of f-bris-

tle.

Second antenna. Similar to male except exopodite with

bristle of 2nd joint not reaching 9th joint, with 7-8 spines

and with narrowed ringed tip.

Mandible (Figs. IP, 2B). Similar to male except bristle

apparent on coxale endite of 1 limb but not other limb of

specimen examined; 2nd endopodite joint with 15-16 dorsal

bristles, only 1 short medial bristle bearing stout spines; ven-

tral margin of 2nd joint (Fig. IP) with 2 single distal bristles

and 1 subterminal bristle together with subterminal unringed

finger-like sclerotized process sometimes extending beyond
3rd joint; 3rd endopodite joint with 1 of 4 bristles (stout

ventral lateral) extending just beyond claws (Fig. IP).

Maxilla (Fig. IQ). Similar to adult male.

Fifth limb (Fig. 1 R). Similar to adult male except proximal

protopodite (coxale?) with pair of small sclerotized teeth

bearing minute teeth or spines; both exopodite joints 1 and
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2 appearing to arise independently from protopodite of spec-

imen examined; joint 1 has a more medial base and could

be considered an endopodite; joint 3 arises from joint 2 and
joints 2-5 could be considered joints 1-4 of an exopodite.

Sixth limb. Similar to adult male.

Seventh limb (Fig. 2C). Similar to adult male except comb
side with 4-5 distal and 5 terminal bristles, peg side with 4—

5 distal and 3 terminal bristles. Comb consisting of 7 long

teeth (similar to those in male) and 6 short blunt teeth (3 on
each side). Peg similar to that of male but about same length

as short comb teeth.

Furca. Similar to that of adult male.

Bellonci organ. Similar to that of adult male but with blunt

end.

Eyes. Similar to those of adult male but lateral eye about

1

V

2 times as large as medial eye. Overall size and ommatidia
size of lateral eye smaller than in male. Length ranged from
0.21 to 0.26 mmand pigmented area from 0. 1 6 to 0.2 1 mm
(n = 24).

Upper lip. Lip similar to that of adult male except tusk

with very faint short hairs (Fig. IS).

Anterior of body. Anterior of body with rounded projec-

tion dorsal to 3-5 shorter usually pointed projections (Fig.

IS).

Posterior of body. With a few short hairs.

Genitalia. Sclerotized ring with attached spermatophores.

Eggs. JM10-10T-Z with 20 eggs in ovary; the largest egg

was 0.22 mm. 1210.1a, 3 females with 15-18 eggs in ovary.

Other females had smaller eggs.

Ovigerous juvenile. One small ovigerous female (JM10-
1 0-T-1) bears about 18 eggs/ovary (eggs = 0.023-0.027 mm).
It has the diagnostic characters shared by V. graminicola and
V. shulmanae (valve shape; furcal claws; distal bristles of

mandible, maxilla, and 5th limb; 7th limb comb). It has the

specific diagnostic characters of V. graminicola: 6 (lowest

adult number) stout spines on the 2nd exopodite bristle of

the 2nd antenna and rostral infold with 4-6 bristles posterior

to row of 2 1-22 bristles. Weidentify this female as a juvenile,

probably an A—1 instar, because it has these juvenile char-

acters: length only 1.22 mm, height 0.80 mm; 7th limb with

only 2 bristles, both terminal, strongly tapered and with only

1 bell; furca with only 7 claws; anteroventral infold with only

14-16 bristles (this high number also shows affinity with V.

graminicola) posterior to row of 27-30 bristles.

GENERALBIOLOGY. Geographical distribution. Carib-

bean; known from the vicinity of the western San Bias Is-

lands, Panama (9°33'14"N, 78°55'23"W).

Habitat. Vargula graminicola is abundant in shallow (3-

10 m) sea grass ( Thalassia testudinum and Syringodium fil-

iforme ) beds with good water circulation and away from coral

reefs and sand ‘blowouts.’

Ecology, behavior, and bioluminescence. Vargula gramini-

cola is a benthic species that in Panama lives in current-

swept sea grass beds within the turf, rubble, and top few mm
of the sand. Individuals are infaunal by day and epibenthic

and demersal by night. Sex ratios appear to be about 1:1

below the level of the top of the sea grass (ca. 1 5 cm) and in

the substrate, but above the sea grass highly skewed at night
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toward males. Males become demersal zooplankters above
the sea grass at night if a bright moon is not present; females

are only occasionally found up in the water column. The
males appear in the water column in large numbers about

45 min after sunset and remain there most of the night as

long as there is no moonlight. Much of the time they are

found at the level of the sea grass, but, periodically, they rise

obliquely or vertically upward (ca. 50-90°) in linear clusters,

each time producing a species specific group luminescent

display. They swim at a rate of about 11.1 ± 1.4(sd) cm s '

(n = 3 1 laboratory trials of individuals). Each group may
contain from 2 to 40 males. The light occurs as a train of

short duration extracellular secretions left behind by each

rapidly swimming male. Each light pulse, which appears as

a discrete point source, has a duration of 0.28 ± 0.08 s (n =
109). Each cluster of pulses is spaced about 1 5 to 25 cm from
the next; the spacing is even for a given train. There are

usually 8 to 1 2 pulse clusters per train, each train takes about

1 8 s to produce and is about 1 .5 to 2 min total length. Trains

are repeated at about 60-s intervals. There is loose synchrony
of different trains within a large area of the sea grass (>50
m2

) and clusters of displaying males are horizontally sepa-

rated by 1 5 cm to about 1 m or more. These luminescent

displays apparently act as calling signals by the upwardly
swimming males to the sexually receptive epibenthic females

who then swim up into the water column. Presumably the

females copulate with at least one of the males. Details of

mating are unknown. The females are capable of luminescing,

but apparently do not do so during these nocturnal displays.

The displays continue for most of the night until about an

hour before dawn. The frequency of the displays, however,

is most intense during the first hour or two.

It is not known what V. graminicola feeds on naturally,

but they are the only Vargula species in the San Bias strongly

attracted to fish or crustacean carrion. Along with about equal

numbers of Skogsbergia lerneri as many as 10,000 V. gra-

minicola (males, females, and juveniles) have been captured

from a single fish carcass in less than 1 hr at night. They have
been observed to be preyed upon by demersal fishes (in-

cluding Holocentrus rufus) and a cerianthid ( lArachnanthus

nocturnus) and an actiniarian (P.Aiptasia tagetes) anthozoan;

all cases of predation initiated a long-lasting ( > 20 s) lumi-

nescent glow from the ostracode. Papers detailing the lu-

minescent display patterns (Morin, in press) and the popu-

lation biology of V. graminicola are in preparation.

Color of live ostracodes. Males are similar in color to fe-

males and are mostly transparent except for the eyes (see

above), the region of the luminescent organs (=light organs)

and the abdomen. The light organ is a yellow-brown rect-

angular region in the upper lip below the eye. The abdomen
is an orangish-brown to tan color. This color may be affected

by diet since they become paler in captivity when fed solely

on white muscle from fish.

Parasites. Four ostracodes contained copepod parasites

belonging to the Choniostomatidae (identification verified

by T. Bowman). One female (JM10-10-T-X) with 20 eggs in

its ovary had 1 female choniostomatid loosely attached to

the exterior posterodorsal part of the body within the mar-
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supium area of the valves. Three males (JM3-K) each bore

a male choniostomatid loose within the anterior part of the

valve near the base of the 1st and 2nd antennae. One or 2

of these also had a female attached to the dorsal body just

posterior to the heart. Choniostomatid parasites have been

reported previously in cypridinid ostracodes including a

species of Vargula (Komicker, 1975; Bradford, 1975).

Vargula shulmanae, new species

Figures 3C, 4B, 5, 6

HOLOTYPE

USNM193222 adult male, length 1.94, height 1.25 mm; in

alcohol. Sample 1212.12. 12 Dec. 1984 at 1840-1940 hr,

about 12-14-m depth on reef wall. Sail Rock, San Bias, Pan-

ama; discrete traps of displays; J.G. Morin, col.

ALLOTYPE

USNM193223 adult female, length 2.35, height 1.65 mm;
in alcohol. Sample 2111.5 (data below).

PARATYPES

Sample 2510.3. 25 Oct. 1984 at 1845-1905 hr, about 4-m
depth on reef wall. Sail Rock, San Bias, Panama; sweep nets

of displays; J.G. Morin, col.; 1 male (A, on slide and in

alcohol), 46 males (C-T) (LACM). Sample 2510.1a. Data as

in Sample 25 10.3; J.G. Morin, col.; 1 female (C, on slide and
in alcohol) (LACM). Sample 2011.2. 20 Nov. 1984 at 1840-

1910 hr, about 6-9-m depth on reef slope, Korbiski Reef,

San Bias, Panama; discrete traps of displays; J.G. Morin,

col.; 2 males (A, B) (LACM). Sample 2111.2. 21 Nov. 1984

at 1838-1902 hr, about 11-15-m depth on reef wall. Sail

Rock, San Bias, Panama; discrete traps of displays; J.G. Mo-
rin, col.; 52 males (A-F) (USNM 193224, 193225, 193226,

193227, 193228, 193229), 3 juv. (G)(USNM 193233). Sam-
ple 2111.3. Data as in Sample 2111.2; J.G. Morin, col.; 1

female (LACM). Sample 2111.5. Data as in Sample 21 1 1.2;

J.G. Morin, col.; 2 juv. (B), 1 ?A—

1

ovigerous female (C)

(LACM). Sample 2111.6. Data as in Sample 2111.2; J.G.

Morin, col.; 1 male, on SEMstub and in alcohol, and 1 male
on SEM stub (LACM). Sample 2311.5. 23 Nov. 1984 at

1842-

1920 hr, about 8-10 m depth on reef slope, Korbiski

Reef, San Bias, Panama; discrete traps of displays; J.G. Mo-
rin, col.; 2 males (A, B), 1 juv. (LACM). Sample 231 1.8. Data
as in Sample 231 1.5; J.G. Morin, col.; 2 males (A, B, with

choniostomatid copepods), 2 males (C, D) (LACM). Sample
1212.9. 12 Dec. 1984 at 1840-1940 hr, about 12-14mdepth
on reef wall. Sail Rock, San Bias, Panama; discrete traps of

displays; J.G. Morin, col.; 2 males (LACM). Sample 1212.12.

Data as in Sample 1212.9; J.G. Morin, col.; 1 male (C), 1

female (A, lost?) (LACM). Sample 1312.1. 13 Dec. 1984 at

1843-

1910 hr, about 4-m depth on low reef. Reef 26 (Ma-
caroon), San Bias, Panama; discrete trap of display; J.G.

Morin, col.; 1 male (B) (LACM).
DIAGNOSIS. Caudal process low (below incisur) and

shaped as triangular curved point. Female carapace length
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Figure 5. Vargula shulmanae. A, B. Holotype, USNM193222, male, length 1.94 mm, right and left lateral views of whole specimen showing
valves, lateral eyes, and caudal infold (dashed line). C. 1312.1 -B, male, length 1.94 mm, left 1st antenna, medial view (distal parts of sensory,

c-, f-, g-bnstles not shown). D. USNM193223, female (allotype), length 2.35 mm, left view of whole specimen showing valve, lateral eye.
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2.33-2.55 mm; male 1.79-2.01 mm. Furca: 8-9 pairs of

claws; claws 2 and 4 fused to lamella; claw 4 broader than,

but not longer than claw 3. Second antenna: Bristle on 2nd
exopodite joint with only 4-6 proximal and 1 subterminal

stout ventral spines. Mandible: No terminal bristles with

bulbous base. Maxilla: 2 alpha-, 3 beta-, 4 a-, 3 b-, and 3

c-bristles. Fifth limb: 4th and 5th joints separated by suture;

4 bristles on 4th joint, 2 bristles on 5th joint. Infold: Rostrum
with row of 20-33 bristles parallel to margin plus 0-2 bristles

anterior to and 1-6 bristles posterior to row; antero ventral

infold with row of 32-43 bristles plus 0-1 bristle anterior

and 0-1 7 bristles posterior to row. Seventh limb: Males with

only 1-3 proximal bristles on comb side, total of 10-16 bris-

tles on limb; females with 3-4 proximal bristles on comb
side, total of 13-18 bristles; longest of 7 long teeth in comb
lateral, not central; with peg opposite comb; without dorsal

jaw. Lip: Tusks unbranched; with short distal and terminal

hairs.

ETYMOLOGY.Vargula shulmanae is named after Dr.

Myra J. Shulman who, along with one of us (J.G.M.), first

collected the species.

DESCRIPTIONOFADULTMALE. Carapace (Figs. 3C,

4B, 5A, B). Oval with deep incisur and protruding caudal

process; anteroventral, posteroventral, posterodorsal, and
anterodorsal margins broadly rounded. Greatest height near

middle; not markedly higher in posterior half. Caudal process

short, below midheight of valve, but projecting to rounded
point, process slightly larger in right valve than in left, dorsal

margin rather straight, forming obtuse angle with rather trun-

cate posterior margin of valve, dorsal edge of process slightly

shorter than dorsal edge of incisur; both incisur and dorsal

edge of process at about midheight of valve. Dorsal edge of

incisur slightly overlapping ventral edge at inner end; faint

line on outer surface of valve curving from inner dorsal edge

of incisur to anterior margin of valve ventral to incisur. Tip

of rostrum with few nodes. Outer surface smooth but with

faint pattern resembling overlapping scales, visible at 100 x

;

scale-like pattern producing minute points on anteroventral

and posteroventral margin. Surface with rather regularly dis-

tributed small pores, some with minute bristles.

Infold. Infold of rostrum with about 20-31 double bristles

forming row parallel to rostral margin and continuing pos-

teriorly along incisur margin (about 5 bristles along incisur

margin), 0-1 bristle anterior to row, 1-4 double bristles pos-

terior to row, 2 double bristles near inner edge of incisur.

Anteroventral infold with 3 short bristles near inner edge of

incisur; about 20-3 1 double bristles forming row parallel to

margin (about 3-4 of these anteroventral to incisur), 0-1

double bristle anterior to and 1-4 double bristles posterior

to row; about 7 widely spaced bristles on ventral margin.

List becoming broader in vicinity of caudal process with

posterior fringe of minute processes, bristles or pores (right

valve with posterior fringe of irregular minute triangular spine-

like processes); ventral %of left list broader, with 0-1 bristle

anteroventral to list, list ending in dorsal knob; right list

ending in dorsal bar.

Selvage. Typical for genus.

Size. USNM193222 length 1.94, height 1.25 mm(holo-

type). Range (n = 131) for all specimens measured: length

1.79-2.01 mm, height 1.14-1.28 mm.
First antenna (Figs. 4B, 5C). First joint bare; 2nd joint

with medial spines forming rows and spines on ventral and
dorsal margins. Third joint short, ventral margin half or more
than half length of dorsal margin, with medial spines forming

row and 1 dorsal spinous bristle just proximal to middle and
1 long spinous ventral bristle near middle of joint; 4th joint

with 1 spinous terminal dorsal bristle and 1 spinous distal

ventral medial bristle. Sensory bristle of 5th joint with 10

long proximal filaments (some with minute filaments or

spines), 2 more slender distal filaments and bifurcate tip,

bifurcate tip and last filament with narrowed tips. Sixth joint

with short spinous medial bristle near dorsal distal margin.

Seventh joint: a-bristle spinous, slightly longer than bristle

of 6th joint; b-brist!e with stout proximal filament with bul-

bous base followed by large sucker and a small distal process

ending in a narrowed pointed tip, 2 distal slender filaments

each bearing 5 small suckers (distal filament not extending

beyond tip of bristle); c-bristle similar to b-bristle but about

2 times as long, basal filament and sucker larger, 2 distal

filaments with 4 small suckers, with about 5-6 long slender

bare distal filaments, bifurcate tip. Eighth joint: d- and e-bris-

tles bare, filamentous, almost as long as b-bristle, tips blunt

or with narrowed process; f-bristle with about 7 slender fil-

aments increasing in length distally, some perhaps with 1-3

spines; c-, f-, and g-bristles long (g-bristle longest), longer

than sensory bristle of 5th joint; g-bristle with 9 slender fil-

aments increasing in length distally and with 1 spine each

(except last filament) and process on bifurcate tip.

Second antenna. Protopodite with short spinous distal me-
dial bristle. Endopodite 3-jointed: 1st joint with 4 proximal

bristles (1 short, 3 very short) and 1 short distal spinous

bristle; 2nd joint elongate with 1 short spinous subterminal

bristle, 3rd joint about Vi- lh length of 2nd joint with long

terminal filament. Exopodite: 1st joint with spines on dorsal

margin; 2nd joint with rows of medial and lateral spines

crossing ventral margin, bristle reaching 6th or 7th joint, with

4 proximal and 1 subterminal stout ventral spine and nar-

rowed tip; joints 3-8 with basal spines becoming longer dis-

tally and with bristles with natatory hairs; lateral spine of

9th joint about same length as spine of 8th joint and about

twice length of 9th joint; 9th joint with 4 bristles (3 long with

natatory hairs, 1 shorter apparently bare).

Mandible (Figs. 3C, 4B). Coxale endite spinous, with bris-

tle near base. Basale: Ventral margin with 1 short and 1 long

and muscle scars. E-H. 2510.1a-C, female, length 2.39 mm: E. Right view of whole specimen showing valve, lateral eye, eggs (dashed lines),

tip of 1st antenna, mandible, and furca; F. Inside view of anterior end of right valve; G. Inside view of rostrum of right valve; H. 2nd antenna,

medial view of endopodite, exopodite, and distal protopodite (only bases of bristles on exopodial joints 3-9 shown).
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spinous a-bristle with bases on medial side, 1 short b-bristle

with base on lateral side (close to a-bristles), 1 long spinous

and 1 short c-bristle near middle of margin, and 2 distal

d-bristles, both some distance from c-bristles (1 shorter with

short spines and 1 very long with groups of long proximal

spines and short distal spines); dorsal margin with 1 long

spinous distal bristle with short spines and 2 long unequal

subterminal bristles with short spines. Exopodite with medial

hirsute dorsal process extending to pointed tip and 2 long

ventral bristles with short spines (distal shorter). First en-

dopodial joint with 4 ventral bristles ( 1 long with long prox-

imal and short distal spines, 1 long with short spines, 1 short

with short spines and 1 minute bare). Second endopodial

joint: Medial and lateral rows of spines or hairs, dorsal mar-
gin with 1 7 bristles (5 long spinous bristles, 5 shorter hirsute

bristles, 6 short hirsute medial bristles, 1 short stout medial

bristle with stout spines or possibly hairs); ventral margin
with 2 medium length single distal bristles (bristles with bases

together on 1 specimen) [tips either bifurcate or hollow and
middle bristle usually extending beyond base of subterminal

bristle and finger-like process] and 1 subterminal bristle equal

in length to and with base on lateral side of base of stout

finger-like subterminal unringed process (probably modified

bristle); process not touching 3rd joint and with slender

rounded point extending almost to end of 3rd joint. End joint

with 3 long claws (1 with proximal spines) and 4 bristles,

none with a bulbous base but stoutest reaching just beyond
claws ( 1 dorsal lateral bare and slightly ringed claw-like bris-

tle extending 2A- 3
/4 length of dorsal claw, 1 prominent short

bare ventral bristle, 1 long [% claw length] spinous ventral

medial bristle, 1 long stout, but not bulbous, spinous lateral

bristle extending just beyond tip of claws).

Maxilla. Endite I with 1 1 stout bristles with long spines;

endite II with 5 bristles with long spines (4 long stout), endite

III with 5 spinous bristles (4 stout, long with long spines, 1

proximal short slender with short spines). Coxale with stout

dorsal bristle proximally hirsute and distally with short spines.

Basale with 1 long spinous lateral bristle, 1 long spinous

medial bristle on or near ventral margin and base of exo-

podite and 1 spinous terminal medial bristle. Exopodite with

1 long proximal bristle with long proximal hairs and short

distal spines and 2 long terminal bristles (1 with long prox-

imal hairs and short distal spines, 1 with short spines only).

First endopodial joint with rows of medial hairs, 2 alpha-

bristles (outer bristle longer with long hairs, inner bristle with

short spines), 3 beta-bristles (outer longest and pectinate, 1

of inner 2 with short spines); cutting tooth rather large and
prominent, bifid (short slender proximal projection with

rounded point, distal square molar-like projection more than

twice as large with 2 points); possibly with 2 additional short

rounded teeth on terminal lateral margin (1 near ventral

margin, 1 near base of beta-bristles). Second endopodial joint

with 4 long distally ringed a-bristles ( 1 with proximal short

spines); 3 long, stout, very pectinate claw-like b-bristles (2

ringed, 1 slightly ringed); 3 distally ringed c-bristles (2 very

pectinate, 1 short); 3 stout, very pectinate d-bristles (2 ringed).

Fifth limb. Epipod with at least 36 bristles. Protopodite

with large distal undulate anterior tooth and 1 long anterior
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bristle with long proximal and short distal spines. Endite I

with 6 stout unequal bristles with long spines; endite II with

5 stout bristles with long spines (1 distally pectinate); endite

III with 6 unequal bristles (most stout with long spines, 4

distally pectinate). First exopodial joint with 6 pectinate teeth

and 1 proximal peg (smooth except for tiny spines on tip),

1 large pectinate bristle (with proximal spines) near peg, row
of 3 anterior bristles with long proximal spines or hairs (2

long stout distally pectinate, 1 short); 2nd exopodial joint

with 1 1 long stout pectinate claw-like end bristles arranged

somewhat into 3 rows of 4 (4 bristles unringed, claw-like); 1

posterior bristle with long hairs. Inner lobe of 3rd exopodial

joint hirsute, with 3 bristles (1 proximal posterior with long

proximal hairs and short distal spines and 2 terminal with

short spines); outer lobe hirsute with 2 terminal bristles with

short spines (1 with long proximal hairs or spines). Fourth

and 5th joints hirsute, separated by faint but distinct suture,

4th joint with 4 subterminal and terminal bristles with short

spines, 5th joint with 2 terminal bristles with short spines

and terminal group of spines.

Sixth limb (Fig. 6G). Hirsute laterally, 5 bare bristles in

place of epipod. Endite I with 3 bristles (2 short with long

spines or hairs, 1 long with longer spines); endite II with 5

bristles (3 short with long hairs, 2 long with long proximal

and short distal spines); endite III with 4 bristles with long

proximal spines or hairs and short distal spines (3 long, 1

short); endite IV with 3 bristles with long proximal hairs or

spines (2 long with short distal spines, 1 short). End joint

spinous, with 7-8 spinous bristles decreasing in length pos-

teriorly, each with long stout proximal spines and medium-
long distal spines (1 more medial and slender with shorter

proximal spines), followed by space and 3 hirsute posterior

bristles increasing in length posteriorly (anteriormost of these

with stout distal spines). Limb with suture separating end
joint from proximal part of limb, partial suture at base of

endite III.

Seventh limb. Combside with 1-2 distal and 4-5 terminal

bristles, each with 2-4 bells; peg side with 2-3 distal and 3-

4 terminal bristles, each with 2-4 bells. Combconsisting of

7 long spinous teeth with widened tips (2 lateral and 1 middle

teeth shortest) and 4 short blunt teeth (2 on each side) with

long basal spines and possibly with bumpy tips. Single pro-

cumbent long peg (slightly longer than short comb teeth) with

distal and terminal tiny teeth.

Furca (Figs. 3C, 4B). Each lamella with 8-9 claws; claws

2 and 4 fused to lamella, remaining claws separated from

lamella by suture; claw 3 more slender than but slightly longer

than claw 4; claws 1-5 or 6 with long row of stout and
approximately equal posterolateral teeth and distal row of

anterior spines.

Bellonci organ. Short, cylindrical, with conical tip.

Eyes (Fig. 4B). Medial eye small, pigmented (sometimes

restricted to band). Lateral eye about twice size of medial

eye, pigmented and about 14 ommatidia. Lateral eye length

ranged from 0.29 to 0.34 mmand pigmented area from 0.20

to 0.28 mm(n = 131). Eye pigment brown in reflected light;

maroon or maroon-brown in transmitted light.

Upper lip (Fig. 4B). Anterior undivided part with numer-
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ous glandular processes with unpigmented lobular tips and

proximal bands of maroon pigment; middle with 2 long tusks,

1 on each side; each tusk with short distal and terminal hairs

and with glandular processes; part posterior to tusks, round-

ed, hirsute.

Anterior of body. Rounded projection dorsal to 2-3 small-

er usually pointed projections.

Posterior of body. Mostly smooth; small group of short

hairs sometimes visible midposteriorly.

Copulatory organ (Fig. 4B). Anterior lobe rather conical,

longer than short posterior lobe which has at least 1 group

of about 3 bristles.

DESCRIPTIONOF ADULTFEMALE. Carapace (Fig.

5D, E). Oval with deep incisur and protruding caudal process;

anteroventral, posteroventral, posterodorsal, and anterodor-

sal margins broadly rounded. Greatest height near middle

(at or just posterior to middle, not markedly higher in pos-

terior half). Caudal process small (slightly larger in right

valve than in left), dorsal margin rather straight, forming

obtuse angle with rather truncate posterior margin of valve,

dorsal edge of process about same length as dorsal edge of

incisur; both incisur and dorsal edge of process at about

midheight of valve. Dorsal edge of incisur slightly overlap-

ping ventral edge at inner end; faint line on outer surface of

valve curving from inner dorsal edge of incisur to anterior

margin of valve ventral to incisur. Tip of rostrum with few

nodes. Outer surface smooth but with faint pattern resem-

bling overlapping scales, visible at 100x; scale-like pattern

producing minute points on anteroventral and posteroventral

margin. Surface with rather regularly distributed small pores.

Infold (Fig. 5F, G). Similar to that of adult male except

rostrum (Fig. 5G) with about 3-5 double bristles posterior

to main row of 24-33 double bristles, 0-2 bristles anterior

to row; anteroventral infold (Fig. 5F) with row of about 35-

43 double bristles parallel to margin (about 4 of these ventral

to incisur margin), about 0-17 double bristles posterior to

row; list of caudal process in left valve with numerous tiny

bristles and projections forming irregular row and posterior

margin with tiny ripples, caudal list straight except for slight

bend in dorsal half, caudal list of left valve terminating dor-

sally with round knob, with 0-2 bristles anteroventral to list;

caudal list of right valve with minute pointed processes or

fringe on ventral posterior edge, caudal list rather straight,

ending in raised dorsally directed bar.

Selvage. Similar to male.

Size. 25 10. la-c length 2.39, height 1.63 mm; 22 1 1 .3 length

2.33, height 1.68 mm; USNM193223 length 2.35, height

1.65 mm(allotype); 1212. 12-A length 2.55, height 1.70 mm.
Only 4 females (and 1 A—1 ovigerous female) have been

collected.

First antenna. Similar to male except b-bristle of 7th joint

about V3-V 2 longer than a-bristle, with 2 short proximal fil-

aments and process on tip; c-bristle with about 8 filaments

(with teeth or spines) becoming longer distally, about 5 times

length of b-bristle, with process on tips of filaments and
bristle; 8th joint with distal filament off- and g-bristles much
longer than others, small round knob at medial dorsal base

of f-bristle.
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Second antenna (Fig. 5H). Similar to male except exopo-

dite with shortest bristle of 9th joint, bearing few spines;

bristle of 2nd joint reaching 7th-9th joint, with 5-6 spines.

Mandible (Fig. 6A). Similar to male except coxale endite

with stout partly annulate spine on tip; 2nd endopodite joint

with 1 5 dorsal bristles (only 4 short hirsute medial bristles);

ventral margin of 2nd joint with 2 single distal bristles and

1 subterminal bristle together with subterminal unringed fin-

ger-like sclerotized process. Third endopodite joint with 1 of

4 bristles (stout ventral lateral) extending just beyond claws.

Maxilla (Fig. 6B). Similar to adult male except 2nd en-

dopodial joint with 2 longer (of 4) a-bristles bearing a few

stout proximal spines, 2 of 3 b-bristles distally ringed.

Fifth limb (Fig. 6C). Similar to adult male except epipodial

appendage with about 46 bristles; proximal part of protopo-

dite (coxale?) with pair of small sclerotized teeth bearing

minute stout spines; exopodite joint 1 with 1-2 bare bristles

near base of peg.

Sixth limb. Similar to adult male except end joint with 6-

8 instead of 7-8 anterior bristles.

Seventh limb (Fig. 6D). Similar to adult male except comb
side with 3-4 distal and 3-5 terminal bristles, peg side with

4-5 distal and 3-4 terminal bristles. Comb consisting of 7

long teeth (similar to those in male) and 4-5 short blunt teeth

(2-3 on each side).

Furca (Fig. 6E). Similar to that of adult male except 3rd

claw both shorter and more slender than 4th claw.

Bellonci organ (Fig. 6F). Similar to that of adult male but

with blunt tip.

Eyes (Fig. 6F). Similar to those of adult male but lateral

eye less than 1

V

2 times as large as medial eye. Overall size

and ommatidia size of lateral eye smaller than in male. Length

of lateral eye ranged from 0.23 to 0.29 mmand pigmented

area from 0.18 to 0.23 mm.
Upper lip (Fig. 6F). Lip similar to that of adult male except

tusk with short distal as well as terminal short hair.

Anterior of body (Fig. 6F). With rounded projections dor-

sal to 2-5 smaller, usually pointed projections.

Posterior of body. With a few short hairs.

Genitalia. Sclerotized ring (possibly with small ventral

projections) with attached spermatophores.

Eggs. 25 10. la-c with 26 eggs in ovary; the largest egg is

0.22 mm; 1212.1 2A with 32 eggs in ovary, 0.23-0.25 mm;
21 1 1.5-A with 24 eggs in ovary, 0.058-0.077 mm.

Ovigerous juvenile. One small ovigerous female (21 1 1.5C)

bears about 13 eggs/ovary (eggs = 0.058 mm). It has the

diagnostic characters shared by V. graminicola and V. shul-

manae. It has the specific diagnostic characters of V. shid-

manae: 5 (lowest adult number) stout spines on the 2nd
exopodite bristle of the 2nd antenna; rostral infold with 1-

2 bristles posterior to row of 19-23 bristles; anteroventral

infold with 0-1 bristle posterior to row of 31-33 bristles

(lowest adult number). We identify this female as an A—1

instar because it has these juvenile characters: length only

1.88 mm, height 1.28 mm; 7th limb with 14-15 bristles

(lowest adult number), all strongly tapered and with only 1-

2 bells; furca with only 8 claws (lowest adult number).

GENERALBIOLOGY. Geographical distribution. Known
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Figure 6. Vargula shulmanae. A-D. 2510.1a-C, female, length 2.34 mm; A. Right mandible, medial view; B. Tip of right maxilla, lateral

view, showing 2nd and distal part of 1st endopodial joints; C. Tip of right fifth limb, posterior view, showing exopodite; D. Tip of 7th limb.

E, F. USNM193223, female (allotype), length 2.35 mm: E. Left lamella of furca, lateral view; F. Left view of anterior of body showing lateral

and medial eye, bellonci organ, upper lip. G. 2510.3-A, male, length 2.01 mm, 6th limb.
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only from the vicinity of the type-locality of the western San
Bias Islands, Panama (9°33T4"N, 78°55'23"W).

Habitat. This species is most abundant on slopes and walls

of coral reefs with good water circulation. Most occur at

depths of 4 to >20 m. Individuals generally occur in areas

with dense coral cover and high coral diversity. Almost al-

ways there is a well-developed canopy of large gorgonians

above an understory of massive and foliaceous scleractinian

corals, all on steep slopes.

Ecology, behavior, and bioluminescence. Vargiila shul-

manae is a benthic species of steep coral slopes. On dark
nights males become demersal zooplankters and range up to

5 mabove the reef (but above and among the gorgonians).

They appear in the water column about 55 min afer sunset

for about one to two hours. On only 4 occasions have females

been caught in plankton nets. During the period that they

are planktonic, males repeatedly emit specific downward trains

of luminescent signals. For each train, the light is a vertical

sequence of widely spaced extracellular secretions emitted

by one male swimming rapidly downward at about 8.1 ±
1.3 cm s" 1 (n = 22 laboratory trials). Each signaling male is

accompanied by as many as 1 2 nonsignaling males or sub-

adult males. Each luminescent pulse has a duration of about
7.2 s (from 10 estimates) and a diameter of about 1-2 mm.
Each train contains about 5-8 pulses and the total train length

is about 1.5-2 m and lasts about 30-40 s. The interpulse

distance between the first two pulses is about 30-50 cm;
subsequent interpulse distances become much closer (the last

pair is about 5 cm apart). Each train is followed by a 30-

40 s nonluminescent dark period before the sequence is re-

peated nearby. There is a loose synchrony of displays over

the reef face. Displays are usually spaced at least 1 mapart.

Presumably these displays act as mating signals by the swim-
ming males to the sexually receptive benthic females. Cop-
ulation probably occurs in the water column when the female

swims to the signaling male. Females are capable of lumi-

nescing but have not been observed to produce any mating
signals. We do not know what they feed on; they are not

attracted to fish or crustacean carrion. A paper discussing

their luminescent displays is in preparation (Morin, in press).

Color of live ostracode. Males are similar in color to fe-

males and are mostly transparent except for the eyes (see

above), the light organ, and the abdomen. Both the light organ

and the abdomen are distinctly brownish in color.

Parasites. Female no. 21 1 1.5-A with eggs in ovary has 2

choniostomatid copepod parasites: 1 female attached to dor-

sum of ostracode and 1 male on anterior of ostracode, dorsal

to 1 st joint of left 1 st antenna and medioanterior to left lateral

eye.

DISCUSSION. Vargula graminicola and V. shulmanae
are so similar morphologically that they may be regarded as

sibling species. The two species have almost identical valves

with a low, short, rather pointed triangular caudal process

(Fig. 3A, C). V. shulmanae is larger, slightly rounder (less

elongate), and has a slightly more triangular caudal process

Contributions in Science, Number 373

than V. graminicola. The two species apparently do not over-

lap in size, but do overlap in ratio of valve length to height

(see below). They differ very little except in the number of

bristles on the infold and the number of stout spines on the

bristle of the 2nd joint of the exopodite of the 2nd antenna.

But the two species live in distinctly different habitats, pro-

duce different luminescent displays and have different diets

( V. shulmanae will not eat carrion while V. graminicola will).

Both V. graminicola and V. shulmanae have limbs which

are almost identical to those of V. parasitica (Wilson, 1913),

described from Jamaica. V. parasitica has a much smaller

(very inconspicuous) and more rounded caudal process than

V. graminicola and V. shulmanae. These three species are

the only Caribbean species of Vargula with a small caudal

process except for two undescribed species from Belize (Co-

hen, manuscript) and V. harveyi, another Jamaican species,

of which only the female is known (Komicker and King,

1965). All six of these species share some morphological limb

characters (discussed below), but V. harveyi is distinguished

by a distal jaw on the 7th limb.

Wilson’s original description of V. parasitica is brief and
does not describe all of the limb characters. Harding (1966)

expanded the description based upon specimens collected by
Wilson from the same host as the holotype. Komicker (1984)

further expanded the description based upon examination of

the holotype (determining that it is an adult female) and other

Jamaican specimens. The senior author of this paper has also

examined the holotype of V. parasitica and four paratypes

including specimens upon which Harding (1966) based his

redescription (males A, C, female B, USNM43586, 1 1 2672),

and two females (USNM 78656) used by Komicker (1984)

in his supplementary description.

The following is a comparison of Vargula parasitica, V.

graminicola, and V. shulmanae:
Caudal process: Larger, lower, more protruding, more

pointed in V. graminicola and V. shulmanae (particularly

females) than in V. parasitica. In V. graminicola and V.

shulmanae the dorsal margin of the process diverges from
the posterior margin of the valve at a distinct angle, pro-

ducing a triangular shaped caudal process below midvalve
height in both sexes. In V. parasitica the caudal process is

more broadly rounded, shorter and not triangular, and shows
more sexual dimorphism. In females (Wilson, 1 9 1 3:pl. 33,

fig. 30; Harding, 1966:fig. 2; Komicker, 1984:fig. 12a) the

process is high, above midvalve height and very short, form-
ing almost a continuous curve with the posterior valve mar-
gin. In males (Harding, 1966:fig. 1) the process is low (con-

fined to the lower half of the valve) and slightly longer than

in the female).

Valve size: In Wilson’s figure (pi. 53, fig. 303) the greatest

height of the valve of V. parasitica is distinctly posterior to

the middle. In Harding’s and Komicker’s specimens of V.

parasitica and also in V. graminicola and V. shulmanae it

is near the middle. V. parasitica is intermediate in size be-

tween the smaller V. graminicola and larger V. shulmanae,
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its length overlapping slightly with males and females of V.

graminicola and overlapping more with males of V. shul-

manae. Wilson reported that the (female) holotype of V.

parasitica is 1.8 mmlong and 1.15 mmhigh. The senior

author remeasured the holotype and found it to be 2.05 mm
long and 1 .47 mmhigh. The range of valve length for females

of V. parasitica is 2.01-2.17 mm(Komicker, 1984). Females

are 2.43-2.55 mmin V. shulmanae and 1.80-2.01 mmin

V. graminicola. In V. parasitica. Harding’s and Komicker’s

males range from 1.75 to 1.9 mmlong. Males of V. grami-

nicola are 1.52-1.75 mmlong, while males of V. shulmanae
are 1.82-2.01 mmlong. The ratio of male length to height

is 1.65 ± 0.04 (mean ± s.d.) [range = 1.58-1.76] (n = 55)

in V. graminicola and 1.59 ± 0.03 (mean ± s.d.) [range =

1.52-1.65] (n = 60) in V. shulmanae.

Infold: The six specimens of V. parasitica (including four

paratypes) examined by the senior author and the specimens

of V. shulmanae examined all have fewer bristles on the

infold than V. graminicola. However all the specimens of V.

parasitica were collected before 1 924 and their infolds appear

to have deteriorated more (with some bristles broken off)

than the infolds of specimens of V. graminicola and V. shul-

manae which were collected in 1983-1984. The rostrums of

V. parasitica specimens bear 4-9 (male) and 6-13 (female)

bristles in a row parallel to the rostrum compared to V.

shulmanae with 20-31 (10 males) and 24-33 (four females)

and V. graminicola with 22-33 (10 males) and 19-30 (four

females). The specimens of V. parasitica have 0-2 anterior

and 0-3 posterior to the row (this area unclear in some)
compared to 0-2 anterior and 1-6 posterior in 15 V. shul-

manae and 0-2 anterior and 4-12 posterior bristles in 10 V.

graminicola.

The anteroventral infold of the specimens of V. parasitica

is unclear in some specimens and has a row of 30-31 (male),

25-34 (female, possibly more on 1 specimen) bristles com-
pared to 32-43 in 19 V. shulmanae and 38-53 in 14 V.

graminicola. In V. parasitica there are 0-5 bristles posterior

to the anteroventral row compared to 0-4 ( 1 9 males) and 0-

17 (4 females) in V. shulmanae and 20-69 (10 males) and
34-64 (4 females) in V. graminicola.

The caudal infold of these three species of Vargula is sim-

ilar and bears very minute papillae or bristles, difficult to

count.

In order to make more accurate comparisons between the

infolds of V. parasitica and the two new Panamanian species,

fresher specimens of V. parasitica with well-preserved in-

folds are needed.

Second antenna: The number of stout spines on the bristle

of the 2nd exopodite joint is 6-7 (male), 7-9 (female) in V.

parasitica; 7-8 (rarely 6) in V. graminicola; 5-6 (rarely 7) in

V. shulmanae.

Sixth limb: The holotype of V. parasitica has 2 posterior

end bristles; Harding’s specimens of V. parasitica and the

two Panamanian species have 3 posterior end bristles.

Seventh limb: All three species have a terminal comb in

which the central tooth of the 7 long teeth is shorter than the

adjacent long teeth, apparently a unique character among the

Cypridinidae. Wilson’s description and figure (pi. 53, fig. 3 1 !

)
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of V. parasitica show about 23 proximal and 2 terminal

bristles, but the 7th limb on the holotype slide has about 7

proximal and more than 2 terminal bristles. Harding reports

14 bristles on the 7th limb of V. parasitica and Komicker
reports that females have 3 proximal and 5 terminal bristles

on the comb side and 4 proximal and 3 terminal bristles on
the peg side; males have 2 proximal and 4 terminal comb
side bristles and 4 proximal and 3 terminal peg side bristles.

In V. graminicola females have 4-5 proximal and 5 terminal

comb side bristles and 4-5 proximal and 3 terminal peg side

bristles; males have 1-2 proximal and 3-4 terminal comb
side bristles and 3 proximal and 3 terminal peg side bristles.

In V. shulmanae females have 3-4 proximal and 3-5 ter-

minal comb side bristles and 4-5 proximal and 3-4 terminal

peg side bristles. Komicker’s specimens of V. parasitica have

a comb with 7-8 long teeth and 4 short teeth on each side.

The two Panamanian species have 7 long teeth and 3 short

teeth on each side.

Furca: In all three species both the 2nd and 4th claws are

united to the lamella. Wilson reported 14 claws; the senior

author found 9 pairs on the holotype. Harding’s and Kor-

nicker's specimens of V. parasitica and also the two Pana-

manian species have 8-9 pairs.

Eyes; More pigmented in specimens of the two Panama-
nian species than in Komicker’s specimens of V. parasitica.

This could be an artifact of preservation differences.

Ovigerous juveniles: Ovigerous but apparently A—1 ju-

venile females have been found in both V. graminicola and
V. shulmanae. While these bear small ovarian eggs, they do
not fall within the adult size range and may be discriminated

from adults by their 7th limbs, which bear few and strongly

tapered bristles with only 1-2 bells.

Vargula parasitica, V. graminicola, and V. shulmanae are

distinct species but are united by many shared characters. In

all three species (plus two undescribed species from Belize)

the 4th and 5th joints of the 5th limb are separated by a

suture (not fused) and bear 4 bristles on the 4th joint (right

limb of 2510.1a-C female V. shulmanae has only 3 bristles

[Fig. 4C]), 2 on the 5th joint. Both fused and unfused 4th

and 5th joints are present in other species of Vargula and
other members of the tribe Cypridinini. The 4th and 5th

joints are separated in the tribe Gigantocypridinini and in

Codonocera and Pterocypridina (assigned to separate groups

within the Cypridinini by Komicker, 1983). In all three species

(plus V. harveyi and the two species from Belize) the maxilla

bears 2 alpha-, 3 beta-, and 4 a-bristles. Some other species

of Cypridinini share these characters. The presence of 4

a-bristles is also shared with Codonocera, Pterocypridina,

and Monopia (also assigned to a group within the Cypridinini

by Komicker, 1983). None of the three species bears a ter-

minal bristle with a bulbous base on the mandible; this bulbed

bristle is apparently unique, probably derived in some species

of Vargula. All three species share an apparently unique

probably derived character, a 7th limb with a comb in which

the central tooth is shorter than those adjacent to it. The
phylogenetic polarity of the many characters shared by these

three species is still either undetermined or not fully deter-

mined, but it is likely that the three species are closely related.
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A comparison of the figures illustrating the limbs shows that

not only do the species have the same number of bristles on

each joint of each limb, but that the bristles are similar in

length, width and ornamentation, with the very few excep-

tions noted above.

Vargula contragula, new species

Figures 3D, 7, 8

HOLOTYPE

USNM193230 adult male, length 1.88, height 1.03 mm; in

alcohol. Sample 2310.1a. 23 Oct. 1984 at 1835-1850 hr, at

4-m depth and about 1-2 m above low coral reef on Reef

26 (Macaroon), San Bias, Panama; sweep nets of displays;

J.G. Morin, col.

PARATYPES

Sample 39. 12 Sept. 1983 at ca. 0415 hr, about 8-m depth

and 1 mabove sand-coral slope on east side of Ukkup-Tupo,
San Bias, Panama; 3 1 net sweeps of luminescent displays;

J.G. Morin, col.; 1 male (JM2-B, on slide and in alcohol), 2

males (JM2-L, lost) (LACM). Sample 38. 9 Sept. 1983 at

1920-1930 hr, Vi-2 m above coral-sand slope on east side

of Ukkup-T upo, San Bias, Panama; 50 net sweeps of displays,

partial sample; J.G. Morin, col.; 1 male (JM5-B) (LACM).
Sample 1110.2a. 1 1 Oct. 1984 at 1845-1924 hr, 5-m depth,

above coral-sand slope on east side of Ukkup-Tupo, San Bias,

Panama; sweep net of displays, partial sample; J.G. Morin,

col.; 3 males (LACM). Sample 1810.1. 18 Oct. 1984 at 1915-

1930 hr, at 5-m depth and about 1-2 m above coral-sand

slope on southeast side of Taiantupo, San Bias, Panama;
sweep net of displays; J.G. Morin, col.; 2 males (LACM).
Sample 2310.1a. 23 Oct. 1984 at 1835-1850 hr, at 4-m depth

and about 1 -2 mabove low coral reef on Reef 26 ( Macaroon),

San Bias, Panama; sweep nets of displays, partial sample;

J.G. Morin, col.; 1 male (A, on slide and in alcohol) (C-F)

22 males, and 1 male on SEMstub (LACM). Sample 2011.3.

20 Nov. 1 984 at 1 840- 1 9 1 0 hr, about 5-8 mdepth and about
1-2 mabove coral (with some sand) slope on southeast side

of Korbiski Reef, San Bias, Panama; discrete traps of dis-

plays; J.G. Morin, col.; 8 males (USNM 193231). Sample
2311.2. 23 Nov. 1984 at 1840-1920 hr, at 7-10 mdepth and
about Vi-2 m above coral-sand slope on southeast side of

Korbiski Reef, San Bias, Panama; discrete traps of displays;

J.G. Morin, col.; 5 males (USNM 193232). Sample 1312.1.

13 Dec. 1984 at 1845-1915 hr, at 4-m depth and about 1-

2 m above low coral reef on Reef 26, San Bias, Panama;
discrete traps of displays; J.G. Morin, col.; 1 male (A, on
slide and in alcohol), 12 males (C-E) (LACM).

DIAGNOSIS. Anteroventral comer of valve not evenly

curved but with rounded projecting bulge; caudal process

large, about half height of valve. Females unknown; male
carapace length 1.71-2.00 mm. Furca: 7-9 pairs of claws;

claw 2 fused to lamella. Mandible: 2nd joint of endopodite

with only 2 ventral bristles ( 1
proximal, 1 distal and lateral

to sclerotized finger-like projection); 3rd joint with 1 terminal

bristle with bulbous base. Maxilla: 1st joint of endopodite

with 1 alpha- and 1 beta-bristle and large bifid cutting tooth;
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2nd joint with only 3 a-, 2 b-, and 3 c-bristles, 3 distal bristles

( 1 beta-, 2 d-bristles) long, stout with conspicuously large

rounded teeth; 2 distal bristles ( 1 beta- and the 3rd d-bristle)

attenuated distally. Fifth limb: 1st exopodial joint with only

3 pectinate teeth and 1 peg; 4th and 5th joints fused with

only 2 bristles. Sixth limb: End joint with 4-5 anterior bristles

and 3-4 hirsute posterior bristles. Seventh limb: Combcon-

sisting of 7 long and 4-6 short teeth (2-4 short teeth/side)

opposite peg; no dorsal jaw. Lip: Tusks unbranched, hirsute

distally.

ETYMOLOGY.Vargula contragula is derived from the

Latin condensatio which means “condensation” and the Lat-

in tragula which means “trail.” High-flying jet aircraft often

leave behind them a visible ‘condensation trail’ of moisture;

the contracted name for this commonly observed pattern is

‘contrail.’ Similarly contragula is the contraction of the same
Latin words and refers to the closely spaced, lateral trail of

luminescent pulses left behind noctumally swimming males

of this species.

DESCRIPTIONOFADULTMALE. Carapace (Figs. 3D,

7A, B). Oval with deep incisur, large protruding caudal pro-

cess, and small protruding process at anteroventral corner;

posteroventral, posterodorsal, anterodorsal, ventral, and
dorsal margins broadly rounded. Caudal process slightly larg-

er in right valve than in left, margin broadly curved forming

obtuse angle with curved posterior margin of valve; dorsal

edge of process shorter than dorsal edge of incisur and above
midheight of valve; inner end of incisur above midheight of

valve. Dorsal edge of incisur slightly overlapping ventral edge

at inner end; faint line on outer surface of valve curving from
inner dorsal edge of incisur to anterior margin of valve ven-

tral to incisur. Valve surface smooth but with faint pattern

resembling overlapping scales, visible at 100x; scale-like

pattern producing minute points on tip of rostrum and on
anteroventral margin of valve. Numerous minute pores scat-

tered rather regularly over valve surface, some with minute
bristles.

Infold (Fig. 7C). Infold posterior to rostrum with row of

about 9-1 1 long double bristles (members of each pair un-

equal in length and very unequal in 2-3 bristles dorsal to

incisur), 1 bristle posterior to these, 1 long and 0-1 shorter

bristle on dorsal inner edge of incisur, 1 tiny bristle posterior

and dorsal to inner edge of incisur. Anteroventral infold with

1-3 short bristles near inner comer of incisur, 1 tiny bristle

posterior to inner comer of incisur, row of about 7-13 long

double bristles on anterior margin (including 3 ventral to

incisur), 0-1 bristles posterior to row; 0-6 (fewer in right

valve) shorter bristles on ventral margin; list becoming broader

in vicinity of caudal process with numerous minute pro-

cesses, crenulations or ripples (including at least 1 5 tiny bris-

tles in left valve); 0-5 bristles ventral to left list; list ending

dorsally in knob (left valve) or bar (right valve); about 10

minute bristles forming widely spaced row on posterior edge

of caudal process of both valves.

Selvage. Selvage with lamellar prolongation with smooth

edge and faint striations present along ventral and anterior

margins; lamellar prolongation along ventral margin of in-

cisur broader and with more visible striations than elsewhere.

Cohen and Morin: Panamanian Myodocopid Ostracodes ( Vargula
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Size. USNM193230 length 1.88, height 1.03 mm(holo-

type). Range (n = 129) for all specimens measured: length

1.71-2.00 mm, height 0.98-1.13 mm.
First antenna (Figs. 3D, 7D). First joint bare. Third joint

short with medial spines, 1 medium long spinous dorsal bris-

tle just proximal to middle and 1 medium long spinous ven-

tral bristle with base near middle or terminal. Fourth joint

with 2 medium long spinous bristles (1 terminal dorsal, 1

distal ventral). Sensory bristle of 5th joint with 10 long prox-

imal filaments, 2 more slender distal filaments, and bifurcate

tip. Sixth joint with medium long spinous medial bristle near

dorsal margin. Seventh joint: a-bristle spinous, about same
length as bristle of 6th joint; b-bristle with stout proximal

filament with bulbous base followed by large distal sucker

and distal process, and 2 slender distal filaments each bearing

2-5 (usually 3-4) smaller suckers, filaments not extending

beyond bristle tip, b-bristle about 2-3 times length of a-bris-

tle; c-bristle with stout proximal filament with bulbous base

(slightly larger than that of b-bristle) followed by large distal

sucker and distal process, 2 proximal slender filaments with

small suckers (each with 3-4), about 4-6 longer, slender bare

distal filaments with spine-like tips, and bifurcate tip. Eighth

joint: d- and e-bristles bare and filamentous, d-bristle longer

than e-bristle, e-bristle longer than b-bristle; f- and g-bristles

with 9-10 slender filaments increasing in length distally and

bearing a few spines, and bifurcate tip; c-, f-, and g-bristles

stouter and much longer than remaining bristles.

Second antenna (Figs. 3D, 7E). Protopodite with very short

distal medial bristle. Endopodite 3-jointed: 1st joint with 4

proximal bristles (1 short, 3 very short) and 1 short distal

bristle with short spines; 2nd joint elongate with 1 very short

distal bristle with short spines; 3rd joint short (about xh length

of 2nd joint) with long terminal filament. Exopodite: 1st joint

with minute terminal process; bristle of 2nd joint reaching

to end of 6th, 7th, 8th or 9th joint, with 6-12 stout more
proximal, mostly ventral spines, and about 0-5 minute spines

on narrower distal portion; joints 3-8 with natatory hairs

only; joints 2-8 with increasingly stouter ventral spines; lat-

eral spine of 9th joint slightly shorter than ventral spine of

8th joint; 9th joint with 4 unequal bristles (3 longest with

natatory hairs).

Mandible (Figs. 3D, 7F). Coxale endite spinous, with bris-

tle near base and stout terminal spine with some annulations.

Basale: Ventral margin with 2 a-bristles (1 long spinous, 1

short) with bases on medial side, 1 short lateral b-bristle

(close to a-bristles), 1 long spinous (short spines) and 1 short

c-bristle near middle of margin, and 2 long distal d-bristles,

separated by space from c-bristles ( 1 with short spines, 1 very

long and stout with long proximal hairs or spines and short

distal spines); dorsal margin with 1 long distal bristle and 2

long subterminal bristles, all with short spines. Exopodite

with medial hirsute dorsal process extending to pointed tip

and 2 spinous bristles. First endopodial joint with 4 ventral

bristles ( 1 longest with few longer and more short spines, 1

long with short spines, 1 not as long with short spines, 1

minute; minute bristle missing and longest bristle distally

bifurcate on illustrated limb of 1312.1 -A). Second endopo-
dial joint: Dorsal margin with 12-17 bristles (5 long bristles

with short spines, 6-10 short hirsute medial bristles, 1 short

stout medial bristle with stout spines, 1 short to medium
length medial bristle with short spines); ventral margin with

1 short distal bristle and 1 shorter subterminal bristle with

base on lateral side of stout finger-like subterminal unringed

process (process almost as long and broad as claws on 3rd

joint). End joint with 3 long claws (2 ventral claws stouter

than dorsal claw and with very stout bases and stout proximal

teeth) and 4 bristles (1 dorsal bristle about half claw length,

1 short slender ventral bristle, 1 slender ventral bristle almost

as long as claws, 1 ventral bristle with large bulbous base

and extending beyond claws).

Maxilla (Fig. 7G). Endite I with about 12 long stout dis-

tally ringed bristles with many long slender spines; endite II

with about 6 mostly stout long distally ringed bristles with

long spines; endite III with about 5 mostly longer bristles

with long proximal and short distal spines and rings. Coxale

with stout hirsute dorsal bristle. Basale with 1-2 long medial

bristles and 1 lateral hirsute bristle at base of exopodite.

Exopodite hirsute with 1 long hirsute proximal bristle and 2

long terminal bristles ( 1 stouter hirsute, both with distal short

spines). First endopodial joint with long slender alpha-bristle

with short hairs and long, stout, claw-like, pectinate beta-

bristle with 8-9 very large stout rounded proximal teeth (dis-

tal V4-V5 of bristle narrow, ringed flexible with about 22 mi-
nute teeth); cutting tooth prominent, usually bifid (usually

composed of 2 rather pointed triangular parts); [1 limb of

13 12.1 -A with trifid tooth, no beta-bristle, 3 long pectinate

c-bristles, 1 long unringed pectinate d-bristle with 8 large

teeth and 2 long pectinate d-bristles with slender ringed tips].

Second endopodial joint with 3 medium-short ringed pec-

tinate a-bristles (shorter than all but 2 end bristles), 2 pec-

tinate b-bristles (1 long, 1 short, both ringed), 1 short slender

ringed and 2 long stout ringed pectinate c-bristles, and 3 long

stout pectinate d-bristles (2 very stout bare, claw-like with

Figure 7. Vargula contragula, males. A. JM2-B, length 1.76 mm, right lateral view of whole specimen showing valve, lateral eye, and caudal

infold (dashed line). B, C. 1 312. 1 -C, length 1 .86 mm: B. Inside of left valve showing valve, infold, and muscle scars; C. Inside view of anterior

part of left valve. D. USNM193232-A, length 1.86 mm, left 1st antenna, medial view (distal parts of sensory, c-, f-, g-bristles not shown).

E. 2310.1a-A, length 1.98 mm, left second antenna, medial view, showing endopodite, exopodite, and distal part of protopodite (only bases

of bristles on exopodial joints 3-9 shown). F. 1312.1 -A, length 1.94 mm, right mandible, lateral view. G, H. 23 10. la- A: G. Tip of right

maxilla, medial view, showing 2nd and distal part of 1st endopodial joints; H. Tip of right 5th limb, anterior view, showing exopodite.
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Figure 8. Vargula contragiila, males. A. JM2-B, length 1.76 mm, 6th limb. B. 2310. la-A, length 1 .98 mm, tip of 7th limb. C. JM5-B, length

1.71 mm, right lamella of turca, lateral view. D. USNM193231-A, length 1.75 mm, left view of anterior of body showing lateral and medial
eyes, bellonci organ, and upper lip.

about 8-10 very large rounded teeth, and 1 longer with about

1 5 small teeth and slender ringed flexible tip with minute

teeth [similar to beta-bristle]).

Fifth limb (Fig. 7H). Epipod with about 45 bristles. Pro-

topodite with 1 hirsute bristle (may be in row on 1st joint of

exopodite). Three endites with about 1 7 bristles, all with long

spines or stout hairs and some also with short spines. Endite

1 with 1-2 long and 5 short bristles with long spines; endite

II with 4-6 rather short bristles; endite III with 3 short and
4 medium-length bristles (2 unringed, 2 pectinate). First ex-

opodial joint with only 3 pectinate teeth and 1 pointed prox-

imal peg (slightly longer than shortest tooth); long pectinate

bristle with proximal long hairs or spines present near peg;

anterior side with 3(—4 ) bristles forming row near inner mar-
gin (all with long proximal hairs, 2 very long with distal short

spines). Second exopodial joint with 13-14 very long slender

flexible pectinate bristles (all ringed), 1 proximal hirsute an-

terior bristle and 1 proximal posterior bristle (proximally

hirsute with distal short spines). Inner lobe of 3rd exopodial

joint with 2 bristles with long proximal hairs and short distal

spines; outer lobe hirsute with 2 terminal bristles (with short

spines). Fourth and 5th exopodial joints fused, hirsute, with

2 bristles (with short spines) [minute partially sclerotized

process present terminally between bristles of 1312.1 -A],
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Sixth limb (Fig. 8A). Three to four bare bristles in place

of epipod. Endite I and II each with 3 bristles (1 long with

long distal spines, 2 short with long hairs); endite III with 4

bristles (2 long with long mid and short distal spines, 2 short

proximally hirsute); endite IV with 2 long bristles (longest

bristle with long mid and short distal spines, other bristle

proximally hirsute). End joint hirsute with 4-5 anterior bris-

tles (decreasing in size to short posteriorly) with long prox-

imal hairs or spines and short distal spines, followed by space

and 3-4 increasingly longer hirsute bristles (shortest with

distal short spines).

Seventh limb (Fig. 8B). Comb side with 0 distal and 4-5

terminal bristles, each with 1-4 bells; peg side with 3 distal

and 3 terminal bristles, each with 2-5 bells. Combconsisting

of 7 long spinous teeth (alate at tip and longest tooth in

middle) and 4-6 short blunt teeth (2-4 on each side). Single

stout short erect curved peg with comb of terminal and lateral

teeth, present opposite long comb.
Furca (Figs. 3D, 8C). Each lamella with 7-9 claws; claw 2

fused to lamella, remaining claws separated from lamella by

suture; claw 1 much longer than claw 2; claw 3 distinctly

longer than claw 4; teeth present on all claws, claws 1-3 with

rather regular teeth on anterior margin and on lateral and
medial posterior margin.
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Bellonci organ (Fig. 8D). Short, cylindrical, distal half con-

ical, narrowing to narrow, blunt tip.

Eyes (Fig. 8D). Medial eye unpigmented. Lateral eye larger

than medial eye, with dark brown or maroon pigment and
about 16 ommatidia. Lateral eye length ranged in size from

0.25 to 0.33 mmand pigmented area from 0. 18 to 0.28 mm
(n = 129).

Upper lip (Fig. 8D). Anterior undivided part unpigmented,

with numerous small pointed or rounded glandular process-

es; middle with 2 long tusks, 1 on each side; distal third of

each tusk with long hairs and few minute processes; part

posterior to tusks, rounded, hirsute.

Anterior of body (Fig. 8D). With rounded projection dorsal

to smaller rounded projection.

Posterior of body. Bare.

Copulatory organ. Posterior lobe helmet-shaped with bris-

tles near tip, and possibly base, lobe curving over distal part

of narrower anterior lobe; rounded posterior part of organ

with many small lobes or teeth.

GENERALBIOLOGY. Geographical distribution. Known
only from the vicinity of the type-locality of the western San
Bias Islands, Panama (9°33'14"N, 78°55'23''W).

Habitat. V. contragiila is mostly found at depths less than

9 m in association with gorgonian covered reefs, either low

profile patch reefs or shallow sloping reefs, that have sub-

stantial open and rubble areas between the corals and gor-

gonians.

Ecology, behavior, and bioluminescence. Vargiila contra-

gula is a benthic species that lives in low profile patch reefs

and reef slopes with extensive gorgonian populations. Males

become planktonic about 1-3 mabove the reefs, but usually

among the gorgonians, for about 1 hour at night. They appear

quickly about 50 min after sunset. No females have been

caught. While they are planktonic V. contragiila males pro-

duce distinctive luminescent displays. These displays are a

series of extracellular light pulses left behind a male as it

swims rapidly (about 9 cm s ') and obliquely upward at an

angle of 30° to 50°. It may be accompanied by up to six

nonluminescing males. Each pulse has a duration of about

4 s. The first two pulses are spaced about 1 5 cm apart, the

second and third about 8 cm, the third and fourth about 5

cm, and subsequent interpulse intervals are about 2 cm apart.

Many dozens of these closely spaced pulses may be produced
during a single display and cover a distance of several meters.

While they are being produced by the male at one end of the

train, they are fading away slowly at the other end (a distance

of about 30 cm and containing about 1 5 visible pulses at any
one time). The effect is like a miniature glowing contrail from
a jet aircraft, moving through the water at a low angle to the

bottom. The paths of the trains are either linear or slightly

curved. Often several males will commence their displays

near one another and then radiate outward. Thus there is

loose synchrony among males. The displays cease rather

abruptly, within about 10 min, approximately an hour after

they begin. As with the two species described above, it is

assumed that these displays are mating signals from plank-

tonic males to sexually receptive benthic females. It is not

known what they feed on; they are not attracted to fish or
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crustacean carrion. No predation upon them has been ob-

served.

Color of live ostracode. The body is mostly transparent

except for the eyes, light organ, and abdomen. The light organ

is an orange-brown color while the abdomen is a distinctly

organgish color.

DISCUSSION. Vargiila contragiila shows the diagnostic

charcters of the genus Vargula (Komicker, 1975). Polarity

of characters within the genus is uncertain. V. contragiila

possesses some apparently unique characters (autapomor-

phies) and shares others with some congeners. V. contragula

is the only species of Vargiila with a 5th limb with a 1st

exopodite joint bearing only 3 teeth plus a peg. Only one
other species of Cypridinidae, Pterocypridina sex Komicker,

1983 ( Pterocypridina group), has 3-4 teeth and a peg (Kor-

nicker, personal communication). Almost all species of Cy-

pridinidae have 6 teeth plus a peg. Reductions have also

occurred in V. dent at a Komicker, 1975 (5 teeth plus a peg)

and other Cypridina group species: Codonocera suensoni

Poulsen, 1962 (4 teeth plus a peg), C. goniacantha Muller,

1906, C. polygonia Muller, 1906, C. weberi Muller, 1906,

and Rugosidoloria serrata Komicker, 1975 (all with 5 teeth

plus a peg).

Only one other species of Vargula, V. spmulosa, has a

valve with a bulge on the anteroventral comer similar to that

of V. contragiila. V. spinulosa also has a furca with the 2nd
claw united to the lamella, but has a 7th limb with a dorsal

jaw and differs from V. contragula in many other respects

including those noted below.

Vargula contragula has some apparently uniquely shaped

distal bristles on the maxilla: 1 beta- and 2 d-bristles are

stout and claw-like with prominently large rounded teeth,

but the beta- and one of these d-bristles also have unusual

very slender ringed minutely toothed distal portions.

Vargula contragula and V. hilgendorfii are the only known
species of Vargula with a mandible with the ventral margin
of the 2nd endopodite joint with only 1 single distal bristle

proximal to the usual subterminal bristle paired with a scler-

otized finger-like projection. But a few specimens of some
other species of Vargula occasionally have an aberrant limb
with a reduced number of bristles on this joint.

Vargula contragula shares some characters almost exclu-

sively with a few Caribbean species of Vargula. Of the 22

described species of Vargula (including the three described

herein) six are from the Caribbean Sea. There are 8-10 ad-

ditional Caribbean species which we will describe in future

papers (4-5 from San Bias, Panama and 3-4 from Carrie

Bow Cay, Belize). The 14-16 Caribbean species fall mainly
into three groups of species sharing concordant morpholog-
ical characters: 1) Vargula contragula, V. bullae Poulsen,

1962, 3-4 undescribed species from San Bias and 1-2 un-

described species from Belize; 2) V. harveyi Komicker and
King, 1965, and 1 undescribed species from San Bias; and

3) Vargula parasitica, V. graminicola, V. shulmanae, and
two undescribed species from Belize.

Group 1. The species in the first group (containing V. con-

tragula) share the following characters, most of which occur
in few other species of Vargula: high, usually prominent

Cohen and Morin: Panamanian Myodocopid Ostracodes (Vargula) 21



caudal process, mandible with a bulb-based end bristle; 5th

limb with fused 4th and 5th joints bearing a total of only 2

bristles; maxilla with 1 alpha-, 1 beta-, 3 a-, and a total of 5

b- and c-bristles (except V. bullae has 2 beta-bristles); furca

with only the 2nd claw united to the lamella (except V. bullae

and 1-2 undescribed species from San Bias with both the

2nd and 4th claws united to the lamella); 7th limb with comb
of 7 long teeth (longest in center) and adjacent short teeth.

Apparently the Caribbean species of Vargula are the only

species of the Cypridinidae possessing a mandible with a

bulb-based end bristle except for V. tsujii Komicker and

Baker, 1977, from California, NE Pacific Ocean, V. hilgen-

dorfii (Muller, 1890) from the west Pacific, and V. plicata

Poulsen, 1962, from the Celebes Sea.

The reduction in number of bristles on the maxilla and on

the fused 4th and 5th joints of the 5th limb occurs in some
other members of Cypridinidae (although 1 alpha-bristle oc-

curs only in some members of the Cypridina genera group),

but in Vargula occurs in only 3 of the 16 presently known
non-Caribbean species: V. tsujii (shares all of the listed char-

acters of the first Caribbean group except the high caudal

process and the 7 long teeth in the comb of the 7th limb),

V. hilgendorfii (shares with the first Caribbean group only

the bulb bristle, 2nd claw only of furca fused, high caudal

process, and 1 alpha-bristle), and V. magna Komicker 1984,

from North Carolina and west Florida (shares with the first

Caribbean group only the reduction of maxilla bristles).

Only four non-Caribbean species of Vargula have only the

2nd claw fused to the lamella: V. tsujii, V. hilgendorfii, V.

spinulosa Poulsen, 1962, from Korea (shares with the first

Caribbean group only the high caudal process and fused 2nd
claw of the furca), and V. spinosa Poulsen, 1962, from Japan

(shares only the fused 2nd claw of the furca).

Group 2. The species in the second group share the fol-

lowing characters: low and short caudal process; mandible
with end bristles without or with slightly bulbous base; 5th

limb with unfused or partially fused 4th and 5th joints with

4-5 bristles; maxilla bristles and furca as described in group

3; 7th limb with comb as described in group 1.

Group 3. The species of the third group share the following

characters: low and usually short caudal process; mandible
without bulb-based end bristle; 5th limb with unfused 4th

and 5th joints bearing a total of 6 bristles; maxilla with 2

alpha-, 3 beta-, 4 a-, 3 b-, and 3 c-bristles (number of b- and
c-bristles unclear and possibly different in V. parasitica ); fur-

ca with 2nd and 4th claws fused to lamella; 7th limb with

comb having 7 long teeth (with the longest teeth adjacent to

the center tooth) and short lateral teeth.

Only four other non-Caribbean species of Vargula are also

known to have a 7th limb with a comb with 7 long teeth and
in all of them the central tooth is longest: V. norvegica (Baird,

1860) from the eastern North Atlantic Ocean; and, in the

Pacific Ocean, V. plicata, V. lusca Komicker, 1975, from
south of Tasmania, and V. ascensus Komicker, 1979, from
New Zealand.

The geographically concordant suites of characters suggest

that some Caribbean species of Vargida are closely related

to each other and that the taxon may be a promising subject

22 Contributions in Science, Number 373

for cladistic analysis. However, the high number of new species

which we have found proportional to those presently de-

scribed suggests that many more species may still be unde-
scribed throughout the world. An analysis also will require

better determination of the polarity of the character state

transformations based upon further study of the relationship

of Vargula to other genera in the Cypridinini and their char-

acter states. Study of the possibly undescribed species of

choniostomatid copepods parasitic on some of these species

also might be useful in determining phylogenetic relation-

ships.
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