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A B S T R A C T  

Egg  size o f  the fresh-water  prawn Macrobrach ium amazonicum varied among  ecologically 
isolated or geographical ly distant populations o f  the Amazon  basin. The  mean volume of  both 

recently spawned nonpigmented  eggs and older  p igmented-eyed eggs was smaller  in prawns 

from the Tocantins River  (0.14 and 0 .20 mm3, respectively) than in those from the middle 

Amazon  (0.17 and 0.25 mm3). The  largest eggs (0.19 and 0.27 mm3) were  displayed by females 

from the Iquitos and Guapore  Rivers. Since the egg volume was independent  o f  female body 
size, it was attributed to population-specific characteristics. The  egg size increased with the 

distance o f  the sampling site from the ocean, suggesting a progressive divergence o f  this species 
from a typical littoral population to an inland form, in a still active fresh-waterization process 
similar to the pattern evolved among other  species in the genus Macrobrachium.  

R Ã� S U M Ã�  

La  taille des oeufs de la crevette d ' e a u  douce Macrobrach ium amazonicum varie entre des 

populations Ã©cologiquement isolÃ©es ou gÃ©ographiquement distantes dans le Bassin de l 'Ama-  

zone. Le  volume moyen,  aussi bien des oeufs rÃ©cemment Ã©mis et dÃ©pourvus d 'oe i l  nauplien 
pigmentÃ©, que celui des oeufs plus agÃ©s prÃ©sentant un oeil nauplien bien pigmentÃ©, est signi- 

ficativement plus petit chez les individus collectÃ©s dans le fleuve Tocantins (respectivement 0.14 

et 0.20 m m ' )  que chez des crevettes collectÃ©es dans le bassin moyen  de l ' A m a z o n e  (0 .17-0.25 

mm3); les plus grands oeufs ont Ã©tÃ© observÃ©s chez des femelles provenant  d ' Iqui tos  et du 
GuaporÃ©. Cette variation du vo lume des oeufs est indÃ©pendante de la taille de l ' individu et des 

caractÃ©ristiques de l ' environnement .  Elle peut Ãªtre reliÃ©e Ã� la dispersion gÃ©ographique des pop- 
ulations de M. amazonicum dans le Bassin Amazonien.  Le volume des oeufs augmente  avec la 

distance du site de collection de l'ocÃ©an, suggÃ©rant une divergence progressive de cette espÃ¨ce 
Ã� partir de populations typiquement  littorales vers des formes d ' e a u  douce,  dans un processus 

encore actif de continentalisation, similaire Ã� celui qui caractÃ©rise l ' ensemble  des  autres espÃ¨ces 
du genre Macrobrachium.  

The volume o f  the eggs produced by 
crustacean species is, in part, under genetic 
control (Raven, 1961). It shows a general 
pattern of  interspecific variation, decreasing 
from colder to warmer waters over a north- 

south latitudinal gradient, and from deep- 
sea benthic to shallow coastal and epipelag- 
ic waters (e.g., Omori, 1974; Sastry, 1983). 
In fresh-water decapods, large eggs appear 
to be associated with landlocked species in- 
habitating plankton-poor, clear, and rather 
acid waters, and small eggs mostly to anad- 
r o m o u s  and  b rack i sh  species  (Shoki ta ,  
1979; Magalhaes and Walker, 1988; Odi- 
netz Collart and Magalhaes, 1994; Jalihal et 
al., 1993). The same continentalization pat- 
tern has been described in Macrobrachium 

nipponense (de Haan), where large eggs 
were found in fresh-water lake and river 

populations, small eggs in estuary popula- 

tions, and intermediate-sized eggs in brack- 
ish-water populations. At times, the full size 
range is seen in a single water system 
(Chow et al., 1988; Mashiko, 1990). Cross- 
ing experiments between individuals of  M. 
nipponense from two adjacent groups of  a 
single drainage system suggested that the 
egg-size differences among local, ecologi- 
cally isolated populations are controlled as 
a quantitative genetic trait (Mashiko, 1992; 
Mashiko and Numachi,  1993). 

The river prawn Macrobrachium ama-  
zonicum (Heller) occurs in South America 
throughout the basins o f  the Orinoco, Am- 
azon,  and Pa raguay  Rivers  (Hol thuis ,  
1952). It seems to be absent in estuaries de- 
spite successful laboratory larval culture in 
saline water (Vargas and Paternina, 1977; 
Guest, 1979; Guest and Durocher, 1979). In 
the Amazon basin, this species is very 
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a b u n d a n t  i n  w h i t e  w a t e r s  ( s e n s u  S i o l i ,  

1 9 7 5 ) ,  e s p e c i a l l y  i n  f l o o d p l a i n  l a k e s ,  a n d  

s c a r c e  i n  a c i d  b l a c k  w a t e r s  o f  s m a l l  h i g h -  
l a n d  f o r e s t  s t r e a m s .  M a c r o b r a c h i u m  a m a -  

z o n i c u m  p r o d u c e s  n u m e r o u s  s m a l l  e g g s  

w h i c h  i n c u b a t e  f o r  1 5 - 1 7  d a y s  b e f o r e  

h a t c h i n g  a s  a  p r i m i t i v e  f r e e - s w i m m i n g  

z o e a ,  w h i c h  c o m p l e t e s  a  p r o l o n g e d  l a r v a l  

d e v e l o p m e n t  w i t h  1 0  o r  11 l a r v a l  s t a g e s  i n  

2 8 - 3 3  d a y s  ( M a g a l h a e s ,  1 9 8 5 ) .  
M a c r o b r a c h i u m  a m a z o n i c u m  s h o w s  d i f -  

f e r e n t  r e p r o d u c t i v e  p a t t e r n s  d e p e n d i n g  o n  

t h e  l o c a l i t y  s a m p l e d  ( O d i n e t z  C o l l a r t  a n d  

M a g a l h a e s ,  1 9 9 4 ) .  I n  t h e  L o w e r  T o c a n t i n s ,  

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

p a t t e r n  o f  a n a d r o m o u s  l i t t o r a l  p a l a e m o n i d s  

w i t h  m a s s  s p a w n i n g  d u r i n g  f a l l i n g  w a t e r s  

( O d i n e t z  C o l l a r t ,  1 9 8 7 ,  1 9 9 1  a ) .  I n  c e n t r a l  

A m a z o n i a ,  l a c u s t r i n e  p o p u l a t i o n s  b r e e d  a l l  

y e a r  l o n g ;  h o w e v e r ,  a  s i g n i f i c a n t l y  h i g h e r  

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

w a t e r s  ( O d i n e t z  C o l l a r t ,  1 9 9 1 b ,  1 9 9 2 ) .  

T h e  p r e s e n t  s t u d y ,  f o c u s e d  o n  i n t r a s p e -  

c i f i c  v a r i a t i o n s  o f  e g g  s i z e ,  d i s c u s s e s  t h e  

f r e s h - w a t e r i z a t i o n  p r o c e s s  o f  d i s t a n t  p o p u -  

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

g r a p h i c  b a r r i e r s  a n d  s p e c i e s - s p e c i f i c  d i s -  

p e r s a l  a b i l i t i e s .  

MATERIALS AND M E T H O D S  

Ovigerous females were collected from the lower  
Tocantins, close to Cameta  on the Tocantins River  
(Site 1), in the Tucurui reservoir  (Site 2), in the Am-  
azon River, close to Manaus ,  Lago  do Rei (Site 3), 
Lago de Tefe, Tefe district (Site 4), Japura River, Ja- 
pura district (Site 5), Ucayali  River, Iquitos district 
(Site 6), and from the Guapore  River  (Site 7) close to 
the Guapore  Indian reserve (Fig. 1  The  distances o f  
the sampling sites (1 -7)  to the estuary o f  the A m a z o n  
River  were, respectively: 120, 330, 1,225, 1,750, 
2,200,  3,410,  and 2,940 km from the ocean. Sampl ing  
was conducted  using traps o r  hand nets during the 
breeding season. At  every site, females with both pig- 
mented-eyed and nonpigmented eggs were collected. 
Recently spawned eggs do not show eye pigmentat ion 
in the embryo.  During incubation, the egg  volume 
gradually increases and the embryonic  eye pigmenta-  
tion appears a few days before hatching (Magalhaes,  
1985; Mashiko,  1982). All samples  were preserved in 
70% alcohol.  

Prawn size was est imated using carapace length, 
measured  f rom the posterior margin  o f  the orbital cav- 
ity to the posterior edge o f  the cephalothorax.  Ten eggs 
were r emoved  from each female  and measured in the 

laboratory to the nearest  0.01 m m  with a  binocular  
micrometer.  The  egg volume was calculated from the 
formula  v =  7rlhl/6, where 1 and h are, respectively, 
the long and short axes o f  the ellipsoidal egg. 

Fig. 1. Collecting sites for Macrobrachium amazon- 
icum, with their distance (D) from the Amazon River 
estuary: (1) Tocantins River, Cameta district, D = 120 
km; (2) Tucurui reservoir, D = 330 km; (3) Amazon 
River, Manaus, Lago do Rei, D = 1,225 km; (4) Lago 
de Tefe, Tefe district, D = 1,750 km; (5) Japura River, 
Japura district, D = 2,200 km; (6) Ucayali River, D = 
2,940 km; (7) Guapore River, Indian Reserve, D = 
3,410 km. 

RESULTS 

When all 75 ovigerous prawns were con- 
sidered, the mean volume o f  nonpigmented 
eggs varied from 0.1207 mm3 in a female 
collected in Cameta, lower Tocantins, to 
0.2188 mm3 in a prawn from Tefe. In eggs 
with pigmented eyes, the mean volume 
changed from 0.1648 mm3 in Cameta to 
0.3272 mm3 in the Guapore River. Egg size 
within the same clutch had a mean coeffi- 
cient o f  variation (SD/mean) of  8.72%. 
There was no significant difference in vari- 
ation of  egg volume within a single clutch 
between the two groups o f  females, with 
pigmented and nonpigmented eggs, nor be- 
tween the six prawn populations (P >  0.05; 
two-way ANOVA).  When the seven popu- 
lations were considered, the mean volume 
increased 33.42% ±  8.6% from the nonpig- 
mented to pigmented-eyed egg stage. 

In Fig. 2, mean egg volumes are plotted 
against parental cephalothorax length for 
each female with pigmented or nonpig- 
mented eggs. Mean egg volume was inde- 
pendent of  prawn size in both nonpigment- 
ed and eyed eggs (r =  - 0 . 0 6  and r  =  -  0 . 1 7 ,  
respectively;  P >  0.05). 

Developmental stage and sampling site 
significantly affected the mean egg volume 
when all the prawns collected were consid- 
ered. The higher variance was associated 
with developmental stage. The interaction 
between these two factors was not signifi- 
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Fig. 2. Relationship in the female prawn (Macrobra- 
chium amazonicum) between carapace length (mm) 
and the mean egg volume (nim'), considering individ- 
uals with nonpigmented eggs (o) and eyed eggs (*). 

cant (two-way ANOVA, Table 1). The mul- 
tiple range analysis for ANOVA denoted a 
statistically significant difference in egg 
size between both Tocantins samples and 
Guapore populations, and considered the 
populations from near Manaus, Tefe, and 
J a pu ra  to be h o m o g e n e o u s  (Bonfe r ron i  
range test; P  � 0.05). 

The mean egg volume in each population 
was calculated separately for females with 
nonpigmented and pigmented-eyed embry- 
os. For both groups, the prawns from the 
Tocantins River (Site 1 and Site 2) had the 
smallest eggs, and those from the Guapore 
(Site 7) the largest eggs. For both incuba- 
tion stages, the mean egg volume increased 
with the distance of the sampling site from 
the estuary (Fig. 3). Both regression lines 
showed a statistically significant correlation 
between the two parameters (P � 0.01), fol- 
lowing the equations: V(mm3) = 0.1532 + 
1.379 D (km); r  = 0.834 for the nonpig- 
mented samples, and V(MM3) = 0.196 + 
2.296 D (km); r  = 0.933 for the the eyed 
samples. 

DISCUSSION 

Rodriguez (1981) separated South Amer- 
ican palaemonids into three groups based 
on marine affinity: Atlantic and Pacific lit- 
toral species which depend on brackish wa- 
ter for their survival, and typically conti- 
nental species. In an analysis of  larval de- 
velopment, Magalhaes and Walker (1988) 
r e g r o u p e d  A m a z o n i a n  p rawns  into: (1) 
coastal species which show complete de- 
velopment of numerous small-sized eggs, 
(2) typically continental species character- 
ized by abreviated metamorphosis of a few 

Table 1. Two-way A N O V A  analyzing the effect o f  
incubation stage (N=2)  and sampling site ( N = 7 )  on 
mean egg volume of the prawn Macrobrach ium ama-  
zonicum 

large eggs, and (3) widely distributed spe- 
cies with an intermediate type of  develop- 
ment. They considered this pattern as an 
adaptative response to the selection pres- 
sure of  plankton-poor inland waters. 

Crustacean species display a general pat- 
tern of  variation in egg size described as a 
geographical cline following water temper- 
ature (e.g., Patel and Crisp, 1960; Nishino, 
1990). Mashiko (1990) recognized varia- 
tion in egg size in populations o f  Macro- 
brachium nipponense depending on the hy- 
d rogeograph ic  fea tures  o f  their  habi tat .  
Large eggs were found in fresh-water in- 
land populations and small eggs in estua- 
rine prawns, supporting the hypothesis of 
an interspecific continental pattern. How- 
ever, no mating behavioral incompatibility 
nor fertilization failure in laboratory hy- 
brids have been noted between groups with 
different egg sizes, suggesting that geo- 
graphic distance is the main mechanism of 
reproductive isolation for M. nipponense in 
a particular water system (Mashiko, 1992). 
However, opposite results have been de- 

Fig. 3. Relationship between the mean egg size in 
six populations o f  Macrobrach ium amazonicum with 
both nonpigmented (o) and eyed eggs (*), and the dis- 
tance from the Amazon  River estuary to their collect- 
ing sites. The regression lines follow the respective 
equations: V(mm3) =  0 . 1 5 3 2  +  1.379 D (km), r  = 
0.834 for nonpigmented eggs; V ( m m ' )  = 0.196 + 
2.296 D (km), r  =  0.933 for eyed eggs. 
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scribed in Pa laemon paucidens de Haan, 
with spawning o f  many small eggs by small 
individuals upstream in standing waters, 
and laying of fewer but larger eggs in 
colder running waters of the middle and 
lower course of  the river (Nishino, 1990; 
Mashiko, 1982). 

Two distinct categories of eggs were 
identified in Macrobrachium amazonicum 

along the Amazon Basin: spawning small 
eggs in the Tocantins River (0 .14-0.20 mm3 
in mean volume), and laying large eggs in 
the upper course (0 .19-0.26 mm3) and in 
the Guapore River (0.20-0.27 MM3). Inter- 
mediate-sized eggs (0.17-0.25 mm3) were 
collected in the middle course o f  the Am- 

azon River. The egg volume was indepen- 
dent of  female carapace length in each pop- 
ulation (P � 0.01). Body size, growth rate, 
and reproductive pattern are usually affect- 
ed by environmental factors such as tem- 
perature, current velocity, food availability, 
and popu la t ion  densi ty.  Kami t a  (1970)  
found that the body size of Palaemon pau-  
cidens inhabiting rivers is greater than in 
those living in lakes and swamps, though 
he did not report egg sizes. In the Tocantins 
basin, large prawns (mean carapace length 
= 19.5 mm), collected in running waters, 
and smaller individuals (mean carapace 
length = 9.9 mm), sampled in a recently 
impounded reservoir, had eggs of  about the 
same volume. Thus, the difference in egg 
size cannot be attributed to temporary en- 
vironmental differences, but may be a pop- 
ulation-specific character in each locality of 
the Amazon Basin with the mean egg vol- 
ume increasing with the distance of  the 
sampling site from the ocean. Differences 
in egg size were not significant between 
populations inhabiting the same water sys- 
tem (the Tocantins River or the Middle Am- 
azon floodplain) even over a wide geo- 
graphical range, as from Manaus (Site 3) to 
Tefe (Site 4), Japura (Site 5), and Iquitos 
(Site 6), suggesting the presence of gene 
flow between these four groups. In contrast, 
the Tocantins River is not considered to be 

part of the Amazon hydrological system, 
and Site 1 exhibits water-current inversions 

following tidal changes. The prawn popu- 
lations collected in the Tocantins were sta- 

tistically significantly smaller than those of  
the other groups. This seems to be a marine 
adaptive trait. Guapore prawns are region- 

ally isolated at ecologically different habi- 
tats from other middle Amazon popula- 
tions, separated by a series of  waterfalls on 
the Madeira River. Their large eggs appear 
to be a typical inland trait. 

In heterogeneous or geographically iso- 
lated environments, a single species may 
present genetically diversified populations 
due to the depression of  gene flow between 
them. The difference in egg size between 
the seven groups of  M. amazonicum in the 
Amazon Basin suggests a progressive di- 
vergence of  this species from a typical lit- 
toral population to an inland form in a still 
active adaptive process. These results are 
consistent with the general patterns evolved 
in the genus Macrobrachium: an increase in 
egg size with proportionate reduction in the 
number of  eggs, reduction in both the num- 
ber of larval stages and the duration of  lar- 
val period, and increased larval survival in 
populations from interior continental waters 
(Jalihal et al., 1993). 
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