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A B S T R A C T  

Larvae of  the golden king crab Lithodes aequispinus were reared in individual chambers in the 
laboratory from hatching to the first crab stage (C1). The experiment included 2 treatments: 1 

group was fed live nauplii of  Artemia daily, while the other group was unfed. A total of  4 molts 

were observed for all larvae from hatching to C l .  One larval stage, either zoea III or zoea IV, was 

skipped by all larvae. No significant difference existed for the duration of  development of  each stage 
between fed and unfed treatments. The mean durations were ZI (ZI = zoeal stage I, ZII = zoeal 

stage II, etc.) = 6.6 days (Â±0.71 SD), ZIIa (molted to ZIII) = 7.0 d (Â±0.65 SD), ZIIb (molted to 
ZIV) = 8.8 d (Â±0.95 SD), ZIII (skipped ZIV) = 12.0 d (Â±1.33 SD), ZIV (skipped ZIII) = 9.3 d 

(Â± 1.63 SD), and glaucothoe = 41.3 d (Â±2.65 SD). The total larval duration was approximately 67 

d. The survival rate of  the fed group was significantly lower than that of  the unfed group. Seven- 
teen percent of  unfed larvae developed to C l, but only 0.7% of fed larvae did so. The longest duration 

of survival from hatching was 191 d for an unfed crab. The dry weights of  unfed larvae decreased 

10% from hatching to C l .  Our results indicate that the larval development of  the golden king crab 

is fully lecithotrophic, i.e., larvae can successfully develop to juvenile crabs without eating. 

The golden king crab Githndes aequispi- 
nus Benedict is a commercially important 
species in the North Pacific Ocean and the 
Bering Sea. Before 1983 golden king crabs 
were harvested only incidentally, but since the 
dramatic declines of red and blue king crabs 
in the early 1980s, the golden king crab har- 
vest has increased rapidly. By 1988 golden 
king crabs represented 50% of all king crab 
landings in the East Bering Sea and Aleutian 
Islands (Otto, 1990). The continued exploi- 
tation and management needs for this spe- 
cies warrant additional studies of adult and 

larval biology. 
Larval processes may determine the dis- 

tribution and abundance of adult populations 
(Olson and Olson, 1989). Little is known 
about the larval biology of the golden king 
crab other than a single larval morphologi- 
cal description (Haynes, 1982). Because 
golden king crabs do not have seasonal re- 
production (Somerton and Otto, 1986; Sloan, 
1985) and have much larger eggs than those 
of red and blue king crabs (Sasakawa, 1975; 
Haynes, 1982; Matsuura and Takeshita, 1985; 
Somerton and Otto, 1986) we assumed that 
they would have different patterns of larval 
development from red and blue king crabs. 
Somerton and Otto (1986) suggested that the 
larger size of golden king crab larvae might 
allow them to withstand starvation for a 

l o n g e r  p e r i o d .  F u r t h e r m o r e ,  i n  a  p r e l i m i n a r y  

e x p e r i m e n t ,  o n e  o f  u s  ( T C S )  p r e v i o u s l y  h a d  

r e a r e d  a  s m a l l  n u m b e r  o f  g o l d e n  k i n g  c r a b  

l a r v a e  t o  t h e  C  1  s t a g e  w i t h o u t  f e e d i n g  t h e m .  

I n  t h i s  p a p e r ,  w e  a p p l i e d  f e d  a n d  u n f e d  t r e a t -  

m e n t s  t o  e x p l o r e  t h e  f o l l o w i n g  q u e s t i o n s :  ( 1 )  

A r e  g o l d e n  k i n g  c r a b  l a r v a e  l e c i t h o t r o p h i c ,  

a n d  c a n  t h e y  d e v e l o p  t h r o u g h  a l l  l a r v a l  s t a g e s  

w i t h o u t  f e e d i n g ?  ( 2 )  W h a t  i s  t h e  d e v e l o p -  

m e n t a l  p a t t e r n  f o r  t h e  l a r v a e ?  W h a t  is  t h e  d u -  

r a t i o n  o f  e a c h  l a r v a l  s t a g e  a n d  t h e  e n t i r e  l a r -  

v a l  p e r i o d ?  a n d  ( 3 )  W h a t  i s  t h e  m o r t a l i t y  d u r -  

i n g  l a r v a l  d e v e l o p m e n t ?  

MATERIALS AND M E T H O D S  

Thirteen ovigerous females were collected in Chatham 
Strait, southeastern Alaska (58°ION,  135°00'W). They 

were reared in a 200-1 fiberglass tank with flow-through 

sea water at the Auke Bay Fisheries Laboratories, Na- 

tional Marine Fisheries Service, beginning in March 1992. 

The larvae were collected the day after hatching and trans- 

ferred with large-bore pipettes into numbered 100-ml 

glass culture jars, one larva per jar. The jars were filled 

with 80 -90  ml of  filtered sea water and placed in a rec- 

tangular fiberglass tank with flowing sea water to main- 
tain the experimental temperature the same as that o f  am- 

bient sea water at - 3 0  m, the depth of  the sea water in- 

take at our laboratory. The water inside and outside of  the 

culture jars remained at the same level. The experiment 
included 2 treatments: one with food and one without 

food. We refer to these treatments as "fed" and "unfed" 

throughout the paper, but do not imply that larvae in the 
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Table 1. The numbers of larvae of  Lithode.s aequispi- 
nus at the beginning of  each trial and the number of lar- 
vae surviving to crab stage 1 (C I ) for fed and unfed treat- 
ments. The water temperature is the range during that cul- 
ture period. 

"fed" treatment consumed food. The larvae in the fed 

treatment were provided with newly hatched Artemia with 
5-18 nauplii ml-', but the larvae in the unfed treatment 

were not provided food. The water in the jars was changed 

every 2 - 4  days. Water temperature was recorded daily, 

and salinity was constant at 32 ppt. The tank was partially 

covered to maintain a dim light condition inside the tank 

with natural photoperiod. Five groups of  larvae totaling 
480 individuals were reared (Table 1). 

Larvae were checked daily for survival and exuviae. 

Larvae were considered dead when their body color 

changed to white or when no movements could be ob- 

served. The morphology and behavior of  larvae were ob- 

served with a magnifying glass and microscope. The lar- 

val stages were identified with the description of Haynes 
(1982). Larvae of  each zoeal stage were sacrificed at the 
beginning of  the instar for dry-weight determinations. The 

dry body weight of each stage was measured with a Kahn 

electrobalance. To prepare the sample for dry weight, the 

larvae were rinsed with fresh water and then blotted dry 

with a paper towel. Each larva was wrapped in an un- 
touched aluminum foil and dried in an oven at 55 -60°C  
for 24 h. 

The molts and mortality of  each individual larva were 

recorded. The data were statistically analyzed with 1- and 
2-way analysis of  variance to detect the difference be- 

tween fed and unfed treatments and among the larval 

stages. Tukey multiple comparisons and Fisher Least Sig- 
nificant-difference test were applied as a posteriori tests. 

RESULTS 

H a t c h i n g  

M o s t  o f  t h e  h a t c h i n g  o f  e g g s  f r o m  13 f e -  

m a l e  g o l d e n  k i n g  c r a b s  o c c u r r e d  o v e r  a  f e w  

w e e k s .  H o w e v e r ,  t h e  t o t a l  d u r a t i o n  o f  h a t c h -  

i n g  w a s  1 2 3  d .  T h e  f i r s t  l a r v a  w a s  o b s e r v e d  

o n  2  A p r i l  1 9 9 2  a n d  t h e  l a s t  l a r v a  o n  3 A u -  

g u s t  1 9 9 2 .  O n e  f e m a l e  d i e d  o n  15 M a y  a s  a  

r e s u l t  o f  g i l l  d a m a g e  c a u s e d  b y  a  f i s h  b r o o d -  

i n g  e g g s  i n  h e r  g i l l  c h a m b e r  ( L o v e  a n d  S h i r l e y ,  

1 9 9 3 ) .  P e a k  h a t c h i n g  o c c u r r e d  b e t w e e n  8 - 1 7  

J u l y .  B y  17 J u l y ,  a p p r o x i m a t e l y  9 9 %  o f  t h e  

eggs of 1 1 females had hatched, but one fe- 
male hatched only about 50% of its eggs. 

Molting and Development 

Four molts were observed for each larva 

from hatching (H) to juvenile crab (Cl),  i.e., 
Zoea I (ZI), Zoea II (ZII), Zoea III (ZIII) or 
Zoea IV (ZIV), and glaucothoe (G). Times 
of molting generally were similar for both the 
fed and unfed treatments. The peak molting 
time after hatching was 6 d for the first molt, 
14 or 18 d for the second molt, 25-27 d for 
the third molt, and 62-71 d for the fourth 
molt (Fig. 1). All larvae skipped one zoeal 
stage, either Zoea III or Zoea IV. Sixty-one 
% of larvae molted from ZII to ZIII (ZIT 
stage), then to glaucothoe, and 39% of lar- 
vae molted from ZII to ZIV (Z l l  stage), then 
to glaucothoe (Fig. 2). The identification of 
some Zoea III and Zoea IV was confounded 
because a few larvae were more advanced 

than Zoea III but less developed than Zoea 
IV, i.e., their external morphological struc- 
tures were between ZIII and ZIV. 

There was no significant difference for the 
duration of development (total larval period 
from hatching to first crab stage) between the 
fed and unfed treatments (two-way ANOVA, 

Fig. 1. Molting rate of  fed and unfed golden king crab 

larvae from hatching to the first crab stage (N = 480). 
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Fig. 2. Mean duration (days) of each larval stage and 
percentage of golden king crab larvae which molted from 
ZII to ZIII or from ZII to ZIV. ZI to ZIV = zoeal stage 
I to IV, G = glaucothoe. Total larval period from hatch- 
ing until metamorphosis to the C  averaged 67 days. 

N = 30, d.f. = 1, P  = 0.701), but there were 
significant differences for the duration be- 
tween stages (ANOVA, N = 30, d.f. = 5, P  � 
0.001; Table 2). The average intermolt period 
increased with larval stage. The a posteriori 
test using Tukey multiple comparison demon- 
strated that the duration of both Zoea III and 

glaucothoe differed from all other zoeal 
stages. Both the duration of each stage and 
the duration of molting (duration over which 
larvae from the same brood molted) increased 
with larval development (Table 2). Zoeae 
molting from ZII to ZIV (ZIIh = 8.8 d ± 0.95 
SD for both fed and unfed larvae) required a 
longer time than zoeae molting from Zll to 
ZIII (ZII, = 7.0 d ± 0.65 SD). However, these 
larvae had compensation or decompensation 
during the subsequent molt: zoeae molting 
from ZIV to glaucothoe took a shorter time 
(9.3 d ± 1.63 SD) than zoeae molting from 
ZIII to glaucothoe (12.0 d ± 1.33 SD). The 
total duration from the second molt (ZII) to 
the third molt (glaucothoe) for both types of 

larvae was comparable, averaging 18.9 d for 
ZII -> ZIII z  glaucothoe and 18.2 d for ZII 
�  ZIV �  glaucothoe. 

Survival Rate 

No relationship between daily mortality 
and molt cycle could be detected (Fig. 3). Be- 
cause larvae molted from ZII to either ZIII 

or ZIV, and Zlll  and ZIV were not clearly dis- 
tinct for some individuals, mortalities in these 
two stages were combined. The mean survival 
rates differed significantly between fed and 
unfed groups (two-way ANOVA, N = 39, d.,f. 
= 1, P  = 0.016) and among stages (two-way 
ANOVA, N = 39, d.f. = 4, P  = 0.019). The 
mean survival rates of the fed group, which 
varied from 14.4% for glaucothoe to 57.8% 
for zoea 1, were lower than those of the un- 
fed treatment, which varied from 49.2% for 
glaucothoe to 68.3% for zoea I (Fig. 4). Glau- 
cothoes had the lowest survival rate in both 
fed and unfed treatments. However, because 
glaucothoes experienced a longer duration, 
they had a lower mean daily mortality than 
other larval stages. Because the survival rates 
in the fed treatment were lower than in the 

unfed treatment for all stages, the difference 
in the total survival rate between the two 

treatments became greater as larvae devel- 
oped (Fig. 5). At the end of larval develop- 
ment, 17.4% of the unfed larvae survived to 
the first crab stage (C1), but only 0.7% of 
fed larvae molted to C1 (Table 1). 

Table 2. Duration (days) of  development of each larval stage of  Lithodes aeguispinus. N = total number of larvae 

molted. Z I I  = zoea molting from ZII to ZIII, Z I I  = zoea molting from ZII to ZIV, G = glaucothoe. 
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Fig. 3. Daily mortality of fed and unfed golden king crab 
larvae from hatching to the first crab stage. The gray 
blocks indicate the peak periods of molting. 

Mortality of  Juvenile Crabs 

After an average of 67 d of larval devel- 
opment, a total of 34 unfed larvae molted to 
C1, of which 25 were used for further culture. 
These juvenile crabs were divided into two 
treatments: 11 were fed with newly hatched 
brine shrimp and chopped mussel tissue 
(Mytilus trossulus Gould), and 14 were un- 
fed. Crabs in the fed treatment actively con- 
sumed brine shrimp and mussel tissue. The 
body color changed from a transparent white 
to the golden color of field-collected juveniles 
(TCS, unpublished observations) soon after 
the crabs began eating. The body color of un- 
fed crabs remained transparent. 

Mortality was distinctly different between 
the two treatments. The first death occurred 
in the fed treatment 12 d after an individual 

molted to C  and started feeding. All juve- 
niles in the fed treatment died within 30 d 

after molting to C1, which was 98 d since 
hatching. The first death in the unfed treat- 
ment was observed 46 d after the crab molted 

to C ( 1 1 7  days from hatching), and the last 
one died 125 d after it had molted to C ( 1 9 1  
d from hatching) (Fig. 6). The duration of 
survival of C l  in fed and unfed treatments 

Fig. 4. Mean survival rates o f  fed and unfed golden king 

crab larvae by stages (Zoea I to glaucothoe). Vertical bars 

represent ±1 standard error o f  the mean. 

averaged 22 d (±6 SD) and 89 d (±28 SD), 
r e s p e c t i v e l y .  

Change in Body Weight 

B e c a u s e  l a r v a e  w e r e  w e i g h e d  a t  t h e  b e -  

g i n n i n g  o f  e a c h  s t a g e ,  Z I  h a d  t h e  s a m e  w e i g h t  

Development stage 

Fig. 5. Total survival rates of  fed and unfed golden king 
crab larvae after each molt. H = hatch, I to IV = zoea I 

to IV, G = glaucothoe. 
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Fig. 6. Survival rate of stage 1 juvenile golden king 
crabs in fed (N = 11) and unfed (N = 14) treatments. 

for both fed and unfed treatments. ZIII and 

ZIV larvae were treated as the same stage. To 
examine the effect of treatment, the variable 
of larval stage consisted of three levels (ZII, 
ZIII/ZIV, and glaucothoe). No significant dif- 
ference was found in dry weight between fed 
and unfed treatments (ANOVA, N  = 34, d.f. 
= 1, P  = 0.173). To examine the difference 
between stages, one-way ANOVA with four 
stages (ZI, ZII, ZIII/ZIV, and glaucothoe) was 
applied to the fed treatment, and with five 
stages (the above four plus C 1 ) to the unfed 
treatment. Significant differences existed be- 
tween zoeal stages of the unfed treatment (N 
= 39, d.f. = 4, P = 0.031 ) but not the fed treat- 
ment (N = 36, d.f. = 3, P  = 0.101, statistical 
power = 0.52). The dry weights of unfed lar- 
vae decreased slightly with development, 
from an average of 1.55 mg for ZI to 1.42 mg 
for glaucothoe and 1.39 for Cl  (Fig. 7). The 
total decrease in dry weight from ZI to C l  1 
represented 10%. 

We observed larvae regularly with a mag- 
nifying glass or a dissecting microscope. 
They usually rested quietly on the bottom. In 
earlier zoeal stages, the zoeae swam from 
time to time. When brine shrimp nauplii were 
added, most larvae became more active, and 
moved backward to escape the prey rather 
than to feed on them. Unhatched and dead 

brine shrimp and detritus were seen adher- 
ing to the bodies of larvae even though the 
water was changed frequently. Brine shrimp 

Fig. 7. Mean dry body weights of fed and unfed golden 
king crab larvae and stage 1 crab at the beginning of 
each stage. Vertical bars represent ±95% confidence 
interval. 

swam near the larval mouth and among the 
pereiopods, but no feeding responses were 
observed during any larval stages. Although 
the larvae occasionally caught brine shrimp 
with their chelae, they released the prey rather 
than ate them. The bodies of these larvae 
were translucent and no food was observed 

in the gut. As soon as larvae molted to C1, 
they began to feed actively, catching brine 
shrimp with their chelae and transferring the 
prey to their mouths. The food inside the di- 
gestive tract was visible, and the larval body 
color changed from transparent to gold. The 
body color of unfed C l  crabs remained 
translucent. 

DISCUSSION 

Golden king crab larvae successfully de- 
veloped from hatching to the first benthic in- 
star without feeding. The development, there- 
fore, was lecithotrophic. This larval trophic 
type is in distinct contrast to the planktivo- 
rous larvae of the red king crab Parali thodes 
camtschaticus (Tilesius). If red king crab lar- 
vae were deprived of food for four days, they 
lost feeding capability and could not molt to 
the next zoeal stage, even if they were pro- 
vided food again (Kurata, 1959; Paul and 
Paul, 1980). 
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In addition, golden king crab larvae are 
fully lecithotrophic, compared to some "par- 
tially" lecithotrophic or facultative feeding 
(Strathmann, 1987) crustacean larvae. For ex- 
ample, Rice and Provenzano (1965) reported 
that the hermit crab Paguris tes  sericeus A. 
Milne Edwards was lecithotrophic. However, 
starved zoeae of  P. sericeus molted to the 

glaucothoe only at an optimal temperature 
(25°C). At lower temperatures they required 
food to complete development. Starvation de- 
layed metamorphosis and none of the starved 
larvae of P. sericeus molted to the crab stage, 
while 85% of fed glaucothoe developed to the 
third crab stage. 

The lecithotrophic nature of  golden king 
crab larvae is suggested by their larger eggs. 
The mean external egg lengths of golden king 
crab (2.2 mm, Otto and Cummiskey, 1985; 
Somerton and Otto, 1986) is more than twice 
as large as the egg lengths of red king crab 
(0.88-1.03 mm, Matsuura and Takeshita, 
1985) and blue king crab (1.2 mm, Sasakawa, 
1975). The total length of ZI of golden king 
crabs (7.3 mm TL, Haynes, 1982) hatching 
from these large eggs is much larger than that 
of red king crabs (4.6 mm TL, Sato and 
Tanaka, 1949) and blue king crabs (4.9 mm 
TL, Hoffman, 1968). Larger eggs and first 
stage larvae are common characteristics of 
lecithotrophic crustaceans (Rabalais and 
Gore, 1985). 

Lecithotrophy may have adaptive signifi- 
cance related to the deeper habitat of golden 
king crabs. A survey in northern British Co- 
lumbia fjords reported that adult golden king 
crabs predominated from 200-400-m depths. 
Females usually mated and extruded eggs at 
�150 m, then incubated eggs at 150-200 m 
(Sloan, 1985). Early juvenile stages (0-1 year 
class) of golden king crabs have been found 
in depths as shallow as 174 m (F. Blau, 
Alaska Department of Fish and Game, per- 
sonal communication), but the highest catch 
rates of juveniles near the Aleutian Islands 
was >800 m  (Blau et al., 1996). This habitat 
is much deeper than the average depths for 
red and blue king crabs (Somerton and Otto, 
1985; Sloan, 1985). 

The depth distribution of larvae of golden 
king crabs in Alaskan waters is unknown, 
since none have been reported from plank- 
ton samples despite extensive sampling (S. 
Shirley and T. Shirley, 1989). A study of crab 
larvae in the upper 50 m near the edge of the 

eastern Bering Sea continental shelf reported 
that, although both red and blue king crab lar- 
vae were found, golden king crab larvae were 
not present (Somerton and Otto, 1986). They 
may occur in deeper water, perhaps near the 
benthos, where they would not be sampled by 
typical plankton tows. The relative inactiv- 
ity of the golden king crab larvae in our cul- 
tures contrasts sharply with the active swim- 
ming of cultured larvae of red king crabs (S. 
Shirley and T. Shirley, 1988; T. Shirley and 
S. Shirley, 1989) and suggests that they may 
occur near the benthos, since nonswimming 
larvae sink. Jewett et al. (1985) also reported 
the behavior of recently hatched golden king 
crab larvae was more benthic than planktonic. 
The larvae of Lithodes antarcticus Jacquinot 
under culture conditions also demonstrated a 

strong demersal behavior (Vinuesa et al., 
1985). Support for a deeper distribution of 
golden king crab larvae also comes from the 
depth distribution of early benthic stages dis- 
cussed previously, in which the highest abun- 
dance of  juveniles occurred at the greatest 
depths. 

Distinct rhythms of feeding that coincide 
with diel vertical migrations, with feeding oc- 
curring in shallow waters during the day, were 
reported for the larvae of red king crabs (S. 
Shirley and T. Shirley, 1990). Laboratory 
growth rate (Paul et al., 1989, 1990) and sur- 
vival rate in the field (S. Shirley and T. 
Shirley, 1989) of red king crab larvae have 
been related to quantity and quality of prey 
items. Somerton and Otto (1986) also sug- 
gested that which our results imply: golden 
king crab larvae might not need to ascend to 
the photic zone to feed. Our results demon- 
strate that they can develop through all lar- 
val stages in deeper water via lecithotrophy. 

The hatching of golden king crabs was not 
synchronous. The total duration of hatching 
among the 13 ovigerous females was 123 
days, extending from 2 April until 3 August. 
Hatching among red king crabs is consider- 
ably more synchronous (Shirley et al., 1990), 
with peak hatching usually coinciding with 
the spring phytoplankton bloom (S. Shirley 
and T. Shirley, 1989; T. Shirley and S. Shirley, 
1990). Golden king crabs in the Bering Sea 
(Somerton and Otto, 1985) and in British Co- 
lumbia fjords (Sloan, 1985) were reported to 
have eggs in all stages of development. Al- 
though most female Lithodes aequispinus 
hatch their eggs in late spring and early sum- 
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mer in waters of central Japan, eggs in all 
stages of development have been reported 
throughout the year (Hiramoto, 1985). Be- 
cause of their lecithotrophic development, the 
hatching of golden king crabs need not coin- 
cide with the spring phytoplankton bloom for 
successful larval recruitment, and reproduc- 
tion can be asynchronous. 

Skipping of larval stages is common in de- 
capod development (Gore, 1985; Rabalais 
and Gore, 1985; Wehrtmann, 1991), and has 
been reported in other anomuran species 
(Provenzano, 1962a, b; Gore and Scotto, 
1983). In our experiments, all golden king 
crab larvae skipped one stage, either Zll l  or 
ZIV. Since environmental variables often play 
an important role in abbreviated development 
(Gore, 1985), we conjecture that the rearing 
temperature in our laboratory culture (Table 
1 ), being higher than ambient temperature at 
200-400-m depth (approximately 2 -4°C) ,  
may have contributed to the skipped larval 
stages. In British Columbia, golden king crab 
larvae are thought to hatch in deep water 
(>200 m), where water temperatures may be 
somewhat colder than our rearing tempera- 
tures (Sloan, 1985). In central Japan, the am- 
bient sea-water temperatures where ovigerous 
female golden king crabs are found varies be- 
tween 1-5°C. Alternately, the skipping of lar- 
val stages may represent common abbreviated 
development for golden king crabs. 

The highest mortality of cultured decapod 
larvae often occurs during molting, since ec- 
dysis is a critical period in larval development 
(Rabalais and Gore, 1985). This phenomenon 
was not present in our study. No relationship 
was evident between daily mortality and the 
molting cycle, although some larvae died 
while molting. 

Mortality of fed larvae was higher than 
that of unfed larvae in all larval stages, and 
juvenile crabs in the fed treatment survived 
a shorter time than in unfed treatment. This 

phenomenon has not been reported for other 
decapods, even if they were lecithotrophic 
(Dobkin, 1963, 1968; Rice and Provenzano, 
1965; Campodonica and Guzman, 1981; Mc- 
Conaugha, 1985; Wehrtmann, 1991). The sur- 
vival rate of fed larvae was either higher or 
equal to that of unfed larvae in all other re- 
ports. However, increased mortality of fed 
adult crabs in comparison to unfed crabs fol- 
lowing a starvation period has been reported 
(Paul et al.,1994). We suggest that golden 

king crab larvae are fully lecithotrophic com- 
pared to some "partially" lecithotrophic ani- 
mals. External food is not necessary as a nu- 
tritional source for their larval development; 
food may even be harmful to larvae. In our 
study, food might contribute to higher mor- 
tality in three ways. First, the continuously 
swimming brine shrimp surrounding crab lar- 
vae might disturb them. We observed that lar- 
vae in the fed treatment were more active than 

larvae in the unfed treatment. Golden king 
crab larvae in the fed treatment became agi- 
tated and tried to avoid brine shrimp which 
became entangled in their pereiopods. This 
disturbed environment might stress larvae and 
result in higher mortality in the fed treatment. 
Second, the dead brine shrimp and detritus 
adhering to the setae might hinder larval res- 
piration. And third, we cannot refute that wa- 
ter quality in the fed treatment might have 
been poorer than that in the unfed treatment. 

Starvation prolongs duration of larval de- 
velopment in some decapods (Rice and 
Provenzano, 1965; Anger and Dawirs, 1981; 
Anger et al., 1981; Dawirs, 1984), but not in 
others (Campodonico and Guzman, 1981; Far- 
relly and Sulkin, 1988; Wehrtmann, 1991). 
For golden king crabs, duration of develop- 
ment did not differ between larvae in fed and 
unfed treatments. 

It is understandable that the body weight 
of unfed larvae declined with larval devel- 

opment. The lack of significant differences in 
dry weight between the fed and unfed treat- 
ments was also expected if feeding did not 
occur. However, the reason that body weight 
did not change significantly with development 
in the fed treatment remains unclear. Size- 

selective mortality of larvae in the fed treat- 
ment may help explain the lack of a signifi- 
cant decline in average dry weight; larger in- 
dividuals may have had higher survival. We 
cannot test this hypothesis, because we did 
not weigh dead larvae; biases could have been 
introduced due to weight loss caused by de- 
composition. Another explanation is that the 
larvae did feed. However, no feeding behav- 
ior was observed during any larval stages. In 
addition, the total length of the larvae sug- 
gested that they did not grow. The mean to- 
tal lengths of fed larvae from zoea I to glau- 
cothoe were 7.3, 7.5, 7.6, 6.8, 5.9 mm, re- 
spectively (Haynes, 1982), with a growth 
factor of less than 1 from ZI to ZIV. This dis- 

tinctly contrasts to an overall mean larval 
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growth factor of about 1.14 for Caridea, about 
1.25 for Anomura, and about 1.30 for lobsters 
and for Brachyura (Gore, 1985). 

An alternate explanation for the lack of 
feeding in our cultures, which we do not sup- 
port, is that feeding did not occur because the 
food provided was not appropriate. We pro- 
vided newly hatched nauplii of Artemia to the 
golden king crab larvae. The digestive tracts 
of early zoeal stages of red king crabs col- 
lected in the plankton contained primarily 
phytoplankton (S. Shirley and T. Shirley, 
1990; T. Shirley and S. Shirley, 1990) and the 
early zoeal stages had high growth rates and 
molting success in laboratory culture when 
provided only phytoplankton (Paul et al., 
1989, 1990). However, laboratory cultures of 
red king crab zoeae also fed on nauplii of 
Artemia and each other and had high survival 
when provided only Artemia (Paul and Paul, 
1980; S. Shirley and T. Shirley, 1988; T. 
Shirley and S. Shirley, 1989). The zoeae of 
golden king crabs are considerably larger than 
the zoeae of red king crabs and should have 
been able to feed on nauplii of Artemia, par- 
ticularly since the smaller first crab stage of 
golden king crabs readily fed upon the same 
prey. Studies of the histological and mor- 
phological attributes of the larval gut might 
provide additional insights into the feeding 
capabilities of golden king crab larvae. 

Larvae survived as long as 191 days with- 
out feeding, from hatching through molting 
to the first benthic crab instar. Only a few lar- 
vae of golden king crabs have been collected 
in plankton samples, despite the widespread 
distribution of the adults, but we believe the 
larvae generally occur at depths greater than 
200 m and remain near the benthic substrate. 

If the larvae occur at these greater depths, the 
larval period might be longer due to the 
colder temperatures (2-4°C)  commonly en- 
countered at the greater depths. We do not 
suggest that the instar duration or larval pe- 
riods that we measured approximate those in 
nature. However, the high survival rates of 
golden king crabs in laboratory conditions 
without food demonstrate the lecithotrophic 
capabilities of the species. 
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ANNOUNCEMENT 

"Atlas des Crustaces marins profonds de Polynesie f rança ise-Récol tes  du navire Marara 
(1986/1996)" has been published (1996) by the Service Mixte de Surveillance Radiologique 
et Biologique (SMSRB), France. Over a period of 10 years, the fishing boat Marara  has in- 
vestigated the deep-sea crustacean fauna around the polynesian islands by the use of traps 
set at depths ranging from 20-1,050 m. The carcinological material, mainly decapods, has 
been studied by carcinologists and 180 species have been inventoried, of which 71 are rec- 
ognized as new taxa. 

Colored photographs of 154 s p e c i e s - 3 9  shrimps, 10 lobsters, 39 hermit crabs and gala- 
theids, 65 crabs, 1 stomatopod, and 1 a m p h i p o d - a r e  presented, with indication of depth 
and location of capture. 

An introduction, history of deep-sea investigations in French Polynesia, and presenta- 
tions of the carcinologists involved are in French, followed by 20 colored plates. Studies de- 
voted to the deep-sea crustacean fauna of French Polynesia are listed in the bibliographic sec- 
tion. A station list, with English summary, is given and a map of the area is provided. 

Free copies of this work are still available at the following address: 

SMSRB (% J. Poupin) 
B.P. 208 

91311 Montlhery Cedex 
France 
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