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Figures 1-7 (opposite). Palaemonidae. 1. Leander tenuicornis: zoea I telson. - 2. Palaemon (Palaemon) adspersus: 2a, zoea IV telson; 
2b, zoea I1 rostrum. - 3. Palaemon (Palaemon) longirostris: lateral view head and carapace. - 4. Palaemon (Palarmon) serratus: zoea 
V leg 4. - 5. Palaemon (Palaeander) clegans: 5a, zoea I dorsal view; 5b, zoea I lateral view; 512, mea I1 dorsal view; 5d, 'zoea I1 
lateral view; 5e, zoea I11 lateral view; 5f, zoea IV lateral view; 5g, zoea I1 rostrum; 5h, zoea I11 telson; 5i, zoea IV antenna 2; 
5j, zoea IV telson; 5k, zoea V leg 4; 51, m and n, development of fixed finger of chela in legs 1 and 2 (51, zoea IV leg 1 ; 5m, zoea 
VI; 5n, zoea VIII). - 6. Palaemonetes (Palarmonetes) varians: 6a, zoea I lateral view; 6b, zoea IV antenna 2; 6c, zoea IV telson; 
6d, wea V telson; 6e, post larva lateral view. - 7. Typton spongicola: last larva lateral view. 
Scale lines represent 0.05 mm in Figures 2b and 5g; 0-2 mm in Figures 4, 5h-n, and 6b-d; 0.5 mm in Figures 1, 2a, 3, 5a-f, and 
6a, e; 1.0 cm in Figure 7. Figure 1 after GURNEY, 1938; 2a after MORTENSEN; 3, after GURNEY, 1924a; 7 after LEBOUR, 1949; 
others from FINCHAM, 1977, and in press. 

Figures 8-1 1. Processidae. 8. Processa canalinrlata: zoea VI: 8a, head, dorsal; 8b, abdomen, lateral; 8c, pterygostomian region 
of carapace. - 9. Processa edtrlis crassipes: zoea VI: 9a, head, dorsal; 9b, abdomen, lateral; 9c, pterygostomian region of cara- 
pace. - 10. Proccssa nouveli holthuisi: zoea I: 10a, dorsal view; lob, antenna; zoea VI: lOc, dorsal view; 10d, abdomen, lateral; 
1&, pterygostomian region of carapace. - 11. Processu modica modica: zoea V: lla, head, dorsal; llb, abdomen, lateral; llc, 
pterygostomian region of carapace. 
Scale line represents 1 mm in Figures 8a, 9a, 10a, lOc, and l la ;  0-5 mm in all other figures. All figures adapted from WILLIAMSON 
and ROCHANARURANON, 1978. 
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Family Palaemonidae 
KEY TO SUBFAMILIES IN ZOEAL STAGES 

Body straight or abdomen curved ventrally; rostrum never much shorter than peduncle of antenna 1 ; at least one dorsal rostral 
spine present in stage I1 and subsequent stages (Figs. 5c-5f). ............................................ Palaemoninae 
Body with double bend (mesocaris form), rather feebly developed in stage I, acutely angled or “humped” in later stages (Fig.7); 
rostrum about half length of peduncle in stage I, shorter in later stages; without dorsal carapace spines.. ...... Pontoniinae 

(only one species: Typton spongicolu) 

Subfamily Palaemoninae 
KEY TO ZOEAL STAGE 

1. Natatory exopods present, no functional pleopods (Figs. 5a-f, 6a). ................................................ 2 
Exopods absent, functional pleopods with fringing plumose setae (Fig. 6e) .................... Post larva (= megalopa) 

2. Carapace with no dorso-medial spines, telson entire (Figs. 3,5a and b, 6a). .................................. Zoea I 
Carapace with dorso-medial spine(s) (Figs. 5c-f). .............................................................. 3 

3. Zoea I1 
Carapace with 2 or more dorso-medial spines (Figs. 5e, f ) .  ...................................................... 4 

4. Carapace with 2 dorso-medial spines, uropods present, the uropod exopod with plumose setae, endopod with none (Figs. 5e,h) 
Zoea I11 

Carapace with 3 dorso-medial spines (Fig. 5f), the uropod endopod with plumose setae (Fig. 2a). .................... 5 
5. Fixed finger of chela of legs 1 and 2 absent or no more than half length of dactylus (Fig. 51). ................. Zoea IV 

Fixed finger of chela of legs 1 and 2 produced forward to at least half length of dactylus (excluding terminal setae and spines) 
Zoea V or later 

Carapace with 1 dorso-medial spine, telson entire (developing uropods visible beneath exoskeleton (Figs. 5c, d) ... 

(Figs.5m,n) ................................................................................ 

KEY TO SPECIES 

Larvae of northeast Atlantic species of Palaemoninae (family Palaemonidae) are very similar but often variable in meristic char- 
acters and in total number of zoeal stages. Dichotomous keys are inadequate for separating the species. A tabular form, in which 
taxonomically useful characters are compared for all species and weighted according to “reliability”, was developed by HARDINC 
& SMITH (1974) for copepods, and a similar arrangement is followed in this paper. 

Formula key to the larvae of N.E. Atlantic Palaemoninae characters 
used in Table 1 

Z = zoea; PL = post larva; R = rudimentary (Fig. 5b); + = fully developed; - = absent; * = information not available. 

A. Rostrum: comparison with length of antenna 1 peduncle in zoea I. 
a. shorter than peduncle of antenna 1 (Fig. 6a). 
b. longer than peduncle but not reaching to the end of antenna 1 (Figs. 5a, 5b). 
c. as long as or longer than antenna 1 (Fig. 3). 

B. Rostrum: distal end in zoea 11. 
a. downturned to form a small hook, no ventral retrorse teeth (Fig. 5g). 
b. straight, with up to 4 ventral retrorse teeth (Fig. 2b). 

a. 
b. 

C. Antenna 2: terminal spine on exopod present (+) (Fig. 5i) or absent (-) (Fig. 6b) on outer distal edge. 

ZI ZII ZIII ZIV zv PL 
+ + +  

+ 
- - -  
- - - - -  
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D. Sequence of leg development. 

I* /  

ZI  ZII  ZIII  ZIV zv 
' P I R  + + + + 
P 2 R  + + + + 
P3 - R R +,  + 
P 4 -  R R R + 

.P5  - R R + + 

ZI ZII  ZIII ZIV zv 
P 1 R  + + + + 
P 2 R  + + + + 
P 3 R  R + + + 
P 4 R  R R + + 
P 5 R  + + + + 

ZI ZII ZIII ZIV zv 
P 1 R  + + + + 
P2 R + + + '  + 
P 3 R  R R + + 
P 4 R  R R + + 
P 5 R  R + + + 

E. Leg 4: exopod in zoea V. 
a. functional, with plumose setae (Fig. 5k) ; b. incompletely developed, without plumose setae (Fig. 4) ; c. absent. 

F. Abdomen: posterior margin of somite 5 with (+) (Figs. 5a-f) or without (-) (Fig. 6a) pair of spines. 

ZI  ZII ZIII ZIV zv PL , 

a. 
b. 
C. 

+ + + + + -  
- + + + + +  
- + + + + -  

G. Telson: spine formula (figures in brackets = small lateral spines). 

ZI 
7 + 7 (Fig. 5a) a. 

b. 7 + 7  
c. 7 + 7  
d. 7 + 7  

ZII 
7 + 7 (Fig. 5c) 
7 + 7  
7 + 7  
7 + 7  

ZIII 
(1)6+6(1) (Fig. 5h) 
(1)6 +6(1) 
(1)6+6(1) 
6+6l  

ZIV zv 
4 + 4  
(3)4 +4(3) (Fig. 6d) 

4 + 4 (Fig. 5j) 
(2)5 +5(2) (Fig. 6c) 
(3)4 + 4(3) 
4 + 4  4+48 

* 

Minute spines present on one or both sides in some specimens. 
a MORTENSEN'S drawing (Table 4, Fig. 1, V) not clear. 

Length of the various larval stages has been omitted from the list of characters used since considerable variation has been re- 
corded from different parts of the geographical range of species. In general, also, the greater the number of zoeal stages before 
metamorphosis, the larger the individual becomes (FINCHAM, 1977). However, zoea I larvae are usually in the range 2.2-3.5 mm 
and last larval stages may reach 8 mm. Breeding seasons of N.E. Atlantic species of Palaemoninae are extensive and overlap, but 
GURNEY (1924) noted that any palaemonid larva taken off British coasts before June will almost certainly belong to Palacmon 
(Palaemon) sewatus. 

Table 1. Key to the larvae of N.E. Atlantic Palaemoninae 

The letters in the matrix indicate character states which are detailed above (pp. 4-5). 
Reliable characters printed bold. 
* = no information available. 

Species number (see below) I 2 3 
A. Rostrum: length in mea I . .  ................................. b a C 

B. Rostrum: tip in zoea I1 ..................................... b a 

D. Sequence of leg development.. ............................... a C 

E. Leg 4: exopod in zoea V .................................... C a C 

F. Abdomen: posterior margin somite 5.. ........................ a b C 

G. Telson: spine formula.. ..................................... d b 

* 
C. Antenna 2: exopod ......................................... a b a 

* 

* 

4 5 
b b 
a a 
b a 
a a 
b a 
b a 
C a 

1 : Leader tenuicornis. - 2: Palaemon (Palaemon) adspersus. - 3: P .  (Palamon) longirostris. - 4: P .  (Palaemon) sewatus. - 5: P. (Pa- 
lacander) elegans. -5 6 : Palaemonetes (Palamonetes) varians. 

This table and the formulae above do not separate all stages of the seven species of N.E. Atlantic Palaemoninae and there is some 
overlapping of character states. They do, however, separate most of the early larvae likely to be encountered in the plankton 
and also reflect the paucity of data for some species. Where extended larval series have been recorded, such as in Palarmon 
(Palacander) elegans, morphogenetic changes in stages beyond zoea V are small, involving, for example, an increase in the 
number of plumose setae. 
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SYNOPSES OF PUBLISHED LARVAL DATA 

Subfamily Palaemoninae 
Leander E. Desmarest 

1. L. tenuicornis (Say). Only zoeae I, 11, and V? and post larva (PL) 1 have been described. Leg 5 precociously developed while 
legs 3 and 4 are still rudimentary in zoea V?; no exopod on leg 4 and no evidence of chela development on the propod of 
legs 1 and 2. Probably seven zoeal stages. GURNEY, 1938, Figs. 8-16 (zoeae I, 11) laboratory reared; 1939, Figs. la-d (zoea V? 
and PL 1) plankton. 

Palaemon Fabricius 

Subgenus Palaemon Fabricius 
2 .  P .  (Palaemon) adspersus Rathke. In zoea I rostrum does not reach to end of antenna 1; posterior margin of somite 5 of ab- 

domen rounded and not produced into spines; legs 1 and 2 rudimentary, no trace of legs 3-5. In zoea 11, legs 3-5 rudi- 
mentary; posterior margin of somite 5 of abdomen produced into a pair of spines. In zoea IV, leg 3 developed with natatory 
exopod, leg 4 rudimentary, leg 5 developed without exopod. In zoea V, leg 4 developed with natatory exopod; internal 
distal margin of propod, forming fixed finger of chela on legs 1 and 2, produced slightly forward. Five zoeal stages. 
CZERNIAVSKY, 1884, Figs. 30,31 (zoea I) (as Leander rcctirostris). MORTENSEN, 1897, Plate 1, Figs. 1-3, 5-8; Plates 2, 3; Plate 4, 
Figs. 1, 3 and 4 (zoeae I-V, post larvae) plankton (as Palaemonfabricii). WILLIAMSON, 1915, Figs. 115-119 (zoeae I, 111, PL) 
(as Palaemon fabricii). 

3. P .  (Palaemon) Zongirostris (Milne Edwards). In zoea I the rostrum reaches to or beyond end of antenna 1 ; legs 1 and 2 present 
as large rudiments, legs 3-5 as smaller rudiments. In zoea 111, leg 5 is developed; in later zoeal stages when all legs are 
developed, leg 5 not noticeably longer than legs 3 and 4; no exopod developed on leg 4. Dactylus of leg 2 relatively long 
compared with other palaemonid larvae. Eight (or nine) zoeal stages in laboratory-reared material. GURNEY, 1924a, Figs. 1-7 
(zoeae 1-111, V, PL 1,2) laboratory reared and plankton. 

4. P .  (Palaemon) scwatus (Pennant). In zoea I legs 1 and 2 present as rudiments, legs 3-5 not developed. In zoea IV, legs 3 and 5 
developed, leg 4 still rudimentary. In zoea V leg 4 is developed, exopod without marginal plumose setae; internal distal 
margin of propod, forming fixed finger of chela in legs 1 and 2, produced slightly forward. Variable number of larval stages 
reported from V-X before metamorphosis to post larva. THOMPSON, 1836, Figs. 1-5 (zoeae I, I11 and V) laboratory reared 
and plankton. COUCH, 1845, Fig. 1 (zoeae I, 11) laboratory reared. MAYER, 1877, Fig. 49 (zoea I, telson). KEEBLE & GAMBLE, 
1904 (zoea I chromatophores). SOLLAUD, 1912 (zoeae I-IX) laboratory reared; WILLIAMSON, 1915, Figs. 120-125 (zoea 11, 
not I), Figs. 126-128 (zoea I), Figs. 129-132 (last zoea); SOLLAUD, 1923, Figs. 1-9, 25, Plates 16, 17 and 18 (Figs. 1 4  only) 
(zoeae I-IX, PL 1) laboratory reared and plankton. REEVE, 1969, Fig. 7 (zoeae I-V, late larva) laboratory reared. SU~TON 
et al., 1969, Fig. 1 (zoea I) laboratory reared. 

Subgenus Palaeander Holthuis 
5. P .  (Palaeander) elcgans Rathke. In zoea I the rostrum does not reach to the end of antenna 1; posterior margin of somite 5 

of abdomen produced into a pair of small spines. Leg developmental sequence as for P .  (Palaemon) adspersus above. Variable 
number of zoeal stages recorded (VI-IX). STUXBERG, 1873 (zoea I) plankton (as Leander squilla). KEEBLE & GAMBLE, 1904, 
Figs. 29-33 (zoea I) (as Lcander squilla). WILLAMSON, 1915, Figs. 133, 133a (zoea I) (as Palaemon squilla). GURNEY, 1924a, 
Figs. .%I2 (zoeae I, 11, post larva (as zoea V)) laboratory reared and plankton (as Lcandcr squilla). WIMPENNY & TITTERING- 
TON, 1936, Figs. 7-13 (zoeae I-VI, post larva) laboratory reared and plankton (as Lean& squilla clcgans). HOGLUND, 1943, 
Plates 1-4 (zoeae I-VI, post larva) laboratory reared and plankton (as Leandcr squilla typica). TSURNAMAL, 1963, Figs. 1-51 
(zoeae I-VIII, post larva) laboratory reared. FINCHAM, 1977, Figs. 2-20 (zoeae I-IX, post larva) laboratory reared. 

Palaemonetes Heller 

Subgenus PaZaemonetes Heller 
6. P .  (Palaemonetes) variuns (Leach). There is considerable variation, especially in meristic characters. In zoea I, legs 1-5 rudi- 

mentary; posterior margin of somite 5 of abdomen rounded and not produced into spines. In zoea 11, legs 1 and 2 developed 
with natatory exopods, legs 3 and 4 rudimentary, leg 5 developed, uniramous; posterior margin of somite 5 of abdomen 
produced into a pair of spines. In zoea 111, internal distal margin of propod of legs 1 and 2 produced slightly forward; leg 3 
developed with natatory exopod. In zoea IV, leg 4 developed with natatory exopod. Five zoeal stages. Du CANE, 1839, 
Figs. 1-7 (zoeae I-IV) plankton (as Palaemon variabilis). BOAS, 1880, Plate 1, Figs. 4,24; Plate 2, Figs. 44, 79; Plate 5, Figs. 
158-160; Plate 6, Figs. 192, 192a-d (appendages of early zoeae and post larvae). MAYER, 1880, Figs. 1-20 (zoeae I-IV, post 



larvae). BOAS, 1889, Figs. 1-6 (selected appendages of zoeae, post larvae). MORTENSEN, 1897, Plate 1, Fig. 4; Plate 3, Fig. 5: 
IV; Plate 4, Fig. 2 (zoeae I, IV) plankton. WILLIAMSON, 1915, Figs. 134-136 (zoeae I, 111, IV) Figs. 137-139 [zoea I1 (as I), 
111, post larva (as zoea IV)] (as Paluemon uarions). SOLLAUD, 1923, Figs. 11-13,23:3 (zoeae I-V, post larva) (as Paluemonetes 
uarians occidcntalis). GURNEY, 1924, Figs. 1-3,4a, b, 5-1 1 (zoeae I-V, post larvae) laboratory reared and plankton. FINCHAM, 
in press, Figs. 1-1 1 (zoeae I-V, post larvae) laboratory reared. 

Subfamily Pontoniinae 
Tyfiton Costa 

7. T. sponguola Costa. Few published records of larval development. In zoea I, rostrum reaches beyond eyes; maxilla 2 has only 
three inner lobes; legs 1 and 2 present as rudiments; conspicuous hump at somite 3 of abdomen. In later larval stages, rostrum 
very short; legs 1-5 fully developed, 1 and 2 chelate, 1 4  with natatory exopod fringed with setae; abdomen still strongly 
humped, i.e. distinctly of the Mesocaris group (GURNEY, 1938), posterior part of somite 5 rounded, somite 6 very long. Number 
of zoeal stages not known largely owing to the difficulty in keeping this commensal, sponge-dwelling species in the laboratory. 
LEBOUR, 1925, Figs. 1-3 (zoea I) dredged. CAROLI, 1926 (zoea I). LEBOUR, 1949, Figs. 1-3 (last zoea, post larva) plankton 
and laboratory reared. 

Family Processidae 
All species in the ICES area belong to the genus Processa Leach. 

SPECIFIC CHARACTERS IN ZOEAL STAGES OF PROCESSA 

P .  canaliculata P.  edulis P.  nouueli P .  modica 
(Figs. 8a-c) (Figs. 9a-c) (Figs. 10a-e) (Figs. lla-c) 

Median abdominal spines . . . . . . . . . None 

Paired abdominal spines. . . . . . . . . . Somites 4 and 5 

Length rostrum: frontal lobe* . . . . . 

Eye length: maximum width* . . . . . 
Pterygostomian spine. . . . . . . . . . . . . 

About twice 

About 1.5 

Marginal 

None 

Somite 5 

Shorter 

About 2 

Sub-marginal* 

Carapace denticles . . . . . . . . . . . . . . . 5-8 0-2 

* Characters not applicable in zoeal stage I. 

None 

Somite 5 

Similar 11,111, 
longer IV-IX 

About 1.5 

Somites 3 (and 6*) 

Somite 5 

Similar 

About 1-5 

Short, Long, 
almost marginal (sub-marginal*) 

3 4 

ADDITIONAL CHARACTERS AND REFERENCES TO PUBLISHED DESCRIPTIONS 

Proussa Leach 
8. P .  canaliculata Leach [= P .  meditcwanea (Parisi)]. Eight or nine zoeal stages; stage I about 2 mm, last stage 7-9 mm. LEBOUR, 

1936, Plate V, Figures 1-3, Plate VI, Figure 4 (zoeal stages I and VIII, megalopa). WILLIAMSON & ROCHANABURANON, 1978, 
Figure 9A (zoeal stage VI). 

9. P. cdulis (Risso). 
9a. Subsp. massipes Nouvel & Holthuis. Eight or nine zoeal stages, stage I about 2 mm, last stage 5-7 mm. GURNEY, 1923, Figures 

1-5 (zoeal stages I-IV, as P. canaliculata. Stages VII-IX probably P. nouvcli). GURNEY, 1942, Figure 77 (zoeal stage I). 
LEBOUR, 1936, Plate V, Figures 4,5; Plate VI, Figures 1-3. WILLIAMSON & ROCHANABURANON, 1978, Figure 9B (zoeal stage VI). 

9b. Subsp. arcassonensis Nouvel & Holthuis. Larvae not described. 
10. P. nouveli AI-Adhub & Williamson [= P.  canaliculata: Nouvel & Holthuis non Leach]. 
10a. Subsp. holthuisi AI-Adhub & Williamson. Eight or nine zoeal stages; stage I about 2 mm, last stage 5-9 mm. GURNEY, 1923, 
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Figures 6-9 (zoeal stages VII-IX, megalopa, as P. canuliculata). WILLIAMSON & ROCHANABURANON (in press), Figures 7, 
8, 9C  (zoeal stages). 

1 1. P. modica Williamson. 
1 la. Subsp. modica Williamson. Records from northern Europe of “P. aequimana (Paulson)” and “P. parva Holthuis” should be 

referred to t h i s  subspecies. Seven zoeal stages; stage I about 1.4 mm, last stage about 5 mm. WILLIAMSON & ROCHANABURANON, 
1978, Figures 4, 5,9D (zoeal stages). 

DISTRIBUTION 
Region 
Gulf of Bothnia, Gulf of Finland.. ...................................................... 
Baltic proper ......................................................................... 
Belt Sea ............................................................................. 
Kattegat ............................................................................. 
Skagerrak ............................................................................ 
Northern North Sea ................................................................... 
Southern North Sea ................................................................... 
English Channel ...................................................................... 
Bristol Channel, Irish Sea, S.W. Scotland.. .............................................. 
Faroe, Shetland, N. Scotland.. ......................................................... 
Faroe-Iceland Area ................................................................... 
W.Ireland and Atlantic ............................................................... 
Bay of Biscay ......................................................................... 
Barents Sea .......................................................................... 
Norwegian Sea ....................................................................... 

Species 
2 
296 
2,596 
2,49536 
2,49536 
2,4,5,6,8, 10a 
2,3,4,5,6,9a,lOa,lla 
2,3,4,5,6,7,8,9a, 1 la  
2,4,5,6,8,9a, 10a, l l a  
5 

1,2,3,4,5,6,8,9a, 10a, l l a  
2,3,4,5,6,7,8,9b, 10a, l l a  

2 

- 

- 
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