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Search for new material yielded more than ninety speeimens of different growth stages of 
Bredoearis admirabiLis Muller, 1983. It enables us now to present an extended description of the 
largest stage, considered as adult, and of the larval sequence. Discovery of the tagma boundary 
of the cephalon behind the fifth pair of appendages led to the identification of the second 
maxilIa, which has the same design as the thoracopods and is incorporated within the trunk 
limb series. The larval sequence com prises five successive metanaupliar instars, with delay of 
development of post-maxillulary limbs. Stages between larvae and the presumed adult have 
not been found. Brcdoearis, about 0.85 mm long as adult, is assumed to have lived epibenthical
ly, swimming closely above a nocculent bottom layer. Lack of special feeding structures on the 
trunk limbs and retention of the larval cephalic feeding apparatus in the adult suggest rather 
simple nutritory habits; filter feeding can be ruled out. The morphology, in particular the 
possession of seven pairs of thoracopods, and ol1logeny indicate a systematie position of 
Bredoearis within the Maxillopoda and close alliance to the shicld-bearing members of this 
subclass, the Theeostraca. Differences between Bredoearis and all known maxillopodan taxa is 
the basis for proposing the new order Orstenocarida and new family Bredocarididae. The 
major diagnostic characters of this new order include: a simple, posteriorly indented head 
shield, probably compound eyes, anterior three head appendages of naupliar shape, a I st 
maxi Ila with rudimentary exopod and specialized for trophie function, a 2nd maxilIa of trunk
limb shape, a thorax composed of seven segments, each with a pair of biramous paddle-shaped 
thoracopods, and a uniform abdomen carrying inarticulate, unsegmented furcal rami. O Crus
tacta, MaxiLLopoda, Orstenoearida, Bredocaris, cephaLie shieLd, ryes, appendages, tagmosis, funetionaL 
morphoLogy, Life habit, phyLogeny of Crustacea, paedomorphosis. 
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Introduction 
From severai orsten arthropods larval s tages are known, sueh 

as from phosphatoeopine ostraeodes (Muller 1 979, 1 982b) , 

the 'pre-erustaeean' Martinssonia elongata (Muller & Walos

sek 1 986a) , and the agnostid trilobite Agnostus pisiformis 

(Muller & Walossek 1 987 ) . Various larvae are not assign
able to any of the larger forms (Muller & Walossek 1 986b; 
Walossek & Muller, in press) . On the other hand, of the 
reeently reviewed Skaracarida no larval s tages could be 
eneountered (Muller & Walossek 1 985) . 

Whilst searehing for more speeimens of Bredocaris admirabi

lis, a large number of larval individuals were found, in some 

eases almost completely preserved , as well as additional 
speeimens of the presumed adult s tage . The material comes 
from eight samples of the Upper Cambrian zones 5 and 6 of 
the orsten sequenee, from Vastergotland, Sweden (produetiv

it  y list in Table I ) . As there are no signifieant morphologieal 
differenees between the speeimens from the different sam
ples, the material is considered to be eonspeeifie. The modes 
of proeessing and examination of these fragile phosphatized 

fossils have already been deseribed in previous papers (e .g .  
Muller & Walossek 1 985, pp. 3-4) . 

Of the 96 speeimens ( including the type material of Mull
er 1 983)  available for this s tudy, 89 are assigned to a par
tieular growth stage (Table 2; illustrated on es with reposi
tory number) . Six different developmental s tages were re e

ognized on the basis of size measurements and morphology. 

The holotype (Muller 1 983,  Fig.  3A-C , UB 640) and the 
paratype (Muller 1 983 ,  Fig. 3D, UB 64 1 )  belong to the 

largest  s tage at hand, eharaeterized by a set of well-devel
oped trunk limbs . I ts reeognition as the adult s tage by 
Muller ( 1 983 ,  p. 99) is supported herein. Approximate mean 
lengths of representative body parts ( scherne of gross mor
phology in Fig. l )  from the different growth stages are given 
in Table 3 .  

Quality o f  preservation varies considerably among the 
material . Few speeimens are more or less complete. In 
partieular adult speeimens are fragmentary, and commonly 
their head region is either distorted or not preserved at all 
(see Pls . 1-2) . Many specimens are mueh wrinkled, ventraI 
s tructures in partieular being eollapsed and shrunken (e .g .  
PI .  7 : 5 ) . 

In order to better understand the ventraI morphology, a 
model of the presumed adult, about 40 cm long (magnifiea
tion x500 ) ,  was modelled with plastieine. It not on ly faeili
,tated the reeonstruetion drawings but also helped in the 
interpretation of loeomotion and feeding (Figs . 1 2- 1 7 ) . Ex
eept the mandibular eoxa all appendages of the left side were 

omitted to perrnit a view of the median surface. The head 

shield was indieated by a wall only . Setation is almost 
eomplete, with the lengths of setae and spines approximated 
from the fossil material. Surface s truetures were simplified or 

omitted. Complete views of the animal were produced, when 

necessary, by eombining a photograph with its mirror im
age. 

The flexibility of the plastieine permitted s tudy of the 
appendages in different positions . Therefore it  was neeessary 
to construet the protopods somewhat thinner than in the 
original, tolerating that the interlimb spaees are slightly 
enlarged . During the photographing, partieularly the exo
pods and the setae beeame soft and tended to eollapse from 
the heat of the photo lam ps. 

Taxonomic s tatus 

In the original deseription the second maxilIa was interpret
ed as the first trunk limb (Muller 1 983 ) . Aeeordingly, the 
eephalon should have included on ly four Iimb-bearing seg
ments, whieh contrasts with the definition of Crustaeea. 
However, in two of the new speeimens the tagma boundary 
between the head and thorax can be clearly recognized 
behind the 1 st trunk-limb-like appendage, now identified as 

2nd maxilIa. With this eorreetion, the eephalon includes five 
limb-bearing segments, as is typieal of the Crustaeea, and 
the thorax is eomposed of seven rather than eight limb

bearing segments . 
Bredocaris is clearly a true erustaeean, as previously sug

gested by Muller ( 1 983) . With respeet to affinities, similari
ties to the Maxillopoda are greater than to any other sub

class .  Close allianee is apparent not only in gross morpho
logy, in partieular the tagmosis (see below) , but also in 
larval morphology and mode of development .  SeveraI char
aeters of Bredocaris are shared only with partieular members 
of the Maxillopoda .  These and the remarkable similarities to 
the 'podid' s tages of this subclass ( term introdueed by New
man 1 983 for the different post-naupliar s tages ,  the copepo
dids and eyprids) give convincing evidence for a systematic 
position within the Maxillopoda. 

On the other hand, Bredocaris lacks all major diagnostic 
features of the other subclasses, the Malacostraca, Branchio
poda, Cephalocarida, and Remipedia, which renders rela
tionships with these unlikely. The first three groups show a 
completely different body segmentation, distinct modes of 
development, basically with large series of larval and post
larval instars, and different morphogenesis of s tructures. 
The recently discovered Remipedia (Yager 1 98 1 )  possess 
more than 25 trunk segments, each earrying a pair of limbs, 
and specialized mouth parts , and grasping maxillipeds 
(Yager & Schram 1 986; Schram, Vager, & Emerson 1 986) . 
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Table 1. Sample produetivity (na = not assignable). 

Sample Ad L I  

975  
5940 
5948 
5952 
5955 
5957 
6392 
6393 

Total 

2 
5 

2 
8 
2 
3 

22 

3 

6 

6 

1 5  

L2 L3 L4 L5 

5 

3 
I 
7 

1 8  

2 

3 

2 

I 
2 

4 

1 0  

I 
3 
2 

8 

2 1  

na total 

3 

3 

3 
6 

1 8  

3 
30 
3 

32 

96 

The lack of detailed information on the Remipedia, in par
ticular with regard to ontogeny and anatomy, presently 
preeludes detailed comparison between this group and Bre

docaris. 

Exelusion of elose affinities with Bredocaris does not, how
ever, imply exelusion of similarities in particular of forms 
that have retained primordial features, such as certain 

primitive Malaeostraca (e .g .  euphausids ,  peneids; cf. 

Kaestner 1 967 ;  Mauchline 1 97 1 ;  Weigmann-Haass 1 97 7 ;  
Cals 1 978) o r  Cephalocarida ( cf. Gooding 1 963 ;  Sanders 
1 963;  Hessier 1 964; Sanders & Hessier 1 964; Hessier & 
Sanders 1 97 1 ;  Knox & Fenwick 1 9 7 7 ;  Burnett 1 98 1 ) .  

Among the Branchiopoda in particular the Devonian lipos
tracan Lepidocaris rhyniensis (Scourfield 1 926, 1 940) exhibits 
some similarity with Bredocaris in the anterior (=naupliar) 
body region and gross morphology of naupliar appendages, 

to a lesser degree also in the shape of post-mandibular limbs, 
furca, and pattern of setation and ornamentation with se
tules and denticles .  Although probably plesiomorphic, these 
features may be useful for comparisons within a particular 
group or they may provide valuable information on the body 

plan of ancestrai crustaceans, but they are of little value for 

determining the systematie relationships of Bredocaris. 

Few Paleozoie crustaceans are preserved in a quality to 
provide information for detailed comparison with Bredocaris. 

Some orsten forms share the nauplius-like appearance of the 
anterior cephalic region with Bredocaris, but this similarity 
demonstrates only the retention of the basic design of the 
'naupliar head region' .  Besides superficial similarities, none 
of these forms shares characters with Bredocaris that indicate 
relationships, with two exceptions, the Skaracarida and 
probably Dala peilertae (see p .  30). 

Two principal differences between Bredocaris and all 
known maxillopodan taxa are the presenee of seven well
developed thoracopods and the trunk-limb shape of the 

second maxilIa. It is generally accepted that the trunk of 
these groups is basically composed of six limb-bearing tho

racic segments and an abdomen with five segments, the last 
ineluding the telson (body plan: 5 + 6 + 5) . 

Grygier ( 1 983a) , however, predicted a seven-segmented 
thorax with an additional pair of limbs for the maxillopodan 
groundplan . This assumption was based on the presenee of 
penis structures and on the seventh trunk segment in severai 
Recent maxillopodan forms, which this author interpreted 

as modified limbs . In consequence, the first abdominal seg
ment, in various groups bearing the geni tal openings , shifts 
onto the thorax, whereas the abdomen should have only four 
segments including the telson (body plan: 5 + 7 + 4) .  Evi-
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Table 2. Reference list of examined and il lustrated speeimens.  

Adults 
UB 
882 
640 

883 
884 
641 
885 
886 
887 

888 
889 
890 
89 1 
892 
893 
894 
895 
896 
897 
932 

LI 
UB 
898 
899 
900 
90 1 
902 
903 
904 
905 

L2 
UB 
906 
907 
908 
909 
9 1 0  
9 1 1  
9 1 2  
9 1 3  
9 1 4  
9 1 5  
9 1 6  

L3 
UB 
9 1 7  

spee 
1 4 1 1 
1 4 1 7  

1 400 
1 4 1 9  
1 4 1 8  
1 456 
1 973  
1 493 

20 1 1  
2 1 09 
1 484 
2066 
1 454 
1 492 
2470 
1957  
2085 
2475 
6693 
1 458 
1 970 
1 9 7 1  

spee 
1 962 
1 965 
2467 
1 457  
1 489 
2534 
2468 
2065 
1 422 
1 495 
1 862 
1 963 
2024 
2462 
2472 

spee 
2 1 1 5  
1 420 
1 4 1 3  
2533 
1 958 
1 964 
2096 
2 1 1 6  
2474 
1 734 
1 924 
1 48 7  
1 966 
1 968 
1 999 
2060 
2 1 1 3  
246 1 

spee 
2473 
1 522 
2 1 00 

sample plate 
5948 I:  I ,2; 5 : 6  
5955 1 : 3 ,  4; 4 : 5-9; 5 :  I ,  2 ;  6 :  I ;  

1 6 : 3  (holotype) 
5940 1 : 5 ;  3 :6;  4 :  I 
5957 
5955 
5957 
5948 
5957 
5957 
6392 
5957 
6393 
5957 
5957 
6393 
5948 
6393 
6392 

1 :6 ;  6 :2 ,  5 
1 : 7 ;  3 : 1 ,  4, 5; 4 : 2 , 3 (paratype) 

\ : 8 ( =2459 ) 
1 :9 ;  4 :4 ;  5 : 3 , 4;  1 6 : 2  
2 :  I ;  3 : 2 ;  6 : 3  

2 : 2 ;  3 : 3  
2 : 3 ;  1 6 : 1 
2 :4 ,  5 
2 :6 ;  6 :8 ,  9 
2 : 7  
2 : 8  
2 : 9 ;  5 : 5 ;  6 : 1 0; 1 6 :4  ( =2464) 
3 : 7 , 8 
6 :4 ,  7 
6 :6  

5940 1 6 : 5-8 
5957 no 
5948 no 
5948 no 

sample plate 
5948 7 : 1 , 3 , 8 ;  8 : 1 , 3 , 6-8 
5948 7 : 2 ,  6 
6393 7 : 4  
5957 7 :5 ;  8 :2 ,  5 ,  10 
5957 7 : 7 ;  8 :  I I  
6393 7 : 9  
6393 8 :4 
6393 8:9 
5957 no 
5957 no 
5957 no 

5948 no 

5957 no 
6393 no 
6393 no 

sample plate 
6393 9 : 7 ;  1 0:4, 5 
5957 9: 2 ;  l \:6 
5948 9 : 3 ,  6 ;  1 0 : 2 ;  1 1 : 5  
6393 9:4 
5948 9:5; 1 0 : 1 ;  1 1 :4 
5948 9: 1 ;  1 0 :9  
6393 9 :8 , 9 ;  1 0 : 3 , 6, 7 ;  1 1 : 1-3 
6393 1 0 : 8  
6393  lO:! O ,  I I  

975 1 1 : 7  
5952 1 1 :8 
5957 no 
5948 no 
5948 no 
5957 no 
6393 no 

6392 no 
6393 no 

sample plate 
6393 1 :9 , 1 0  
5940 no 
6393 no 
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L4 
UB spee samp1e plate 

9 1 8  1 4 1 2  5948 12 : 1 ,2,4-8; 1 3 : 1 ,2,4,5,8,9, II 
9 1 9  1 986 5955 12 :3  
920 2093 6393 1 3 : 3,6, 1 0; 14 : 2  
92 1 1520 5948 1 3 : 7  
922 2 1 03 6393 14 : 1 

1 667 975 no 
2006 5957 no 
20 1 9  5957 no 
2 1 74 6393 no 
247 1  6393 no 

L5 
UB spee sample plate 
923 1 4 1 5  5940 14 : 3,8; 15 : 1 ,2,6,8 
924 1509 5940 14 :4; 1 5 :4 
925 1459 5957 14:5 (= 2460 ) 
926 2082 6393 14 :6 
927 1453 5957 14 : 7  
928 2466 6393 15 :5 
929 1 4 1 4  5948 15 : 7  
930  1466 5957 15 :9  
93 1 2008 5957 15 : 1 0  

1 42 1  5957 no 
1 464 5957 no 
1 465 5957 no 
1 469 5948 no 
1 494 5957 no 
1 524 5940 no 
1 740 975 no 
2095 6393 no 
2 1 0 1  6393 no 
2463 6393 no 
2464 6393 no 
2469 6393 no 

not assignable: 1 972-5948, 2025-5957, 2 1 1 7-6393, 2 1 1 9-6393, 
1 463-5957, 2522-6393 .  

denee for this condusion of Grygier ( 1 983a) may also be 
seen in the discovery of an ascothoracid larva with seven 

pairs of limb anlagen in a set underneath the cutide (Gry
gier, personal communication) and probably also the illus
trations of Walley ( 1 969, in particular Fig. 5 )  of a late 

nauplius, showing a small hump behind the sixth thoracic 

limb bud. 

The possession of seven well-defined thoracopods in Bredo

caris fits dosely with the suggested basic plan of the Maxillo
poda.  The apparent differences in detail, however, leads us 
to indude this fossil form in a new order of Maxillopoda. 
Possible alliance to the shield-bearing core group around the 
Theeostraca and consequences are diseussed below (pp. 

26--30) . 

Class Crustacea Pennant, 1 777 

Subclass Maxillopoda Dahl, 1 956 (sensu lato) 

Order Orstenocarida n. ord. 

Etymology of name. - After the local name of the limes tones 
from which the present material was etched, and 'carida' 
meaning shrimps. 

Morphology and development of BREDOC.4RIS 5 

Composition . - One monogeneric family, Bredocarididae n .  

fam. 

Geological range. - Known only from the Alum Shale, zones 
5-6, Upper Cambrian of Sweden. 

Diagnosis. - Tiny marine maxillopods with a simple cephalic 
shield, a nauplius-like anterior head, probably with com
pound eyes , large ventrally proj ecting labrum, and biramous 
mandibles with s trong gnathobase, first maxilIae with rudi
mentary exopod, second maxilIae like trunk limbs , and a 
trunk divided in a feebly segmented thorax with seven pairs 

of biramous thoracopods and a uniform abdomen with inar
ticulate and unsegmented furcal rami . Larval sequence with 
five metanaupliar s tages . Development delayed in all post
maxillulary limbs . Post-naupliar s tages possibly absent, im
plying direct metamorphosis to adult .  

Family Bredocarididae n. [am. 

Etymology. - After the type genus . 

Composition. - Monogeneric . 

Diagnosis. - As for type speeies of Bredocaris. 

Genus Bredocaris Miiller, 1 983 

Type speeies. - Bredocaris admirabilis Muller, 1 983 .  

Composition. - Monospecific. 

Diagnosis. - As for the type speeies . 

Bredocaris admirabilis Miiller, 1 983 

Synonymy. - O 1 98 1 a  Metanaupliar larva of a crustacean -
Muller, p. 1 50 ,  Fig. 5 .  O 1 98 1 b  Undescribed small crusta

cean and a larva - Muller, pp. 1 4, 1 5 .  O 1 982a Bredegcare 

admirabilis Muller, 1 982 [nom. nud.J  - Muller, p. 252 ,  Fig. 7 .  

0 1 983 Bredocaris admirabilis n . sp .  - Muller, pp .  97-99, Figs . 

3 , 4. 

Material. - Holotype UB  640, para type UB 64 1 ,  19 adult 
speeimens, 67  larval speeimens ,  and 6 unassignable ones . 

Emended diagnosis. - Largest s tage, presurnably the adult, 
about 800-850 flm long, measured from tip of head to end of 
fureal rami . Body composed of three tagmata: cephalon with 
five pairs of appendages, thorax with seven limb-bearing 
segments, and unsegmented abdomen. 

Cephalic shield univalve, roof-like, posteriorly indented . 
Outline suboval in dorsal view, widest in the first third . 
Probable compound eye consisting of two ovoid blisters, 
separated by a slightly bulging area. Labrum prominent and 
almost ventrally proj ecting. Shape subcylindrical and with 
rounded tip. Anterior cephalic region nauplius-like . 

1 s t  antenna 1 7-segmented . Dis tal portions of 2nd antenna 
and mandible similar, with prominent basipod and well
developed setation, four-segmented endopods, and multian
nulated exopods .  Mandibular coxa prominent, with s trong 
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.--------c------. : ... ,--------'Th -----�, .. :-Abd-: 
o : : 

-thp1-7---
Fig. l. Gross morphology of BredDcaris 
admirabilis, left set of appendages 
omitted. Abbreviations in this and 
following figures:  see lis t at the end of 
paper and separate eard. 

gnathobase. First maxilIa with four-segmented endopod and 
short, one-segmented exopod. Limb obviously adapted for 
trophie function only . Second maxilIa like trunk limbs ,  with 

unsegmented protopod continuing into paddle-shaped rami. 
Protopod with eight enditic protrusions , proximal one 
larger, more drawn out and anteriorly directed . Rami pad
dle-shaped , endopod feebly four-segmented, exopod uni
form. 

Thorax fleshy, with finely wrinkled cutide almost effacing 
the weak segmentation, demarcated from the head by a 
furrow running from the anterior of the first thoracomere 
towards the midpoint of the excavated posterior margin of 
the shield . Seven pairs of thoracopods; shape as the 2nd 
maxilIa, decreasing in size and development toward the 
posterior. Abdomen almost  cylindrical, distinguishable from 
the thorax by its smooth surface. Minute spine positioned 
dorsal to soft, short supra-anal flap . Abdomen continuing 
into undivided rod-shaped furcal rami. 

Dentides in short rows or groups, characteristically pre
sent on labrum, posterior of abdomen, and furcal rami . 

Ontogeny. - Larval sequence with five successive metanau
pliar stages . First instar having a small simple shield , well 
functional naupliar appendages and rudimentary 1 st maxiI
lae on the hind body; feeding. First maxilIa functional and 
fully segmented from second stage. Progressive appearance 
of five limb anlagen on the trunk, 2nd maxilIa and four 
thoracopods . First two appear simultaneously at second 
stage. Second maxilIa remains on larval trunk. No further 

development of postmaxillulary limbs during larval phase. 

Presurnably no post-metanaupliar s tages ( corresponding to 
'podids' of other Maxillopoda) . 

Life habil and environment. - Probably all s tages lived in the 
same environment and fed on similar source of food. Life 

habit of adult may have been epibenthic, swimming in or on 

a floeculent bottom layer by means of its head appendages 
together with the trunk limb series .  Retention of the larval 

feeding apparatus in the adult , specialization of 1 st maxilIa 
for trophie function only, and lack of feeding structures on 
trunk limbs suggest  that adult Bredocaris used mainly their 
anterior head appendages for collection of food, whereas the 

trunk limbs were used for swimming purpose; dearly no 
filter-feeding ( see pp. 2 1-24) . 

Morphology of the adult 

(Gross features on PIs . l ,  2 ;  details on Pls . 3-6; 1 5 : 3 ;  1 6 ;  
Figs . 1 , 2 , 3 ,  4E ,  5E,  6-8, 1 2- 1 7 ) .  The major features of  the 
different body portions are deseribed in detail separately (for 
measurements see Table 3 ;  for interpretation of this s tage as 
adult see p .  1 9). 

Cephalon 
Cephalic shield (es ;  PIs .  l :  1 , 6 ;  2 : 2 ,  7 ,  8; 3 :  1-5 ,  7 , 8; Figs . 2, 4E, 
6) . - About 400 !lm long and 280 !lm wide .  Roof-like and 
moderate ly arched in profile . Shield ovoid in dorsal view, 
gently rounded anteriorly, and converging from its greatest 

Table 3. Mean lengths of body parts. Lengths estimated to the nearest 5 !lm; eye = width and length of size of lateral lo bes; values for 
appendages are maximum length; * = larval trunk measured from behind the furrow separating it from the anterior part to the bases of the 

fureal rami; ? = unknown value; - = not developed. 

ti es eye la atl a2 md mx l fr desp T* Abd es/tl es/TT/TI3 

L I  250 160 25/20 \05 \05 1 75 1 25 r40 1 5  40 1 1 5 0.64 1.390.223 
L2 320 220 35/25 1 1 5 1 20 1 90 1 30 1 1 0 25 25-30 1 40 0.67 1 .690. 1 83 
L3 ( 370) 280 30 1 5  1 70 0.75  1 .640. 1 83 
L4 430 300 40/30 1 50 1 70 140 40 1 0  1 90 0.75  1 .780.203 
L5 450 330 160 1 40 240 200 145 45 1 0  200 0.73  1 .650 .233  
Ad 850 400 45/35 (200) (200) 260 2 1 0  1 70 80 5 300 1 20 0.53 1 .020. 1 83 

adult limbs:  mx2 thp l 2 3 4 5 6 
ea250? ?>thp2 ?>thp3 >200 1 80 160 1 40 80-90 
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Fig. 2. Reconstruction of adult Bredocaris admirabilis, ventrai view, distal parts of left mandible and both maxilIae omitted, outline of shield 
indicated by line. 
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height and width in the first third towards the posterolateral 
corners ( PI. 3: I ;  Fig. 4E) .  Shield loosely overhanging the 

body laterally, but not completely covering the protopods of 
the cephalic appendages ( PI. 3 : 2 ) .  Shield terminating behind 
the maxillary segment, but posterolateral corners extended 
further backwards ,  freely overhanging the thorax to about 
the third or fourth thoracomere. Thus, the shield appears 
deeply indented posteriorly ( Pls. 1 : 1 , 3 , 6; 2 : 1 ,  2 ,  6, 7; 3 : 7 ,  8 ) .  

Shield margin well-defined, anterior margin preserved 

either inclining towards the midline (PIs. 2 : 2 ;  3 : 3 ) ,  or almost 

straight ( PI. 3 :4) , presurnably caused by deformation prior 
to fossilization. Dorsal surface naked, and smooth, except for 
a group of four pores located around the margin of a plate
like area at the highest point of the shield (do; PI. 3 : 2 ;  Fig. 
4E).  Cuticle underneath the shield ( 'inner lamella' = i l ) 
much softer; it is particularly well-exposed in specimen UB 
895, where the shield is sharply flexed ventrally ( PI. 3 : 7 ,  8). 

Eye (eye; PIs. 1 : 5 ;  2 :2; 3 : 3-6; Figs. 2 ,  1 2 , 1 4, 1 7  A) .  - Located 
slightly be hind anterior shield margin and anterior to la
brum. Composed of a pair of ovoid lobes or blis ters (lo) 
about 45 Ilm wide and 35 Ilm long, which may have proj ect
ed slightly posteroventrally (PI. 3 : 5 ,  6). In UB 888 the lobes 
appear to nest in small sockets ( PI. 3 : 3 ) .  Lobes separated 

from one another by a somewhat inflated and most probably 
soft area (rna) , which narrows anteriorly and extends to the 

lab raI base ( PI. 3 : 3-6) .  Area rarely preserved, mostly being 
distorted or wrinkled , or both (better preserved in larval 
specimens) . 

Labrum ( la; Figs. 2, 1 2- 1 5 , 1 7 ) .  - Only poorly documented in 
the adult. UB 64 1 and UB 888 ( PI. 3 : 3 )  show the roughly 
phosphatized labrum between the 2nd antennae, about 200 

Ilm long and proj ecting posteroventrally, but not covering 

the postoral area. In UB 882 the labraI wall is partly pre
served ( PI. 5 :6 ) , with delicate denticles (den; see p. 1 4) on the 
anterior side and rows of setules (sti) laterally, as in the 
larvae from where they are figured in detail. It is assumed 
that the observations on the larval labrum (see pp. 1 4, 1 7 ) are 

also valid for the adult. 

First antenna (antennula) (atl ;  PIs. 1 : 5 ,  7; 2 :8 ;  3 :4-6; 4: I ,  3 ;  
Figs. 2 ,  3A ,  4E ,  1 2 ,  1 4, 1 5 , 1 7 ) .  - Uniramous, inserting 
between eye lobes and labrum. Positioned more medially 
than the subsequent appendages. About as long as the 
labrum (200 Ilm) , circular in cross-section, and conically 
tapering towards the distal end. No distinct articulation with 
the body (PI. 2 :8 ) .  Anterior surface of proximal four-fifths of 
the appendage divided into 14 short scleritic segments , pos
terior surface finely wrinkled, lacking the distinct segmenta
tion ( though incomplete, the anterior subdivision gives the 
impression of the presence of ring-like segmentation, similar 
to that of the antennal and mandibular exopods ; according
ly, these sclerites are called 'ringlets' in the following; PI. 
3 :4) .  Each plate-like ringlet with a row of denticles slightly 
proximal to its dis tal margin (Pls. 3 : 5 , 6 ;  4: I ,  3 ) .  About three 
long setae (s) arise on the posterolateral side of this limb 
portion, probably corresponding to at least two ringlets. 

Distal part composed of two cylindrical segments, about 
twice as long as the ringlets, and a very small terminal one, 

forming not more than the basis of a large seta which is 
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accompanied by a ti ny seta posteriorly (see also PI. 1 0 : 7  and 

p. 1 7 ) .  Anterior surface of cylindrical segments also with 
rows of denticles, which may be indicative of a former 
subdivision of these longer segments. Proximal cylindrical 
segment with antero- and posterodistal seta. Penultimate 
segment with one seta anteriorly at about two-thirds of the 
length of the segment,  and two setae antero- and posterodis
tally. 

As the setae are always broken off dis tally, i t  is unknown 

whether any of the apical setae represented an aestethasc
like sensory hair. 

Secand antenna (a2 ;  Pls. 1 : 5 ,  7; 2 : 2 ,  8 ;  3 :4; 4 : 1-3 ;  Fig. 2, 3B ,  
4E ,  1 2- 1 5 , 1 7 ) .  - Rarely preserved in adult specimens; 
obviously the largest appendage of the anterior set ,  about 
240 Ilm long (Table 3). Insertion lateral to the labrum, 
subtriangular, causing a posteromedial orientation of the 
Iimb. Appendage somewhat compressed anteroposteriorly. 
Protopodal surface with outer subdivision similar to that of 
1 s t  antenna, each ringlet with row of denticles. Annulation 
continuing into ring-like segmentation of exopod. 

Proximal part of protopod (prot) shaft-like and obviously 
flexible, with about five to six ringlets laterally ( PI. 4 : 1 ,  2 ) .  
Coxa (cox) and basipod ( bas) with two ringlets laterally , 
articulation between the two portions with two more ann ula
tions. Coxa and basipod produced into long enditic pro
cesses ( end) , bearing strong spines ( esp) and thinner setae at 

their blunt tips (PI. 4:2; Figs. 2 ,  1 7B ) .  
Basipod subtriangular in lateral view, slightly drawn out 

towards the endopod. Endopod (en) about 1 00 Ilm long, 
slightly tapering towards the tip. Proximal segment wider 

than long, with somewhat protruding and setiferous endite. 
Next segment elongate, with severaI fine setae on its slightly 

convex median surface. Distal end of endopod poorly docu

mented in adult specimens, allowing no detailed description. 
Most probably similar to endopod of lates t metanaupliar 
stage (see p. 1 7 ) and endopod of the mandible (see pp. I O ,  1 8) .  

Exopod ( ex) about 1 60 Ilm long, arising from the s teeply 
sloping laterodistal margin of the basipod, which preforms a 
lateroventral direction of the ramus. Composed of about 1 7  
ring-like segments and tapering distally. Each annulus bears 
a row of denticles on outer surface. Proximal two annuli 
without seta, next 14 with one seta each medially. Terminal 
one with two setae. Setae arising from slightly posteriorly 
directed bases, which preforms the orientation of them. No 
exact correlation between setation and segmentation: on ly 
1 1- 1 3  setae correspond to the 1 5  annuli. Number of setae 
seems to vary slightly individually (see also PI. 4 :6  for 

mandibular exopod) .  Exopod of ten preserved bent posterior
ly and with its setae oriented correspondingly (PI. 4 :2 ;  see 

also PI. 4 :5 ,  6 for mandible and p. 20) .  
Median surface of al l  l imb segments covered with thin 

setules ( in most cases broken off distally, leaving only small 
prickles on the surface of the specimens) .  

Mandible (md ;  PIs. 1 : 3 , 4; 4: 1 ,  4-6; 5 :6 ;  Figs. 2 ,  3C ,  4E, 7 ,  

1 7B) .  - Inserts slightly behind the posterolateral corners of 
the labrum, almost abaxially oriented (Fig. 2 ) .  Slightly com
pressed anteroposteriorly , shorter than the 2nd antenna ( ap
prox. 2 1 0  Ilm) .  Coxa prominent and robust ,  articulating 
with the body in a large joint ( PI. 5 :6 ) .  Outer cox al surface 
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Fig. 3. Appendages of Bredocaris admirabilis, anteromedian view, setae partly cut short. D A-E.  Cephalic appendages: A 1 st antenna, B 2nd 
antenna, C mandible, D 1 st maxilIa, E 2nd maxilIa. D F-I . Thoracopods ( thp 2, 5-7 ) .  Arrows point to small terminal segments of 1 s t antenna 
and endopods of 2nd antenna and mandible . 

smooth ( Pl .  4: 1 ) .  Coxa extended medially in to large gnatho
base (gn) . Gnathobase angled against the coxal body and 
also obliquely-anteriorly turned towards the labrum ( Pl .  
4 :4 ,  s ee  also Figs. 2 ,  7 ) . 

Fine setules originally developed on the distal surface of 
gnathobase are rarely preserved in adult speeimens ;  few can 
be seen in Pl. 4 :5 .  Gnathobasic seta (gns) not preserved in 
adult, but its insertion point indicated by a small knob 

(arrow in Pl. 4:4) . Anterior margin of gnathobase almost 
s traight. Posterior margin gently rounded, fringed with a 

number of spinules or teeth-like outgrowths of different sizes . 
Posterior spinule larger than the more anterior ones and 
sligh tly set off. 

Coxa and basipod separated by a well-defined joint, with 

one or two ringlets laterally ( Pl .  4 :5 ,  6). Basipod thicker 
proximally than distally, similar to that of 2nd antenna, but 
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larger. Proximally drawn out into prominent endite, armed 
with two stout spines, flanked by some thinner setae (Pl .  4 :5 ;  
Figs . 3C ,  7 ,  1 7B) . 

Endopod four-segmented, tapering distally, about 70 !-tm 
long. Proximal segment slightly produced medioproximally, 
with one thick spine surrounded by severai thinner setae. 
Second segment smaller, with fewer setae medially . Third 
segment again smaller and rounded dis tally, with severai 
setae distally . Fourth segment small, forming the socket of 
the median two setae of the apical group ( Pl .  4 :5 ,  6; terminal 
segmentation only roughly preserved, cf. p .  1 8  for the latest 
instar) . 

Exopod similarly constructed to that of 2nd antenna but 
much shorter ( 70 !-tm) . Composed of I I  annuli with 10 setae 
medially ( PIs . 1 : 3 ;  2 :8 ;  4 :6) . Setation begins at second ring, 
distal segment with two setae, as in 2nd antenna. Proximal 
two or three setae thinner than the more distal ones . Setae 
with few denticles on their anterior bases , probably fringed 
with row of setules on lower edge. 

Enditic surfaces furnished with fine setules medially , as in 
2nd antenna. Sides of basipod and endopod with few isolat

ed denticles or rows of these additionally ( Pl .  4 :5 ) . 

First maxilIa (mx l ;  PIs . 1 : 3 , 4; 4 : 7-9; 5 :6 ;  Figs . 2 ,  3D, 4E, 5E,  
1 7 ) .  - Inserts slightly more medially than the mandible ( Pl .  
5 :6 ;  specimen slightly deformed ) ,  anteroposteriorly com
pressed and continuously tapering distally. Basis abaxially 
directed , almost rectangular. In most specimens at hand 
being posteriorly curved, flanking the subsequent appen
dages or Iying on them. 

Although exceptionally well preserved in UB 640 (Pl. 4 : 7-
9) , the subdivision of the protopod is unclear. Taking the 
insertion of the exopod as a reference point, the protopod 
would be subdivided into four portions or segments, while 
the endopod is four-segmented ( terminal one distorted in 
UB 640 ; for discussion of segmentation see pp. 1 2-1 3 ) .  

Shaft-like proximal portion flexibly articulated t o  the head 
and carrying a large, shovel-like endite. Next three protopo
dal segments decrease in thickness progressively, as do their 
enditic protrusions . Proximal endite (pce) carrying a row of 
seven curved, bipectinate setae marginally ( Pl .  4 : 7 ,  8; mar
gin partly distorted ) ,  a further seta, and a short spinule 
distal to the row (Fig. 3D) . Next endite with two pectinate 
setae anteriorly, horn-like drawn out posteromedially, 
tipped by a denticulate spine (broken off in Pl .  4 :8 ) . Short 
spinule positioned at anterior side of spine basis . Subsequent 
endite with two setae anteromedially and one seta postero
medially; elongation shorter than on preceding endite. 
Fourth protopodal portion subtriangular, with two almost 
symmetrically positioned setae medially and carrying the 
exopod laterodistally. 

Proximal three endopodal segments almost ring-shaped . 
Setation as on last protopodal segment .  Terminal endopodal 
podomere broken off in UB 640, the only preserved 1 st 
maxilIa of an adult specimen ( Pl .  4: 7-9 ) ,  but most likely 

similar to that of last larval stages which is cup-like and 
carries a row of four to five setae apically ( Pl .  1 5 :4 and p. 
1 7 ) .  Exopod short (25-30 !-tm) and composed of one tubular 

segment and being finely folded proximally . Reaching not 
farther than middle of the proximal endopodal segment, and 
carrying two setae of different sizes apically . 
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Outer surface of maxillulary shaft finely folded , next seg

ment also with two ringlets , the latter probably with row of 
denticles submarginally. Numerous setules projecting from 
median surface of all limb segments, while lateral sides are 
furnished with few isolated denticles .  Exopod bearing sever
ai denticles and setules apically and posterodistally ( Pl .  4 : 7 ,  
8) . 

The 1 s t  maxilla is one of the characteris tic features of 
Bredocaris, and its major features are already developed by 
the second larval s tage (see p. 1 6) .  

Second maxilla (mx2 ; PIs . 1 : 3 , 4; 5 : 1 ,  6 ;  Figs . 2 ,  3E ,  4E, 1 3 , 1 6 , 
1 7 ) .  - Not completely preserved in the material at hand, but 
the fragments of this l imb give s trong evidence that i t  resem
bies the thoracopods in all major features .  The size of the 
basal portion of the 2nd maxilla and the progressive de
crease in size of the trunk limbs suggest that this limb must 
have been distinctly larger than the fourth, completely 
known thoracopod, probably being the largest limb of the 
trunk limb set ( es timated size in Table 3 ) .  The 2nd maxi Ila 

can be differentiated from all posterior limbs by its much 
larger proximal endite, carrying four marginal spine-like 
setae that point into a depression at the posterior of the 
maxillulary sternite ( Pl .  5 :6 ) . The detailed description of this 
type of limb is given below for all trunk limb-like appen
dages .  

Stemal region ( Pls .  1 : 2 ;  5 :6 ;  Figs . 2 ,  1 7 ) .  - Sternal bars or 
sternites ( s t )  of mandibular and maxillulary segments are 
fused to form a slightly raised subrectangular s ternal plate. 
Mandibular portion with a pair of swellings, the 'para
gnaths ' (pgn) . Swellings separated by a shallow furrow 
which widens anteriorly, sloping into the atrium oris under
neath the labrum. In UB 1 4 1 1 ( Pl .  5 :6 )  there are indications 
that at least the mouth region and the s ternal plate back to 
the paragnaths was covered with tiny se tui es, as in the 
larvae. Sternal plate less high and slightly narrower behind 
the paragnaths, no dis tinct median groove (paragnath chan
nel) . Posterior margin of maxillulary portion of s ternum 
excavated , providing space for the proximal endite of 2nd 
maxillae. S ternite of maxillary segment almost rectangular. 

Tagma border. - In two exceptionally preserved specimens the 
boundary between cephalon and thorax can be identified . In 
UB 895 ( Pl .  3 : 7 , 8 ) , the cephalic shield is sharply flexed 
ventrally, exposing the underneath of the cephalic shield . 
The tagma border furrow runs from the posterior margin of 
the cephalic shield down behind the 2nd maxilIa. Most likely 
due to distortion, the furrow becomes indistinct above the 
2nd maxilIa in this specimen. The furrows of either side do 

not join each other dorsally but merge into the shield mar
gin, leaving a small gap between each other (see also Pl. 1 4 : 2  

and p .  1 7  for larval UB 920) . UB 890 ( Pl .  2 : 5 )  i s  a trunk 
fragment, with the maxillulary and maxillary segments s till 
attached to it. On the left side, a deep furrow runs from 
behind the 2nd maxilIa dorsally. 

In accord with this new observation, the cephalon is now 
reinterpreted to com prise five rather than four limb-bearing 
segments (Muller 1 983) , whereas the thoracic region has 

seven limb-bearing segments rather than eight .  
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Trunk 

The trunk region (T) includes the thorax (Th) and the 

limbless conical abdomen (Abd; for this term see p .  1 3 )  

with the furcal rami (fr) . Both portions are distinetly sepa
rated by a furrow and distinguishable by their different 
cuticular s tructure . 

Thorax with thoracopods ( PIs .  1 : 1-4, 8, 9 ;  2 : 1 ,  3-7 , 9; 3 : 7 ,  8; 5 ;  
6 : 1 ,  3 ,  9 ;  1 6 ; Figs . 2 ,  3F-I , 4E, 6 ,  1 3 ,  1 5- 1 7 ) .  - Thoracic 

region about 330 �m long, suboval in cross-section, except 
the flat s ternal region (Fig. 8) . Surface smooth back to the 
second segment (UB 895 ; Pl .  3 : 7 ,  8) , but finely trans vers el y 
folded further behind ( PIs .  1 : 1 ,  3; 2 :3-7 ;  6 : 1 ,  9) . Entire 
thorax apparently fleshy, laeking tergites and a dis tinet 

external segmentation . 
Seven pairs of biramous limbs ( thp l-7)  present. Anterior 

ones insert almost ventrally, but with progressively decreas
ing trunk width limbs inserting successively more outwardly 
( Pl .  1 :3 ;  Figs . 2, 1 3 ,  1 7 ) .  Trunk limbs always preserved 
posteriorly curved . Of the anterior three thoracopods only 
the proximal parts are preserved, such as in UB 640 and UB 
886 .  The sizes of these fragments and the progressive de

crease in length from the fourth to the seventh limbs ( Pl .  1 :3 )  
suggest that the  anterior thoracopods were larger than the 
fourth leg, which is about 1 80 �m long. Posterior limbs 
preserved in severai speeimens, such as in UB 640 ( PIs .  1 :3 ;  
1 6 :3 ) ,  UB 882 ( Pl .  1 : 1 ) ,  UB 886 ( PIs .  1 :9 :  1 6 : 2 ) , UB 889 
( PIs .  2 :3 ;  1 6 : 1 ) ,  UB 892 ( Pl .  2 : 7 ) ,  UB 894 ( PIs .  2 :9 ;  1 6 :4) , 
and UB 932 (Pl .  1 6 : 5-8) . Last limb markedly shorter than 
the others, about 80-90 �m, and less developed ( PIs .  1 :3 ;  
2 :3 ;  5 : 5 ;  6 :  I ;  Figs . 3 1 ,  4E ,  1 7C ) .  

Limbs flexibly articulated to the body and with fleshy and 
finely wrinkled bases (Pl .  1 6 :5 , 6 ;  Fig. 4E) . Inter-limb space 
very narrow ( PIs .  1 :3 ;  6 :9) . Insertion area subrectangular to 
oval ( PIs .  5 :6 ;  1 6 : 1 ,  5 ,  7) and almost abaxially oriented . 

Limbs anteroposteriorly compressed and laeking a distinet 
segmentation (Fig. 3F-I ) .  Outer surface of protopod finely 

wrinkled proximally; median edge subdivided into severai 
more or less lobate endites . Proximal endite larger, slightly 
separated and anteromedially directed (Pl .  1 6 : 1 ,  5, 7, 8; 
Figs . 2, 8 ,  1 7 ) .  Shape triangular, terminating in a short 

spine. Two more small spinules positioned anterior to the 
spine on the first thoracopod, one on the subsequent limbs . 
No corresponding endite on the small last limb ( Pl .  1 6 :4) . 

Subsequent endites lobate; proximal ones medially point
ing, subsequent ones progressively more distally directed 
and longer but less produced ( Pl .  1 6 :5-8) . Each endite 
drawn out into a pair of mediodistally directed spines ( Pl .  
5 : 1 ,  3 ,  4, 6; Pl . 1 6; Figs . 2 ,  3F-I ,  8; 1 7 ) .  Spines naked , 
varying in size from proximal to distal, posterior one slightly 
larger. Distance between the spines of each pair increasing 
from proximal to distal (Pl .  1 6 :8 ) . Number of protopodal 
endites decreasing from eight on the 2nd maxilIa and first 
thoracopod to two on the last l imb. 

Slight differences in the degree of sclerotization of the 
cuticle indicate a feeble subdivision of the protopod into a 
somewhat better sclerotized basipod, with the distal one to 

. two endites , and a soft er coxal part, which carries up to five 
lo bate endites ( PIs .  5 :3-6; 1 6 : 2-4; Figs . 3F-I, 4, 8 ;  for fu nc

tional aspects of this see pp. 2 1 -23 ) .  It is unclear, however, 
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whether the proximal endite belongs to the cox al portion or 

to a separate proximal element. 

Proximal basipodal endite resembling the coxal endites, 
whereas distal one similar to endopodal segments . Basipod 
continuing into the slender, paddle-shaped rami ( PIs .  2 :9 ;  
5 : 1 , 4; 1 6 ; Figs . 2 ,  3F-I ) .  Endopod weakly subdivided into 
four segments, recognizable by presenee of three pairs of 
setae medially and faint furrows distal to them. Distal seg
ment longer than the others and tapering slightly towards its 
truncate end, which carries three acute spines ( PIs .  5 : 5 ;  
1 6 :3 ) . Number of segments constant until the  seventh thora
copod which is only two-segmented . 

Exopod unsegmented , of about the same shape and length 

as the endopod, probably somewhat shorter on some of the 
limbs. Apex truneate, as in the endopod, also with three 
acute spines in the ante ri or six thoracopods. Seventh limb 
with two spines on endopod and exopod. Outer margin of 
exopod and flattened surfaces of both rami furnished with 
few isolated denticles ( Pl .  5 : 2 ;  Fig. 3F-I ) .  

Breakaway ofmaxillae and anterior three pairs of thoraco
pods in UB 882 ( Pl .  5 :6 )  permits observation of the sternal 
region of the trunk. S ternites behind the maxillulary seg
ment appear not firmly sclerotized, decreasing in size pro
gressively, and being separated from one another by dis tinet 
furrows . Sternal cuticle appears to be softer than that of 
post-labral s ternal plate ( Pl .  5 :6 ) . No food groove developed . 

Paired medial spines of protopod and endopod of trunk 
limbs point into the path between the limbs, forming a 
coarse, comb-like s tructure ( Pl .  5 : 1 ,  6; Figs . 2 , 1 5 ,  1 7A) . 

Median path between the anterior trunk limbs very nar
row proximally, in particular when right and left limbs were 
held paralleI to each other ( Pl .  5 :6 ;  Fig. 8) . In this position, 
the proximal endites of each pair may even have approached 
one another. Median path remaining constant or even wid
ening towards the posterior due to the progressively chang
ing insertion of the limbs and the decrease in the develop
ment of the endites ( PIs .  5 : 5 ;  1 6 :4; Figs . 1 5 ,  1 7A) . 

Abdomen with furca (mainly Pl .  6 : 1-8, 1 0; Figs .  2, 4E, 6, 1 3 ,  
1 5 ,  1 6 , 1 7A) . - Abdomen cylindrical t o  subconical and 
uniform (see pp. 1 3 , 20, 23 ) ,  faintly waisted in the midd le but 

widening at the furcal bases . Length about 1 20 �m, exclud
ing furcal rami. Demarcated from thorax by a furrow and by 
its smoother surface ( Pl .  6: I ) .  Four or five short transverse 
folds or furrows ventrally j ust  behind the last thoracomere 
( Pl .  6 :2 ) . Similar folds can also be seen on the larval trunk, 
but the nature of these may be different. 

Abdomen with a minute spine dorsocaudally (dcsp; Pl .  
6 :4) , the anus opening immediately dorsal to basis of fureal 
rami . Anus (an) most probably covered by some kind of 
'operculum' or supraanal flap (sa!) , which may have been 
rather pliable, indicated by its different preservation on the 
various specimens, being much inflated in Pl .  6 :  I ,  3 ,  4, 
s traight in Pl .  6:5, or collapsed in Pl .  6:8. Abdomen continu
ing into uniform, rod-shaped furcal rami , which may taper 
slightly distally and bear four terminal setae of unknown 
lengths . As can be derived from their fragments, the setae 
were of different size: the inner two, inserting in horizontal 
plane, were much more prominent and thicker than the 
lateral two, which insert one above the other ( Pl .  6 :5-8) . 
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As a characteristic fea ture of Bredocaris, the posterior ab
dominal region and the rami are covered with numerous 
groups or single denticles of the same type that can be found 
on the anterior surface of the labrum ( Pl .  6:4, 1 0) .  The 
arrangement of denticles gives the rami the suggestion of a 
faint segmentation. Abdomen of UB 896 ( Pl .  6 :4)  and UB 
894 (P I .  6 : 1 0) with fine pits and furrows, which are may be 
caused by deformation (inflation? compare with PI. 6 :6 ,  
which shows shrinkage effects) after embedding, indicating 
the softness of the cuticle. 

Remarks on morphological details 
Cephalic structures. - The terminology of the dorsal cover of 

the crustacean head region, and in particular its modifica
tion, the carapace, has been a subject of controversy, which 
cannot be repeated here in full detail (e .g .  Kaestner 1 967 ;  
Lauterbach 1 974; Hessier & Newman 1 975 ;  Dahl 1 976; 

Boxshall 1 983 ; Newman & Knight 1 984 for further details ) .  
The roof-like univalve shield of Bredocaris is a simple 'cephal
ic shield ' ,  fused to all limb-bearing segments of the cephalon. 
Again, the term 'carapace' is not used for other maxillopo

dan groups , since their shields ,  even when of considerable 
size or bivalved, in our view refer to the simple head du pli ca
ture of the euarthropodan head . 

The pair of lobes or blisters in front of the labrum, sepa
rated by an apparently softer area, has been interpreted by 
Muller ( 1 983) as a 'compound median eye' .  As the eye 
nature of the structure is clear, there remain two possibilities 
for its interpretation . Firs t ,  the whole structure represents 
the median eye, in Crustacea terrned 'naupliar eye ' .  This 
type occurs most widespread in larval s tages but also in 

certain adults . According to Paulus ( 1 979) i t  is part of the 
'frontal eye complex' and should consis t of four cups origi
nally, whereas Land ( 1 984) reg ard ed a tripartite naupliar 
eye as a primary condition in the Crustacea (see also Eber
hard 1 98 1 ) .  In consequence, the two ovoid lobes may refer 
to the lateral eye cups, and the bulging midventral area to 

the midventral eye cup. 
The preservation of the midventral area indicates that it 

was much softer than the lobes . In  larval specimens a small, 
pimple-like s tructure is developed on the anterior extension 
of the median area, j us t  between the lobes (PIs .  7 : 5 ;  8 : 2 ;  
1 0 :4, 5 ;  1 4 :8 ) . The presence of  this structure could not  be 
confirmed for the adult. In some maxillopodan groups the 
'organ of Bellonci' arises from the median cup of the nau
pliar eye, such as in Ostracoda (e .g .  Hartmann 1 967 ,  p. 
3 1 9--324, Fig. 1 94; Elofsson 1 966; Andersson 1 9 77 ;  in Face
totecta the compound eyes are accompanied by 'parocular 
processes' ofvarying size, which according to T. I to, person
al communication, represent the 'organ of Bellonci ' ) . The 
function of this organ is s till unclear (probably a chemical 
sense organ according to Andersson 1 977 ;  see als o Eberhard 
1 98 1 ) .  It is not unlikely that the knob or pore found in 
Bredocaris represents such an organ as well. 

Arguments against the naupliar eye nature may be the 
lateral position and shape of the lobes. In phosphatocopine 
ostracodes the naupliar eye is a tri parti te unit at the base of 
the labrum (Muller 1 982b, PI. 2 :A,  B ) .  The lateral cups are 
much larger shan the midventral lobe. In Recent Maxillo
poda the lobes may be isolated, but in most cases the 
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naupliar eye is barely noticeable externally due to its inter
nal location. 

Alternatively, the two ovoid lobes may represent the 
paired compound eye, while the softer midventral area 
would be a pliable forehead region in front of the labrai 
basis .  Arguments in favor of this interpretation are the 
lateral, well-separated position of the lobes and their shape 

( PI .  3 :3-6) , and considerable similarities to the compound 
eyes of young Ascothoracida (e .g .  Wagin 1 954; Hallberg et 
al. 1 985 ) ,  and Facetotecta (McMurrich 1 9 1 7 ; Bresciani 
1 965;  I to 1 985 ,  1 986b) . The probable sockets recognizable in 
one specimen could represent short eye s talks . No ommati
dial s tructures have been recognized on the lobes of Bredo

caris, but these are not necessarily to be expected, as small
sized Recent Crustacea generally have few ommatidia, and 
their external visibility is poor. This interpretation would 
neither conflict with the probable nature of the anterome
dian node as the organ of Bellonci nor with additional 
exis tence of a naupliar eye. We tend to favor the compound 
eye nature of the s tructure, acknowledging that clear proof 
for either interpretation cannot be provided. 

Variously i t  has been assumed that the labrum originated 
from fusion of preantennular appendages ( cf. Siewing 1 963 , 
1 985;  Benesch 1 969; Lauterbach 1 973) . Morphology and 
ontogeny of Bredocaris gi ve no evidence to support this . On 
the other hand, in Bredocaris the paragnaths appear as spe
cial swellings exclusively of the sternite of the mandibular 
segment,  just  be hind the cox al gnathobase .  In this form they 
are fairly moderate in size, but they may be much more 
inflated in other orsten Crustacea. In our view it is unlikely 
that the paragnaths derived from more than the mandibular 
segment ,  as has been stated by Lauterbach ( 1 986) . 

Appendages. - On all post-mandibular limbs, the median 
surface of the protopod is subdivided into severai enditic 
protrusions . The proximal one (pce) is clearly separated 
from the more distal endites . Distinct endites proximal to the 
coxal endite are absent on the anterior (naupliar) appen

dages . The proximal endite seems to originate from the 
shaft-like basal limb portion rather than being derived from 
the adjacent coxa. Interestingly, similar endites are als o 
developed proximal to the major limb portion in the onten 

'pre-crustacean' Martinssonia elongata (Muller & Walossek 
1 986a) . In this form, however, they are present on all post
antennular appendages .  

The Devonian Lepidocaris rhyniensis also has dis tinctive 
proximal endites on the anterior seven thoracopods (Scour
field 1 926) . The presence of a 'precoxal' limb portion carry

ing a 'precoxal endite' is generally not accepted . These terms 
are avoided here, but it is noteworthy that Boxshall ( 1 985) 
pointed to the presence of such pre cox al endites ( = ' arth
rites ' )  on the maxilIae of Copepoda. Distinct proximal en
dites are also developed in the Recent Tantulocarida (Box
shall & Lincoln 1 983 , 1 987 ) .  

The shape of the 1 st maxilIa can b e  easily derived from 
the basic plan of the trunk limbs, in particular by the paired 
setation on all more distal segments . However, the subdivi
sion of the protopod of this limb remains problematical ( PI .  
4 : 7-9; see also PIs . 1 1 : I -5 ;  1 3 :4-6; 1 5 :8) . Possible interpreta
tions of the maxillulary segmentation include: 
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l .  Protopod tripartite; shaft carries the large nattened proximal 
endite; 

(a) coxa two-segmented, with two endites; basipod with one 
endite, carrying the rami (endopod four-segmented, exopod uni
form) ; 
(b) coxa uniform, one endite; basipod two-segmented, distal 
segment carrying the rami; 
(c) cox a and basipod uniform; exopod arises from first of five 
endopodal segments . 

2. Protopod made of two portions, shaft is no separate portion; 
(a)  cox a with three endites; basipod uniform, carrying the rami; 
(b) coxa and basipod with two endites each; 
(c) coxa divided into two; basipod uniform; exopod arises from 
proximal endopodal segment .  

Only the two endites following the proximal one have two 
pectinate setae anteromedially ( Pl .  4 : 7-9) . It is possible that 
only the segment carrying the exopod refers to the basipod, 
whereas the coxa was two-segmented or tri parti te, similar to 
the three post-mandibular appendages of the Skaracarida 
(Muller & Walossek 1 985;  Fig. 1 2F) . 

Post-thoracic body. - The inconsistency in the current termin
ology of caudal ends of Crustacea provides little assistance 
with the interpretation of fossil forms . Likewise it is difficult 
to adopt the suggestions of Bowman ( 1 97 1 )  on the terminol
ogy of terminal rami (see also Schminke 1 976) . We prefer to 
use the term 'abdomen' for the caudal end of Bredocaris, and 
'fureal rami' for its inarticulate posterior extensions . It is , 
however, unknown how many segments are developed in 
this region. All abdominal segments may have been devel
oped, simply laeking their external segmentation, or the 
somite num ber was either reduced or not fully developed . As 
the telson is ineluded in the caudal region, the term 'pleotel
son' would also be appropriate. 

On the trunk oflarvae as well as the adult short transverse 
furrows can be seen behind the last pair of trunk limbs ( PIs .  
6 :2 ;  9 :7 ;  1 5 : 7 ) . I t  is , however, unelear whether these indicate 
the presenee of s till undeveloped 'hidden' segments .  They 
may refer to different structures in larvae and adult. 

Setation. - The hair-like outgrowths are almost identical in 

larvae and adult .  The different types are categorized as setae 
( slender, slowly tapering hairs , may nest in sockets) ,  spines 
(acute, rigid outgrowths) , and setules (delicate bristles less 
than one lAm in diameter) or dentieles ( the latter are shorter 
than setules but more acute; they resemble microtrichs de
scribed from the cutiele of Recent amphipods ( Halcrow & 
Bousfield 1 987 ) ,  which are also simple outgrowths of the 
cutiele but are associated with tiny pores; thus, the more 
neutral term is preferred) . In some cases elassification was 
difficult, as setae may pass into spines, and setules into 
dentieles. 

( I )  Slim, long setae are developed on the 1 st antenna, the 
distal endopodal segments of the 2nd antenna, mandible and 
I s t  maxilIa, and on the exopods of the anterior three appen
dages . The two larger setae at the tip of the furcal rami may 
also belong to this type . The entire length of this type of 
setae is unknown, as they are never complete. From a speci
men of the latest larval s tage it  is possible that this type was 
furnished with a row of subordinate setules, at least on the 
exopodal setae . This setal type may have been mainly con-
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cerned with swimming, a s  described for similar setae on the 
various crustacean larvae (e .g .  Gauld 1 959, Barlow & Sleigh 
1 980, Fryer 1 983 ) .  

( 2 )  Thinner setae of varying sizes are developcd o n  the 

enditic surfaces of all premaxillary limbs . These setae may 
be pectinate, carrying one or two rows of subordinate se
tules, in particular those of the proximal three endites of the 

1 st maxilIa ( Pl .  1 3 : 7 ) .  It is likely that the position of these 
comb rows was correlated with the axis of movements of the 
endites . Similar setae occur in various other orsten forms as 
well as in the different extant crustaceans .  They may have 
been employed mainly in feeding, i . e .  brushing, sieving or 
scratching partieles .  

(3 )  An intermediate element between setae and spines is  
the gnathobasic seta of the mandibular coxa (e .g .  Pl . 1 0 :  1 0 , 
I l ) .  This seta is not only covered with more or less randomly 
distributed setules distally, but there is also a row of much 
larger setules at the posterior edge, which even appear to 
have articulated with the seta (see also next type) . Derived 
from its preservation and the narrow base, the seta itself 
may also have been movable against the gnathobase, as is 
the case in Recent crustaceans.  According to Fryer ( 1 985) 
the mandibular gnathobasic seta serves 'as a sweeping de
vice, helping the squeezing and triturating part of the 
gnathobase during the early instars ' .  In Bredocaris this seta is 
retained als o in the presumed adult .  

(4) Thick, s tout spines are positioned in particular on the 
endites of the coxa, basipod, and proximal endopodal seg
ment of the 2nd antenna, the basipod and proximal endopo
dal segment of the mandible, and the second endite of the 1 s t  
maxilIa. All these spines are furnished with setules from 
their base to the tip, but there is considerable variation in 
size and shape of this type. Enditic spines may have carried 
articulated setules, accompanied with smaller setules or den
tieles, and their distal end may be finely wrinkled ( Pl .  8 :9 ) . 

This type is elearly involved in feeding. Gauld ( 1 959) point
ed out that the term 'masticatory spine ' ,  of ten used for such 
spine, is misleading, as i t  is not used for mastication. Fryer 
( 1 983) ,  however, described the function of such spines as to 
'carry food partieles to the vicinity of the labrum' . 

( 5 )  Spine-like setae that are thinner and shorter than the 
preceding type are developed on the median surfaces of the 
trunk limbs and the distal ends of their rami . Only the latter 
spines may have been furnished with a few dentieles ( Pl .  5 : 2 ,  
5) . The function of  these spines may have been different. 
Those of the enditic lobes may have aided in food transport, 
although the fact that they were naked indicates a minor role 
(an alternative interpretation is given below) . The spines of 
the tips of the ram i were denticulate and may have enlarged 
the ramal surface of the latter. 

(6) Short spinules are positioned along the margin of the 
mandibular gnathobase .  Similar to those of Recent crus ta
ceans, some spinules form a short row medially, whereas an 
apparently thicker one is located slightly isolated from the 
others . This design may indicate not only their importance 
in the feeding proeess but also, phylogenetically, a primitive 
division of the marginal armature into a distal 'pars incisi
vus' and a median 'pars molaris '  , developed in various 
Recent crustaceans .  

(7 )  Setules of less than l lAm in thickness and about three 
to five lAm in length may be more or less randomly distribut-
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ed on all medially pointing parts of 2nd antenna, mandible 

and 1 st maxilIa. They occur in rows at the sides of the 
labrum, on the postoral sternal plate, and on the distal 
surface of the mandibular gnathobase .  Setules are also pre
sent on the sides of the antennal exopod close to the basipod , 
as well as on the tips of 1 s t  antenna, endopods of 2nd 
antenna and mandible, and exopod of 1 s t  maxilIa. In par
ticular on the 1 st maxi Ila the setules may con vert into the 
shorter and more acute denticles towards the sides of the 

limb . 
Setules obviously were elements of the feeding apparatus , 

either to brush off particles (when on movable parts) or to 
keep or guide food (see also Schrehardt 1 986, Fig. 6, for 
Artemia) . Their absenee on the median margins of the post
maxillulary limbs reflects the function of these limbs (see p. 

23 ) .  
(8 ) . Denticles occur in rows on the annulations of the 

three anterior head appendages .  I solated ones or small 
groups can be seen on the sides of the limbs and their tips . 
The denticles occur in small, half-crescentic rows , common
ly with a scale-like appearance, on the ante ri or surface of the 
labrum and the caudal end of the abdomen including the 
rami . The function of these denticles is unknown. It is 
possible that they had a hydrodynamic function, in order to 
support motion in an environment of low Reynolds num ber. 
Similar denticles are developed in various other fossil and 
Recent crustaceans and often in an identical position and 
pattern . This may indicate that they represent a very primi
tive surface s tructure of the Crustacea. 

Pores. - Due to the exceptional mode of preservation, pores 
have been variously recognized in the orsten material. In  
Bredocaris, however, only a group of  four pores could be  
found at the posterior margin of  a plate-like s tructure on  the 
apex of the cephalic shield, most likely present in all devel
opmental s tages ( PIs .  3 : 2 ;  1 0 :  I ) .  

Strikingly similar structures , which disappear during on
togeny, have been reported from certain larval euphausid 
and decapod Malaeostraca (Mauchline 1 97 1 ,  1 9 7 7 ,  in par
ticular his Fig. 1 2 ; Laverack & Barrientos 1 985 ;  Barrientos 
& Laverack 1 986) . Equatorial pores are also present in 
larval Ascothoracida (Grygier 1 984b) . Their homologization 
is difficult, since such s tructures have not been studied in 
detail as yet. The 'dorsal organ' of the first nauplius of 
Artemia, which aids in osmoregulation (Schrehardt 1 986, 
Fig. 2 )  and similar 'neck organs' of larvae of Conchostraca 
(e .g .  Rieder et al. 1 984) seem to be not homologous to that of 
other Crustacea. Similar dorsal pore groups are, however, 
not restricted to Crustacea but have been reported also from 
Trilobita ( cf. Harrington 1 959 for older referenees; Barrien
tos & Laveraek 1 986; Miiller & Walossek 1 987 ) . Detailed 
comparisons, funetional analysis, and an assessment of ho
mology between the different types, are still laeking. 

Infraspecific variation of morphological details. - On the basis of 
this material, individual variation appears to be very low, 
recognizable in the number and distribution pattern of se
tules and denticles, and in the expression of the larval limb 
buds . 
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Larval development 

General remarks 
The 67 larval speeimens are grouped into five suceeSSlve 
instars , bas ed mainly on progressive inerease in size (Table 
3) and gradual inerease in the number of limbs . All instars 
have in eommon the gross shape and details, sueh as the 
eephalie shield, eye, prominent labrum, the eonieal and 
somewhat ventrally oriented trunk, dorsoeaudal spine, inar
tieulate ineipient fureal rami, and the speeifie pattern of 
denticles on labrum and trunk. The last four instars and the 
presumed adult (see below) are linked with one another in 
partieular by the funetional 1 s t  maxilIa (see Figs. 4, 5 ) . 

Description of the stages 

Instar I (LI; Pls. 7, 8; Fig. 4A) . - Body length about 240 �m. 
Body divided into two dis tinet portions: anterior part with 
weakly defined shield and three pairs of appendages; hind 
body ( tr) conical, with lo bate rudimentary 1 st maxilIa 
anteroventrally, dorsoeaudal spine at truneate end, terminal 
anus, and short ineipient fureal rami ( i  fr) .  

Shield slightly arehed and almost eircular in outline, 
about 1 60 �m long, 1 50 �m wide, and 50 �m high. Anterior 
and posterior margins slightly rai sed towards the middle .  
Margins not  well defined, shield only laterally slightly pro
truding from the body, in some speeimens rather ineonspic
uous (in partieular UB 1 962,  a well-inflated and eomplete 
speeimen; Pl . 7 : 3 , 8 ) . Shield seems to extend post the maxil
lulary segment ( Pl .  7 :6 ) . 

Eye prominent, in some speeimens protruding from the 
forehead ( PIs .  7 : 2 , 4--6, 8 ;  8 : 1 ,  2 ) . Lobes oval to subtriangu
lar, about 25 �m wide and 20 �m long, midventral area 
subtriangular, narrowing anteriorly and extending between 
the eye lobes . Area earrying a small knob or pore about 3-4 
�m in diameter (Pl .  8 :2 ) . 

Labrum 1 05 �m long, i . e .  more than one third as long as 
the body, proj eeting almost perpendicularly from the head 
( Pl .  7 ) . Shape loaf-like, with suboval eross-seetion , almost 
parallel-sided but broadly rounded tip . Anterior surfaee 
adorned with short rows of denticles ( Pl .  7 : 5 ;  Fig. 4A) . Sides 
with two rows ofposteriorly pointing setules running distally 
along labrum to about three fourth of its length.  Mouth 
underneath labrum, deeply recessed ( Pl .  8 : 7 ,  8 ) . Mandibu
lar s ternite reetangular, wider than long, slightly raised but 
with depression in the middle, gently sloping towards the 
mouth. Surface eovered with fine setules ,  arranged in sym
metrieal pattern of medially and orally direeted rows ( Pl .  

8 : 7 ,  8) . 
Gross shape and insertion of 1 s t  antenna as in adult, 

cross-seetion almost eireular. 1 s t  antenna about as long as 
the labrum, but due to its insertion not reaehing to the tip of 
the latter ( PIs .  7 : 5 , 8 ;  8 : 1 ,  3-6) . Anterior surfaee with 1 1- 1 2  
ineomplete ringlets . Posterior surfaee pliable, a s  i n  adult, 
but only two setae medially ( Pl .  8 :5 ) . Similar to adult, distal 
end made up from two eylindrieal segments and a ti ny hump 
forming the basis of the largest apieal seta. Cylindrieal 
segments with rows of denticles on outer surfaee, penulti
mate and terminal segments with additional setules around 

the setae. 
Seeond antenna essentially as in adult, but shorter: about 

1 60 �m long from proximal joint to tip of endopod, and 1 75 
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Fig. 4. Ontogenetic sequence of Bredocaris admirabiLis, lateral view, but stages drawn in slightly different positions .  O A .  First metanauplius (L I ) .  
D B . Second metanauplius (L2) . o e . Fourth metanauplius (L4) , arrow points to developing pliable dorsal anterior trunk region .  O D. Fifth 

metanauplius (arrow as in preceding figure) ; O E. Adult stage. 
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!-lm to tip of exopod ( PIs .  7 : 3 ,  4, 8; 8 : 3 ,  5, 6 ) . Exopod with 
1 4- 15  ringlets bu t only nine to ten setae, because in the 
middle of the ramus the setal soekets are thieker than the 
annuli . Coxa, basipod, and proximal endopodal podomere 
with robust enditie spines flanked by thinner setae (PIs .  7 : 1 ;  
8 : 3 ,  7) . 

Mandible similar to adult one, shorter than 2nd antenna: 
length to tip of endopod 1 25 !-lm, and 1 00 !-lm to tip of 
exopod . Coxal gnathobase being a slightly flattened, pointed 

protrusion, tipped by a small spinule and slightly angled 
against the coxal body; margin posterior to spinule with 
about four small spinules, posterior one somewhat separat
ed; gnathobasie seta present; gnathobase apparently less 
shovel-like than in later s tages ( Pl .  8 : 7 ,  8) . Endopod four
segmented; exopod with eight to nine ringlets and seven 
setae ( PIs .  7 : 7 ;  8 : 3 ,  6) . 

Trunk about 1 1 5 !-lm long, separated from anterior body 
portion by a deep transverse ineision behind the sternal 
plate of the mandibular segment and mostly somewhat ven
trally bent. Trunk tapering eonieally toward its truneate 
end . Maximum width and height about 75 !-lm ( PIs .  7 : 1-7 ;  
9) . 

First maxi Ila present as lobate straight posteriorly proj eet
ing protrusion, Iying on ventrai body wall , 40-50 !-lm long, 
bifid, inner outgrowth distinetly larger. Both ends, repre
senting ineipient endo- and exopods ,  tipped with a spinule . 
Distal surface furnished with few denticles ( PIs .  7: 1-7, 9 ;  8 :6 ,  
7 ,  l O ; Figs . 4A,  5A) . 

Anus loeated as in adult. Dorsoeaudal spine prominent 
and robust, about 40 !-lm long. Ineipient fureal rami eone
like, very short, about 1 5  !-lm long, forming the ventroeaudal 
extension of the trunk. Terminal end of rami tipped by two 

setae, a thieker median one and a thin, shorter one laterally. 
Surfaces of caudal part of trunk and fureal ram i furnished 
with numerous groups and single denticles ( Pl .  7 : 1-7 ,  9; 
8 : 1 1 ) .  

lnstar Il (L2 ;  PIs . 9-1 1 ;  Fig. 4B) . - Body length about 320 
!-lm. Cephalie shield with distinetly defined margins (Pl .  9 : 3 ,  
6-9; 1 0 : 2 ) . Outline suboval, widest in  the first third and 
narrowing towards the rounded posterior margin. Anterior 
and posterior margins slightly rai sed towards the middle ( Pl .  
9 : 9 ;  1 0 : 2 ) . Shield moderately arehed in profile, with the 
maximum height in the first third (Pl .  9 : 3 ) . Measurements : 
length 230 !-lm, width 200 !-lm, height 80 !-lm. Area at greatest 
height slightly raised and with pores on its posterior margin 
( exaet num ber unknown; Pl. 1 0 :  I ) .  Shield extending behind 
the maxillulary segment, probably including the maxillary 
segment as well ( Pl .  9 :9 ) . 

Eye lobes similar to those of preeeding s tage, but slightly 
protruded by shield margin,  about 35 !-lm wide and 25 !-lm 
long ( Pl .  9 : 2 ,  3, 7-9; 1 0 : 2-5 ) . Soft midventral area in all 
eases distorted, but knob or pore preserved ( Pl .  1 0 :4, 5 ) .  
Labrum not well enough preserved for a detail e d  deseription 
(Pl. 9 : 1 ,  5 ,  7 ) .  

First antenna 1 20 !-l m  long, with about 1 2- 1 3  ineomplete 
ringlets . Dis tal end similar to preeeding s tage ( terminal 
segment in Pl. 1 0 : 7 ) . Subterminal seta on anterior margin of 
distal eylindrieal segment positioned at slightly less than the 

middle of the length of the segment ( PIs .  9:8, 9 ;  1 0 :6 ,  7 ) . 
Second antenna similar to instar I, but probably longer. 
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Median surface poorly doeumented, endopod distorted in all 
speeimens at hand . Basipod with three ringlets on outer 
surface (Pl .  1 0 :6 ) . Exopod well-preserved in UB 9 1 2, having 
1 6- 1 7 ri ngs but fewer setae ( Pl .  9 :8 ,  9 ) . As in preeeding 
s tage, the setation does not conform with the segmentation 
of the ramus.  

Mandible similar to adult one ( Pl .  9 :8 ,  9) . Coxa well
defined , with two submarginal rows of denticles laterally ( Pl .  
10 :8 ) . Gnathobase prominent and slightly wider than in  
preeeding stage, shovel-like, similar to adult mandible ( Pl .  
9 : 7 ,  8) . Anterior margin of  gnathobase s traight,  posterior 
margin gently eurved towards the tip of the blade ( Pl .  1 0 :9 ) . 
Posterior marginal spinules set off from the median group of 
approximately seven spinules, thieker. Gnathobasie seta 
large, with marginal setules ( Pl .  1 0 : 1 0 ,  I l ) .  

First maxilIa now inserting on anterior body portion, with 
gross shape already similar to adult limb, about I l O !-lm 
long. Held in a posteriorly flexed position in all speeimens , 
flanking the trunk ventrolaterally . Protopod finely folded on 
outer surface, bearing four elongate endites medially that 
deerease in size progressively (PIs .  9 : 3 ,  5, 7-9; I l : 1-6 ;  Fig. 
5B) . All of them more produeed posteriorly than anteriorly, 
and terminating in a dentieulate spine ( PIs .  9 :5 ,  8; 1 1 :4) . 
Proximal endite bearing three marginal setae in addition to 
the posterior spine, seemingly belonging to shaft-like proxi
mai portion. Subsequent protopodal segments distinetly sep
arated also on outer surface, with one long seta anteriorly, 
fourth one earrying the exopod ( PIs .  9:9; 1 1 : 3 ) .  

Proximal three endopodal segments wider than long, hav
ing pairs of setae medially . Terminal segment longer than 
wide and rounded apieally, in contrast  to later s tages also 
wi th a pair of setae mediodistally and one thieker apieal seta 
(Pl. 1 1 : 1 -5 ;  compare with distal ends of 1 st antenna and 
endopods of 2nd antenna and mandible) . Whole median 
surface of limb eovered with numerous setules (in most eases 
broken off and indieated only as small dots ) . Exopod finely 
fold ed at its basis, one-segmented, reaehing distally about to 
top of second endopodal segment .  One thiek terminal seta 
( PIs .  9:9; 1 1 : 3 , 5 ) . 

S ternites of mandibular and maxillulary segments fused 
with one another, forming a post-Iabral s ternal plate. Deep 
transverse furrow between larval head and hind body now 
behind maxillulary segment ( Pl .  9 : 7 ,  8) . 

Trunk eonieal as in preeeding s tage, but slightly ventrally 
raised, about 1 40 !-lm long and 85 !-lm thiek anteriorly. Buds 
of 2nd maxilIa and first thoracopod feebly developed as 
small humps with slightly fringed distal rim (PIs .  9 : 7 ,  8 ;  

I l :  I ,  7 ) . Anlage of 2nd maxilIa slightly larger and more 
developed than that of first thoraeopod, with denticles on 
distal surface . Both buds mueh less developed than rudi
mentary 1 s t  maxilIa of preeeding s tage . 

Incipient fureal rami of about the same size as in preeed
ing instar, with one aeute spine and a smaller one laterally 
( PIs .  9 : 1-5; 7-9; 1 1 : 8) . Length of dorsoeaudal spine de
ereased to 25-30 !-lm. Posterior part of trunk and fureal rami 
furnished with numerous denticles, as in preeeding s tage. 
Few shallow transverse ridges on ventrai surface of trunk 
between limb buds and rami may be indieative of ineipient 
segments ( Pl .  9 : 7 ) . 
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Instar III (L3; Pl. I I  :9 ,  1 0) .  - Stage represented only by three 

distorted speeimens, whieh prec!udes a detailed deseription. 

I ts reeognition is based on the presenee of three pairs of 
subtriangular rudimentary limbs, 2nd maxilIa and two thor
aeopods, and on having a size between that of ins tars Il and 
IV: eephalie shield, trunk, fureal rami , and total length are 
larger than in the preeeding stage, whereas the dorsoeaudal 
spine is shorter (Table 3 ) .  

Instar IV (L4; general views Pl. 1 2 : 1-5; details PIs . 1 2 :6--8; 

13; 1 4: 1 ,  2 ;  Fig .  4C ) .  - Body length about 430 �m. Gross 
morphology with few signifieant ehanges . Length of eephalie 
shield three quarters of total body length . Shield now dis
tinetly overhanging the ventraI body anteriorly and laterally 

( Pl .  1 2 : 1 , 2 , 4) . Due to this, eye no longer visible in profile. 
Eye lobes poorly preserved but apparently larger than in 
instar Il (width to length 40/30 �m) and more bulging ( Pl .  
1 2 :2 ) . Posterior margin of  shield slightly exeavated in the 
middle ( Pl .  1 2 : 1 ,  4) , eoaleseing with the dorsal body wall 
( Pl .  1 4 : 2 ) ,  similar to adult ( eompare with Pl. 3 :8 ) . Two 
furrows run dorsally from behind 1 s t  maxiIla and merge into 
margin of eephalie shield without fusing with one another. I t  
i s ,  however, not c!ear whieh segment this furrow i s  border
mg. 

Labrum prominent and ventrally projeeting ( Pl .  1 2 :4-6) , 
about 1 50 �m long. Shape more ovoid than in instar I and 
with 3-4 lateral rows of setules . Sternal surfaee furnished 
with numerous setules, as in instar L 

First antenna not preserved . Subsequent appendages 
larger than in instar Il and similar to those of adult. Of the 
2nd antenna only protopod and exopod are known in part 
( Pl .  1 2 : 1-4) . Mandibular eoxa thiek and robust; gnathobase 
broader and more obliquely direeted than in the preeeding 
s tages . Distal surfaee of gnathobase with numerous delieate 
setules, many of them arranged in rows paralleI to the 
margin .  Margin between prominent posterior and anterome
dian spinules additionally fringed with many setules or den
tic!es (Pls .  1 2 :4-8; 1 3 :  1-3 ) .  Additional short spinule distal to 

large posterior one. Lower surfaee of gnathobase furnished 
with few dentic!es . Basipodal endite slightly flattened, simi
lar to that of instar I, also with two rigid setulate spines and 
severaI setae around them ( Pl .  1 3 : 1 , 2 ) .  Shape of endopod 
most probably not ehanged, exopod eomposed of 10 seg
ments with nine setae. 

First maxiIla 1 40- 1 45 �m long, mueh as adult one (Fig. 
5C ) .  Shaft finely folded laterally and earrying the promi
nent, medially produeed proximal endite ( Pls. 1 2 :4, 5 ;  1 3 :4-
8) .  Endite with six peetinate marginal setae and another seta 
above the row, flanked by a tiny spinule. Subsequent endite 
also slightly flattened, with two setae anteromedially and 
drawn out posteriorly into a horn-like protrusion whieh is 
tipped with a spine .  A smaller spine positioned on anterior 
side of its basis. Third endite less bulging, with two antero
median setae and a smaller one posteromedially . Fourth to 
seventh segments eaeh with a pair of setae medially, the 
posterior seta being slightly thinner than the anterior one. 

Terminal endopodal segment with three setae apieally in an 
outwardly running row. Exopod reaehing to about the mid
dIe of the second endopodal segment, with two setae apieal
ly, surrounded by a number of setules and dentic!es ( Pl .  
1 3 :4, 6 , 9) . 

2 � EXlernal morphology 
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Trunk similar to preeeding s tages, in partieular in dorsal 
and ventraI views , but markedly larger ( 1 90 �m) and mueh 

higher than wide anteriorly ( PIs .  1 2 : 1-5; 1 3 : 1 1 ; 1 4 : 1 ) .  In 

most eases preserved flexed ventrally against the anterior 
body portion at an angle of 1 20°-1 35° (Pl. 1 2 : 1 ,  2, 4, 5 ) .  
VentraI surfaee gently bulging anteriorly and sloping to
wards the fureal rami . 

Four pairs of limb buds developed on the anterior two 
thirds of trunk, representing 2nd maxilIa and three thoraeo
pods (Pl .  1 2 :3-5 ) . Anterior buds subtriangular, lobate, with 
more or less bifid distal margins. Median tips larger than 
outer ones , with one short apieal spine, their sloping inner 
margins being slightly fringed, indieating the future develop
ment of endites and/or segmentation ( Pl. 1 3 : 1 0 , I l ) .  A short 
spine on sloping outer margin indicates the future position of 
exopod, at least in the anterior buds. Buds progressively 
decreasing in size and s tate of ineipient segmentation from 
front to rear ( Pl .  1 3 : 9 ) ,  last bud being only a small hump. All 
buds less developed than rudimentary 1 st maxilIa ofinstar L 

Furcal rami longer than in instar I l  (40-45 �m) and with 
three terminal setae: one seta medially and two thinner on es 
standing c!oser together laterally ( Pl. 1 3 : 1 1 ; it may be that 

the preceding instar had already developed three setae too) .  
Caudal end of trunk with anus as in al l  other s tages ( Pl. 
14 :  I ) .  Length of dorsocaudal spine unknown . 

Instar V (L5 ;  general views : Pl. 1 4 :3-7 ; details :  PIs . 1 4 :8 ;  1 5 ; 
Fig. 4D) . - Body of last s tage of metanaupliar phase on ly 
slightly longer than that of preceding larva, about 450 �m; 
also other size changes fairly small (Table 3 ) . However, 
s tage can be easily distinguished from preceding on es by the 
presence of five pairs of trunk limb buds. 

Cephalic shield in most eases preserved mueh wrinkled or 
distorted, but posterior margin excavated and posterolateral 
corners slightly more backwardly extended, already similar 
to presumed adult. Eye overhung by cephalic shield, lobes 
not significantly larger than in instar IV but probably slight
ly more separated from one another and farther posteriorly 
produced . Knob on narrow anterior end of midventral area 
present (Pl .  1 4 :8 ) . Labrum poorly documented, but groups 
of dentic!es on anterior surfaee and rows of setules laterally 
recognizable ( Pl .  1 5 : 1 ,  2 ) . S ternal surface with numerous 
setules (Pl .  1 5 : 2 )  and two swellings separated by a medial 
groove, indicating incipient paragnaths (Pl .  1 5 :9) . 

First antenna similar to those of preceding stages , with 
about \ 2- 13  ringlets and three distal segments. Second cy
lindrical segment with three setae, one at about two thirds of 
length of segment anteriorly and two setae distally, flanking 
the short terminal segment which carries the central two 
setae (Pl .  1 5 :4) . 

Second antenna similar to that of adult. Outer surface up 
to cxopod with distinct ringlets ( Pl .  1 5 :5 ) .  Coxa and basipod 
well separated from one another, both with long endites. 
Endites truncate distally, slightly more produced posteriorly 
than anteriorly and with two groups of setae or spines (Pl. 
1 5 : 5 ) . Proximal endopodal segment about as long as wide, 
produced into endite medioproximally, but much less than 
in the basipod. Second segment distinctly longer than wide. 
Penultimate segment again small er, rounded distally, and 
with severaI setae of varying size, eneirc!ing the small termi
nal segment .  The latter earries the two midmost setae ( Pl. 
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1 5 : 5 ) . Exopod with 1 7  annuli and fewer setae. 
Mandible essentially as in adult and dis tinetly shorter 

than 2nd antenna (Table 3 ) .  Gnathobasic seta half as long 
as the gnathobase,  similar in shape to that of preceding 
s tages (Pl. 1 5 : 2 ,  6 ) . Penultimate endopodal segment with 
row of five setae, terminal segment almost fused with the 
former segment (Pl. 1 5 :6 ,  8 ) . Exopod with 10 annuli and 
eight setae. 1 st maxilIa slightly longer than in instar IV ( Pl .  

1 4 :4, 5 ;  Fig. 5D; Table 3 ) .  Shaft pliable, only i t s  endite being 
more sclerotized . All endites with the same num ber of setae 
as in preceding s tage. 

Trunk without significant changes in shape, with slightly 
concave dorsal line and gently convex ventrai side, inclining 
posteriorly . However, surface finely wrinkled laterally be
tween 1 st maxilla and second pair of limb buds, similar to 
surface structure of the thorax of the presumed adult . Tex

ture obscures the boundary between head and trunk ( Pls .  
1 5 : 7 ) .  Furcal rami again further elongated (Table 3 ;  Pl .  
1 4: 5-7 ) . 

Five pairs of limb buds on trunk, extending backward to 
about three fourths of trunk length. Buds progressively de
creasing in size and shape, showing some individual vari
ation in development, particularly of the last pair ( compare 
Pls . 14 :5  and 1 5 : 7 ) . Buds s till bifid lobes, with no apparent 
change in shape compared to instar IV, except for a slightly 
larger size and slightly more pronounced tips ( Pl .  1 5 : 7 ,  l O ;  
compare with 1 s t  maxilla of instar I ,  Pls .  7 ;  8 : 1 0) .  

Life cycle 
The postembryonic development of Bredocaris consis ts of five 
s tages , subdivided in two s teps . 

The first s tep has a single instar with the three typical 
pairs of naupliar appendages and anlagen of the I st  maxilla 
on the hind body additionally . This indicates that i t  is not an 
'orthonauplius' in the s trict sense, but already a 'metanau

plius' . As the individual length and development of the 
shield border varies considerably, ( compare Pl. 7 : 3  and 6) , it 
is possible that our first s tage includes two ins tars, but 
without significant morphological differences . Such a habit 

Fig. 5. Development of 1 st maxi I la; 
setae and spines omitted, except in 
(A) . O A. Rudimentary one of 1 st in
star. O B-D. First maxilIa of 2nd, 4th 
and 5th larval stage. O E .  Adult ap
pendage (for discussion of the divi

sion of protopod, see pp. 1 2 , 1 3 ) .  

A B 
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is not uncommon among arthropods .  I t  occurs in chelicerate 
larvae (e .g .  pantopod protonymphs [Behrens 1 984] ; larva D 
of Miiller & Walossek 1 986b) as well as in crustacean ones . 
In the parasitic poecilostomatoid copepods Sarcotaces pacificus 

and Colobomatus pupa, for example, all five naupliar instars 

are of the same size, and the first two s tages show few 
differences in detail ( Izawa 1 973 ,  1 975 ) . The few data avail
able, however, do not permit a further subdivision of the first 
s tage of Bredocaris. 

From the second instar, the maxillulary segment is incor
porated in the anterior body portion, and the 1 st maxiIla is 
functional . During further development five more limbs ap
pear successively on the larval trunk, but all remain at the 
level of rudimentary buds. Such delay of limb development 
is characteris tic of the ontogeny of most Recent maxillopo
dan groups, in particular the Theeostraca and Copepoda. 
The second maxiIla and first thoracopod appear simulta
neously at one moult. Speeimens with only the rudimentary 
2nd maxiIla have not been recognized, and it  appears unlike
ly to us that such a s tage ev er existed . Again, the maxillary 
segment remains part of the larval trunk and does not 
become incorporated in the head , as the maxillulary seg
ment .  

The largest stage of Bredocaris can be clearly distinguished 
from the metanaupliar sequence by the development of a set 
of eight pairs of well-developed post-maxillulary appen
dages , including the 2nd maxiIla and seven thoracopods .  

The most significant changes between the  las t metanauplius 
(L5) and the large s tage are: enlargement of the shield , 
appearance of the head-trunk boundary behind the second 
maxiIla, further elongation of the trunk and its tagmatiza
tion, addition of three more pairs of trunk limbs (acquisition 
of seven pairs of thoracopods) , full development of all post
maxillulary limbs, and further size increase of more than 
90% .  

Many features remain remarkably constant throughout 
ontogeny, in particular the complete anterior head region, 
the 'naupliar head ' .  The 1 st maxiIla shows a s tasis in shape 

throughout  morphogenesis to the extent that i t  served as a 
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useful character for the recognition of Bredocaris specimens 

within the collection, making it possible to combine larvae 

and largest s tage (Fig. 5 ) . Also other features link all devel
opmental stages, such as the shape of the caudal end of the 
trunk with the rami and the characteristic pattern of denti
des on appendages ,  labrum, and posterior trunk region. 

There are few significant alterations of shape. In  instar I 
only the s ternite of the mandibular segment is developed . 
From the subsequent stage the sternites of mandibular and 
maxillulary segments fuse to a single plate. By the last 
metanaupliar stage, incipient paragnaths appear as a slight 
but distinctive pair of swellings on that part originally corre
spond ing to the mandibular segment ( Pl .  1 5 :9) . The para
gnaths are rai sed further in the largest stage ( Pl .  5 :6 ) . AI
though the shield seems to reach behind the maxillulary 
segment already in the first instar, it may be possible that 
this segment is added to the anterior body portion firs t with 
shifting of the I st maxilIa onto the anterior portion in instar 
I l .  The maxillary segment remains on the larval trunk until 
the largest stage . 

The cephalic shield undergoes some change in shape dur
ing development. With progressive growth its posterior mar
gin becomes more deeply excavated, while the posterolateral 
corners extend further backwards ,  loosely covering the an
terior trunk segments . In the largest stage, the shield termi
nates behind the maxillary segment. 

The progressively elongating trunk remains undivided 
throughout the metanaupliar phase. After moulting to the 
largest stage, the trunk is subdivided into a fleshy and on ly 
indistinctly segmented thorax and a smooth, uniform abdo
men. In late metanauplii the anterior part of the trunk 
becomes more and more finely wrinkled, presaging the fu
ture surface texture of the thorax (compare PIs . 1 4 : 7 ;  1 5 : 7  
and 1 : 3 ) .  

While most characters gain complexity o r  a t  least increase 
in size, the dorsocaudal spine is reduced progressively, a 
mo de similar to certain Copepoda such as Longipedia (Gur
ney 1 930; Onb€ 1 984) . By contrast, in cirriped nauplii the 
spine may be come increasingly more elongate (Barnes & 
Achituv 1 98 1 ) ,  a fea ture that is probably indicative of differ
ent functional needs of such an extension . 

S tages between the last metanauplius and the ' trunk limb
stage' have not been found . I t  may be argued that interme
diate stages had existed, simply not being recognized in the 
material . With few exceptions, however, the last nauplius/ 
metanauplius in the Maxillopoda, with still rudimentary 
post-maxillulary limbs, moults directly to the 'podid ' ,  with 
considerable changes of the morphology . Moreover, in the 
Thecostraca even the whole set of trunk limbs remains 
undefined externally, visible in late metanaupliar stage un
derneath the cutide.  With the moult to the cypris, all trunk 
ap pen dages appear simultaneously ( examples in Figs . l OF, 
1 1 ) .  Consequently, the small difference between four and 
seven thoracopods in Bredocaris may have been easily 
bridged without intermediate stages .  

The apparent similarity between the largest stage o f  Bredo

caris and post-metanaupliar s tages, the 'podids ' ,  of Recent 
Maxillopoda may be evidence to assume that the former 
represents an immature stage rather than the adult. Accord
ing to Boxshall (personal communication) ,  in terms of trunk 
differentiation the largest s tage of Bredocaris is equivalent to 
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about the third copepodid s tage of Copepoda, which has 

seven trunk segments and an unsegmented pleotelson. How

ever, Bredocaris has one more pair of trunk appendages than 
all 'podids '  and than the adults of other Maxillopoda, which 
have at most only six pairs of thoracopods . Even if our 
largest stage is not the adult, this argument would s till be 
valid, and would imply that seven pairs of thoracopods is the 
final state. Again, there are no indications of structures of 
larval shape in the largest stage. This is particularly true of 
the trunk limbs, where one would expect a reduction in size 
and armature in the posterior ones . The lack of dis tinet 
thoracic tergites and only faint segmentation of trunk and 
limbs is considered as secondary and in accord with attain
ment of a highly flexible trunk as a special life strategy . 

The major arguments for the recognition of the largest 
stage of Bredocaris as the adult are in our view: 

• the body segmentation : addition of the maxillary segment 
to the head and tagmatization of the trunk into thorax 
and abdomen in this stage, 

• and the full development of the 2nd maxilIae and seven 
pairs of thoracopods ,  and their equipment with enditic 
lobes and spines on the median limb surface . 

On the basis of the material at hand, the larval sequence 
discovered is conduded to be complete . It comprises five 
metanaupliar stages , but lacks the 'podid' phase .  Such con
densation of ontogeny, with complete suppression of the 
subimaginal phase, is not a crucial difference to the on to
geny of Maxillopoda, in particular the Theeostraca (see p .  

28) . 
Summed up, development of Bredocaris is anameric in the 

sense of Kaestner ( 1 967 ,  p .  92 1 ) ,  but shows severai signifi
cant alterations from the gradual type: 

• it starts with an early metanauplius, having rudimentary 
I st maxillae; 

• the 1 st maxilIa is functional in the 2nd metanauplius; 

• 2nd maxilIa and 1 st thoracopod appear simultaneously at 

this stage; 

• three more thoracopods are added gradually, but all five 
post-maxillulary limbs remain rudimentary (delay) ; 

• if the developmental sequence recognized is accepted to 
be complete, the fifth metan au pli us moults directly to the 
adult and the whole set of functional trunk limbs - 2nd 
maxilIa pl us seven thoracopods - appears after one moult. 

Aspects of functional morphology and mode 

of life 

Size and articulations 
Bredocaris is in the same size range as various tiny Recent 
benthic or epibenthic crustaceans ,  in particular those of the 
meiobenthos of floeculent bottom layers or the mesopsam-
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mon. Elements of these associations , even if they belong to 
different higher taxa, share a small size, worm-like shape 
and high flexibility, and they reveal many similarities in 
basic life habits, such as locomotion, alimentation, orienta
tion, reproduction and life cyele (cf. Noodt 1 974; Siewing 
1 985, his Fig. 937 ) . Progenetie development and neoteny are 
also common phenomena (Noodt 1 974, Schminke 1 98 1 ) .  
Crustaceans are abundant elements of these associations, 
such as Bathynellacea among the Malaeostraca (Schminke 
1 98 1 )  and members of all major non-malacostracan groups .  

In accord with small s ize ,  a firmly selerotized exoskeleton 
is not necessarily developed, and turgor pressure gives rigid
it y to the exoskeleton. Joints are of ten only feebly defined. 
Whereas, for example, the long slender trunk of the orsten 

Skaracarida is distinetly segmented into subconical annuli 
which are separated by arthrodial membranes (Miiller & 
Walossek 1 985) , the thorax of Bredocaris lacks dis tinet ter
gites and segmentation is only faint. The cutiele is finely 
wrinkled in all speeimens, also in inflated ones , indicating its 
softness .  It is, however, likely that slight shrinkage after 
death caused some enhancement of the texture . 

The softness of the thorax may have permitted a similar 
high degree of flexibility of the trunk into various directions, 
shown in Fig. 6 ,  which is reconstructed from actual speei
mens , combined with illustrations of curvature and limb 
position of the very similar cypris Y larvae (Bresciani 1 965;  
Schram 1 970a; unpublished SEM-micrographs kindly sub
mitted by Dr. I to ,  Kyoto) . 

Dorsal flexure is assumed to have been less than the 
ventrai one. This assumption is mainly derived from the 
mode of the insertion of the appendages (Fig. 6A) . In the 
maximum ventrai position of the trunk, the thoracopods 
were put elosely together and held paralleI to the abdomen 
(Fig. 6C ; see also Pl. 2 : 1-5 and Schram [ 1 970a] , his Fig . I ,  
for a Y larva) . The lack of a distinet joint between the 
slightly firmer abdomen and the thorax points against sepa
rate movements of the former. 

All " appendages are only flexibly articulated to the body, 
with exception of the mandible. The I st antenna, about as 
large as the labrum, inserts more medially than the subse
quent limbs (Figs . 2 ,  1 2 ,  1 4) .  I ts preservation in different 
positions , from being anteriorly stretched to a position be
tween labrum and endopod of 2nd antenna, suggests a major 
to and fro swing, with slight outward-inward direction ( see 
also Figs . 1 2 , 1 4 , 1 5 , 1 7 ) .  Its flexibility is enhanced by the 
lack of segmentation on the posterior side of the proximal 
three quarters of the appendage (Fig. 3A) . 

The 2nd antenna (Fig. 3B)  inserts lateral to the labrum 
(Figs . 2 ,  4E) . I ts protopod is slightly posteromedially orient
ed, which may have permitted not only an anteroposteriorly 
directed swing of the limb, but also some inward movement 
to pass the enditic spines and setae alongside the labrum 
medially and orally during the back swing of the limb ( PIs .  
7 :  I ,  8 :  7 ;  1 2 :4, 5 ;  Figs . 2 ,  1 3 ,  1 7 ) .  The outer surface of the 
protopod is annulated as in the 1 st antenna, suggesting good 
flexibility (Pls .  3 : 3 ,  4; 4 : 1 ,  2 ) .  The exopod arises from the 
sloping distal surface of the basipod, with its setae pointing 
mediodistally, as is typical among Crustacea. The well
developed segmentation of the ramus suggests the ability to 
spread the setae in a fan,  the direction of which is predicted 
by their posterodistally directed sockets .  
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A 

Fig. 6. Scherne of adult Bredocaris in different kinds of body flexure. 
O A. Upward curvature of the trunk. D B . Trunk stretched . O C .  
Supposed maximum ventrai flexure o f  trunk. 

In severai speeimens the antennal and mandibular exo
pods are preserved curved posteriorly (e .g .  Pl. 4:2 ) .  Flexure 
may have been less pronounced during life, however. Perry
man ( 1 96 1 )  demonstrated how much shrinkage as well as 
inflation during fixation can influence the general shape and 
the position of appendages (her Figs . 1 8 ,  1 9 , 27 , 28) . 

The mandible (Fig. 3C)  inserts immediately behind the 
labrum (Figs . 2, 4E) . The large, abaxially oriented joint 
between the firmly selerotized cox a and the body is well-

A 

B , , 

gns 

..-
'" '" ..-

'" '" 

Fig. 7. Movements of the mandibular coxae in accord with limb 
movements; positions of labrum and paragnaths indicated by stip
pled lines. D A. Coxae anteriorly directed, gnathobase almost verti
cally oriented against posterior edge of labrum. D B . Coxae posteri
orly directed at the end of the back swing of the mandibles, gnatho
bases approaching the gnathobases. 
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Fig. 8. Cross-section of anterior trunk region with ventrally 
stretched pair of thoracopods. 

defined . This may have not only permitted a wide anterior
posterior swing of the limb but also considerable outward
inward grinding movements ( PIs .  4:4; 1 0 :9) . Another joint 
between coxa and basipod ( PIs .  4:5; 1 0 :8 ;  1 3 : 1-3) permitted 
grinding and stuffing activities of the cox al gnathobase sepa
rate from the locomotion and food collection of the distal 
limb portion. The similar construction of the distal portions 
of 2nd antenna and mandible indicates that the 2nd antenna 
did not contribute alone to swimming and food collection, 
but both limbs acted together. 

The 1 st maxilIa (Fig. 3D) inserts almost abaxially, but 
slightly more inward to the mandible ( Pl .  5 :6 ;  Fig. 2 ) .  In 
larval specimens the protopod may have been slightly more 
obliquely anteriorly oriented than in the adult ( Pl .  1 2 :4) , 
with the enditic setae pointing anteromedially. In all speci
mens at hand this limb is posteriorly curved, mostly Iying 
against the trunk in the larvae or on the trunk limbs in the 
adult ( PIs .  1 : 3 ;  4 : 7-9; 9 : 7-9; 1 1 : 1-5; 1 4 : 2 ;  Fig. 4) . The finely 
folded outer edge of the shaft suggests good flexibility of the 
limb and wide range of action, in particular an outward
inward swing. It is not very likely that its large proximal 
endite was capable of separate movements . 

The 2nd maxilIa and the anterior thoracopods ( Fig. 3E-I)  
are almost ventrally or slightly outwardly directed ( PIs .  I :  1-
4; 2 : 1-7,  9; Figs . 2 ,  6 ,  8 ) .  Towards the  posterior, they 
become progressively more laterally positioned ( PIs .  1 : 3 ;  2 :4,  
5 ,  9 ) . Although the body tapers progressively, due to this 

shifting of the insertions onto the sides of the body, the 
median path does at least not narrow posteriorly (Figs . 2, 
1 4, 1 5 , 1 7A) . The change of positions may als o have influ
enced the range of action of the limbs within the series . 

Morphology and development of BREDOCARIS 2 1  

Insertion and orientation i s  very similar to the thoraco
pods of cyprids of Facetotecta ( Schram 1 970a; Fig. 1 0 1 ) ,  
Ascothoracida (e .g .  Brattstrom 1 948; Grygier 1 984b) , and 
Tantulocarida (Boxshall & Lincoln 1 983 ,  1 987 ) . The limbs 
of these forms are slightly better articulated and segmented. 
The low degree of external segmentation of the trunk limbs 
of Bredocaris, remarkably similar to trunk limbs of Bran
chiura, having long fleshy bases (Tokioka 1 936, Fig. 1 2A; 
Shimura 1 98 1 ;  'accordion-like plates' according to Grygier 
1 984b) , suggests slightly different functional s trategies in the 
use of these limbs . The major axis of swing may have been 
forward-backward (see also Figs . 2, 6 ) , the flexible shafts, 
however, may also have permitted slight outward-inward 
movements . 

Locomotion and feeding 

Interpretations of motility and feeding habit are derived 
from the different preservation of the speeimens, from com
parisons with similarly constructed extant crustaceans, and 
the clay mode! . The similarities between Bredocaris and var
ious members of the Maxillopoda, in particular their larval 
s tages, serves as additional source for comparisons . 

Living at low Reynolds number profoundly affects the 
behavior pattern of small-sized animals .  Using high-speed 

cinemicrography, recent s tudies on crustaceans demonstrat
ed how classical models of behavior may differ from the new 
evidence, since interpretations were often much influenced 
by observations on larger forms operating at high er Reyn

olds numbers ( cf. Koehl & Striekler 1 98 1  for Copepoda) . In 
particular the small larvae are surrounded by a thick viscous 
boundary layer, while elongation of the body during devel
opment enables the animal to achieve a better hydrodyna

mic shape and to reduce the boundary effects (Barlow & 
Sleigh 1 980 for Artemia) . Interpretations and comparisons 
merely on the basis of external morphology must remain 
limited, since different forms may have developed different 
strategies . It is difficult to access in full detail the true range 
of action of the appendages and the correlation between 
their beats , whether it  was synchronous or out of phase. 
Thus, the model gives only a more generalized idea of 
possibilities of the locomotory and feeding apparatus of 
Bredocaris. 

Larvae. - Gauld ( 1 959) and Sanders ( 1 963 )  presented de
tailed comparisons of the various Recent crustacean larvae. 
At least two clearly different types of nauplii were differenti
ated: the branchiopod type and the non-branchiopod type. 
While the mechanism of swimming is rather uniform, there 
is a s trong difference in particular in the use of the ap pen
dages. Branchiopoda use exclusively their 2nd antenna for 
locomotion, whereas all other types in general use all three 
naupliar limbs . 

Various early crustacean ins tars are non-feeding and thus 
have reduced feeding apparatus on one or all three ap pen
dages . This is particularly true of the free living malacostra

can nauplii. Similarities in design are thus apparent only in 
very basic features . In the nauplius of Artemia, the 2nd 
antenna is not on ly the major locomotory organ but also the 
principal food collector. The typical features of this bran
chiopod type, such as masticatory spines on the antenna I 
protopod, reduced 1 s t  antenna, hinged setae, mandibles 
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concerned only with feeding, and a very mobile, elongate 
and posteriorly directed labrum, are already known from the 
larvae of the Devonian lipostracan Lepidocaris (Scourfield 
1 926, 1 940) . 

Compared to this type, the larvae of Bredocaris elearly 
belong to the non-branchiopod nauplius type, which is 
mainly characterized by a longer and segmented 1 st anten
na, feeding structures on the 2nd antenna, and a biramous 
mandible (Sanders 1 963 ) .  In this type the 1 s t  antenna and 
the mandibular rami assist in food gathering. In accord with 
this, the 1 s t antenna of Bredocaris is about as large as the 
labrum, multi-articulated and with distal and medial seta
tion. When it moved backwards , the setae could reach the 
postoral chamber (see also Fig. 1 7 ) .  Morphology and mov
ability indicate its assistance in both swimming and trophic 
function . Already the initial ins tar was a feeding stage, 
recognizable in the armatures of 2nd antenna and mandible, 
and the development of mouth and anus .  

The 2nd antenna is the  longest appendage , indicating its 
importance in locomotion and food gathering. Both, coxa 
and basipod have long enditic processes with terminal 
spines . During the backs troke these move alongside the 
labrum and finally come to lie on the mandibular gnatho
base. While moving posteriorly they pass the rows of setules 
at the sides of the labrum ( Pls .  8 : 3 ;  1 2 :6) . The endopod is 
also prominent and furnished with setae of varying size. The 
larger of these may have assisted in food collection , similar 
as described for other larval Crustacea (e .g .  Gauld 1 959; 
Barlow & Sleigh 1 980) . 

The rami of the mandible are shorter than those of the 
2nd antenna but well-developed . The basipod is prominent 
and arm ed with rigid masticatory spines . The coxal gnatho
base is conspicuous from the first larval s tage and better 
developed than in all Recent maxillopodan larvae (examples 
in Fig. I l ) .  

From the second stage, four pairs of appendages were 
involved in the feeding process ,  ineluding the first maxillae. 
They surround the pos toral feeding chamber, which was 
bordered by the labrum anteriorly and the slightly ventrally 
flexed trunk posteriorly ( Pls .  7 : 3 ;  9 : 3 ;  1 2 : 4, 5 ;  1 4 : 7 ;  Fig. 4B
D ) .  The ventraI curvature of the larval trunk has also been 
described for the copepod feeding apparatus (Marcotte 
1 977 ) , confirming that this habit was an original li fe posi
tion . The 1 s t maxiIla does not change significantly through
out further development (Fig. 5 ) .  The rudimentary habit of 
the exopod and well-developed median setation of the whole 
limb indicate that this limb had an almost exelusively troph
ic function, but the setules on the posterior edges of the 
dis tal endopodal segments and the exopod may also indicate 
some grooming function of this limb. 

Adults . - The presumed adult of Bredocaris obviously retains 
the complete metanaupliar locomotory and feeding appara
tus with no significant alterations ( Figs. 2 ,  4E) . Thus all 
assumptions on the larval feeding process may also be attrib
uted to the adult . 

Motion of 2nd antenna and mandible may have been 

similar to the process described for the larval 2nd antenna of 

Artemia by Barlow & Sleigh ( 1 980) . Disregarding possible 
phase differences between the appendages , the beat cyele 
may have started with the appendages directed anteriorly . 

FOSSILS AND STRATA 23 ( 1 988) 

The ramal setae spread into fans .  During the propulsive or 
power stroke, the rami were not only moving backwards 
over a wide angle,  but may also have curved slightly medial
ly, finally rotating towards the mouth (Fig. 1 7B ) .  Most 
likely, due to space competition between the two limbs, their 
rami may have curved inwardly as much as the 2nd antenna 
of Artemia. During the recovery s troke in particular the 
exopod and its setae were flexed posteriorly to reduce the 
drag. According to Gauld ( 1 959) the setal fan also acts as a 
sweep net to cap ture food partieles .  Barlow & Sleigh ( 1 980) 
pointed out that this is true on ly of the larger, feeding larvae 
of Artemia, while Fryer ( 1 983)  s tressed the purely natatory 
function of the exopodal setae. 

Bredocaris may have collected food parti eies of moderate 
size, which were swept behind the head by the ram i of 2nd 
antenna and mandible, supported by the 1 s t  antenna. There 
the partieles may have been grasped by the 1 st maxiIla and 
brought into the post-Iabral chamber, where they were shov
elled anteriorly between the mandibular gnathobases mainly 
by the flattened proximal endites of the l st  maxiIla and their 
marginal pectinate setae. The gnathobases finally stuffed the 
parti eies into the mouth (Fig. 1 7B) . 

When the mandible swung anteriorly , it tilted progres
sively in an almost vertical position, approaching the poste

rior side of the labrum with their dis tal surfaces ( Fig. 7 A; see 
also Pls . 9 : 1 ;  1 2 :4--8 ; 1 3 : 1 , 2 ) .  A slight overlap of the gnatho
bases and marginal spinules permitted them to crunch parti
eles and to stuff the food into the atrium. Again, brushing off 
the food particles from the grinding plates may have been 
implemented by the setules on the distal surface of the plates 
( Pls .  1 2 : 7 ;  1 3 : 3 )  and the gnathobasic seta (Pls .  1 0 : 1 0 ,  1 1 ; 
1 5 : 2 ) . Similar setae are developed in all other crustacean 
groups as well, serving to sweep partieles off the distal edge 
( some examples in Sanders 1 963 ;  see also Fig. I l ) .  In the 
posterior position of the mandible the angled gnathobases 
came to lie on the paragnaths ( Pls . 9 : 7 ,  8 ;  1 0 :9 ;  Figs . 7B ,  
1 7B) . The  paragnaths, over which the  gnathobases were 
moved, are not very prominent, and the groove between 
them is accordingly shallow. 

In addition, the adult possesses a series offunctional trunk 
limbs, ineluding the 2nd maxi Ila and seven pairs of thoraco
pods . Uniform trunk limb series are developed in various 
Crustacea and their larvae , but differ considerably in detail . 
In Lepidocaris, for example, the trunk limbs are basically 
similar to one another, but the series is divided into groups 
with different function: the anterior three pairs are foliate 
and phyllopod-like, functioning mainly for filtration and 
food scraping, while the posterior set is less furnished with 
medial setation and, with its uniform paddle-shaped rami , 
may have served mainly for locomotion (Scourfield 1 926 ,  Pl. 
23; Fig. I 1  U herein ;  see also Fryer 1 985 ) .  All trunk limbs, 

except the last three, have a distinct proximal endite, as in 
Bredocaris. However, in the latter form these are simple 
lobate outgrowths with few short spines only. Again,  al
though the trunk limbs of Bredocaris have numerous endites , 
in gross shape they resemble more the locomotory posterior 
Iimbs of the trunk limb set of Lepidocaris. 

The bottom-crawling Cephalocarida are not filtering, as 
variously suggested ( Lauterbach 1 980, 1 983 ,  1 986 ) ,  but are 
non-selective deposit-feeders (Sanders 1 963 ,  p .  9 ) . Setation 
of the cephalocaridan trunk limb (Fig. I l T) is not special-
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ized for filtration (e.g. pectinate filter setae) , but consider
ably better developed than in Bredocaris. Their endopod is 

distinctly divided into five or six podomeres , the dis tal one 

forming a elaw. With these elaws food is scratched from the 
bottom and passed upwards into the food groove between 
the limbs, where i t  is brushed anteriorly towards the special
ized first maxilIa by means of metachronal beating. The 
exopod is two-segmented , and there is a further exite called 
'pre-epipod ' or 'epipod ' (in respect of its insertion elose to 
the exopod or even at its basal segment, however, neither of 
the terms applies in the strict sen se) . 

This construction elearly contrasts with the trunk limbs of 
Bredocaris. Here the median spines, proj ecting into the nar

row path between the trunk limbs, form a regular structure 
(Figs . 2, 3E-I , 1 5 , 1 7 ) ,  but they are rather short and naked . 
Furthermore, special aids for grasping, such as movable 
limb parts , long setae, scratching, such as rigid denticulate 
spines, filtration and/or food transport, such as setulate 
setae, setulate endites and a median food groove, are all 
absent. Particularly in respect of the short proximal endites, 
lacking transporting setae as on the 1 st maxilIa, there is little 
evidence for a production of food currents anteriorly along 
the ventrai body surface, as would have been necessary for 
fil tering. Neither is there any evidence for a simpler mechan
ism similar to that of the Cephalocarida. (Regarding filtra
tion, cf. Fryer 1 983 ,  1 985 . )  

I t  cannot be  exeluded that the  trunk limbs of  Bredocaris 

may have served as a coarse cage to trap parti eies which 
were then transported anteriorly by means of their median 
armament, but such a structure could not have been very 
efficient. Appendage morphology, however, shows that Bre

docaris was elearly not filter-feeding. 
The trunk limbs of Bredocaris are slender and flattened, 

being composed of prominent protopods and two paddle
shaped rami about equal in size. Similar thoracopod series 
are present in various small crus taceans, and in particular in 
the cyprids of Ascothoracida (e .g. Brattstrom 1 948, Figs . 
7C-E, 1 3A, B, 1 5D, 1 9F ;  Grygier & Fratt 1 984, Fig. 5F) , 
Facetotecta (Schram 1 970a, Fig. 4C ; I to 1 985, 1 986b, Fig. 
2E) , Tantulocarida (Boxshall & Lincoln 1 983,  1 987 ) ,  and 
Branchiura (Shimura 1 98 1 ) .  As in all these forms the trunk 

limbs are mai ni y concerned with swimming, in our view, the 
shape of the trunk limbs of Bredocaris fi ts better with a major 
role of the trunk limbs in locomotion . This would be also in 
accord with the necessity to stabilize the long adult trunk. 

Possible movements were s tudied with the plasticine mod
el . The mode of insertion and orientation of the trunk limbs 
suggests metachronal beating of these, as is common in 
Crustacea with a long series of swimming legs (e .g .  Barlow 
& Sleigh 1 980; Hessier 1 985 ) .  As phase differences are 
impossible to form ula te, Fig. 1 6A-C presents a simplified 
scherne of the possible beat cyele of the trunk limb series .  

According to Hessier ( 1 985) , the protopods ( 'peduneles ' )  
commonly serve a s  major power-generating elements, while 
the rami followed them more or less passively . As pedunele 
and rami articulate with one another, drag can be reduced 
on recovery by flexure of the dis tal limb portion (cf. Hessier 
1 985, Fig. 7 ) .  The construction of the trunk limbs of Bredo

caris obviously permitted such mechanism, although being 
almost devoid of segmentation and having a flexible shaft .  
The slightly better selerotized basipod may have represented 
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an intermediate element to  find a concession between high 
flexibility of the limb and rigidity to withstand the viscosity 

of the surrounding medium during the beat .  Moreover, it 

also enabled flexure of the distal portion pos teriorly during 
the recovery s troke at its proximal border ( Pl .  1 6 ; Figs . 4E

I ,  1 6B) . 
In various Crustacea, the efficiency of locomotory limbs is 

enhanced by development of marginal setation, in particular 
at the distal end of the rami. Efficiency can also be enhanced 
by the large size of the limbs relative to the body and 
prominence of the protopods .  As the trunk limbs of Bredocaris 

lack setation , the latter s trategy may have been followed . 
Again, severai crustaceans have developed special structures 
in order to facilitate a joint beating of the trunk limbs . 
Copepoda and Facetotecta, for example, bear special cou
pling devices between the members of a limb pair, while in 
Tantulocarida special coupling spines on the thoracopodal 
endites serve the same purpose (Boxshall & Lincoln 1 987 ) . 
In the praniza larvae of gnathiid isopods ,  peracaridean ma
lacostracans, spines on the inner margins of the protopods 
serve as coupling aids to connect the pleopods (Cals 1 978, 
Fig.  4) . I t  is possible that in Bredocaris the median spines of 
the trunk limbs, or at least the more proximal ones, may 
have functioned similarly, i . e .  to couple the limbs during 
motion, if necessary . Easy disconnection, on the other hand, 
could have retained the separate movability of the limbs of 
either side for steering. 

The abdomen is slightly firmer than the thorax . It may 
have stabilized the body from bend ing, while the furcal rami 
and their setae served as rudders . 

In conelusion, adult Bredocaris had two functional systems 
operating in conjunction: the metanaupliar set of cephalic 
appendages and the trunk limbs. ' Both sets j oin at the I st 
maxillae, which were not involved in locomotion. I t  is likely 
that the feeding apparatus of the metanaupliar cephalic 
appendages predominated that of the trunk limb series by 
far. 

The mode of motion and feeding ofBredocaris is apparently 
different from that of other orsten forms, such as the Skara
carida, which are cephalo-maxillipedal feeders, or Martins

sonia elongata, a bottom-dweller that stirred up food with its 
limbs and pleotelson-like tai l .  The phosphatocopine os tra
codes may have been basically suspension feeders, while 
Dala peilertae and Rehbachiella kinnekullensis ( both Miiller 
1 983)  probably were true fil ter feeders . 

Life habil and habilal 
The retention of many larval features in the largest stage 
indicates similarities in the mode of feeding and the prefer
ence in the source of food. A more or less permanent swim
ming mode of life appears more likely to us than other mod es 
of locomotion, such as crawling, as in the Mystacocarida 

among the Maxillopoda ( Lombardi & Ruppert 1 982) or the 
Cephalocarida (Sanders 1 963 ) ,  Swimming must have been 
different between larvae and adult due to elongation of the 
trunk in the adult and development of trunk limbs, but other 
li fe ha bits and the habitat may have been shared . This 
assumption may be corroborated by the common occurrence 
of young and adults in the samples (Table I ) ,  

The habitat of Bredocaris may have been a flocculent bot
tom layer, with low currents but high nutrient content .  I t  is 
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assumed that the majority of orsten arthropods lived benthic 
or epibenthic in such environment that provided many dif
ferent ecological niches (Muller & Walossek 1 986c) . With 
regards to the possible swimming mode of life, Bredocaris may 
not have lived within the uppermost zone of such a floecu
lent layer but swam around close above i t .  

Affinites 

Remarks on the Maxillopoda 
In the last few years important new evidenee concerning this 
crustacean subclass, established by Dahl in 1 956, has been 
brought up, in particular for the Ascothoracida (Grygier 
1 983b, 1 984b, 1 987a for further referenees) , the tiny parasit
ic Tantulocarida (Boxshall & Lincoln 1 983,  1 987 ) , and the 
so-called Hansen nauplius and cypris Y larvae ( I to 1 985, 
1 986a-c) . The latter larvae are now classified as Facetotecta 
(Grygier 1 985a) . Valuable attempts have been made to 
portray the general plan of Copepoda (Boxshall, Ferrari & 
Tiemann 1 984) , Ascothoracida (Grygier 1 983a) , the MaxiI
lopoda (Newman 1 983) , and to define synapomorphies for 
the subclass (Newman 1 982 ;  Grygier 1 983a, 1 984b, 1 987a;  
Boxshall & Lincoln 1 987 ) . The value of naupliar morpho
logy for ingroup analysis has been demonstrated by Grygier 
( 1 987a) . Recently the extinct order Skaracarida has been 
added to the subclass by Muller & Walossek ( 1 985) , provid
ing a hitherto unknown bauplan within this group. 

With this new information, the current discussion of the 
validity of the Maxillopoda as a taxon has focused on the 
recognition of at least a 'core group' around the shield
bearing Thecostraca . This name, first introduced by Gruvel 
in 1 905, was revitalized by Grygier ( 1 984b, formally in 
1 985a) to include the Ascothoracida, the Cirripedia, and the 
Facetotecta. According to Boxshall (personal communica
tion) this core group includes the Ascothoracida, the Cirri
pedia, the Facetotecta, and moreover the Tantulocarida, 
probably the sis ter group of the Recent members of the 
Theeostraca in the sense of Grygier ( 1 985a) , and the Bran
chiura (Boxshall & Lincoln 1 987 ) . 

Principal candidates for synapomorphies of this co re may 
be the possession of basically seven thoracomeres, each orig
inally bearing a pair of limbs, and the presenee of (at least in 
the male) gonopores on the seventh trunk segment (in bran
chiurans the abdomen is reduced) .  According to Grygier 
( 1 987a) a possible synapomorphy of the Maxillopoda may 
be the basically eight-segmented 1 s t  antenna (but see below) 
while thecostracans are characterized by the common pos
session of attachment devices on the first antenna and lack of 
postmaxillulary naupliar limb buds (but see below) . 

The relationships within the Maxillopoda, even between 
the members of the co re group, are still not fully resolved . 
Two characteris tic features of the thecostracan core group, 
the existence of a modified pair of appendages and, at leas t ,  
the male gonopores on the seventh trunk segment, l ink this 
group with the Copepoda (Boxshall, personal communica
tion) . 

The interrelationships of the Branchiura, the Mystacocar
ida, the fossil Skaracarida, and the Ostracoda remain prob
lematical . Although evidence for inclusion .of the latter group 
into the Maxillopoda has been variously presented (Elofsson 
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1 966; Schulz 1 976; Andersson 1 97 7 ;  Eberhard 1 98 1 ) ,  rela
tionships to the other orders are unknown. Branchiura are 
highly modified due to ectoparasitism and possess a unique 
ontogeny . Mystacocarida (Dahl 1 952 ;  Hessier & Sanders 
1 966; Hessier 1 97 1 )  show a remarkable mixture of primitive 
and derived features, and, according to Hessier ( 1 982)  and 
Newman ( 1 983 ) ,  adult Mystacocarida appear very j uveni
lized' . 

The s trange, endoparasitic Pentastomida have also been 
assigned to the Maxillopoda (cf. Grygier 1 983a, 1 984a for 
further referenees ) ,  but they are not considered herein . 

Beklemishev ( 1 952,  1 969; lide HessIer 1 982 and Schram 1 982 ) , 
inc1uded Copepoda, Cirripedia, Branchiura, and Ascothoracida 
within the taxon 'Copepodoida' ,  which refers to the Copepoda as 
the central group. None of the names Maxillopoda and Copepo
doida is fully satis facto ry, since they refer to characters on ly of 
certain members: not all groups are copepod-like, and not all have 
maxillipeds .  The widely used name Maxillopoda is preferred here, 
until a more appropriate name is proposed. 

Comparisons with models of the 'urmaxillopod' 
Various attempts have been made to reconstruct the ances
trai maxillopod . Suitable for comparisons with the new or
der are the modeIs of Grygier ( 1 983a, Fig . 2B) and Newman 
( 1 983 ,  Fig . 2G) , which are not based on 'urcrustacean' 
morphology . The reconstruction of Tiemann ( 1 984, Fig. 2) 
refers more to the urcopepodan plan rather than to the 
urmaxillopodan plan and is not compared here . 

Although derived from different points of view, the modeIs 
of Grygier and of Newman show remarkable similarities 
with the Orstenocarida .  Grygier's model is based on a gener
alized, non-parasitic ascothoracid , as in his view 'urasco
thoracids' may not have been far from the base of maxillopo
dan evolution . Newman reconstructed his urmaxillopod as a 
certain instar of the larval sequence of urmalacostracans , 
which he termed the 'premancoid caripodid ' .  

Similarities between these models and Orstenocarida are 
most obvious in basic body segmentation, five limb-bearing 
head segments, covered loosely by a large shield, a thoracic 
region with seven paddle-shaped appendages, and probable 
presenee of a compound eye. Discrepancies between the 
models and Orstenocarida, such as the size of the cephalic 
shield, some details of head and appendage morphology, 
and the caudal end of the trunk, are at least in part due to 
the restriction of the models to particular Recent groups. In 
all, both models give support to the assumptions of the 
inclusion of Orstenocarida within the Maxillopoda.  

According to Hessier & Newman ( 1 975 )  a large number 

of segments and distinet segmentation are likely to represent 
the more primordial condition. With regards to the distinct
ly segmented trunk of both modeis, the Orstenocarida seem 
relatively derived. This and the mode of development indi
ca te that Orstenocarida can provide useful information of 
the urmaxillopod morphology, but may not represent the 
ancestrai s tock from which the Recent members of this 
subclass were derived . It is possible that they derived by 
further progenesis from better segmented ancestors , prob
ably from a form which was segmented as the 'urascothora
eid' of Grygier. 
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Fig. 9 .  Selected naupliar and metanaupliar larvae of Maxillopoda; most  of setae shortened. Sizes not  scaled. O A. Nauplius of the  cirriped 
barnacle Balanus balanoides (arter Walley 1 969, Fig. I ;  internal structures omitted) . O B-E .  Nauplii of Recent Facetotecta (exoskeletal sculpture 
omiued ) :  B nauplius type VI I ;  arrow points to boundary between shield and trunk (after I to 1 986a, Fig. 3B) ; C-E facetotectan nauplius type I 
in dorsal (C ) ,  lateral (D) ,  and ventrai (E)  view (arter I to 1 986a, Fig. l A-C ) .  O F. Facetotectan metanauplius I l  still within the shell of stage I l ,  
ventrai view (arter McMurrich 1 9 1 7 , Fig. 1 0 ) .  O G--I .  Metanaupliar stage IV o f  the poecilostome cyclopoid copepod Neanthessius renicolis ( arter 
Izawa 1 986, Fig. 23A-C ) :  G lateral view, H subventral view, I detail of hind body with rudimentary thoracic limb buds. 0 J .  Caudal end of 3rd 
larval stage of the harpacticoid copepod Longipedia americana (after Onb€ 1 984, Fig. 8) . 
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SigniJicance of some morphological details 

According to Grygier ( 1 987a) Recent Maxillopoda have at 
least basically an eight-segmented 1 st antenna. Within the 
Theeostraca the basic number becomes further reduced, and 
special attachment devices are developed. Copepoda may 
have a 1 st antenna with either few segments (Fig. I I B)  or 
many (Fig. I l C ) ,  and there is no general acceptance of the 
one or the other number as representing the primordial s tate 
(see discussion in Boxshall, Ferrari & Tiemann 1 984) . 

Orstenocarida have a 1 st antenna composed of 1 7  seg
ments, 14 ringlets and three distal segments, whereas the 
type of distal setation is very similar to the general scheme of 

Grygier ( 1 987a) . The 1 st antenna of Skaracarida is eight- or 
nine-segmented (Fig. I l A) and would fit well into Grygier's 
scheme . As in the Skaracarida, there are two tubular seg
ments distally in the Orstenocarida, however, these are 
tipped by an additional small segment, carrying two setae of 
the terminal group. In consequence, disregarding the proxi
mai portion of the 1 st antenna, the basic number of seg
ments should be increased by one. Again, as a similar small 
segment is developed also on the tips of the antennal and 
mandibular endopods of Orstenocarida, the same interpre
tation can be attributed to these rami as well. 

All maxillopodan groups, including the Skaracarida, have 
three or fewer endopodal segments, with pro bable exception 
of the Mystacocarida. The four-segmented endopod of Or
s tenocarida may thus indicate the primordial s tate, as is the 
case with the multi-annulated exopods of these two appen
dages, a feature shared with the other fossil maxillopodan 
group, the Skaracarida (Fig. I l D,  E) . 

In respect to the feeding equipment of the anterior cephal
ic appendages, cirriped larvae show the most primordial 
state among the Recent Maxillopoda (Costlow & Bookhout 
1 957 ,  1 958; Walley 1 969; Stubbings 1 975 ;  Figs . 9A, 1 1 M,  N 
herein) . In all other groups, including the Mystacocarida, 
either the 2nd antenna loses its feeding equipment during 
ontogeny, or at least the mandibular gnathobase is less 
defined (Skara minuta Fig. I l D,  E;  Copepoda Fig. I l K, L; 
Ascothoracida Fig. I l O,  P;  Mystacocarida Fig . I l l ,  J ) .  
Compared t o  these, Orstenocarida exhibit the most com
plete arma ture ( compare also with cephalocaridan 2nd an
tenna and mandible, Fig . I I G, H) . 

The 1 st maxilIa, with its rudimentary exopod, is remark
ably similar to the three pairs of post-mandibular limbs of 
M ystacocarida, even in the arrangement of setae (com pare 
Figs . 3D, 5 and I I Q) . In the Thecostraca, all head ap pen
dages are greatly modified, while the 1 st maxilIae remain 

rudimentary throughout  the larval phase. The 1 st maxilIae 
of Copepoda and Skaracarida differ from that of the Orsten
ocarida at least in the larger size of the exopod and its 
paddle-shaped habit. 

In  the majority of Recent Maxillopoda, trunk limbs con
cerned with swimming are more or less devoid of endites and 
median setae. The faint protopodal setation of Ascothora
eida (Grygier 1 984b; Fig . I l S ) ,  the distinet proximal endite 
of Tantulocarida (Boxshall & Lincoln 1 983 ,  1 987 ) , and 

rudiments of endites and severai setae on protopod and rami 
in Branchiura (Shimura 1 98 1 )  may represent remains of 
originally better developed enditic surfaces .  Also in this 
respect the Orstenocarida show a primordial s tate of devel
opment. Their post-maxillulary limbs have a large num ber 
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of protopodal endites, probably indicating that these limbs 
still participated in feeding, although already cansiderably 
modified for a natatory function. Again, while the exopods 
are unsegmented, their endopods are weakly subdivided into 
four segments . This is one more segment than in Recent 
Maxillopoda, which have three segments at most .  

Distinet proximal endites on post-mandibular ap pen
dages , as in Orstenocarida, are developed in copepod maxiI
lae (Fig. l i R; see also Boxshall 1 985) and tantuioearid 
thoracopods (Boxshall & Lincoln 1 983 ,  1 987 ) . This fea ture, 
however, is probably a shared symplesiomorphy, retained 
from at least the basic plan of Crustacea. 

Orstenocarida and the Skaracarida lack epipods .  Their 
absenee in all Recent maxillopodan groups may be regarded 
as a uniting feature, but has been questioned by Grygier 
( 1 984b) on basis of observations on s tructures on the outer 
surface of ascothoracid limbs, which have a seta positioned 
at the distal edge of the thoracopodal protopod . Copepod 
maxilIae may also show epipod-like extensions laterally 
(Boxshall 1 985;  Fig. l i R) . Detailed analysis of this feature, 
however is unavailable . 

In respect of the adult furcal rami of all maxillopodan 
groups, which are articulated at their basis and paddle
shaped or rod-shaped, and also variously segmented, the 
inarticulate rami of the Orstenocarida apparently reveal 
retention of a larval feature, with s triking similarities to 
those of facetotectan cyprids (Fig. l OA, B ) ,  and various 
harpacticoid Copepoda (cf. Gurney 1 930, Figs . 4-6A, furcal 
ramus in 6B; Hicks 1 970; Kunz 1 974; Humes 1 984; Fig. 
l OE,  F herein) , but also Tantulocarida (Fig. 1 0D) and 
Branchiopoda ( Shimura 1 98 1 ) .  The terminal setation, with 
two robust median setae and two thinner lateral setae, is 
similarly developed in other crustacean subclasses . This 
may point to a basic setation pattern in the Crustacea, 
whereas in our view it  is difficult to derive the maxillopodan 
furca from the forked type of Malaeostraca, as is the conse
quence of Newman' s  ( 1 983 )  mode! . 

Towards the position of Orstenocarida within the Maxillopoda 
Tagmosis and ontogeny in particular are characters that link 
the new order with the Maxillopoda.  Only in this group does 
larva I development show a delay of postmaxillulary limb 
development, in members of the Theeostraca even with 
complete suppression of external development. However, 
with the exception of the degree of external segmenta ti on of 
thorax and abdomen, the morphology of Orstenocarida in 
most features is plesiomorphic relative to all known mem

bers of this subclass .  Their basic position is particularly 
apparent in the low degree of specialization of the head 
morphology, the 2nd maxilIa of trunk-limb aspect, the num
ber of full y developed thoracopods, and median arma ture of 
their endites . 

On the other hand, a num ber of probably symplesiomor
phic characters are shared only with a particular group of 
Maxillopoda, the so-called thecastracan care group (see 
above) . Common to Orstenocarida and this care are particu
larly the prominent cephalic shield, probably the compound 
eye, and the non-specialization of the first thoracopcid, fea

tures which are either missing or differently developed in 
Copepoda, Mystacocarida, and Skaracarida. 

As the Recent members of the thecostracan care are high-
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: 

Fig. 10. Seleeted advaneed larval stages of Maxillopoda .  Sizes not sealed . O A-B. Cypris larva of the faeetoteetan Hansenocaris tentaculata in dorsal 
(A) and lateral (B) view (after Ito 1 986b, Fig. 2A, B ;  external seulpture omitted ) .  O C . Larva of the aseothoraeid Ascothorax ophioctenis in the 
aseothoraeid stage (after Wagin 1 946, Fig. 22) . O D. Tantulus larva of the tantuioearid Deoterthron harrisoni (after Boxshall & Lineoln 1 987 ,  Fig. 
44) . O E-F.  Adult male (eopepodid 6) of the harpaetieoid copepod Longipedia (after On be 1 984, Figs . 55, 56) : E dorsal view, F laterai view (head 
limbs omitted by Onbe) . O G-H. Suspeeted aseothoraeid metanauplius with rudimentary trunk limbs visible under larval euticle (after Grygier 
1 987a,  Fig. 4) : G ventrai view, simplified, H detailed view of post-mandibular region with rudimentary 1 st maxilla, anlagen of 2nd maxilla, and 

thoraeopods (glands omitted) . 
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ly specialized due to parasitism or a sessile mode of life, the 
position of the Orstenocarida could be at best only rather 
elose to its base or adjacent to it ,  at a level when the group 
was not yet parasitic. This assumption is supported by the 
even greater simi1arity between Orstenocarida and the gen
era1ized plan of Ascothoracida, the most primordial group 
among the Thecostraca (Grygier 1 983a, 1 984b, 1 987a) and 
in particular the immature s tages of all members, which 
have apparently retained many conservative features . Exam
pl es of such instars are given in Figs . 9 and 10 (see also 
Grygier 1 98 7b) . 

Facetotectan nauplii (Fig. 9B-E) are not only of the same 
size and shape, but also the short, simple shie1d has the same 
outline as in larval Orstenocarida and is als o demarcated 
from the hind body by fine folds dorsally (Fig. 9B) . Further
more, a deep suture separates the naup1iar head from the 
conically tapering hind body, unlike the copepod nauplius 
(Fig. 9G-I;  see also Schram 1 970b, 1 972 ) . As the facetotec
tan metanauplii (Fig. 9F) , late ascothoracid metanauplii 
show anlagen of trunk limbs underneath the trunk cutiele 
(Fig. l OG, H) . These buds are not only oriented similar to 
the limbs of adult Orstenocarida, they also have three to 
four distal setae on their paddle-shaped rami (cf. Brattstrom 
1 948, Fig. 1 3B,  1 5D, 1 9F ;  Wagin 1 954, Fig. 7 ;  Grygier & 
Fratt 1 984, Fig. 5F) . At this s tage the 2nd maxilIa is still leg
like ( see also Wagin 1 946) . 

Another indicator of elose affinities to the thecostracan 
core group is the larval development, with tendency to 
reduce the larval as well as the post-naupliar phase. Cope
poda may show condensation of the larval series, particular
ly in parasitic forms (e .g .  Izawa 1 973 ,  1 975,  1 986) , but 
basically they possess the largest series of instars among the 
Maxillopoda, with six larvae and five 'podids ' .  Of the The
costraca, the Ascothoracida have reduced the 'podid' phase 
to one or two cypris stages, in the Cirripedia is one left. 
Development of the Facetotecta is not completely known, 
and Tantulocarida hatch directly as 'podids ' ,  terrned tantu
lus larva. This instar undergoes no further moults (Boxshall 
& Lincoln 1 987 ) . The presumed complete suppression of the 
'podid' phase but maturation of a j uvenile in Orstenocarida 
may thus be interpreted as progression on this way . Devel
opment of Branchiura is highly modified: generally the 
hatched larva is already similar to the adult and infective, 
and the elongation of the j uvenile phase (eight s tages; Shi
mura 1 98 1 )  is obviously an autapomorphy of the group. 

In contrast to Orstenocarida, the free thorax of thecostra
can 'podids '  is well-segmented, of ten bearing tergites . Inter
estingly, in the facetotectan Hansenocaris, for example, the 
three free anterior thoracomeres lack such pleurae ( I to 
1 986b) , probably indicative of a tendency to reduce segmen
tation. 

The shield of Facetotecta has been described as cepha
lothoracic, since the first thoracomere is fused to the head 
( I to 1 985, 1 986b) . However, I to ( 1 986b) remarked that in 
Hansenocaris tentaculata ' the fused first thoracic segment (with 
leg I )  . . .  [isJ . . .  demarcated from . . .  [the J . . .  cephalon by a 
ventrai suture' . In our view the dorsal border requires fur
ther examinations, as it is unelear how far back the shield is 
fused with the body dorsally ( cf. description of this fea ture 
for Bredocaris

. 
on p .  8) . The s tippled line in Schram's 

illus tration ( 1 970a, Fig . I )  indicates that the first thoraco-
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mere is demarcated from the head. In  this, the presence of a 
cephalothoracic shield of Facetotecta is not unequivocal . 

Affinities of the Orstenocarida with Mystacocarida, Cope
poda, and Skaracarida are apparently less elose, although 
there are similarities with all of these groups, even in minor 
details .  This uncertainty is not las tly due to their unresolved 
relationship to the thecostracan core group and affects not 
only the position of Bredocaris but also makes it  difficult to 

interpret the polarity s tate of various diagnostic features, for 
example the shield, the rostrum, the two eye types , and the 
fate of the seventh thoracomere . 

Copepoda reve al some affinities to the thecostracan co re 
group in the shared position of the male gonopores .  Howev
er, the mode of specialization of the seventh pair of limbs is 
different between the two groups (Boxshall & Lincoln 1 987 ) ,  
and the position o f  the gonopores may b e  apomorphic of 
Maxillopoda but symplesiomorphic for its subgroups. If the 
Copepoda, with the largest  series of instars (a elearly plesi
morphic feature with respect to the thecostracan co re and 
Bredocaris) , are ineluded within the core group, this would 
imply only that all are maxillopodans . The exact interrela
tionships, however, remain unresolved. 

Consequences, with notes on DALA PElLERTAE 
The new order provides further evidence for the Maxillo
poda as a valid taxon . It not only confirms various of the 
suggested characters diagnostic of this subelass ,  but also 
adds new information on details .  I ts morphology may also 
provide support of neoteny as a major evolutionary force for 
the derivation of the Maxillopoda from their multi-segment
ed ancestors . 

The review confirms the position of the Skaracarida with
in the Maxillopoda, as has been suggested previously ( Mull
er & Walossek 1 985) . Skaracarida show a mosaic of features 
distributed throughout the maxillopodan groups .  However, 
if the presence of the tergite-bearing one or two anterior 
thoracomeres is a prerequisite for the formation of a cepha
lothorax, this fea ture, together with the short shield with 
rostrum and anteriorly raised margins in accord with anter
odorsal shifting of the antennae, the absence of compound 
eyes , and specialization of the firs t thoracopods as maxil
lipeds (Fig. I I F ) ,  are remarkable similarities with Cope
poda. On the other hand, these features elearly contrast the 
morphology of Orstenocarida, and that of the members of 
the thecostracan core . Unique to Skaracarida is the lack of 
post-maxillipedal trunk limbs, while the absence of a mandi
bular gnathobase in one of the skaracarid species is probably 
secondary . 

The inelusion of Orstenocarida and Skaracarida within 
the Maxillopoda necessitates only minor revision of previous 
diagnoses . A problem is s till the absence of gonopores in 
both Upper Cambrian fossil groups . In our view there is no 
doubt that the skaracarid material were adults, while there 
is still some uncertainty for the recognition of Bredocaris as 
such, although this interpretation is favored . Alternatively, 
i t  is possible that special s tructures for reproduction, such as 
gonopores and gonopods,  developed later during evolution 
of the Maxillopoda, in accord with further specialization of 
the reproductive system. 

Considering the differences between the two fossil maxil

lopodan orders , i t  seems not unlikely to us that, besides the 
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Fig. 11 .  Selected ap pen dages ofCrustacea, most setae shortened, arrows point to gnathobasic setae of mandibular coxae .  O A,  D-F .  Appendages 
of the Upper Cambrian skaraearid Skara minuta (after Miiller & Walossek 1 985 ,  Fig. 7A-D ) :  A 1 st antenna, D 2nd antenna, E,  mandible, F 1 st 
maxilIa. O B. First antenna of nauplius stage I of Neanthessius renicolis (after Izawa 1 986, Fig. 23D) . O C .  Male 1 st antenna of the calanoid 
copepod Eurytemora affinis (after Katona 1 97 1 ,  Fig. 9 1 ) .  O G-H,  T. Appendages of the cephalocarid Hutchinssonia macracantha, G, H i st larval 
stage, 2nd antenna and mandible, T 2nd maxilIa (after Sanders 1 963 ,  Figs . 1 5B ,  35, 3 7 ) . O I-J .  Second antenna and mandible of first larval 
s tage of the mystacocarid Derocheilocaris typicus (Hessier & Sanders 1 966, Fig. 3C,  D) . D K-L. Second antenna and mandible of 1 s t nauplius of 
Neanthessius renicolis ( Izawa 1 986, Fig. 24A, F) . O M-N. Second antenna and mandible of the 6th nauplius of the cirriped Balanus eburneus (after 
Costlow & Bookhout 1 957 ,  Fig. 2C-D ) .  D O, P .  Naupliar 2nd antenna and mandible of the ascothoracid Laura dorsalis (after Grygier 1 985b, Fig. 
4J-K) . O Q. Second maxi Ila of Derocheilocaris angolensis, drawn only with attachment points of setae (after Hessier 1 97 1 ,  Fig .  2C) . O R. First 
maxilIa of the 1st copepodid of the copepod Temora longicornis (Corkett 1 967 ,  Fig. I D ) .  D S . Fifth thoracopod of the ascothoracid Isidascus 
longispinatus ( after Grygier 1 984a, Fig. 2]) . D U . Thoracopod (no.  4-6) of the Devonian lipostracan Lepidocaris rhyniensis (after Scourfield 1 926, Pl .  
23 :9 ) . 
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thecostracan core, there exists another eluster of maxillopo
dans . This group may be linked by the tendency to reduc
tion of the shield, to formation of a cephalothorax, and 
possession of maxillipeds, a cephalo-maxillipedal feeding 
apparatus, and a large series of ins tars . It may inelude the 
Copepoda, the Mystacocarida, and probably the Skaraear
ida near to its base. Dahl (personal communication) and 
Fryer ( 1 985) men tioned the remarkable similari ty between 
the latter two groups, both having a reduced number of 
trunk limbs . 

This implies that the level of a six-segmented thorax may 
have been reached more than once within the Maxillopoda. 
Again, the body segmentation of the Skaracarida (formula 
5 + 6 + 5 + telson) , shared with the Tantulocarida, is regarded 
as independent retention of the primary condition in both 
groups. Another consequence of the redescription is that the 
trunk-limb-like 2nd maxilIa of the Cephalocarida is not 
unique among the Crustacea, but the cephalon with two 
pairs of specialized maxillae, as found in most Recent Crus
tacea, may have been derived independently in the different 
subelasses. 

Besides the phosphatocopine ostracodes, Dala peilertae 

(Miiller 1 983 ,  pp. 94-97)  has been described from the same 
zone in which Bredoearis occurs. Dala is one of the largest  
onten crustaceans, with a body length of about 2 . 2  mm. I ts 
anterior cephalic region is unknown. The eight-segmented 
thorax with a filter apparatus composed of large thoraco
pods with numerous setiferous endites and a shallow median 
food groove, and the five-segmented abdomen composed of 
conical rings , the last with branched oar-shaped furcal rami, 
were assumed to indicate tentative affinities with Cephalo
carida (Miiller 1 98 I a) .  However, review of the type material 
and additional speeimens recovered since indicates that also 
in Dala the 2nd maxilIa may have been misinterpreted as a 
trunk limb, due to its trunk limb-design . 

If this be true, the thorax of Dala would consist of seven 
limb-bearing segments rather than eight, while the head had 
five pairs of appendages rather than four. In consequence, 
there would be 12 ( 7 + 5) trunk segments, ineluding the 
separate telson, rather than 1 3 .  This would be in accord 
with the segmentation of Skaracarida and Tantulocarida, 
pointing to elose affinities of Dala with the Maxillopoda. 
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Addendum 

Two additional papers of Grygier appeared after this manuscript 
was submitted. Grygier 1 987c presents new data on facetotectan 
larvae and also discusses various characters of this group in respect 
of the copepods ,  branchi urans, ascothoracids, cirripeds, and face to-



FOSSILS AND STRATA 23 ( 1 988) Morphology and development of BREDOCARIS 33  

ex 
md 

Fig. 12. Plasticine mode! of adult Bredocaris. Frontal view; left side completed photographically. 

an 

Fig. 13. Plasticine mode! of adult Bredocaris. Ventrolateral view, slightly from posterior; mode! completed as in Fig. 1 2 .  

tectans. His table with 'dadistically useful  characters' and the 
phylogram based on these data may be questioned in detail. Howev
er, they show an interesting agreement with our study: the copepods 
are considered to be the most plesiomorphic and opposite to all 
other groups investigated, be!onging to the thecostracan core in our 
pa per. 

Grygier 1 987d is a description of a new ascothoracid larva from 
the Antarctic. It shows the subsequent stage under the cu tide 
having eight pairs of limb buds on its trunk, the 2nd maxillae, six 

3 - External morphology 

pairs of thoracopods, and probably buds of the genital limbs, which 
we regard as modified thoracopods. 

Grygier, M.] .  1 987c :  New records ,  external and internal anatomy, 
and systematie position of Hansen's Y-larvae (Crustacea: Maxil
lopoda: Facetotecta) . Sarsia 72, 26 1-278.  Bergen . 

Grygier, M.] .  1 987d :  Antaretie records of asteroid-infesting Ascoth
oraeida (Crustacea) , induding a new genus of Ctenosculidae. 
Proceedings of the Biological Society of Washington 100(4) , 700--7 1 2 .  



34 Klaus J. Miiller and Dieter Walossek 

Fig. 14. Plasticine mode! of adult Bredocaris. Anteroventral view. 
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Fig. 15. Plasticine mode! of adult Bredocaris. Posterior view from oblique ventrai; completion as in Fig. 1 2 ; trunk limbs sl ightly outwardly moved 
to perrnit a view of the sternal surface. 
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A 

Morphology and development of BREDOCARIS 35 

Fig. 16. Plasticine mod el of adult  Bredocaris. Studies of trunk l imb morphology and their beat cycle. O A. Limbs in posterior position at the end of 
the power stroke. D B. Metachronal recovery stroke of the limbs; protopods progressively anteriorly moving (2nd maxilIa almost in i t s  end 
position) ;  flexure at basipod permits to reduce the drag. O C. Limbs in anterior position at starting point of backwardly directed power stroke 
(phase differences disregarded) .  
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Fig. 17. Plasticine model of adult Bredocaris. Studies of the morphology of the feeding apparatus and feeding proeess. D A. Median view of mode! ;  
2nd antenna and mandible curved anteriorly, mandibular gnathobase almost vertical ,  its distal surface approaching the labrum ( see also Fig. 

7 A) , note the short proximal endites of the thoracopods .  D B . Close-up of post-labral area; all appendages are posteriorly flexed, setae of anterior 
cephalic appendages point behind the labrum, the mandibular gnathobase is positioned on the paragnaths (compare with Fig. 7B ) , while the 
anteriorly and orally curved pectinate setae of the proximal endite of the l st maxilIa reach around the latter; note the small range of action of the 
endites of the trunk limbs. 



Plates 
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Plate l 

General views of adult specimens. 

1-2.  UB 882 (same specimen as in Pl .  5 :6 ) . 

o l .  Dorsolateral view (anterior to the right) ; specimen distorted 
anteriorly; cephalic shield (es) deeply excavated posteriorly, its 
gently curved posterolateral edges (arrows) cover the anterior trunk 
segments freely; trunk composed of thorax (Th) and abdomen 
(Abd) with furcal rami (fr) almost complete; posterior four thoraco
pods posteriorly flexed against the trunk ( thp) ; note the differenee in 
surface texture of thorax, laeking a distinet segmentation, and abdo
men (cox md = mandibular coxa) . 

0 2 . Ventrai view . Most of ventrai eephalic structures distorted; 
sternal region exposed due to breakaway of limbs; posterior thoracic 
limbs preserved, exeept their distal extremities; terminal setation of 
fureal rami (fr) broken off (cs = cephalie shield; la = fragmentary 
labrum; md = eoxa of mandible; mx2 = preserved proximal endite 
of 2nd maxilIa) . 

3-4 . Holotype, UB 640 (same speeimen as in PIs . 4 :5-9; 5: I ,  2; 6: I ;  
1 5 : 3 ;  1 6 : 3 ) .  

0 3 . Lateral view (also figured b y  Muller 1 983 ,  Fig. 3A; subdorsal 
view in Fig. 3B ) ;  anterior part of eephalon absent; cephalic shield 
(es) erunched; mandible (md ) ,  1 st maxi Ila (mx l ) ,  and trunk inc1ud
ing appendages (mx2, thp l-7 )  and furcal rami (fr) well-preserved; 
anterior trunk limbs broken off distally; trunk limbs posteriorly 
flexed as in 1 (figured by Muller 1 983 ,  Fig. 3C) ;  thorax fleshy and 
laeking a distinet segmentation; 1 st maxilIa somewhat dorsally dis
located, exposing the short exopod (arrow) ;  note the fleshy habit of 
the trunk limb bases. 
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0 4. Ventrai view. The peeuliar preservation and breakage of the 
distal parts of the anterior trunk limbs permit observation of the 

narrow median path between the limbs; note that the proximal 
endites (pce) of trunk limbs are farther anteriorly oriented than 
more distal endites . 

o 5. UB 883 (same specimen as in PIs. 3 :6;  4: I ) .  Anteroventral view 
of head fragment, with well-preserved lobes (lo) of the probable 

compound eye (eye) and partly preserved anterior appendages (atl ,  
a2,  md) ; labrum not preserved. 

o 6 .  UB 884 (same speeimen as In Pl .  6 : 2 ,  5 ) . Dorsal view of 
specimen with mueh depressed eephalic shield; trunk dislocated and 
shifted under the shield. 

0 7 . Paratype, UB 641 (same specimen as in PIs .  3 : 1 ,  4 ,  5 ;  4:2, 3 ) .  
Lateral view (anterior view i n  Muller 1 983 ,  Fig. 3 D ) ;  eephalie shield 
broken during mounting; antennae (atl ,  a2) almost complete and 
anteriorly stretched; other structures on ly fragmentarily preserved 
and distorted; body cavity is empty (app = fragments of trunk 
limbs; eye = probable compound eye) . 

o 8. UB 885.  Ventrolateral view of stretched specimen; cephalon 
and thorax roughly and incompletely preserved; abdomen (Abd) 
and left furcal ramus (fr) with large hoies (app = fragments of 
appendages; es = fragment of eephalie shield) .  

o 9 .  U B  886 (same speeimen as i n  Pl. 4 :4 ;  5 : 3 ,  4 ;  1 6 : 2 ) .  Ventrai view 
of stretched speeimen; most of cephalic struetures destroyed, except 
for the mandibular eoxae (md cox; detail see Pl .  4 :4) ; post-mandibu
lar limbs much distorted and somewhat disordered , some still with 
endites; posterior trunk limbs almost eomplete. 
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Plate 2 

General views of adult speeimens. 

o l .  UB 887 (same speeimen as in Pls .  3 :2; 5 : 3 ;  6 : 3 ) . Subventral 
view; ventrai region ineompletely preserved and eovered with eoarse 
phosphatie matter; eephalie shield (es) wrinkled; thoraeopods 
stretehed parallei to the ventrally Oexed abdomen (an = anus; fr = 
fureal rami; saf = supraanal Oap) . 

0 2 . UB 888 ( same speeimen as in Pl .  3 : 3 ) . Sublateral view of 
eoarsely preserved speeimen; eephalie shield almost eomplete; right 
eye lobe ( lo) , 2nd antenna (a2) , and mandible (md) reeognizable, 
while 1 st antennae, labrum, maxillae, thoraeopods ( thp) , and abdo
men are either missing or poorly preserved . 

0 3 . UB 889 (same speeimen as in Pl .  1 6 : 1 ) .  Lateral view of trunk 
fragment with six pairs of posteriorly Oexed limbs (thoraeopods 2-
7 ) ;  anterior two limbs broken off distally, but posterior ones com
plete; limb bases Oeshy and finely wrinkled as the thorax; limbs 
progressively deereasing in size (Abd = partly preserved abdomen ) .  

4-5 . U B  890. 

0 4. Dorsoposterior view of gently ventrally eurved trunk fragment, 
with proximal parts of all thoraeomeres and abdomen; fureal rami 
broken off. 
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0 5 . Left side, showing the maxilIae ( mx l ,  2 )  and the tagma border 
between head and thorax (arrows;  thp l-7 = thoraeopods) . 

0 6 . UB 89 1 ( same speeimen as in Pl .  6 :8 ,  9 ) .  Lateral view; eepha
lon and trunk limbs poorly preserved; fureal rami twisted around 
one another; differenee in surface texture between thorax and abdo
men well reeognizable (es = fragmentary eephalie shield ) .  

o 7 .  UB 892 . Lateral view o f  stretehed speeimen; head and trunk 
limbs partly preserved, as in 6 (exeept for the last one ) ;  posterior 
part of eephalie shield preserved; anal area protruded (an ) ;  note the 
different orientation of the l imbs. 

o 8 .  UB 893 .  Anterior view of head fragment; appendages appear to 
be pulled out ,  causing a lateral deformation of the eephalie shield 
(es) and exposure of the body wall ( i l )  below; eye (eye) and labrum 
(la) distorted, but right antennae ( atl, a2) almost eomplete; antero
lateral surface of these appendages annulated (bas = basipod; cox 
= coxa) . 

0 9 . UB 894 (same speeimen as In Pls .  5 : 5 ;  6 : 1 0; 1 6 :4) . Trunk 
fragment with well-preserved posterior two pairs of limbs; both 
insert more laterally than the anterior ones (see Pl .  5 : 6 ) ,  being Oexed 
posteriorly against the trunk; some of the enditie spines and those on 
the distal ends of the rami still preserved . 
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Plate 3 

Details of cephalon, sternal region, and appendages . 

o l. Same specimen as in Pls .  1 : 7 ;  3 : 4, 5; 4 :2 ,  3. Dorsal view of 
cephalic shield; anterior margin widely curved; shield converging 
towards the rounded posterolateral corners; posterior margin deeply 
excavated ( compare with 3 , 7 , 8 and Pl .  1 : 1 , 6) ; greatest height and 
width in the first third about at the leve! of the mandibles (arrow) . 

o 2. Same specimen as in PIs . 2: I; 6 : 3 .  Dorsal view of distorted 
cephalic shield; group of four pores located around the highest point 
of the shield (arrow; compare with Pl .  1 0 : 1 ) .  

o 3 .  Same specimen as i n  Pl .  2 : 2 .  Anteroventral view of cephalon 
( specimen mounted upside down ) ;  lobes of probable compound eye 
(lo) somewhat laterally compressed and incomplete, it secms as if 
the lobes arose from pliable sockets; area between the lobes not 
preserved (atl = fragment of 1 s t antenna; a2 = 2nd antenna; i l = 
inner lamella; la = labrum ) .  

4-5 . Same specimen a s  i n  PIs . 1 : 7 ;  3 :  I ;  4 :2 ,  3 .  

0 4. Anterior view o f  cephalon; d u e  t o  slight deformation, the 
anterior margin of cephalic shield is s traight rather than' V-shaped 
diverging posteriorly , as in 3 ( see also Muller 1 983 ,  Fig. 3D) ; eye 
lobes visible bul labrum distorted; antennae (at ! ,  a2) almost cntirely 
preserved , even with their rows of delicate dentides on the annu-
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lated anterolateral surfaces; some of the broad setal bases ( arrow) 
are still present on the antennal exopod ( ex; en = endopod ) .  

0 5 . Close-up o f  eye; lobes well-inOated and ovoid; midventral area 
only roughly and incompletcly phosphatized; lower corners : proxi
mai parts of I st antennae with rows of dentides on the incomplete 
ringlets . 

o 6. Same speeimen as in Pl .  1 : 5 ;  4: I. Enlarged view of eye with 
midventral area (ma) between the ovoid eye lobes; surface covered 
with coarse phosphatic matter; on lower right :  part of 1 st antenna. 

7-8 . UB 895. 

0 7 . Lateral view of fragmentary specimen; due to the extraordinary 
mode of preservation - the cephalic shield is anteroventrally Oexed 
the inner lamell a ( i l )  on the lower side of the rounded posterolateral 
corners and the faint furrow demarcating the boundary between 
head and trunk ( fu)  are exposed; the furrow runs from behind the 
maxillary segment (mx2) towards the posterior shield margin (ar
row; alp = alien parti eie; thp l-7  = thoracopods) .  

0 8 . Posterodorsal view; the furrows (fu)  of right and left side do not 
join each other dorsally when they merge into the shie!d margin 
(arrow) ; cu tide of an terior two thoracomeres smoother than the rest 
of the thorax ( alp = alien partiele) . 
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Plate 4 

Details of appendages .  

o l .  Same specimen as in PIs .  1 : 5 ;  3 :6 .  Anterolateral view of left 1 st 
antenna (atl ) ,  2nd antenna (a2)  and mandible (md ) ;  protopod of 
antenna with ringlets; 

'
on lower Ieft :  part of eye (en = endopod; ex = 

exopod; s = seta; arrow points to the anterior) . 

2-3 . Same specimen as in PIs .  1 : 7 ;  3 :  I ,  4, 5 .  

0 2 .  Second antennae in posterior ( !eft) and median views ( right) ; 
proximal endites and distal part of endopod (en) distorted on left 
l imb; setae of proximal endopodal podomere projecting from the 
endite; exopod (ex) eomplete, being sharply posteriorly Oexed (see 
p .  20) ; mueh of right antenna distorted; coxal endite ( arrow) 

pointing against the fragment of the labrum ( la) ; subdivision of 
protopod well-reeognizable, in particular the ringlets of the shaft
like proximal portion (sh) . 

0 3 . Rows of denticles on the incomplctc ringlets of the outer 
antennal surfaee. 

0 4. Same specimen as in PIs . 1 : 9 ;  5 : 3 ,  4; 1 6 : 2 .  View of mandibular 
coxae, opened up by breakaway of the labrum;  distal parts and 
gnathobasic setae not preserved ; distal surfaee of medially pointing, 
shove1-like gnathobases oblique anteriorly turned; anterior margin 
s traight ,  while the posteromedian margin is rounded and was origi
nally fringed with short denticles ( arrow; spines broken off distally; 
eompare with PIs .  8 : 7 ,  8 ;  9 : 7 ;  1 0 :9 ;  1 2 : 4-8; 1 3 : 1-3 ) .  

5-9 . Same specimen a s  i n  Pls .  1 : 3 ,  4 ;  5 :  I ,  2 ;  6 :  I ;  1 5 : 3 ;  1 6 : 3 .  
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0 5 . Anterior view of mandible;  uniform coxa ( cox) and basipod 

( bas) separated from one another by a well-defined joint (arrow ) ;  
stout enditic spines (esp) are guided b y  thinner setae ( s ) ; side of the 
mandible furnished with denticles (den ) ,  while median surfaces of 
the endites bear setules (sti ; en = endopod; ex = exopod ) .  

o 6 .  Lateral view o f  mandible; exopod posteriorly twisted ( com pare 
with 5 and Pl. 6 :4 ) ; number of setae does not eoincide with segmen
tation of ramus;  rows of denticles indicated by arrows ( bas = 
basipod; eox = coxa; en = endopod) .  

0 7 . Anterior view o f  1 st maxilIa; the segment whieh earries the 
ram i (en, ex) is interpreted as the basipod (bas ) ;  the coxal portion 
( cox) is two-segmented ; a further endite (pee) arises from the 
median surface of the shaft-like proximal l imb portion ( sh) ; distal 
podomere of the four-segmcnted endopod broken off; rudimentary 
exopod composed of a single, rod-shaped segment with two terminal 
setae; median surfaces of endites and distal end of exopod covered 
with fine setulcs .  

o 8. Median view of 1 s t maxilIa; inner edge furnished with numer
ous setules; further setules (arrows) can be seen also on the enditic 
setae; proximal endite shovcl-like Oattened, while the posterome
dian surface of the subsequent two endites is horn-like produeed 
( broken off in the second endite) ; on right side: fragment of 2nd 
maxilIa (mx2 ) .  

o 9.  Lateral view o f  1 s t  maxilIa; proximal portion with annulations 
similar to 2nd antenna (arrow; bas = basipod; cox = coxa; en = 
endopod; ex = exopod) .  
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Plate 5 

Thoraeopods and sternal surfaee. 

1-2 .  Same speeimen as in PIs .  1 : 3 , 4; 4: 5-9 ; 6 : 1 ;  1 5 : 3 ;  1 6 : 3 .  

o I .  View o f  t h e  narrow median path between the trunk l imbs; 
proximal endites ( arrows) more anteriorly direeted eompared to the 
more distal endites ;  note the shortness of the enditie spines .  

0 2 . View of the distal ends of the Oattened thoraeopodal ram i (en, 
ex) ; rami laeking a dist inet segmentation and earrying aeute, distal
ly hirsute spines on their blunt tips; surfaee of rami furnished with 
few isolated dentieles ( some are indieated by arrows) . 

3-4. Same speeimen as in PIs .  1 : 9 ;  4 :4 ;  1 6 : 2 .  

0 3 . View of the  aeute enditie spines of a thoraeopod; protopod not 
distinetly subdivided and also eontinuing into rami ;  endites progres
sively longer and more symmetrieal, spines progressively more dis
tally direeted ( compare with Pl. 1 6 : 5 ;  pee = proximal endite) . 

0 4 . View of partly preserved and somcwhat disordered thoraeo
pods; proximal portion of limbs wrinkled, while the basipodal por
tion (with two endites) is slightly more selcrotized (bas ) ;  some of the 
proximal endites (pee) are exposed, being more antcriorly direeted 
than the more distal endites ( eompare with \ , 3 ,  and Pl .  1 6 : 1 ,  7 ) ;  
median path between the limbs very narrow (Abd = abdomen; en 
= endopod; ex = exopod ) .  

0 5 . Same speeimen as i n  Pls .  2 : 9 ;  6 : 1 0 ; 1 6 :4 .  View of posterior two 
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pairs of thoracopods ( thp 6 , 7 ) ;  due to the laek of segmental furrows, 
the interpretation of the subdivision in partieular of the protopods of 
these limbs is diITieult ;  faint fll rrows (arrows) ,  corresponding to the 
spines on the median surface, indieate the endopodal segmentation 
(en) ; wrinkled surfaee of the l imb base suggests that the limbs were 
softer proximally than distally; cnditie spines mediodistally direet
ed; last l imb is the shortest of the set and apparently less developed, 
having on ly two protopodal endites with ti ny spines and two termi
nal spines on the endopod (ex = lInsegmented exopod ; st = sternite 
of seventh thoraeopod) .  

o 6 .  Same speeimen as in Pl .  I :  I ,  2 .  Enlarged view of Pl .  1 : 2 ;  

breakaway of the  anterior appendages and the  labrum (only anter
ior wall sti l l present = la) perrnit observation of the postoral sternal 
region; sternites of mandibular and maxil lulary segments are flIsed 
to a single plate; two swellings eorresponding to the mandibulary 
segment are the paragnaths (pgn ) ;  right mandibular eoxa (md)  
preserved in part ,  gnathobase (gn) broken off; maxilIae (mx I ,  2 )  
and the  three an terior thoraeopods ( thpl-3)  absent, their former 
position is indieated by hoies; proximal endites (pee) of 2nd maxilIa 
stil l present, pointing into exeavation at posterior margin of the 
s ternal plate; reetangular sternites of trunk separated from one 
another by distinet furrows; posterior thoraeopods ( thp4-7)  pre
served with their proximal portions; the short enditie spines point 
into the narrow median path; proximal enditcs (pee) more anterior
ly direeted than the subse'luent lo bate endites (alp = alien partiele; 
atl = I s t  antenna; a2 = 2nd antenna; es = eephalie shield; m = 
mouth) . 
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Plate 6 

Posterior trunk region and surface structures . 

o l .  Same speeimen as in PIs .  1 : 3 , 4; 4 : 5-9; 5: 1 , 2 ;  1 5 : 3 ;  1 6 : 3 .  Almost 
dorsal view of posterior end of trunk, with posterior four thoraeo
pods of left side, abdomen and fureal rami;  note the different surfaee 
textures of thorax and abdomen.  

o 2 .  Same speeimen as in Pl .  1 :6 ;  6 :5 .  Ventrai surfaee of abdomen 
(Abd) immediately behind last thoracie sternite, showing a group of 
short transverse furrows (eompare with similar structures in larval 

speeimens on PIs. 9 : 7 ;  1 5 : 7 ;  sec p. I l ) .  

o 3 .  Same speeimen a s  i n  PIs . 2 :  I ;  3 : 2 .  View of abdomen, eontinuing 
into the fureal rami (fr) ; supraanal flap (arrow) reeognizable below 
dorsoeaudal spine (dsep; es = eephalie shield; thp = thoraeopods) . 

0 4. UB 896 (same speeimen as in Pl .  6 : 7 ) . Posterolateral view of 
abdomen; due to slight inflation, the abdominal surfaee shows 
numerous fine folds, and the supraanal flap (sa!) is  protruding; rows 
of denticles (den) give the impression of a weak segmentation of the 
fureal rami; the four terminal setae (s)  are broken off distally (an = 
anus; desp = dorsoeaudal spine) . 

o 5. Same speeimen as in Pl .  1 :6 ;  6 : 2 .  Dorsal view of abdomen and 
fureal rami .  Fragments of setae on left ram us .  
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o 6 .  UB 897 .  Posteroventral view of abdomen and fureal rami; left 
ramus entirely prescrved, with denticles (arrows)  and proximal 
parts of the terminal setae ( thp 7 = last thoraeopod) .  

o 7 .  Same speeimen a s  i n  Pl .  6 :4 .  Ventrai view of abdomen and 
rami; i t  is unknown whether the groove (arrow) is indieative of a 
partieular strueture, sinee it could not be reeognized on other 
speeimens. 

8-9 . Same speeimen as in Pl .  2 : 6 .  

0 8 . View of wrinkled and twisted fureal rami, w i th  remnants of all 
terminal setae: two thiek ones insert medially and two thinner ones 
laterally, above the other. 

0 9 . Surfaee texture of thorax, probably enhaneed by slight shrink
age of the body wall; there is no dis tinet outer segmentation on 
dorsal and lateral sides of the fleshy trunk (but see ventrai side on 
Pl .  5 :6 ) ; on lower side: bases of the thoraeopods .  

o 1 0 . Same speeimen as in Pls .  2 : 9 ;  5 : 5 ;  1 6 :4 .  Detail o f  the ventrai 
euticle of abdomen and right fureal ramus, eovered with delieate 
furrows and denticles. 
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Plate 7 

Instar I .  

o 1 .  U B  898 ( same speeimen a s  i n  Pls .  7 : 3 , 8 ;  8 : 1 ,  3 ,  6-8) . Subven
tral view of eomplete speeimen; rudimentary 1 s t  maxi I la ( rud mx l )  
still with setae terminally; initial fureal rami (i fr) terminating in one 
thick seta and a thinner, subordinate one laterally; prominent dor
socaudal spine (dcsp) broken off distally; some of the denticles and 
setules on various parts of the body indieated by arrows; note the 
robust enditic spines of the 2nd antenna and mandible at the side of 
the labrum;  during scanning parts of the appendages were broken 
off (compare, e .g . ,  8 with Pl .  8 : 1 ;  atl = 1 s t  antenna; a2 = 2nd 
antenna; gn = mandibular gnathobase; la = labrum; md = mandi
bie; st = s ternite of mandibular segment) . 

o 2. UB 899 (same speeimen as in Pl .  7 : 6) . Ventrai view; cephalic 
shield (es) slightly deformed; anterior three cephalic appendages 
(ad, a2, md) on ly poorly preserved, except the mandibular eoxae; 
eye lobes (lo) visible in front of the prominent and inflated labrum 
(la) ; 1st maxilIa (rud mx l )  Iying close on the larval trunk; one of the 
furcal setae (s )  is preserved with almost its entire length (dcsp 
dorsoeaudal spine) . 

o 3. Same specimen as In Pls . 7 :  I ,  8; 8: I ,  3, 6-8 . Almost lateral 
view; cuticle finely wrinkled, indieating slight shrinkage prior to 
fossilization; cephalie shield (es) only weakly defined; some of the 
exopodal setae of 2nd antenna and mandible (ex a2 ,  md) preserved 
but broken off distally (photo taken prior to breakage) . 

o 4. UB 900. Ventrai view; anterior body region somewhat dis tort
ed; eye (eye) preserved but wrinkled; labrum pressed posteriorly, 
broken off distally; 1 s t  antennae broken off; most of left 2nd antenna 
(a2 ) ,  mandibular eoxae (md ) ,  and right exopod present but mueh 
erumpled. 
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o 5 .  UB 90 1 (same speeimen as in Pl .  8 : 2 ,  5 ,  1 0) .  Ventrai view of 
almost eomplete, collapsed speeimen; aeeordingly, all appendages 
(ad, a2) are posteriorly direeted, Iying one above the other and thus 
disguising the mandibles; some of their setae are still present;  eye 
(eye) and labrum (la) well-preserved; 1 st maxilIa (rud mx l )  still 
with a seta on its lateral peak, the initial exopod ( i  ex) ; groups of 
denticles (den) cover the anterior euticle of the labrum (es = 
eephalie shield; i fr = initial fureal rami) . 

o 6. Same specimen as in Pl .  7 : 2 .  Lateral view; due to slight 
compression, the lateral margin of the eephalie shield (cs) is better 
defined than in 3 ;  shield terminating clearly behind I s t  maxilIa; 
dorsoeaudal spine almost eomplete (arrow; eye = probable com
pound eye) . 

o 7. UB 902 (same specimen as in Pl .  8: I l ) .  Lateral view . Specimen 
mounted onto its distorted anterior head portion; hind body well
preserved, with 1 st maxilIa, fureal rami, and dorsoeaudal spine (la 
= wrinkled labrum) . 

0 8 . Same specimen as in Pls .  7 : 1 , 3 ;  8 : 1 ,  3, 6-8 . Frontal view; eye 
lobes are separated by apparendy softer area, extending from anter
ior shield margin to labrai base; ventrally pointing appendages 
almost complete, some of the setae still present; arrow points to the 
weakly defined shield margin (most of shield not visible due to 
mounting; photo taken prior to breakage, see Pl. 8 : 1 ) .  

o 9 .  U B  903 .  Lateral view o f  incompletely and eoarsely preserved 
speeimen (reeognizable in particular by the small hoies on the 
trunk ) ;  labrum preserved, pointing posteroventrally; mandibular 
rami (md) and rudimentary 1 st maxilIa, initial fureal rami and 
dorsocaudal spine still present (cs = eephalie shield) .  
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Plate 8 

Details of instar I .  

1 , 3 , 6--8 :  Same specimen a s  i n  PI .  7 :  l ,  3 ,  8 .  

2 ,  5 ,  1 0 :  Same specimen as i n  P I .  7 : 5 .  

o l .  Frontal view, with eye and 1 s t  antennae (see also P I .  7 : 8 ) ;  some 
of the antennular setae are still preserved but broken oIT dis tall y; 
anterior surface of 1 st antenna subdivided into incomplete rings 
which bear a row of denticles at their distal margin (la = labrum; 
rna = midventral area between eye lobes) . 

0 2 . Close-up of pro bable compound eye; on the narrow anterior 
part of the midventral area between the eye lobes ( lo) a pore or 
pimple of unknown function is positioned (arrow; compare with PIs. 
1 0 :4,  5 ;  1 4 :8 ;  cs = cephalic shield ) .  

0 3 . View of labrum and right s e t  o f  appendages; many o f  the s trong 
enditic spines, setae, and even delicate subordinate setules and 
denticles are still preserved (atl = 1 s t  antenna; a2 = 2nd antenna; 
md = mandible) . 

o 4. UB 904. View of complete right collapsed I st antenna, partly 

covered with alien particles; proximal portion subdivided into short, 
incomplete ringlets; distal portion composed of two cylindrical seg
ments and a short terminal segment forming the basis of the large 
apical seta (arrow) . 

0 5 . Detailed view of the complete but collapsed and slightly 
shrunken anterior two appendages; various setae and denticles still 
present on these limbs (arrow points anteriorly) . 
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o 6.  Lateral view of complete right appendages; denticles visible but 
most of the setae broken oIT distally; num ber of setae of the antennal 
exopod does not exactly eorrespond to segmentation of the ramus 
(arrow; photo taken prior to breakage) . 

0 7 . View of the postoral larval feeding chamber; all endites, spines 
and setae are pointing orally; labrum with rows of setules laterally 
(arrow) ; enditic surfaces covered with numerous fine setules; enditic 
spines fringed with setules; note the small size of the mandibular 
coxal gnathobase (gn) of this larval stage; on lower lef!: anus 
between the initial fureal rami. 

0 8 . Close-up of mandibular sternite; the numerous setules original
ly covering the s ternite are broken oIT distally, leaving small prickles 
on the surfaee; on right side: incision separating the larval trunk 
from the anterior body portion ( la = labrum) . 

o 9. UB 905 .  Enditic spines of coxal (cox) and basipodal (bas) 
endites of 2nd antenna; hoies on the distal part of the larger spine 
are indicative of insertions of probably articulated subordinate setae 
or spinules. 

o 1 0 .  Close-up of rudimentary I st maxilIa; larger lobe represents 

fu ture endopod, while the shorter, lateral lobe represents the incip
ient exopod; limb surface eovered with few denticles ( la = labrum) . 

o I l .  Same speeimen as in PI .  7 : 7 .  Posterior view of trunk with 
entirely preserved dorsocaudal spine, initial furcal rami, and anus; 
soft membrane covering anus originally not preserved; thick termi
nal seta of rami broken oIT, leaving a hole in the surface; some of the 
groups of denticles covering the caudal trunk surface are indicated 
by arrows. 



FOSSILS AND STRATA 23 ( 1 988) Morphology and development of BREDOCARIS 53  

30 IJm 
a 2  

/ 



54 Klaus J. Miiller and Dieter Walossek 

Plate 9 

Instar I l .  

o l .  UB 906 (same speeimen a s  i n  Pl .  1 0 :4, 5 ) . Posteroventral view; 
mandibular coxae (md) well-preserved; 1 s t  maxiIla (mx l )  devel
oped, Oanking the larval trunk laterally (an = anus; a2 = 2nd 
antenna; gn = gnathobase; la = labrum ) .  

o 2 .  UB 9 0 7  (same speeimen a s  i n  P l .  1 1 : 6) . Lateral view; cephalic 
shield and trunk with dorsocaudal spine (dcsp) well-preserved, but 
labrum and appendages rather incomplete; eye (eye) anteropostcr
iorly compressed (mx l  = 1 s t  maxiIla) . 

o 3. UB 908 (same speeimen as in Pls . 9 :6 ;  1 0 : 2 ;  1 1 : 5 ) .  Lateral view; 
cephalic shield somewhat deform ed but well-defined, with slightly 
overhanging margins; anterior three cephalic appendages preserved 
on ly with their proximal parts; 1 st maxiIla posteriorly directed, with 
segmented endopod (en) and short one-segmented exopod (ex) ; 
dorsocaudal spine (dcsp) broken off distally (cye = pro bable com
pound eye) . 

o 4. UB 909. Ventrolateral view of well-inOated, slightly deformed 
trunk fragment; fureal rami (fr) complete except the terminal setae 
( s ) ;  denticles (den) on posterior end of trunk and furcal rami, some 
of them appear to be arranged as scales; arrows point to limb buds 
of 2nd maxiIla and first thoracopod . 

0 5 . UB 9 1 0  (same speeimen as in Pls . 1 0 : 1 ;  1 1 :4) . VentraI view of 
wrinkled bm almost complete speeimen; due to eollapsing the 1 s t  
maxi I l a  (mx l )  in particular i s  deeply withdrawn into the body. 
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o 6 .  Same speeimen as in PIs .  9 : 3 ;  1 0 : 2 ;  1 1 : 5 .  Dorsal view; cephalic 
shield oval-shaped, widest and highest in the first third (between 
2nd antenna and mandible) and narrowing posteriorly; trunk eoni
eally tapering towards the basis of the dorsocaudal spine (do = 
plate-like area on highest point of the shield; mx l = 1 s t  maxiIla) . 

o 7. UB 9 1 1 (same speeimen as in Pl .  1 0 : 3 ) . VentraI view of 
laterally eompressed speeimen; due to eollapsing all ventraI strue
tures are withdrawn into the eephalie shield (es ) ;  eye well-pre
served, also the midventral area (rna) ; fragment of right 2nd anten
na (a2 ) ,  mandibular coxae (md) and 1 st maxiIlae (mx l )  preserved, 
labrum (la) distorted; anlagen of 2nd maxiIla (mx2) and first thora
eopod (thp I )  recognizable on the trunk; arrow points to a group of 
small furrows on the trunk. 

8-9 . UB 9 1 2  (same speeimen as in PIs . 1 0 : 3 , 6 , 7 ;  I l : 1-3 ) .  

0 8 . VentraI view; cephalie shield slightly deformed and ventraI 
s tructures slightly laterally disloeated; eye (eye) preserved, but 
midventral area eollapsed; labrum and right set of appendages 
almost absent, left set eomplete, except the endopods of 2nd antenna 
and mandible (atl = 1st antenna; a2 = 2nd antenna; an = anus; cox 
= mandibular coxa; fr = fureal rami; md = mandible; mx l = 1 s t  
maxiIla; t l b  = trunk limb buds ) .  

o 9 .  Lateral view; cephalie shield clearly enclosing more than the 
maxillulary segment ;  shield somewhat deformed; appendages ex
eeptionally well-preserved; note the similarity in shape of the anter
ior three appendages . 
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Plate 1 0  

Details of instar I l .  

o I .  Same speeimen a s  in Pls .  9 : 5 ;  I I  : 4 .  Dorsal view o f  distorted 
cephalic shield; arrows point to pores at posterior margin of apical 
plate (compare with Pls . 3 : 2 ;  9 : 6 ) ;  on upper left :  1 st maxiIla. 

o 2 .  Same speeimen as in Pls .  9 : 3 ,  6;  1 1 : 5 .  Anterior view; anterior 
margin of cephalic shield slightly raised medially, exposing the eye 
(eye) ; labrum ( la)  deformed, being Oanked by the 1 s t antennae 
(ad) ; appendages rather coarsely phosphatized; note the sharp edge 
of the shield (a2 = 2nd antenna; md = mandible) . 

o 3. Same specimen as in Pls .  9 :8 ,  9; 1 0 :6 ,  7; I l :  1-3 .  Close-up of 
probable compound eye; midventral area laterally compressed; ll1 
lower left corner: basis of right 1 s t  antenna. 

4-5 . Same specimen as in PI .  9 : 7 .  

0 4. Close-up o f  eye similar t o  3 ,  b u t  midventral area better pre
served, posterior margin of lobes appears to be slight!y tipped; a 
window indicates the area shown in 5 (alp = alien particIes) . 

o 5. Detail of anterior region of the midventral area with a knob- or 
pore-like s tructure (compare with Pls .  8 : 2 ;  1 4 :8 ) . 

6-7 .  Same speeimen as in PIs . 9 : 8 ,  9; 1 0 : 3 ;  1 1 : 1-3 .  

0 6 . Anterior view of complete left antennae (at! ,  a2) ; latter appen-
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dage laeking the distal  podomeres ofi ts endopod (en) ; rows on distal 
margins of ringlets well-preserved (bas = basipod; mx l = 1 st 
maxiIla) . 

0 7 . Distal end of I st antenna; setae broken off distally; arrow points 
to the small terminal podomere forming the basis of midmost two 
setae; note the fine hoies on the surface, indicating slight!y incom
plete phosphatization .  

0 8 . UB 9 1 3 . C lose-up of mandible, showing the articulation be
tween prominent mandibular coxa (cox) and wrinkled distal l imb 
portion (arrow; bas = basipod; es = cephalic shield; en = endopod; 
ex = exopod) .  

o 9 .  Same speeimen a s  i n  PI .  9 : 7 .  Mandibular coxae with blade-like, 
medially pointing gnathobases (distal end not preserved) ;  marginal 
spinules of different size, a larger one (arrow) on the posterior 
margin, somewhat set off from the row on inner margin; gnathoba
sic setae broken off (gns; compare with PI .  4:4; m = hole probably 
indicative of the mouth) . 

o 1 0 .  UB 9 1 4 . Distorted mandibular coxal gnathobase with almost 
complete distal seta; window shows area of I l .  

o I l . Same speeimen . Enlarged view of gnathobasic seta, originally 
bearing axial rows of thin setules ( some indicated by arrows) .  
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Plate 1 1  

1-8: instar I l .  

9,  1 0 :  instar I l l .  

1-3.  Same speeimen a s  in PIs .  9 : 8 ,  9 ;  1 0 : 3 , 6 ,  7 .  

o I .  Median view of posteriorly direeted I s t  maxi I la ,  flanking the 
hind body (see also Fig. 5B) ;  on left :  anlagen of 2nd maxilIa and first 
thoraeopod (pee = proximal endite) . 

0 2 . Anteromedian view of 1 s t  maxilIa; at least on the proximal six 
enditic protrusions, bases of posterior seta or spine slightly drawn 
out (pce = proximal endite) . 

0 3 . Anterior view. Segmentation of maxillulary protopod is un
dear: from this photograph i t  is  likely that the proximal endite (pee) 
belongs to the shaft (sh) , whieh is finely folded on its outer edge; the 
next one or two endites may belong to the eoxa (cox?) , while fourth 
segment is the basipod (bas? ) ,  whieh earries the two rami (en, ex; 

see pp. 1 2- 1 3 ) .  

0 4. Same speeimen a s  i n  PIs .  9 : 5 ;  1 0 : 1 .  Anteromedian view o f  1 st 
maxilIa; proximal portion somewhat depressed; some of the enditie 
spines preserved with their entire lengths; distal endopodal podo
mere with pair of setae, as in the more proximal podomeres, and a 
further, apical seta; exopod covered by the shield. 

o 5 .  Same speeimen as in PIs .  9 : 3 , 6;  1 0 : 2 .  Coarsely preserved 1 s t  
maxilIa; terminal seta o f  short exopod stil l present; arrows point to 
sharp-edged fraetures of the surface which indicate a secondary 
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layer of phosphate, causing a thickening of surface structures ( sec
ondary coating, see also Miiller & Walossek 1 985 ,  p .  6, 7 ,  Fig. 2 ) .  

o 6 .  Same specimen a s  i n  P l .  9 : 2 .  Ventrai view o f  the larval trunk, 
sl ightly from posterior; as the 1 s t maxilIa is posi tioned on the 
anterior body portion in this s tage, the larval trunk starts with the 
maxillary segment; l imb buds of 2nd maxilIa and first thoracopod 
only faintly recognizable, second one being on ly a minute hump 

(t lb)  . 

o 7. UB 9 1 5 .  C lose-up of l imb buds; anterior pair slightly further 
developed and posteriorly proj ecting, its distal margin is faintly 
fringed ( arrows) ,  indicating the future development of endites (com
pare with PIs .  9 : 7  and 1 3 : 1 0) .  

o 8 .  U B  9 1 6 .  View of crumpled trunk, showing arrangement and 
varying sizes of dentides on initial fureal rami ( i  fr) and base of 
dorsocaudal spine (dcsp) . 

9- 1 0 .  UB 9 1 7 .  

0 9 . Subventral view o f  fragmentarily preserved specimen; three 
pairs of l imb buds (tlb) are developed on the hind body: 2nd maxi Ila 
and two pairs of thoracopods;  anterior two buds slightly more 
developed than in preceding instar (compare wi th 6 ,  7 and Pl .  9 :  7 ;  
eye = probable compound eye ;  la  = remains of labrum; md = 
distorted mandibular coxae) . 

o 1 0 .  Enlarged view of the posterior two l imb buds on the ventrally 
sloping trunk surface ( arrow) . 
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Plate 1 2  

I nstar IV .  

1 , 2 , 4-8 : U B  9 18  ( same speeimen a s  in Pl .  1 3 : 1 , 2 , 4 , 5 , 8 , 9 , 1 1 ) .  

o l .  Lateral view; cephalic shield slightly deformed anteriorly; ap
pendages partly preserved (a2 ,  md, mx l ) ;  trunk well-preserved and 
inOated, ventrally Oexed (fr = furcal rami; la = labrum) .  

0 2 . Anterior view; midventral area between eye lobes ( lo) covered 
with ali en particIes; 1 s t  antennae not preserved ; on ly distorted 
proximal parts of 2nd antennae and exopod of left one preserved (ex 
a2) ; labrum ( la)  ventrally proj ecting; furcal rami ( fr) longer than in 
preceding stages (compare with PIs .  7; 9; I I  : 9 ;  md = mandible) . 

o 3. UB 9 1 9 . VentraI view of anteriorly distorted speeimen; break
away of labrum (la) permits observation of mandibular gnathobase 
(gn) and 1 st maxilIa (mx l ) ;  four pairs of l imb bu ds are developed 
on the trunk, which gradually decrease in size and state of devclop
ment; anterior buds bilobate, indicating the two rami (arrow) . 

0 4 . VentraI view of exceptionally well preserved speeimen; shield 
widely extending from the ventraI body, poste ri or margin slightly 
concave (arrow) ; trunk ventrally Oexed ; post-antennular appen
dages (a2, md, mx I )  ventrodistally directed and arranged around 
the postoral food chamber, bordered anteriorly by the ventrally 
projecting labrum anteriorly and the trunk posteriorly; strong man
dibular coxal gnathobases (gn) point medially and approach each 
other, endites of antennal coxa and basipod (cox, bas) Oank the 
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sides of the labrum; strong enditic spines (esp) of mandibular 
basipod preserved in part; maxillulary endites anteromedially di
rected (alp = alien particIes; an = anus;  i l = inner lamella; t lb = 
l imb buds) . 

0 5 . Ventrolateral view, showing the orientation of the appendages, 
labrum and trunk; weak segmentation of caudal end of abdomen 
and furcal rami caused by arrangement of denticles; dorsocaudal 
spine broken off distal to its insertion ( arrow) . 

0 6 . View of labrum from almost posterior direction; four to five 
rows of setules are developed along cuticular ridges at the side of the 
labrum (arrows; md gn = medially overlapping mandibular gnatho
bases) . 

0 7 . VentraI view of postoral food chamber, being bordered by the 
labrum ( la)  and by the trunk (tr) ; due to the anterior direction of 
the mandibular coxae (md cox) , their gnathobases are almost verti
cally oriented , cIosing the atrium oris; some of the setae on the 
proximal endites of 1 st maxilIae (pce) preserved in part; sternal 
surface covered with ali en particles (window indicates area of 8 ) ;  
note the angle between coxal body and gnathobase. 

0 8 . elose-up of anteriorly pointing distal surface of the left gnatho
base, covered with numerous setules which appear to be arranged in 

rows paralleI to the inner margin; inner margin with spinules of 
varying size, a larger spinule more posteriorI y positioned (arrow; la 
= labrum) .  
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Plate 1 3  

Details of instar IV .  

I ,  2 ,  4, 5 ,  8 ,  9 ,  I l :  same speeimen as in Pl .  1 2 :  I ,  2 ,  4-8 . 

3 , 6, 1 0 :  UB 920 ( same speeimen as in Pl . 1 4 : 2 ) . 

o I .  Median view of right mandihle, slightly from posterior; end 0-
pod complete except the setation; exopod (ex) posteriori y nexed due 
to eollapsing (compare with PIs . 1 : 3 ;  4 :2 ;  7 : 4 ; 9 :8 ) ; arrows point to 
some of the setules originally covering the median surface of the 
limh (a2 = 2nd antenna; cs = cephalic shield; la = labrum) .  

0 2 .  Almost posterior view o f  left mandible; well-sclerotized and 
uniform eoxa (cox) with oblique anteriorly angled gnathobase (gn ) ;  
hasipod (bas) artieulating o n  the distal coxal surface and exopod 
(ex) crumpled; enditic spines parti y preserved (esp; en = endopod) .  

0 3 . Sl ightly deformed mandibular coxa and gnathobase, the distal 
surfaee of which is covered with numerous fine setules; gnathobasic 
seta (gns) indicated only by its insertion point ( bas = basipod) . 

0 4. Posterior view of I st maxilIa, showing the horn-like produeed 
posteromedian sides of the endites; exopod ( ex) arising from outer 
margin of fourth protopodal segment with two terminal setae; distal 
segment of endopod (en) slightly distorted (pee = proximal endite) . 

0 5 . View of median surface of complete 1 s t  maxilIa (compare with 
PIs .  4 :9 ;  1 0 :6 , 7 ;  1 4 : 5 ) ;  proximal endite somewhat nattened; note the 
suecessive change in shape of the endites and in num ber and 
arrangement of setae from proximal to distal; distal segment with a 
row of setae apically; entire median surface of the l imb originally 
furnished with fine setules ( tlb = l imb buds on hind body) . 
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0 6. View of the nat anterior side of I s t  maxi I la; proximal endite 
and distal two endopodal podomeres not preserved ; from this par
ticular speeimen i t  may also be possible that the basipod was 
eomposed of two elements rather than onc, while the eoxa was 
uniform and bore on ly one endite (comparc with PIs .  4 : 7 ,  9 ;  1 l : l-5; 
1 8 :8 ;  see pp. 12 ,  1 3 ) .  

0 7 . UB 92 1 .  Close-up o f  proximal endite o f  I s t  maxilIa, showing 
setules on the enditic surface and double rows ofsubordinate setulcs 
on the marginal- setae ( = peetinate setae) ; direction of sctules 
different due to position of the setae around the margin .  

0 8 . View of proximal two maxillulary endites from posteromedial
ly; posterior side of seeond enditc produced into horn-like extension, 
continuing into a stout spine and another short onc at its base. 

0 9 . View of the four pairs of lobate l imb buds on the trunk; anterior 
two buds are distinetly bifid distally, posterior buds are only trian
gular lobes; size decreasing from antcrior (on right side) to posteri
or. 

0 1 0 .  Enlarged view of some of the anterior limb buds; inner ri ms 
with shallow indentations (arrows) , indicating the furure division 
into endites there; lobes with two pointed humps of different sizcs 
terminally: larger one represents the fu ture endopod, small er outer 
one represents the fu ture exopod; trunk surface finely wrinklcd, 
most probably due to slight shrinkage prior to fossilization. 

o I l .  Lateral view of trunk; fureal rami with short rows of denticles; 

terminal setae and dorsocaudal spine not preserved; trunk surface 
slightly shrunken, as in 1 0 .  
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Plate 1 4  

I ,  2 :  instar IV .  

3-8 : instar V .  

o l .  UB 922 .  Posterior view of larval trunk wi th  dorsocaudal spinc 
(desp ) ,  anus (an) and furcal rami ( fr) ; rami with three terminal 
setae (es = cephalic shield ) .  

0 2 . Same speeimen a s  i n  P I .  1 3 : 3 , 6 ,  1 0 .  View from posterior on 
posterior of cephalic shield (es ) ;  furrow (fu)  running from behind I st 
maxil la (mx l )  towards the posterior margin of the shield represents 
the tagma border between larval head and trunk; righ t and left 
furrows do not join at the margin (arrow; com pare with PI .  3 : 7 ,  8 ) ;  
inner lamell a inflated ( i l ) , probably d u e  t o  gas production within 
the body cavity prior to fossilization; trunk ( tr) fine1y wrinkled 
anteriorly, similar to the presumed adult .  

o 3 .  UB 923 ( same speeimen as in Pls .  1 4 :8 ;  1 5 :  I ,  2 ,  6 ,  8 ) . Ventrola
teral view; cephalic shield sunken into glue of adhesive tape; 1 st 
antennae broken olT; post-antennular limbs (a2 ,  md, mx l )  wrinkled 
but rather complete; right 2nd antenna anteriorly stretched, mandi
bie and 1 st maxilla posterolaterally directcd ; l imb bu ds (tlb) on 
ventrally bent larval trunk covered with alien particles ( la = crum
pled labrum) .  

0 4 . UB 924 (same speeimen as i n  PI .  1 5 :4) . Dorsal view of incom-
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plete and coarsely preserved speeimen ( shield with numerolls 
hoies ) ;  1st antennae (at l )  and endopod of right 2nd antenna (en a2) 
far anteriorly stretched . 

o 5. UB 925 .  Ventrai view of anteriorly distorted speeimen; ventrai 
structures of cephalOfl' destroyed, eephalic shield disloeated and 
heavily crumpled; trunk well-prescrved, with 5 pairs of limb buds 
and fureal rami; buds progressively decreasing in size and degree of 
development .  

o 6 .  UB 926.  Ventrai view of similarly preserved speeimen; few 
more of the ventrai eephalic structures preserved , eovered by eoarse 
alien particles; left I s t  maxilla (mx I )  complete and posteriorly 
s tretehed ; incomplete phosphatization caused numerous hoies in the 
surface of the trunk and limb anlagen . 

o 7. UB 927 .  Lateral view of speeimen with distorted cephalon and 
complete but slightly laterally compressed trunk; appendages frag
mentarily preserved (md,  mx l ;  desp = dorsocaudal spine; tlb = 
trunk l imb buds) . 

0 8 . Same speeimen as in Pls .  1 4 : 3 ;  1 5 : 1 , 2 , 6 , 8 .  Ventrai view of 
probable compound eye ( compare with PIs . 3 : 3-6; 7 : 2 , 5, 8; 8 : 1 ;  2 ;  
9 : 7 ;  1 0 : 2-5; 1 2 : 2 ) ;  lobes are slightly posteriorly projeeting; arrow 
points to the pore- or pimple-like structure on the deformed midven
tral area (atl = 1st antenna) . 
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Plate 1 5  

Details of instar V and addendum to adult morphology . 

1 , 2 , 6, 8 .  Same speeimen as in Pl .  1 4 :2 , 8 .  

o l .  Anterior (distal) surface of labrum, furnished wi th  short rows 
of denticles ( compare with Pl. 7 :4, 5 ) . 

0 2 . Ventrai view of postoral food chamber; due to deformation of 
the labrum ( la) , the lateral rows of setules are located in a fold on 
the posterior side ( arrow) ; orally oriented mandibular gnathobases 
(gn) covered with crystall ites; gnathobases approaching each other 
medially; sternum (st )  furnished with thin setules, which are broken 
off distally (gns = gnathobasic seta; tr = trunk) . 

o 3 .  Same speeimen as in Pls .  1 : 3 ,  4; 4 :5--9; 5: l ,  2; 6: l ;  1 6 : 3 .  C lose
up of maxil lulary exopod; terminal setae preserved in part; denticles 
or setules on distal end of ram us,  some also on one of the setae. 

o 4. Same speeimen as in Pl .  1 4:4 .  Distal podomeres of 1 st antenna 
(atl) and endopod of 2nd antenna (en a2) ; proximal parts of setae 
preserved; rows of denticles may indicate a former subdivision of the 
distal podomeres; note the similarity between these two l imbs; 
arrows point to small distal podomeres of antennula and antennal 
endopod. 

o 5. UB 928.  Anterior view of posteriorly bent 2nd antenna; coxa 
and shaft not visible; elongate basipodal endite ( end bas) still with 
spines (esp ) ;  basipod with two ringlets on the ou ter surface; proxi
mal endopodal podomere endopod also produced into an endite; 
proximal exopodal ringlets l aeking setae, arrows point to setae not 
corresponding to the annuli ( compare with Pls .  4 :6 ;  8:6; 9 :9 ;  1 0 :6 ;  la 
= labrum) . 

FOSSILS AND STRATA 23 ( 1 988) 

0 6. View of median surfaces of mandible (md) and 1st maxilIa 
(mx l ) ;  both l imbs and the sternal surface (st) are covered with 
numerous setules, which are partly disguised by alien particles (gns 
= gnathobasic seta of mandibular coxa; tr = larval trunk) . 

o 7. UB 929.  Ventrolateral view of l imb buds; size and shape of 
buds decreases progressively towards the posterior; anterior buds 
somewhat incompletely phosphatized distally; last bud litt le pro
nounced; between the latter pair and the furcal rami (fr) few short 
transverse furrows can be seen (compare with Pls. 6:2; 9 : 7 ;  1 1 :6) . 

0 8 . Anterolateral view of mandible (md) and 1 st maxilIa ( mx l ) ;  on 
the mandibular exopod each seta corresponds to one annulus ( see 5 
for exopod of2nd antenna) ; l imbs and trunk covered with numerous 
alien particles; on lower right :  large articulation between mandibu
lar coxa and basipod . 

o 9. UB 930 .  VentraI view of postoral region back to trunk l imb 
buds; speeimen roughly and somewhat incompletely preserved; lar
val head and trunk are separated by a deep transverse furrow; 
sternites of mandibular (md) and maxillulary ( mx l )  segments fused 
to a single plate; two elevations ( arrows) arising behind the mandi
bular coxae ( cox) represent the initial paragnaths ( compare with Pl. 
5 :6) ; on lower left corner: mouth opening (m) . 

o l O .  UB 93 1 .  Posteroventral view of incomplete trunk, the interior 
of which is  filled with a conical mass; i t  i s ,  however, unknown 
whether this fil l ing refers exclusively to the gut; trunk l imb buds of 
this speeimen distinetly bifid .  
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Plate 1 6  

Thoracopods .  

D I .  UB 889  (same specimen as in P I .  2 : 3 ) .  Ventrai view of  trunk 
fragment with complete 4th thoracopod, breakage of 3rd one per
mits view of the cross-section of the protopod; proximal endites 
(pce) anteriorly directed. 

D 2 .  UB 886 (same specimen as in  PIs .  1 :9 ;  4 :4 ;  5 : 3 ,  4) . Lateral view 

of 5th and 6th thoracopods ;  distal portions flexed posteriorly at 
proximal border of basipod (bas, arrow) . 

D 3 .  UB 640 (same specimen as in PIs. 1 : 3 ,  4; 4 : 5-9; 5 :  I ,  2; 6: I ;  
1 5 : 3 ) . View of anterior surfaces of the complete 4th to 6th thoraco
pods; proximal limb portion Cinely wrinkled (arrow as in 2 ;  bas = 
basipod; cox = coxa) . 

D 4. UB 894 (same specimen as in Pls .  2 :9 ;  5 : 5 ;  6: 1 0) .  Sixth and 7th 
thoracopods;  arrows indicate borders of basipod (bas = basipod; 
cox = coxa; en = endopod; ex = exopod) .  

FOSSILS AND STRATA 2 3  ( 1 988) 

5-8 UB 932 .  

D 5 .  Posterior view of one of the anterior thoracopods, dislocated 
after breakage; l imb almost complete except for the endopod (en) 
and the exopodal (ex) setae; median endites are progressively more 
distally oriented; note the oval articulation area of the hollow basis 
of the limb ( bas = basipod; pce = proximal endite) . 

D 6. Almost lateral view, slightly from posterior; position shows the 
flatness of the l imb (sh = shaft ) . 

D 7. Median view, almost from the limb base, showing the different 
orientation of the triangular proximal endite (pce) in relation to the 
more distal endites. 

D 8 .  View of the flattened posterior side of the limb, almost from the 
tip of l imb; from proximal to distal the enditic spines become 
progressively more widely spaced . 
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List of abbreviations 

Abd abdomen 
Ad presumed adult 
alp alien partide 
an 
app 
atl 
a2 
bas 
C 
cox 
cs 
dcsp 
den 
do 

en 
end 
esp 
ex 
eye 
iT 
fr 
fu 
g 
gn 
gns 

h 
hol 

i l  
I 

anus 
appendages 
first antenna, antennula 
second antenna, antenna 
basipod 
cephalic region, cephalon 
coxa 
cephalic shield 
dorsocaudal spine 
dentides 
'dorsal organ' ,  plate-like structure on cephalic 
shield, with two pairs of pores at posterior margin 
endopod 
enditic process, endite 
enditic spine 
exopod 
pro bable compound eye 
frontal filaments of eirriped and faeetotectan nauplii 
fureal ramus 
furrow 
gut, digestive traet 
gnathobase, grinding plate of mandibular coxa 
gnathobasie seta, positioned on flattened distal 
surface of mandibular gnathobase 
height 
holotype 
initial, incipient 
inner lamella, eutide below shield 
length 

la 
lo 
Ioc 
L l-5 
m 
rna 

md 
mx l 
mx2 
ne 
par 
pee 
pgn 

prot 
rud 
s 
saf 
sh 
spee 
st 
sti 
T 
Th 
thp l-7 
ti 
tlb 
tr 
UB 
W 
Wl 
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labrum 
lobes of probable compound eye 
loeality 
larval stages 
mouth 
area between lobes of probable compound eye and 
labrum 
mandible 
first maxilIa, maxillula 
second maxi I la, maxi I la 
naupliar eye 
para type 
proximal endite of post-mandibular appendages 
paragnaths, pair of outgrowths on sternite of 
mandibular segment 
protopod 
rudimentary, of larval shape 
seta 
supraanal flap, opereulum 
shaft 
specimen 
sternite, sternal bar 
setule, delieate thin bristle 
trunk region of adults (= thorax + abdomen ) 
thoracic region 
thoracopods 
total length 
trunk limb bud 
larval trunk, hind body 
repository number 
width 
window, translueent euticular area on dorsal shield 
of facetotectan nauplius, above naupliar eye 
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