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Family Acartiidae 
Introduction 
Copepods of the family Acartiidae are common inhabi- 
tants of coastal and estuarine environments in all 
oceans of the world. They are thought to be mainly 
adapted to high food concentrations, which are encoun- 
tered in estuaries and upwelled waters. For example, 
Acartia tonsa cannot obtain sufficient food for repro- 
duction on the middle and outer shelf, where food 
concentrations are usually low, because clearance rates 
decrease when food concentrations fall below a certain 
level (Paffenhofer and Stearns, 1988). Their distribution 
in space and time may owe a lot to the fact that a 
number of Acartia species are known to produce 
diapause eggs which allow them to lie dormant in the 
sediment and to appear suddenly in the plankton when 
conditions are favourable (e.g., Uye, 1983, 1985; 
Lindley, 1990; Nass, 1991; Belmonte, 1992, 1997, 1998; 
Viitasalo and Katajisto, 1994) or to be transported in 
ships’ ballast water to other parts of the world 
(Hirakawa, 1988). It is also recognized that morpholo- 
gical anomalies may be created in polluted environ- 
ments (e.g., Brylinski, 1984). 

Farran’s (1948) review of Acartia for Fiches d’ldentzji- 
cation du Zooplancton (No. 12) now needs revision, 
since a number of species and a genus have been 
described since then. The present review, based mainly 
on the existing literature, covers species known to occur 
in the North Atlantic and Mediterranean seas, and also 
includes notes and figures of related species from other 
temperate northern hemisphere areas because of the 
possibility that species could be transported from one 
area to another in ships’ ballast water. 

Steuer (1915, 1923) divided the family into arostratae 
and rostratae and further subdivided them into sub- 
genera. More work needs to be done on the validity of 
Steuer’s divisions. The taxonomy of the Acartiidae 
would probably benefit from further study of the nature 
of the female genitalia now that evolutionary trends in 
copepod genitalia are better understood (Barthelkmy 
et al., 1998). Steuer (1923) noticed certain differences 
between groups, based on the few species he studied. 
The European fauna contains many of Steuer’s groups, 
and a number of species in the fauna need to be rede- 
scribed, as it was difficult to obtain realistic illustrations 
of some species. Recently, a new genus (Pteriacartia 
Belmonte, 1998b) has been described to take Paracartia 
josephinae . 

Acartia elmaghraby appears to be a nomen nudum, 
and an original description of A .  setigera?, mentioned 
by Kovalev and Shmeleva (1982), could not be located. 
Therefore these two “species” are not included here. 

There is also a need for further work on the exact 
number of species in the North Atlantic and Mediterra- 

nean acartiid fauna. It is clear that the last word has not 
been said on the number of sibling species present nor 
on the range of variability to be found within one 
species. McKinnon et al. (1992), studying plankton 
from Port Phillip Bay, Victoria, Australia, show that 
there are three size morphs of Acartia. These are very 
similar in characters other than size and exhibit fixed 
gene differences. The authors conclude that these 
morphs are separate species. There is also a need to re- 
examine the status of some species which have been 
recorded commonly since their original description (e.g., 
A .  clausii). Only when these taxonomic problems have 
been worked out can meaningful physiological and 
ecological conclusions be drawn concerning members of 
this family. 

A number of additional references, to aspects of 
feeding, diet, reproduction, reproductive success, popu- 
lation biology, ecology, inter-annual variability of popu- 
lations, and effect of preservation on morphology, 
biomass, and biochemical composition, are not 
recorded here. These can be accessed through electronic 
or paper abstract databases. 

Key to abbreviations: A1 = antennule; A2 = antenna; 
B1 = coxa; B2 = basis; Mn = mandible; Mxl = maxil- 
lule; Mx2 = maxilla; Mxp = maxilliped; P1-5 = 
swimming legs 1-5; Re = exopod; Ri = endopod. The 
spine and setal formula of the swimming legs is given in 
the mode of Sewell (1949). The spines (Roman 
numerals) and setae (Arabic numerals) are numbered 
from proximal to distal on each branch of the limb, and 
from outside to inside on each segment. 

Superfamily Diaptomoidea 

Family Acartiidae Sars, 1903 
Female: Small, more or less slender copepods. A single 
eye present. Head and pedigerous somite 1 separate, 
pedigerous somites 4 and 5 always fused, posterolateral 
corners of the prosome rounded or pointed. Urosome of 
3 free somites, anal operculum may be on the anal 
somite or the anus may open between the last two uroso- 
mites into a dorsal grove on the anal somite; caudal rami 
generally slightly asymmetrical, short or long, sometimes 
fused with the anal somite, with 6 setae. Without a 
rostrum with or without paired filaments. Upper lip 
large, prominent, and trilobed. A1 17-22-segmented, 
many segments with long setae. A2 Ri 3-segmented; B2 
(with 1 seta) and Ril are fused, the resulting segment 
bears 9 setae arranged in a proximal group of 8 and an 
isolated distal seta, the 8 proximal setae are intercon- 
nected at their bases by tiny tendinous strands extending 
from a single muscle inserted adjacent to the last seta 
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enabling the 8 setae to be moved as a single unit 
(Acurtiu); Ri2 with 6-9 distal setae; small terminal 
segment with 7 terminal setae; Re with reduced number 
of segments: 4-segmented with I ,  2, 2, 3 setae, respec- 
tively. Mn with well-developed gnathobase with a large 
separate tooth on one border, palp B2 with 1-2 setae; Ri 
I-segmented with 2 + 8-9 setae; exopod 5-segmented with 
1, I ,  1, I ,  2 setae, respectively. Mxl with reduced lobes 
and setation; praecoxal arthrite short with about 6-8 
spines and setae, coxal endite, and basal endites 1 and 2 
with 0, 3, 1 setae, respectively; Ri apparently absent; Re 
with 2 + 5 setae; coxal epipodite 1 and basal exite with 
8-9 and 1-0 setae, respectively. Mx2 endites 1-5 with 3- 
4, 2-3, 2-3, 1-3, 1-2 setae, respectively; Ri with 4-5 
setae. Mxp reduced and highly modified, B1 with 5-6 
long setae; B2 with 1 short thick seta; Ri with :"used 
segments with 4-5 short thick setae. P1-4 slender and 
delicate with long natatory setae; distolateral borders of 
Re of P2-4 expanded into a conspicuous tooth; articu- 
lated spines are not present in this position. PI B2 may 
have a small outer edge spine or seta; terminal Re spine 
of P2-4 with outer edge teeth. Spine and seta formula 
as follows: 

BI B2 Re segments Ri segments 

P1 0-0 lj0-0 1-1; 1-1; 11,1,4 0-1; 1, 2, 
P2 0-0 0-0 0-1; &l; 0, I, 5 &2; 1, 2, 
P3 0-0 0-0 0-1; 0-1; 0, I, 5 0-2; 1,2, 
P4 0-0 1-0 0-1; 0-1; 0, I, 5 0-2; 1,2, 

Female P5 usually uniramous, small, symmetrical, 3- 
segmented, B1 and intercoxal sclerite may be fused or B1 
and 2 and the intercoxal sclerite may be fused (Purucurtiu, 
Pteriucurtiu); B2 with an outer seta; Re in the form of a 
spine or elongate seta; small Ri present in Acurtiellu. 

Genus Acartia Dana, 1846 
As for the family, with the following additional charac- 
ters. Anal somite is without an anal operculum, as anus 
opens between last two urosomites into a dorsal grove 
on anal somite. Caudal rami are short, separated from 
anal somite. A2 B2 is fused with Ril, which is long and 
slender and bears 9 setae; Re is shorter than Ril. PI Re1 
and Re2 each with a long slender outer distal spine, and 
with 2 spines on Re3. Female P5 3-segmented, unira- 
mous, with last segment modified into a long, slender 
spine. Male P5 is larger on right, Re2 with a large inner 
lobe, and Re3 in the form of a clasper (Bradford, 1976). 

Subgenus Acartiura Steuer, 1915 
As for the genus, with the following additional charac- 
ters. Ovaries fused. Last prosomite is rounded but may 

bear spines. Rostra1 filaments absent. Caudal rami are 
short and slightly asymmetrical, with right ramus 
longest. Female genital double-somite with sper- 
mathecal canal looped when viewed both laterally and 
ventrally, and genital apertures are close together on 
ventral surface. Female P5 has a smooth terminal spine 
bearing some distal hairs on both sides and with an 
evenly bulbous base, Ri absent. Male P5 has right B2 
with 2 inner ridges and an outer distal plumose seta, 
Re1 usually (not in A. discuudutu) has a distal inner 
lobe and a proximal inner spine, Re2 has its inner lobe 
bearing 1-3 spines, Re3 has a terminal spine, and inner 
edge spine and at least 3 transverse rows of outer 
spines; left B2 has an inner proximal ridge, left B2 has 
an inner proximal ridge, posterior surface spines, and 
an outer distal plumose seta; Re1 usually has some 
spinules; the Re2 + 3 is shaped like a hand with 2 lateral 
distal opposing spines, anterior spine much heavier and 
thicker-walled than posterior spine, but both are simple; 
patches of spinules and hairs are proximal to anterior 
spine. Mainly temperate to cold species in both hemi- 
spheres (Bradford, 1976). 

1. A. cluusii Giesbrecht, 1889. Female: length 0.81-1.47 
mm. Posterior prosome bordered with 2 4  strong spines 
dorsally and some stiff hairs ventrally. Right caudal 
ramus 1ength:width is 1.83-2.08. Genital double-somite 
and urosomite 2 is bordered posterodorsally with 
conspicuous spines. Genital double-somite 1ength:width 
is 1.10-1.20, in dorsal view widest part is on anterior 
one-third of somite, and genital swelling is centrally 
placed in lateral view. A1 slightly shorter than prosome, 
segment 5 with a distinct denticle anteriorly. P5 
terminal spine thick. Male: 0.71-1.31 mm. Posterior 
prosome bordered by dorsal spines and ventral stiff 
hairs, genital somite bordered by posterodorsal hairs, 
urosomites 2-4 bordered by posterodorsal small spines, 
and urosomite 2 has small spinules laterally. Right 
caudal ramus 1ength:width is 1.02-1.24. B2 of left P5 
with 2 rows of small spines, 1 row on inner edge ridge, 
other on posterior surface; Re1 with some anterior 
surface spinules and inner edge hairs, Re2+3 shorter 
than Re1 with a slightly convex distal border and length 
of posterior spine just less than half that of its segment 
and longer than anterior spine inserted distal to anterior 
spine; right Re1 inner distal lobe with proximal border 
at right angles to rest of segment, Re2 inner lobe with 1 
distal and 1 proximal spinule and distoposterior knob 
(Sars, 1903; Bradford, 1976). 

2. A. discuudutu (Giesbrecht, 1881). Female: 1.2 mm. 
Posterior prosome rounded and smooth. Urosome 
without any trace of spinules or denticles; genital 
double-somite large, conspicuously dilated anteriorly in 
dorsal view, and centrally in lateral view; urosomite 2 
terminates in a rounded protuberance; anal somite flat- 
tened and considerably expanded distally; caudal rami 
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of a rounded oval form with marginal setae compara- 
tively short and conspicuously dilated at their base. A1 
extends slightly beyond posterior border of prosome, 
without any anterior denticles on segment 5. P5 resem- 
bling those of A .  clausii. Male: 1.10 mm. Caudal rami 
not oval. P5 large, right leg very elongated, being twice 
as long as left leg with lamellar expansions inside B2, 
Rel, and Re2 comparatively small, Re3 narrow, almost 
claw-like; left B2 bearing two rows of spinules, the 
distal row composed of much larger spinules than 
proximal row (Sars, 1903; Bradford, 1976). 

3. A .  discaudata var. rnediterranea Steuer, 1929. Female: 
1.06-1.19 mm. Posterior prosome bordered by a 
variable number of teeth. Genital double-somite 
distinctly asymmetrical with a chitinous knob on right 
ventral surface posterior to genital swelling. Male: 1.08 
mm. Posterior prosome bordered by teeth. P5 more 
richly armed than drawn by Giesbrecht or Sars, right 
Re2 with a shorter inner process, less distally placed 
than in Atlantic specimens (Steuer, 1929). 

[Note: The specimens from Brest, observed by myself 
(Bradford, 1976), also have the male P5 more richly 
ornamented than that drawn by Sars (1903), although 
the inner process on the right Re2 is of a size and 
position as figured by Sars (1903). Steuer (1929) was 
unable to check that the ventral chitinous knob was 
purely a characteristic of Mediterranean specimens; 
work needs to be done to establish the distinctness of 
Mediterranean specimens of A .  discaudata, and on the 
unity of this species in European waters.] 

4. A .  enzoi Crisafi, 1974. Female: 1.07 mm. Posterior 
prosomal borders rounded, genital double-somite with a 
length approximately twice that of successive somites 
together, in lateral view genital swelling has an irregular 
outline [but line drawing does not seem to agree with 
the photos, which seem more like A .  discaudata]. 
Caudal rami are enlarged. P5 similar to A .  clausii. Male: 
1.05 mm. P5 right Re3 enlarged, bearing 3 large spines 
and patches of hairs; left Re2+3 with heavy spine 
inserted at about midlength and a fine subterminal spine 
(Crisafi, 1974). 

[Note: This species seems to be similar in some 
respects to A .  discaudata. Apparently there are no types 
of this species in existence (G. Belmonte, pers. comm.), 
so it is impossible to check its identity. This species has 
not been recollected since its description. I consider this 
to be a doubtful species.] 

hairs on dorsal and lateral surfaces; caudal rami usually 
with a few small spines on outer posterodorsal margin, 
numerous fine hairs on lateral margin and a few minute 
hair-like spinules at distal end of lateral margin. Genital 
double-somite 1ength:width is 1.24-1.34, with genital 
swelling anterior in both dorsal and lateral views, in 
dorsal view bulge lies entirely anterior to middle of the 
somite. Right caudal ramus 1ength:width is 1.69-1.91. 
P5 terminal spine thick and conspicuously hairy on 
both sides distally. Male: 0.71-1.07 mm. Posterolateral 
corner of prosome with several hairs usually in two 
rows and more conspicuous than those of female. 
Urosomite I with lateral hairs, urosomites 2-5 with very 
minute hair-like spinules on dorsal and/or lateral 
surfaces, urosomite 5 sometimes with several fine hairs 
on ventral surface; caudal rami usually with a few small 
spines on outer posterodorsal margin, with very minute 
hair-like spinules on dorsal surface, and with several 
fine hairs on lateral and medial margins. Right caudal 
ramus 1ength:width is 1.16-1.29. B2 of left P5 with 2-5 
small strong spines in inner posterior surface, Re1 with 
indented hairy border, Re2+3 with long equal spines, 
about half length of the segment, each inserted at same 
level on segment; right Re2 inner lobe with posteriorly 
directed projection conspicuous when viewed ventrally 
and more or less visible depending on angle of view in 
other directions; this projection may make lobe appear 
slightly bilobed (Bradford, 1976; Ueda, 1986a). 

6. A .  longiremis (Lilljeborg, 1853). Female: 1.25 mm. 
Posterior border of prosome rounded and each side 
carrying a conspicuous, dorsal, delicate spinule. Uroso- 
mites clothed both laterally and on posterior borders 
with delicate spinules. A1 extends to middle of genital 
double-somite, none of segments denticulate. P5 with 
terminal spine slender and long. Male: 1.05 mm. P5 
with right Re1 and Re2 expanded internally into 
rounded lamellar projections; left B 1 bearing a large 
and a small spine (Sars, 1903; Bradford, 1976). 

7. A .  margalej Alcaraz, 1976 (= A .  lefevreae Bradford, 
1976). Female: 0.79-0.91 mm. Posterior prosome with 
2-5 small spines dorsally, urosomites naked. Genital 
double-somite 1ength:width is 1.26-1.45, with genital 
swelling anterior in both lateral and dorsal views. Right 
caudal ramus 1ength:width is 2.12-2.43. P5 terminal 
spine thick. Male: 0.80-0.90 mm. Posterior prosome 
with dorsal spines and ventral hairs, genital somite with 
hairs. Urosomites 2 4  naked. Right caudal ramus 

5. A .  hudsonica (Pinhey, 1926). Female: 0.78-1.32 mm. 
Posterior prosome with some ventral hairs. Genital 
double-somite usually with a few irregular rows of very 
minute spinules on ventrolateral surfaces, posterodorsal 
margin without spines or spinules; urosomite 2 usually 
with very minute hair-like spinules on posterodorsal 
margin; anal somite naked or sometimes with some fine 

1ength:width 1.25-1.53. B2 of left i?5 usually with 2 
posterior rows of small spines, proximal row short, 
sometimes absent, Re1 with an inner border of hairs, 
Re2+3 about equal in length to Rel, posterior spine is 
slightly longer than anterior spine, posterior spine is 
inserted distal to anterior spine which is almost at 
midlength on segment and is finely toothed at its distal 
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end; inner distal lobe on right Re1 with proximal border 
almost meeting remainder of segment at right angles, 
Re2 inner lobe rounded with a proximal as well as a 
distal spine (Alcaraz, 1976; Bradford, 1976). 

8. A .  omorii Bradford, 1976. Female: 0.94-1.22 mm. 
Posterior prosome usually with some ventral hairs, 
genital double-somite naked, urosomite 2 naked or with 
1-3 posterodorsal blunt teeth. Genital double-somite 
1ength:width is 0.99-1.07, with widest part anterior in 
dorsal view, genital swelling almost central in lateral 
view. Right caudal ramus 1ength:width 1.05-1.84. P5 
terminal spine thick. Male: 1.00-1.19 mm. Posterior 
prosome with ventral hairs, urosomites sometimes with 
very small posterodorsal spinules. Right caudal ramus 
1ength:width is 1.1s1.25. B2 of left P5 with a posterior 
row of 2 4  spines, Re1 with inner edge hairs, Re2+3 
with long equal spines more than half length of 
segment, anterior heavy spine inserted proximal to 
posterior spine; right Re2 inner lobe with 2 posteriorly 
directed knobs which give lobe a slightly bifurcate look 
when viewed from certain angles, border of segment 
proximal to lobe is very convex, outer border has a few 
spinules (Bradford, 1976; Ueda, 1986b). 

9. A .  teclae Bradford, 1976. Female: 0.71-0.87 mm. 
Posterior prosome and urosomites naked. Genital 
double-somite 1ength:width is 0.94-1 .OS, with swelling 
centrally placed in lateral view, and anteriorly placed in 
dorsal view. Right caudal ramus 1ength:width is 1.71- 
2.20. P5 terminal spine thick. Male: 0.64-0.72 mm. 
Posterior prosome with ventral hairs. Urosomites 
naked. Right caudal ramus 1ength:width is 1.15-1.30. 
B2 of left P5 with 2 posterior rows of medium-sized 
spines and inner border with hairs, Re1 with inner edge 
hairs, Re2+3 about equal in length to Rel, spines short, 
posterior spine inserted distal to anterior spine and 
slightly longer than anterior spine which is placed at 
about midlength; right B2 with very conspicuous ridges, 
Re2 inner lobe angular because of 2 expansions at end, 
distal posterior expansion smallest (Bradford, 1976). 

Subgenus Acanthacartia 
Rostra1 filaments usually present. Ovaries fused. AI 
segments mostly unspined. Posterior prosomal borders 
rounded and either naked or armed with spines, some- 
times large and acute. Spermathecal canal appears to be 
looped only in ventral view. P5 as in Acartiura, 
although heavy spine on male left Re2+3 is not simple 
spine found in Acartiura but may have one or more 
accessory spines arising from its base or be expanded. 
Coastal species (Steuer, 1915, 1923; Bradford, 1976). 

10. A .  biJilosa (Giesbrecht, 1881). Female: 1.02-1.10 
mm. Posterior prosome rounded. Genital double-somite 

and urosomite 2 with the dorsal surface covered with 
fine hairs arranged in rows across the somite. AI 
without spines, not extending beyond posterior border 
of genital double-somite. P5 B2 longer than wide, 
terminal spine twice length of its segment, nearly 
straight, in the form of a stiletto and a little longer than 
outer plumose seta. Male: 1.0-1.1 mm. Urosome 
without spines. P5 similar to that of A .  clausii, but right 
Re1 has two inner expansions, and a small, heavy 
appendix on left Re2f3 (Giesbrecht, 1892). 

11. A .  bijilosa var. inermis Rose, 1929. Female: 1.1 mm. 
Urosomites without fine hairs. The terminal spine of P5 
about same length as plumose seta. Male: 1.1 mm. 
External posterior border of urosomites 1 and 2 some- 
times with hairs. P5 as in A .  bijlosa (Rose, 1929). 

12. A .  fossae Gurney, 1927. Female: 1.03-1.40 mm. 
Posterior prosome border rounded, with a row of 4-5 
small teeth. Genital double-somite as wide as long, 
longer than urosomites 2 and 3 combined, with a few 
small lateral hairs, but there are no dorsal spines on this 
or succeeding somites. AI extends to posterior border of 
urosomite 2. P5 basal segment short and broad, terminal 
spine stout, curved and smooth. Male: 0.91-1.30 mm. 
Posterior prosomal borders rounded and with teeth as in 
the female. Urosomite 1 with lateral hairs, somites 2, 3, 
and 4 with a posterior row of minute denticles. Caudal 
rami short and broad with inner hairs. A1 extends 
almost to posterior border of prosome. Right P5 Re1 
with a process on posterior side bearing a slender seta, 
Re2 produced into a large inner lobe; left Re2+3 with a 
stout terminal spine and a curved anterior seta (very 
similar to A .  bijilosa, see Gurney) (Gurney, 1927). 

13. A .  italica Steuer, 1910b. Female: 0.70-1.00 mm. 
Posterior prosome borders rounded, and generally 
without spines. Urosome naked. B2 of P5 almost twice 
as long as wide, carrying a fine outer seta and a curved 
spine, thickened at its base and serrate along its distal 
half. Male: 0.70-1.00 mm. Posterior prosome with some 
dorsal spines, and some fine ventral hairs. Urosome 
naked. Right B2 of P5 with a proximal bent tooth on 
inner surface, Re1 inner border concave, without an 
internal spine, Re2 with a large inner edge appendix 
bearing a spine, Re3 with a characteristic irregular 
outline ending in a short apical spine; left P5 with a 
moderately large apical spine on Re2+3, and dorsally 
there is a rounded, hairy tooth (Steuer, 1910b). 

14. A .  tonsa Dana, 1849. Female: 1.30-1.50 mm. 
Posterior prosome rounded, with some small spinules 
on posterior border. Urosome short, naked except anal 
somite which has hairs on its borders (Mediterranean 
and Black Sea specimens were much more “hairy” but 
variable in this respect (Belmonte et al., 1994)), genital 
double-somite with broadest part of somite anterior in 
dorsal view. B2 of P5 longer than wide, with a broad 
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projection on inner distal corner, terminal spine is 
bulbous at its base, coarsely denticulate near end, and is 
longer than external plumose seta. A1 not spinous. 
Male: 1.00-1.10 mm. Urosomites 1 and 2 decorated 
with dorsolateral spinules, somites 1 4  with postero- 
dorsal spines. Right P5 with Re1 slender, without an 
internal spine, Re2 with a broadly based inner expan- 
sion; left Re2+3 with a terminal slender spine and 
subterminal spine which is expanded for most of its 
length, except tip, and is covered with numerous small 
hairs, the expanded spine originates from an area of 
Re2f3 which is fringed with long bristles (Giesbrecht, 
1892; Remy, 1927; Belmonte et al., 1994). 

Su bgenus A cart ia 
Rostral filaments present. Ovaries fused. Posterior 
prosomal borders rounded or drawn out into a point. 
Female P5 B1 with long plumose seta, terminal spine 
denticulate. Right male leg 5 Re1 with a distal appen- 
dage. Indopacific and Atlantic species. Oceanic in all 
tropical and subtropical seas (Steuer, 1915, 1923). 

15. A .  danae Giesbrecht, 1889. Female: 1.08-1.27 mm. 
Posterior prosome terminates in symmetrical points. 
Urosome without spines, but with fine dorsal hairs on 
posterior border of first two somites, genital double- 
somite longer than following somite. A1 extends as far 
as posterior border of caudal rami; its first segment with 
a strong, heavy spine. P5 B2 longer than wide; terminal 
spine twice as long as its segment, denticulate at end; 
plumose seta 3 times longer than spine. Male: 0.73-0.80 
mm. Posterior prosome as in female. Urosomite 1 with 
lateral hairs. Right P5 with a pointed projection on 
internal border of B2; left Re2+3 with 4 short spines 
(Giesbrecht, 1892; Steuer, 1923). 

16. A .  negligens Dana, 1849. Female: 1.04-1.27 mm. 
Posterior prosome border rounded with 1 or many small 
spines and a range of more dorsal fine hairs. Urosome 
with spinules; first two somites with dorsal spinules on 
posterior border. A1 reaches end of the body, its first 
segment has a small, slender spine. B2 of P5 longer than 
wide, inner spine dentate and less than twice length of its 
segment, external plumose seta very long, at least 5 
times longer than spine. Male: 0.80-1.00 mm. A1 shorter 
than body. Urosomites 1 and 2 hairy on both sides; 
other somites with dorsoposterior spinules. P5 similar to 
A .  danae, but without internal appendix on the right B2 
(Giesbrecht, 1892; Steuer, 1923). 

Subgenus Hypoacartia 
Rostral filaments present. Ovaries paired. Female 
posterior prosomal borders with asymmetrical lateral 

extensions. Female leg 5 inner border with a broad, 
dentate terminal spine. Male leg 5 superficially similar 
to that of A .  discaudata. Coastal species (Steuer, 
1915). 

17. A .  adriatica Steuer, 1910. Female: 1.05-1.22 mm. 
Posterior prosome with 2 lateral unequal points, point 
on left is stronger and longer. Genital double-somite 
asymmetrical. One caudal seta a little stronger than 
others. P5 with an external plumose seta much longer 
than terminal spine, which is bent to outside and is 
thickened and toothed on inner border basally and 
distally. Male: 1.18-1.27 mm. Posterior prosome with a 
curved line of spinules. P5 is strong; left B2 swollen; 
Re1 short and carrying 2 distinctive elements in the 
form of a claw; 1 element (Re2+3) is subrectangular 
and terminated by a hook which is toothed on its outer 
border and has a large triangular tooth on its inner 
border, and 1 element in the form of a simple, slender 
claw, as long as other element, and inserted in a promi- 
nent “pincushion”; right Re3 is strong and hook-like, 
and the internal projection on Re2 is very long, straight, 
finger-like, and forms a pincer with Re2 projection 
(Steuer, 1910b; Brian, 1927). 

18. A .  macropus Cleve, 1900. Female: 1.18 mm. Last 
two somites of prosome with two small, asymmetrical 
finger-like processes, left one straight and placed more 
posteriorly than right curved process. Genital double- 
somite is 3 times as long as urosomite 2, which is 
equal to urosomite 3. Longest seta on caudal rami 
exceeds urosome in length; all setae of equal thickness. 
Caudal rami nearly twice as long as broad. Prosome 3 
times longer than broad. P5 terminal spine very short 
and apparently fused with B2; its interior margin is 
denticulate. Male: 1.23 mm. Lateral corners of 
prosome rounded; margin of last somite smooth, 
without small spines. Right Re2 of P5 longer than 
broad, inner projection arises from proximal half of 
segment, Re3 elongate with a very small terminal claw 
(Cleve, 1900). 

Key to the species of Acartia 
Females 

1. Rostral filaments absent (Fig. lb) 
Rostral filaments present 
(Fig. 14a) 

2. Anal somite much wider than 
urosomite 2 in dorsal view 
(Fig. 2a) 
Anal segment not wider than 
urosomite 2 in dorsal view 
(Fig. la) 

2 

9 

A .  discaudata 

3 

6 



Figures 1 4 .  1.  Acartia clausii. a: Female dorsal view; b: female lateral view; c: female genital double-somite, dorsal view; d: female 
genital double-somite, lateral view; e: female P5; f: male P5; g: male urosome, lateral view. 2. A .  discaudata. a: Female urosome, 
dorsal view; b: female P5; c: male P5. 3.  A .  discaudata var. mediterranea figures not included here. 4. A .  enzoi. a: Female urosome, 
dorsal view; b: female urosome, lateral view; c: female P5; d: male 5. 



Figures 5-8. 5. Acartia hudsonica. a: Female urosome, dorsal view; b: female genital double-somite, dorsal view; c: female genital 
double-somite, lateral view; d: female P5; e: male P5. 6. A .  longiremis. a: Female urosome, dorsal view; b: female P5; c: male P5. 7. 
A .  margalefi. a: Female urosome, dorsal view; b: female urosome, lateral view; c: female P5; d: male urosome, lateral view; e: male 
P5. 8. A .  omorii. a: Female urosome, dorsal view; b: female genital double-somite, lateral view; c: female P5; d: male urosome, 
lateral view; e: male P5. 
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3. Genital double-somite in lateral 
view with a large, ventral 
prominence posterior to genital 
apertures (Fig. 4b); in dorsal view 
genital double-somite twice length 
of urosomite 2, and with an 
anterior angular swelling (Fig. 4a) 
Genital double-somite in lateral 
view with a smoothly curving 
ventral surface (Fig. 5c) 

4. Anal somite spinous; posterior 
prosome with 1 very large spine 
and several small spines, genital 
double-somite and urosomite 2 
with surface spinules as well as 
posterior spines (Fig. 6a) 
Anal somite naked or with very 
fine spinules (Fig. 5a) 

5. Genital swelling placed anteriorly 
on somite in lateral view (Figs. 
5c, 7b) 
Genital swelling approximately 
central on somite in lateral view 
(Figs. lb, 8b, 9b) 

6. Prosome naked posterodorsally 
but with posterior hairs (Figs. 5b, 
c); length of right caudal ramus 
less than twice width (1.69-1.91) 
Prosome with posterodorsal 
spines (Figs. 7a, b); length of right 
caudal ramus more than twice 
width (2.12-2.43) 

7. Posterior prosome naked or with 
ventral hairs (Figs. Xb, 9b) 
Posterior prosome bearing spines 
(Fig. lc); P5 terminal spine thick, 
length of right caudal ramus 
usually less than twice its width 

8. Large species (total length 0.94- 
1.05 mm) with urosomite 2 naked 
or with 1-3 posterodorsal blunt 
teeth (Fig. Xa). Right caudal 
ramus 1ength:width 1.50-1.82 
Small species (total length 0.71- 
0.87 mm) with naked urosomites 
(Fig. 9a). Right caudal ramus 
1ength:width 1.71-2.20 

9. The external plumose seta of P5 
clearly shorter than terminal 
spine, B2 twice as long as wide 
(Fig. 13c) 

The external plumose seta of P5 
more or less equal in length to 
terminal spine (Figs. lob, 14c) 
The external plumose seta of P5 
longer or much longer than 
terminal spine (Figs. 12b, 15b, 

A .  enzoi 16b, 17b, 1Xb) 

4 

A .  longiremis 

5 

10. Urosome covered in very fine 
spinules (Fig. 10a). Spine on P5 
finely haired at its tip and almost 
straight (Fig. lob) 
Urosome naked (Fig. 1 la). Spine 
on P5 bulbous basally, finely 
haired at its tip which is bent 
(Fig. l lb )  
Urosomites 1 and 2 with 
posterodorsal spinules (Fig. 14b). 
Spine on P5 denticulate at its tip 
and straight, B2 with an internal 
projection (Fig. 14c) 

1 1. Spine on P5 bent to outside, long, 
its internal border grossly toothed 
(Fig. 17b) 
Spine on P5 bent to outside, 
thick, short, its internal border 
coarsely toothed (Figs. 18a<) 
Spine on P5 not bent, finely or 
moderately toothed on both 
borders (Figs. 12b, 15b, 16b). 

12. External plumose seta on P5 less 
than 1.5 times as long as its spine 
(Fig. 12b) 
External plumose seta on P5 
3 times as long as its spine 
(Fig. 15b) 
External plumose seta on P5 
5 times as long as its spine 
(Fig. 16b) 

A .  hudsonica 

7 

A .  margalej 

8 

A .  clausii 

A .  omorii 

A .  teclae 

A .  italica 

Males 
1. Rostral filaments absent (Fig. 1 b) 

Rostral filaments present 
(Fig. 14a) 

10 

11 

A .  biJilosa 

A .  biJilosa var. 
inermis 

A .  tonsa 

A .  adriatica 

A .  macropus 

12 

A .  fossae 

A .  danae 

A .  negligens 

2 

8 
2. Right P5 Re1 not expanded at 

inner distal border, left B2 with 
two long rows of spines, one 
composed of very large spines, the 
other of very small spines (Fig. 2c) 
Right P5 Re1 not expanded at 
inner distal border, left B2 with 
one long row of very long spines 
(Fig. 4d) 

A .  discaudata 

A .  enzoi 

9 



Figures 9-13. 9. Acartia teclae. a: Female urosome, dorsal view; b: female urosome, lateral view; c: female P5; d: male urosome, 
lateral view; e: male P5. 10. A. bifilosa. a: Female dorsal view; b: female P5; c: male P5. 11. A .  bifilosa var. inermis. a: Female 
urosome, lateral view; b: female P5; c: male P5. 12. A .  fossue. a: Female urosome, dorsal view; b: female P5; c: male urosome, 
dorsal view; d: male P5. 13. A .  italicu. a: Female urosome, dorsal view; b: female urosome, lateral view; c: female P5; d: male 
urosome, lateral view; e: male P5. 
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Figures 14-17. 14. Acartia tonsa. a: female rostra1 filaments, ventral view; b: female urosome, dorsal view; c: female P5; d: male 
urosome, dorsal view; e: male P5; f: male P5 left Re2t3. 15. A .  danae. a: Female dorsal view; b: female P5; c: male urosome, dorsal 
view; d: male P5. 16. A .  negligens. a: Female dorsal view; b: female P5; c: male P5. 17. A.  adriatica. a: Female dorsal view; 
b: female P5; c: male urosome, dorsal view; d: male P5. 
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Right P5 Re1 expanded at inner 
distal border, left B2 otherwise 
decorated (e.g., Fig. 6c) 

3. Left P5 B2 with 2 types of spines 
or spinules on posterior surface, 
one type very large (Fig. 6c) 
Left P5 B2 with spinules of 
uniformly small size on posterior 
surface (e.g., Figs. 7e, 9e) 

4. Left P5 Re2f3 longer than or 
equal to Re1 (Figs. 7e, 9e) 
Left P5 Re2f3 shorter than Re1 
(e.g., Fig. le) 

3 

A .  longiremis 

9. Left P5 Re2+3 in form of a pincer 
with a heavy outer spine. Inner 
appendix on right. Re2 narrow 
and elongate (Figs. 17d, 18f) 
Left P5 Re2f3 not in form of a 
pincer. Right Re2 with a wide, 
short appendix or without any 
appendix (e.g., Figs. lOc, 16c) 

4 10. Right P5 Re2 inner appendix 

10 

11 

5 

6 
5. Posterior prosome border with 

posterodorsal spinules and 
posterior hairs (Fig. 7d). P5 right 
Re2 inner lobe rounded terminally 
(Fig. 7e) A .  margaleji 
Posterior prosome border with 
posteroventral hairs (Fig. 9d). P5 
right Re2 inner lobe angular 
because of 2 terminal processes 
giving it a slightly bilobed 
appearance (Fig. 9e) 

6. Posterior prosome with 
posterodorsal spines and posterior 
stiff hairs (Fig. lg) 
Posterior prosome with 
posteroventral hairs (e.g., 
Fig. 8d) 

7. Left P5 Re2f3 with long equal 
spines more than half length of 
segment, anterior heavy spine 
inserted proximal to posterior 
spine; right Re2 with outer edge 
spines (Fig. 8e) 
Left P5 Re2+3 with long equal 
spines about half length of 
segment, each inserted at same 
level distally on segment; right 
Re2 outer edge naked (Fig. 5e) 

rounded, often bearing small 
spines or hairs (e.g., Figs. 12c, 

Posterior prosome corners extend 
into points (Fig. 15c). Left P5 
terminated by 4 spines, B2 of left 
and right P5 with an internal 
pointed extension, right Re1 with 
a long, thin, inner, distal appendix 
(Fig. 15d) 

8. Posterior prosome corners 

17c) 

A .  teclae 

A .  clausii 

7 

A .  omorii 

A .  hudsonica 

9 

A .  danae 

11 

A .  adriatica 

placed on very distal part of 
segment. Re3 not much longer than 
Re2 appendix. Right B2 with 
proximal inner expansion (Fig. 17d) 
Right P5 Re2 inner appendix 
arises from middle to proximal 
part of segment. Re3 more than 
twice as long as Re2 appendix. 
Right B2 without prominent inner 
expansion (Fig. 180 A .  macropus 

Right P5 Re2 without 
conspicuous inner expansion. Left 
Re1 with, along outer distal spine, 
Re2+3 with 3 terminal spines and 
1 longer spine inserted at about 
midlength on inner border 
(Fig. 16c) 
Right P5 Re2 with a conspicuous 
inner expansion. Left Re1 outer 
distal border naked, Re2+3 with 1 
terminal spine and at least 1 other 
spine (e.g., Figs. lOc, 12d, 13e) 

12. Right P5 Re1 with a moderately 
sized, broadly rounded distal 
expansion (Fig. 1Oc) 
Right P5 Re1 without a distal 
expansion, or small expansion 
and a long posterior surface spine 
(e.g., Figs. 12d, 13e, 14e) 

13. Right P5 Re1 with a long 
posterior surface spine which 
arises midway along its segment 
and extends half way along Re2; 
Re2 with width of base of inner 
expansion less than half length of 
segment. Left B2 with a small 
inner triangular knob (Fig. 12d) 
Right P5 Re1 without a long spine 
on posterior surface. Re2 with 
width of base of inner expansion 
less than half length of segment. 
Left B2 without inner tooth. Right 
B2 with small proximal triangular 
tooth (Fig. 13e) 

A .  negligens 

12 

A .  bifilosa 

13 

A .  fossae 

A .  italica 

12 



Figures 18-21. 18. Acartia macropus. a: Female dorsal view; b, c: female P5; d: male urosome, dorsal view; e, f: male P5. 19. Para- 
cartia grani. a: female urosome, dorsal view; b: female P5; c: male P5; d: male right Al .  20. P .  latisetosa. a: Female urosome, 
ventral view; b: female urosome, lateral view; c: female P5; d: male P5; e: male right A l .  21. Pteriacartia josephinae. a: Female 
urosome, dorsal view; b: female PS; c: male urosome, dorsal view; d: male PS; e: male terminal part of right Al .  
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Right P5 Re1 without a long 
spine on posterior surface. Re2 
with width of base of inner 
expansion approximately equal to 
length of segment. Left B2 with a 
broadly rounded inner expansion. 
Right 5 2  with a large proximal 
broadly rounded expansion 
(Fig. 14e) A.  tonsa 

Genus Paracartia Scott, T., 1894 
Rostra1 filaments present. Sexual dimorphism strongly 
marked. Ovaries paired. Last prosomite of female usually 
strongly spread into wing-shaped extensions on each side, 
that of male simple with lateral parts not expanded. 
Urosome of female comparatively short, of 3 free somites 
with genital double-somite expanded laterally, may be 
asymmetrical, genital pores laterally placed on somite; 
caudal rami broad and one of apical setae may or may 
not be transformed into a thickish spine. Urosome of 
male slender, of 5 somites, with caudal rami of normal 
shape. Female A1 as in Acartia; right geniculate A1 of 
male may be expanded. A2, mouth parts, and swimming 
legs similar to those of Acartia. Female leg 5 with both 
basis fused, terminal spine, if present, is heavily built, and 
lateral seta is usually much shorter than terminal spine. 
Male leg 5 is powerfully developed; right leg much larger 
and terminates in a very long slender incurved claw, B2 
with a conspicuous inner projection which is sometimes 
very large; left Re2+3 usually wider than long, bearing at 
least two spines which oppose each other to make 
segment resemble a chela. The spermatophore, fixed to 
genital double-somite of female, is accompanied by a 
complicated thin plate which may curve around female 
genital double-somite (Sars, 1904). 

19. P. grani Sars, 1904. Female: 1.0 mm (prosome 0.93- 
1.29 mm). Posterior prosomal corners enlarged in form 
of wings. Urosome naked, short with genital double- 
somite strongly enlarged and with obviously asymme- 
trical caudal rami (broadest on left) which have an 
extraordinarily thickened seta on each side. A1 nearly 
as long as prosome and not carrying denticles. P5 B2 
may be fused together, with a fine, short, plumose seta 
and a strong, curved terminal claw which is a little 
larger on right side than on left. Spermatophore 
narrow, bottle-shaped, accompanying plate is curved 
upwards on both sides. Male: 1.0 mm (prosome 0.77- 
1.03 mm). Posterior prosome rounded. Urosome 
slender, naked; caudal rami comparatively small and 
symmetrical, marginal setae normally developed. Right 
A1 powerfully built with proximal part of middle 
section swollen, first segment of terminal section armed 
with a long claw-like spine curving anteriorly. P5 B1 
fused, right B2 fused to B1 and carrying a pointed, 

finger-like appendix, right P5 almost 3 times as long as 
left leg, Re2 carrying a rounded appendix on proximal 
inner border, Re3 in form of a very long, thin hook; left 
P5 without internal appendices; Re2t3  with a terminal 
finger-like lobe and a subterminal tapering, fluted 
projection (Sars, 1904). 

20. P. latisetosa (Krichagin, 1873). Female: 0.82-1.23 
mm. Posterior prosomal corners prolonged into rounded, 
asymmetrical points, strongest on left. Urosome short. 
Genital double-somite asymmetrical, uneven. Caudal 
rami short, asymmetrical, stronger on right. Third seta 
(counted from inner edge) on caudal rami thickened and 
asymmetrical, plumose only at tip. P5 basis with a very 
small external plumose seta; terminal spine is very long, 
slender and pointed, plumose at its end. Male: 0.81-1.20 
mm. Right geniculate A1 without a specially widened 
section. P5 very asymmetrical; much stronger on right 
where it is terminated by a long spine, right Re2 with a 
long proximal inner appendix (Giesbrecht, 1892). 

Key to the species of Paracartia 
Females 
1. Genital double-somite 

symmetrical with widest part, in 
dorsal view, posterior to middle of 
somite (Fig. 19a). P5 with a heavy 
terminal spine and very small 
external plumose setae (Fig. 19b) 
Genital double-somite symmetrical 
with widest part, in dorsal view, 
anterior (Fig. 21a). P5 with a long 
terminal spine and very small 
external plumose setae (Fig. 21c) 

Males 
1. Right A1 with middle segments 

swollen, outer middle spine on 
segments 19-21 very large 
extending almost to end of A1 
(Fig. 19d). Right P5 B1 with long 
triangular appendix, Re2 with 
proximal rounded appendix less 
than 1/3 length Re3 (Fig. 19c) 
Right A1 with middle segments 
not swollen, outer middle spine on 
segments 19-21 moderately large 
extending to point of fusion of 
segments 22 and 23 (Fig. 21e). 
Right P5 B1 with a long 
triangular appendix, Re2 with 
proximal rounded appendix less 
than 1/3 length Re3 (Fig. 21d) 

P. grani 

P. la t isetosa 

P. grani 

P. latisetosa 
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Genus Pteriacartiu Belmonte, 199813 
Rostra1 filaments present. Sexual dimorphism marked. 
Last prosomite of female and male rounded. Urosome 
of female comparatively short, of 3 free somites with 
genital double-somite asymmetrical, longer than half the 
urosome, genital pores paired, laterally placed, without 
opercula; fin-like expansion on right side of genital 
double-somite. Male urosome slender, of 5 free somites, 
caudal rami short. Female AI of 22 segments. Right 
geniculate A1 of male without swollen segments. Female 
leg 5 reduced to small knob, each with 1 long seta. Male 
leg 5 right leg much larger than left leg and terminates in 
a long claw which is curved inwards, Re2 of right leg 
with a long finger-like protrusion originating from the 
distal half of the segment; left leg Re2+3 half-moon- 
shaped with spines at either end. The spermatophore is 
fixed by a gelatinous ‘apron’ to the ventral surface of 
female genital double-somite (Belmonte, 1998b). 

21. P. josephinae (Crisafi, 1974). Female: 0.81-1.00 mm. 
Posterior prosome rounded. Genital double-somite 
carrying a tapering, posterolateral appendix on right 
which extends almost to posterior border of anal 
somite; genital apertures laterally placed. Attached sper- 
matophore appears to be accompanied by an asymme- 
trical oval lamella which is spread out beneath urosome 
and extends to right and to just beyond caudal rami. 
No setae on caudal rami obviously enlarged. Pedigerous 
somites 1 and 2 appear to be fused. P5 is minute and 
slender compared with all other swimming legs, each leg 
bearing only a plumose seta. Male: 0.794.87 mm. 
Right geniculate A1 without a specially widened 
section. Right P5 B2 with two, small inner swellings, 
distalmost of which is triangular in shape, Re2 with a 
long, thin, distal appendix, Re3 with a centrally placed 
outer keel; left Re2+3 with an inner rounded appendix 
terminated by a pointed spine, outer corner terminated 
in a similar spine, between these two corners is a raised, 
hairy area (Crisafi, 1974). 

References to descriptions and figures 
1. A .  cfausii: SARS, 1903; BRADFORD, 1976; 

2. A .  discaudata: SARS, 1903; BRADFORD, 1976. 
3. A .  discaudata var. mediterranea: STEUER, 1929. 
4. A .  enzoi: CRISAFI, 1974. 
5. A .  hudsonica: BRADFORD, 1976; UEDA, 1986. 
6. A.  longiremis: SARS, 1903; BRADFORD, 1976. 
7. A .  margalef: ALCARAZ, 1976; BRADFORD, 

8. A. omorii: BRADFORD, 1976; UEDA, 1986b. 
9. A. teclae: BRADFORD, 1976. 

ALCARAZ, 1976. 

1976. 

10. A. bifilosa: GIESBRECHT, 1892. 
11. A .  bifilosa var. inermis ROSE, 1929. 

12. A .  fossae: GURNEY, 1927. 
13. A. italica: STEUER, 1910. 
14. A .  tonsa: GIESBRECHT, 1892; REMY, 1927. 
15. A .  danae: GIESBRECHT, 1892. 
16. A. negligens: GIESBRECHT, 1892. 
17. A. adriatica: STEUER, 1910b; BRIAN, 1927. 
18. A .  macropus: CLEVE, 1900. 
19. Paracartia grani: SARS, 1904. 
20. Paracartia latisetosa: GIESBRECHT, 1892. 
21. Pteriacartia josephinae: CRISAFI, 1974; BELMONTE 

1998b. 

Distribution 
1. A .  clausii: Mediterranean and eastern Atlantic 
2. A. discaudata: British, Scandinavian, and French 

(Dunkirk) waters 
3. A. discaudata var. mediterranea: western Mediterra- 

nean, English Channel 
4. A. enzoi: southeastern Italian estuarine waters 
5. A .  hudsonica: Japan and North American waters 
6. A. longiremis: northern waters of North America 

and Europe 
7. A .  margalej: Atlantic coastal waters of Spain, 

France, all Italian seas, English Channel, 
Norway, Black Sea 

8. A. omorii: Japan 
9. A. teclae: Mediterranean and Norwegian waters 

10. A .  bifilosa: North Sea, Scandinavian, French 
(Dunkirk) waters 

11. A .  bijilosa var. inermis: estuary of the Loire River, 
in the Atlantic near Gibraltar, British coastal 
waters 

12. A .  fossae: Suez Canal, Lebanon 
13. A .  italica: Southern Adriatic, Black Sea, Aegean 

Sea, northern Ionian Sea 
14. A .  tonsa: both coasts of North and South America, 

Mediterranean, Black Sea, European coastal waters 
from the Gulf of Finland to the Bay of Biscay, and 
British coastal waters 

15. A .  danae: tropical and subtropical waters of all 
oceans 

16. A .  negligens: tropical and subtropical waters of all 
oceans 

17. A .  adriatica: northern Adriatic Sea, Aegean Sea, 
northern Ionian Sea 

18: A .  macropus: Azores 
19. Paracartia grani: coast of Norway, Mediterranean 

coasts of Spain and Lebanon 
20. P .  latisetosa: Mediterranean, Black Sea, Maurita- 

nian coast 
21. Pteriacartia josephinae: southeastern Italian 

estuarine waters, southern Adriatic and northern 
Ionian Seas, southern Mediterranean 
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-Meneghetti et al. (1991): 7. -NESS (1991): 9. -Noji et 
al. (1991): 1. -Norrbin et al. (1990): 6. -Paffenhofer and 
Stearns (1988): 14. -Peterson et al. (1991): 6. -Razouls 
and Durand (1991): 1, 2, 3, 4, 6, 7, 9, 10, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21. -Remy (1927): 14. -Roche- 
Mayzaud (1991): 1. -Roche-Mayzaud and Mayzaud 
(1987): 1. -Rodriguez et al. (1985): 1, 2, 19. -Rodriguez 
and Jimenez (1990): 19. -Rose (1929): 11. -Sabatini 
(1990): 14. -Saiz and Alcaraz (1991): 19, (1992): 1. - 
Sars (1903): 1, 2, 6. -Sobra1 (1985): 1, 14. -Stearns et al. 
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(1923): 1, 2, 6, 10, 13, 14, 15, 16, 17, 18?, 19, 20. (1929): 
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14. -St~ttrup and Jensen (1990): 14. -Sullivan and 
Banzon (1990): 5. -Tanaka et al. (1987a): 8, (1987b): 8. 
-Taylor (1987): 1, 2, 6, 11, 14. -Tiselius (1989): 1. - 
Tiselius and Jonsson (1990): 1. -Uchima and Hirano 
(1986): 8. -Ueda (1986a): 5,  (1986b): 5 ,  8. -Uye and 
Takamatsu (1990): 8. -Viitasalo (1992): 10. -Viitasalo 
and Katajisto (1994): 10. -Vives (1978): 1, 15, 16. - 
White and Dagg (1989): 14. -Wiadnyana and Razzoul- 
zadegan (1989): 1. -Wlodarczyk et al. (1992): 5.  Yen 
and Fields (1992): 5.  -Yoo et al. (1991): 5,  8, 10, 15, 16. 
-Zagami and Guglielmo (1991): 7. 

Origin of Figures 
Figs. 1Oa-c; 15a, b; 16a, b; 20b-e after Giesbrecht 
(1892); Figs. 17a, b, d, e after Cleve (1900); Figs. la, b, 

e; 2a, b; 6b after Sars (1903); Figs. 19a-d after Sars 
(1904); Figs. 13a-e; Figs. 15c, d; 16c after Steuer (1923); 
Figs. 1 7 a 4  after Brian (1927); Figs. 12a-d after Gurney 
(1927); Figs. 14a, c, e after Rimy (1927); Figs. 1la-C 
after Rose (1929); Figs. 4a-d; 21b after Crisafi (1974); 
Figs. lc, d, f; 2c; 5a-e; 6a, c; 7a-e; 8a-e; 9a-e after 
Bradford (1976); Figs. 14b, d, f drawn from SEM 
photos provided by Dr Genuario Belmonte (Universiti 
degli Studi de Lecce, Italy); Figs. 17a, c, f after original 
of Dr Miguel Alcaraz (Instituto de Ciencias del Mar, 
Barcelona, Spain); Figs. 21c, e original from specimens 
from Port Cesarea provided by Dr Belmonte; Fig. 21a 
original provided by Dr Belmonte; Fig. 20a original 
drawing from a south Adriatic Sea male provided by Dr 
Belmonte. 
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