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Abstract. Populations of the thalassinidean shrimp Upogebia pusilla were studied on tidal flats in the 
Northern Adriatic Sea. Biometric analysis showed a sexual dimorphism, especially in propodus size. 
Size frequency distributions revealed the presence of large animals during all seasons; recruitment 
by juveniles occurred in autumn. Moult intervals and moult increments were determined in the 
laboratory and used to generate growth curves which were compared with those calculated from size 
frequency distributions. The life span of U. pusilla is over 5 years. Ovigerous females occurred 
between March and September. Egg numbers were high in spring, lower in summer and increased 
with body size. The incubation time of embryos was 35 days; a female produces an estimated 
number of three egg batches during the breeding season. A total annual production of 994kJ was 
estimated for a theoretical population of 100 animals; 13.5 % is spent for somatic growth, 31 % for 
egg production of females, and 55.2% is lost as exuviae. The population structures, growth and 
breeding patterns, as well as embryonic and larval development within the Upogebiidae and 
Callianassidae are discussed. 
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Problem 

DWORSCHAK 

The Thalassinidea (Decapoda) are among the most common burrowing organ-
isms in littoral and sublittoral sediments; they are found - sometimes in very 
high densities - from the intertidal zone down to at least the shelf break, and 
occur in all types of environments from brackish to euryhaline. 

In the Mediterranean Sea, Upogebia pusilla is the most common member of 
the family Upogebiidae. This study, which is the third of a series dealing with the 
biology of Upogebia pusilla, describes the biometry, population structure, 
growth, and production of this species. 

U. pusilla occurs on the East Atlantic from Mauretania in the south to 
Brittany in the north (DE SAINT LAURENT & LELOEUFF, 1979); occasionally it is 
found as far north as Norway (PESTA, 1918; BOUVIER, 1940; ZARIQUIEY ALVAREZ, 
1968). The shrimp is common all around the Mediterranean including the Black 
Sea and has been reported from the Red Sea (MONOD, 1930). It lives from the 
intertidal zone down to a depth of 45 m (POPOVICI, 1940) in sediments ranging 
from a mixture of gravel, sand, silt, and clay to mud (Md 23-888 (im) with a 
subsieve fraction (<63| im) between 1 and 93%. Its salinity range is from 
marine (36 %o) down to 9%O (DWORSCHAK, 1987). 

The present study was undertaken at three tidal flats in the Northern Adriatic 
Sea: (1) the lagoon of Grado, (2) Lido di Staranzano, and (3) Val Saline, Rovinj 
(see DWORSCHAK, 1987). 

Material and Methods 

Animals were captured with different methods according to the sediment type at the sampling 
location. In the lagoon of Grado where the sediment is soft, a big hole was dug out and the sediment 
brought to the surface was sieved. At Lido di Staranzano a shovel was pushed into the firm sediment 
near the water's edge and moved back and forth. This creates an alternating water flow in the 
burrows; the animals are swept out of their burrows and can be collected by hand or a net. In 
Rovinj, with its very soft sediment, walking through the mud brings animals to the surface. 
Additionally, at all three sampling locations samples were taken with a box corer ( H E R T W E C K , 1974) 
and sieved. 

Collected animals were either transported alive to the laboratory in Vienna or fixed immediately 
in 4 % buffered formaldehyde-seawater. 

The following parameters were determined in all animals: 
- sex, based on the presence (female) or absence (male) of the first pair of pleopods; 
- total length (TL in mm) from the tip of the rostrum to the end of the telson in a petri dish on 

graded paper; 
- carapace length (CL in mm) from the tip of the rostrum to the end of the carapace using sliding 

calipers or (in small animals) under a dissecting microscope using a calibrated eye-piece. 
Additional measurements include: 
- propodus length (PL in mm) of the first pereiopod in the middle line from the carpus to the 

insertion of the dactylus and 
- propodus width (PB in mm) in the middle of the propodus just behind the dilatation of the 

fixed finger in all animals from Grado and Rovinj; 
- wet weight (ww in g) to a precision of 0.01 g in 116 specimens from Grado; 
- dry weight (dw in g) in 57 specimens from Grado. Living animals were anaesthetized, dried for 

24h in an oven at 80 °C, brought to room temperature in a desiccator, and weighed on a.semi-
analytical balance to 0.0001 g. 
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Animals sampled at all three sites between March 1977 and June 1979 were dissected and the 

presence of endoparasites and state of reproductive organs noted. The ovaries were removed from 
all females; ovaries and remaining body were dried and weighed separately. 

Eggs of ovigerous females were removed from the pleopods, a subsample counted, and the egg 
number recalculated from the dry weight of the subsample and the total egg mass. This also enabled 
calculation of the dry weight of a single egg. Egg diameter was determined under a dissecting 
microscope using a calibrated eye-piece. Stages of the embryonic development were classified 
according to R O D R I G U E S (1976); stages 1 to 4 ("uneyed eggs") and stages 5 to 9 ("eyed eggs") were 
pooled when giving egg numbers, egg weight, and egg diameter. 

Two indices, EI and GI, were used to compare the egg and ovary masses between seasons and 
sites independent of the size of the female. EI represents the egg mass (dw), GI the ovary mass (dw) 
as percentage of the net dry weight (ndw), which is the dw of the female without eggs and ovary. 

In the laboratory, animals were kept singly in narrow aquaria filled with sediment from the 
sampling site. Aquaria were maintained in an air-conditioned room at 17.5 °C under a cycle of 12h 
artificial daylight (6:00-18:00) and 12 h darkness (18:00-6:00). Artificial seawater with a salinity of 
36 %0 was used. 

Date and location of moulting was recorded; exuviae were removed, measured, and weighed. 
Only the first two moults in the laboratory were used for determination of moult interval and moult 
increment. 

Growth curves for animals from Grado were generated by using data on moult increments and 
moult intervals. Additionally, VON BERTALANFFY growth curves were calculated from size frequency 
distributions using the programme ELEFAN ( P A U L Y & D A V I D , 1981; B R E Y & P A U L Y , 1986). 

Time required until hatching of larvae was recorded for ovigerous females carrying freshly 
extruded eggs. 

The organic content of animals, eggs, ovaries, and exuviae was determined as weight loss on 
ignition in a muffle furnace at 500 °C for 3h. 

Results 

1. Measurements related to growth 

All measurements show a marked sexual dimorphism in U. pusilla. Generally, 
males reach a larger size than females, with maximum size differing between the 
three sampling sites. 

The carapace length is linearly related to total length. There is only a small 
difference between males and females up to a total length of 50 mm; males 
> 5 0 mm have a longer carapace than females of the same total length. The 
relation of carapace length to total length was the same at all sampling sites. The 
formulae for the relation betweeh TL and CL are: 
males: CL = 0.3505 L + 0.52; r = 0.99; n = 43 
females: CL = 0.319 L + 1.17; r = 0.99; n = 35 

The propodus length is also linearly related to total length (Fig. 1). No 
significant difference between the PL of males and females up to a total length 
of 35 mm (P > 0.05, t-test) was detected. From this size on, PL of males continue 
to increase further with TL, whereas the increase in PL of females is negligible. 
The mean PL of a 60mm male is 13.7mm, that of an equally sized female 
8.7 mm. This difference is less marked in animals from Rovinj due to the smaller 
size of the specimens from this location. 

Sexual dimorphism is also apparent in propodus width (Fig. 2). At the same 
PL the propodus of males is wider than that of females. Whereas the width of 
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the female's propodus is limited due to its length, it continues to become wider 
with increasing length in males. 

The result is a different relation between propodus length and propodus 
width (PL/PW). The PL/PW of females ranges from 2 to 3.6 (mean = 2.77; 

a: PL =0.1806TL -0.2311 

n = 31, r = 0.98 

b: P L = 0.3086TL - 4.91 

n = 28, r = 0.97 

C: PL« 0.1125TL + 2.22 

n= 21, r = 0.90 

V b 

/ t A 

20 40 50 
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Fig. 1. Propodus length (PL in mm) (mean of 1mm size classes) in relation to total length (TL in 
mm) for males (A) and females ( • ) . Line a: males and females with T L < 3 5 m m ; line b: males 
> 3 5 mm; line c: females > 3 5 mm. 
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Fig. 2. Propodus width (PB in mm) in relation to propodus length (PL in mm) for males ( o , line a) 
and females ( • , line b). 
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n = 199), that of males from 1.7 to 3.6 (mean = 2.16; n = 119). The difference 
between the means is significant ( P < 0.001, t-test). 
Wet weight is correlated to total length by approximately the third power: 
males: log ww = 3.128 log TL - 4.835; r = 0.99; n = 58 
females: log ww = 2.837 log TL - 4.458; r = 0.98; n = 48 
There is a strong overlap in ww of males and females up to TL of 50 mm, which 
is due to different stages in ovary development of females. From the equation, a 
60mm male weighs 5.3g; a female of corresponding length weighs 4.3g (ww). 
The dry weight also shows a correlation to TL by the third power: 
males: log dw = 3.417 logTL - 6.137; r = 0.98; n = 33 
females: log dw = 3.338 logTL - 6.054; r = 0.97; n = 24 

A male with TL = 60mm has a dw of 0.8674 g and is 14% heavier than a 
female of the same size (dw = 0.7600 g). 26 % of the dw of a male of this size is 
made of the two propodi; in females they account for only 10 %. Without the 
propodi, however, the female is heavier than an equally sized male because of 
ovary weight (see below). 
A linear relationship between dw and ww was calculated: 
males: dw = 0.1608 ww + 0.0146; r = 0.94; n = 33 
females: dw = 0.1931 ww - 0.0277; r = 0.95; n = 24 

As the intercept is very small in both equations, dw may be expressed as 
percentage of ww. It is approximately 16% in males and 19% in females. 

The ndw of adult females varied with the degree of calcification, parasitation 
(see below), and stage of the hepatopancreas, e.g., for TL = 50mm, ndw 
ranged from 0.1914 to 0.5074g (mean = 0.2759). There was no significant 
difference between the mean ndw of same-sized females from different seasons 
(p < 0.05, t-test). The relationship between ndw and TL was nearly the same for 
all seasons. 

The mean organic content of entire animals is 53% (SD = 15.1) of dw in 
males and 57 % (SD = 10) in females. The organic content as percentage of dw 
is 45 % (SD = 0.6) in females without ovaries and eggs and 86 % (SD = 3.5) in 
ovaries and freshly extruded eggs (stages 1-4). 

2. Size frequencies 

Size frequency distributions of the samples from Grado show the presence of 
large animals during all seasons (Fig. 3). Most males captured had CL between 
20 and 22 mm (TL = 55-61 mm) and were larger than the most abundant size 
class of females (CL between 16 and 18mm; TL = 46-52mm). A sexual 
difference was also observed in the maximum size ( T L m a x ) , which was 66 mm in 
males and 60mm in females. A difference exists in the seasonal occurrence of 
middle-sized animals: males are found in several distinct size classes whereas in 
females distinct modes cannot be distinguished due to the smaller size of larger 
individuals. Juveniles were found only in late fall; the smallest animal 
(CL = 4mm) was captured in September 1977. 
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females; shaded: ovigerous females. 

Size frequency distributions of animals caught in Val Saline (Fig. 4) show that 
both sexes were represented year-round with individuals having CL between 5 
and 15mm. The largest shrimp found here measured 47 mm (TL) and the 
smallest (CL = 2 mm) were caught in fall. 

At Lido di Staranzano, small and large animals were present in all seasons, 
the smallest occurring again in fall. There was a notable absence of middle-sized 
(CL around 11mm) animals in April (1979) and September (1984). T L m a x and 
size difference between sexes are similar to Grado. 
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Fig. 4. Size frequency histograms (carapace length CL in mm) for the samples from Rovinj (left) 
and Lido di Staranzano (right), m: males; f: females; shaded: ovigerous females. 

3. Sex ratios 

Males predominated at Grado from March to July 1977, whereas females 
prevailed from August on, most pronounced in October 1978 with a male to 
female ratio of 1:2.6. In adult animals (CL>12mm) the predominance of 
females was even more marked in November 1977 and July 1978; they represent 
76 % of all animals. A sex ratio of 1 :1 was observed for juveniles. 
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Females always outnumbered males in the samples from Rovinj, the greatest 
difference was observed in July 1979 with a sex ratio of 1:2.1. The predomi-
nance of females was most pronounced in adults, whereas juveniles showed 
again a sex ratio of nearly 1:1. 

With the exception of May 1983 and June 1984 when the sex ratios were 1:1.1 
and 1:1, more males than females were captured always in Staranzano. The sex 
ratios ranged from 1.1:1 (April 1979) to 1.8:1 (September 1984). 

4. Growth 

a. Moulting 

In aquaria U. pusilla always moulted at night. Ecdysis takes place within the 
burrow, and moulting animals could never be observed on the sediment surface. 
In one case, a moulting animal was entombed in situ during resin casting. In 
some cases, the animal stored its exuvia in a part of its burrow. Such exuviae are 
brought to the surface after several days, often in a desintegrated state. Usually, 
however, the exuvia is brought to the surface in the night of moulting. 

Intact exuviae could be observed floating in the water in all sampling sites, 
especially in spring. Deposited exuviae can be found in box cores. It can be 
assumed that behaviour in the aquaria is similar to that in nature. 

b. Exuviae 

The relation between the dw of the exuvia and the total length of the animal 
before its moult (recalculated from CL of the exuvia) can be expressed by the 
following equations: 
males: logdw = 2 . 8 1 3 7 log TL - 5 . 3 2 5 ; r = 0 . 9 7 ; n = 3 5 
females: logdw = 2 . 4 7 0 1 log TL - 4 . 9 6 9 ; r = 0 . 9 5 ; n = 3 4 

A sexual difference in the dw of the exuviae is also present. The proportion of 
the propodi in the dw of the exuvia is 26 % for a male with TL = 60 mm and 
12 % for a female of the same size. 

The proportion of exuvia-dw to the dw of an entire animal differs with size. It 
is high in small animals (when calculating from the regressions TL — dw [animal] 
and T L - d w [exuvia], the exuvia may even weigh more than the entire animal 
for animals up to TL = 20 mm due to the great variation in dw and the fact that 
both parameters were not determined for the same specimens). The proportion 
of the exoskeleton in total weight decreases with increasing size. A female with 
TL = 60 mm sheds an exuvia whose dw is 34 % of the total dw; this proportion is 
54% in a male of the same size due to the thick exoskeleton of its propodi. 

The organic content of large exuviae (TL = 4 5 — 5 6 mm) is 2 1 % (SD = 3 . 1 ) in 
males and 26 % (SD = 5.9) in females. As the organic content of the exuviae did 
not differ between sexes ( P < 0 . 0 5 , MANN-WHITNEY test), a mean percentage of 
25 % is used in further calculations. 
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Fig. 5. Intermoult periods (IP in days) in relation to size (TL in mm) at 17.5 °C ( • ) . Means (A) and 
ranges (bars) of intermoult periods at 2 2 to 2 8 ° C after D A G U E R R E DE H U R E A U X (1970). 

c. Duration of the intermoult period 

The whole moulting cycle and the duration of the intermoult period (= intervals 
between successive moults) is chiefly affected by intrinsic factors such as body 
size and breeding activity, but also by extrinsic factors, especially temperature, 
salinity, and food supply (PASSANO, 1 9 6 0 ; FARMER, 1 9 7 3 ; HARTNOLL, 1 9 8 2 , 
1 9 8 3 ) . 

Intermoult periods of U. pusilla showed great variations in the laboratory 
(Fig. 5). No difference could be observed in the intermoult periods of males and 
females. The relation of intermoult period (IP in days) and body size (TL) 
expressed by the equation In IP = 0.01233 TL +3.1075 best fits the data 
(r = 0.766; n = 20). The time span from capture to first moult in the laboratory 
was always shorter than IP as calculated using the above equation. An extension 
of the intermoult period in ovigerous females was not observed; in two cases 
females moulted before all larvae had hatched. Expected intermoult periods for 
ovigerous females from Grado are always longer than the incubation period of 
embryos at the same temperature (see chapter 5.c. 6.). Only the expected 
intermoult period of the small ovigerous females from Rovinj is shorter than the 
incubation period; an extension of the intermoult period due to breeding 
activity may occur in this population. 

Based on the intermoult periods determined at 17.5 °C and the ranges of 
intermoult period given by DAGUERRE DE HUREAUX ( 1 9 7 0 ) - assuming a temper-
ature of 22 °C for the longer periods and a temperature of 28 °C for the shorter 
periods - the multiple regression of intermoult period (IP) in relation to 
temperature (T) and body size (TL) can be expressed as: 
log IP = 1.8513 -1 .0883 logT +0.70857 logTL. 
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d. Moult increment 

Growth in crustaceans is a discontinuous process occurring in steps in successive 
moults. The greatest size increase occurs in the hours after exuviation (HIATT, 
1948). This increase is usually determined by measuring animals before and 

Fig. 6. A. HIATT-diagram of U. pusilla. TL, : size of exuvia of the first moult; TL 2 : size of the exuvia 
of the next moult. B. relative moult increment (RI in % of TL,) in relation to size (TL t in mm). 

several days after moults (HIATT, 1 9 4 8 ; KURATA, 1 9 6 2 ; FARMER, 1 9 7 3 ; MAUCH-
LINE, 1 9 7 6 ) . As this is not possible in burrowing animals without severe 
disturbance, the moult increment was determined by measuring the exuviae of 
two successive moults. 

Beside food supply moult increment is mainly affected by the intrinsic factor 
of body size (FARMER, 1 9 7 3 ) . The absolute increase in total length between 
moults was very variable in U. pusilla and ranged from 0.2 to 2.5 mm. Fig. 6 A 
shows the plot of TL of the exuvia at the first moult (TLx) and TL of the exuvia 
at the second moult (TL 2) - the HIATT-diagramm - for U. pusilla. The linear 
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regression between the two parameters enables prediction of the mean moult 
increment of a U. pusilla with a given size. 

The relative increment in size per moult - as percentage of premoult total 
length - ranged from 0.7 to 16.4 % and decreased with increasing size (Fig. 6B). 

e. Growth rates 

Growth curves for males from Grado were generated using both moult incre-
ment in relation to size (see Fig. 6 A) and intermoult periods in relation to size 
and temperature (see chapter 4. c.). The temperature course of the lagoonal 
water published by D E L PIERO et al. (1978) was used. Two starting points were 
chosen: the smallest male (CL = 5 mm) caught in April and the smallest male 
(CL = 4mm) found in September 1977. The resulting growth curves (Fig. 7 a 
and b) demonstrate that the long breeding period (see chapter 5. a.) - which 
results in a long recruitment period - and longevity leads to a crowding of older 
animals in the larger size classes. 

The growth curve for males derived from size frequencies using ELEFAN, 
however, indicates a higher in situ growth rate for males in Grado (Fig. 7c), 
whereas the curve for females from Grado (Fig. 7d) is similar to that calculated 
for males based on laboratory observations. 

From the growth curves a life span of U. pusilla of over 5 years can be 
estimated. Under laboratory conditions, animals with TL 40 to 50 mm lived over 
3 years. 

time in years 

Fig. 7. Growth curves for U. pusilla from Grado. a and b: constructed by integrating data on moult 
increment and intermoult duration; a: starting point April 15TH, CL = 5mm; b: starting point 
November 1 S T , CL = 4 M M . c and d: VON B E R T A L A N F F Y growth curve calculated from size frequency 
histograms using ELEFAN; c: males, k = 0.5, L °° = 25.2; d: females, k = 0.5, °O = 21. 
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Due to long sampling intervals, it was not possible to calculate growth curves 
from size frequency distributions of animals from Staranzano or Rovinj. Growth 
in the Staranzano population, however, seems to be very similar to that in 
Grado. Assuming a similar life span for animals in Rovinj, as is indicated by the 
presence of large animals in all seasons, growth rates can be estimated to be 
25 % lower than that of males in Grado based on the difference in T L m a x . 

5. Reproduction 

a. Breeding period 

Ovigerous females were found in Grado between March and September. The 
early stage of development of all eggs in the March-sample indicate that the 
1977 breeding period began in the first day of March. This period ended 
between September 19th and September 26th: all embryos were ready to hatch. 
No ovigerous females occurred in October. Thus, the duration of the breeding 
period was ~ 190 days. In 1978, early egg stages were first observed in April, 
indicating a later beginning of the season and an overall shorter duration. 

Ovigerous females were found in Staranzano in April (1979), May (1983 and 
1985) and June (1984); no ovigerous female occurred in September (1984 and 

Fig. 8. Proportion of adult females which were ovigerous in Grado (solid line), Rovinj ( • ) , and 
Staranzano (A). Proportion of adult females with "plumose setae" in Grado (stipled line), Rovinj 
(o), and Staranzano (A). 

1985). In Rovinj, ovigerous females were caught in July (1978, 1979, and 1983). 
In the laboratory, animals caught in November carried eggs in April. 

The proportion of ovigerous females in the total number of adult females in 
the same sample (1977) was very high in March and May (75 and 88%, 
respectively), decreased to 70% in July and 44% in August, and fell to only 
15 % in September. A smaller proportion of ovigerous females was found in 
1978 (50% in April and 38% in July) (Fig. 8). 

This proportion was much lower in Rovinj, being 22, 24, and 31% in July 
1978, 1979, and 1983, respectively. In Staranzano, the proportion of ovigerous 
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females was low in April 1979 (8 %) and June 1984 (11 %) and high in May 1983 
and 1985 (70 and 60%). 

b. Size at maturity 

The smallest ovigerous female from Grado had a TL of 36 mm (July 1978), the 
smallest female with well-developed ovaries a TL of 34 mm. Much smaller were 
ovigerous females from Rovinj (26 mm); filled ovaries occurred at 25 mm. The 
smallest ovigerous female from Staranzano measured 34 mm (TL). 

The mean total length of ovigerous females was nearly equal in all samples 
from Grado and ranged from 53.3 mm in March 1977 to 50.3mm in July 1978. 
It was significantly smaller in Staranzano ( T L m e a n = 46.6 mm) and Rovinj 
( T L m e a n = 33.1 mm). 

Size frequency histograms (see Figs. 3 and 4) show that ovigerous females 
from all three sites are represented by two size-classes, the smaller being 2 years 
old, the larger females 3 years and older. 

Testes and vasa deferentia could be recognized in all males larger than 17 mm 
(TL). The testes of middle-sized males (TL around 35 mm) were always better 
developed than those of larger males. In histological investigations, TUCKER 
(1930) found testes in their definite form in 7 mm (TL) males, spermatogonia 
and well-developed vasa deferentia in 10 mm (TL) males; males larger than 
15 mm were sexually mature. 

c. Eggs 

1. Attachment of eggs. The eggs are attached to the setae of the first pleopod 
and to the setae of the endopodites of pleopods 2-5. 80% of all eggs were 
carried on the first three pleopods: 30.4% on the first, 29.3% on the second, 
25.1 % on the third, and 18.5 % on the fourth. Only very few eggs (0.6 %) were 
attached to the fifth pleopod. 

Females showing "plumose setae" (according to TUCKER, 1930) could be 
found in great numbers during and after the end of the breeding season. The 
occurrence of plumose setae thus seems to indicate the beginning or the end of 
one egg batch. In the latter case several empty egg capsules were still present. 
2. Egg numbers. Egg number in U. pusilla is very variable. Even the general 
relation between body size and egg number (JENSEN, 1 9 5 8 ) showed a great 
variation (Fig. 9). Because eggs are lost during the incubation period, only un-
eyed eggs were used for calculating the relation between egg number and female 
size (TL) in Grado. 

A good correlation exists in May (1977) (r = 0.71; n = 11; P < 0.05) and April 
(1978) (r = 0.65; n = 16; P<0.01) for Grado and in July (1979) (r = 0.72; 
n = 28; P<0.001) for Rovinj. This correlation was less good for females from 
Grado in July (1978) (r = 0.44; n = 11; P>0.05) and Staranzano (April 1979) 
(r = 0.48; n = 10; P>0.05) . 

This indicates a seasonal variation in egg number. Numerous eggs are carried 
in spring; egg number is correlated by nearly the fourth power to TL. Fewer 
eggs are carried in summer and the variation in egg number within one size class 
is greater (Fig. 9). 
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In addition to seasonal variations within the same population, a great 
variation in egg numbers exists between the three different localities. The egg 
numbers of ovigerous females from Staranzano are very similar to those of the 
comparable sample (April) from Grado. Females from Rovinj, however, carry 
much fewer eggs not only due to their smaller size, but also compared with 
similar sized females from Grado (see Fig. 9). 

In Rovinj (July 1979) the number of eyed eggs was between 5 and 74 % (mean 
35.9%) lower than the number of un-eyed eggs. 

8: log E - 4.398 logTL - 3.777 
n-11, r =0.71 

b: logE= 3.913 logTL-2.872 
n«16, r«0.65 

C: logE = 1.295 logTL -1.411 
n-11,r = 0.47 

d: logE - 1.772 logTL +0.750 
n « 1 0 , r - 0 . 4 8 

e= log E = 1.938 log TL + 0.055 

n - 2 8 , r - 0 . 7 2 

f: logE = 3.584 logTL-2.576 
n = 22, r =0.77 

20 30 40 50 
TL in mm 

60 

Fig. 9. Egg numbers in relation to female size (TL in mm). Grado: 7703 ( • ) : un-eyed eggs; 7705 (A, 
line a): un-eyed eggs; 7707 (0): eyed eggs; 7708 (v): eyed eggs; 7709 (y): eyed eggs; 7804 (A, line 
b): un-eyed eggs; 7807 ( • , line c): un-eyed eggs, (o): eyed eggs. Lido di Staranzano: 7904 ( • , line 
d): un-eyed eggs. Rovinj: 7907 (o , line e): un-eyed eggs, ( • , line f), eyed eggs. 

3. Egg size. Egg size was not correlated with animal size (r = 0.022; n = 60; 
P > 0.05) but rather with egg number (r = 0.29; n = 58; P < 0.05); it also varied 
with the stage in embryonic development. In Grado, the mean diameter of eggs 
in stages 1-4 was 490.7 ^m, that of eyed eggs (stages 5-9) 521.3 nm. This 
difference is significant (P<0.01, t-test) and indicates an increase in volume of 
20 % (from 61.8 to 74.2 nl) during embryonic development. In Rovinj, the mean 
diameter of un-eyed eggs was 473.3 (xm, that of eyed eggs 501 \im. The differ-
ence between the stages is significant ( P < 0.001, t-test) and corresponds to an 
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increase in volume of 19%. The difference in egg size between Rovinj and 
Grado is significant for both stages (P < 0.05, t-test). Eggs from Staranzano had 
a mean diameter of 500 |xm and were not significantly (P>0.25, t-test) larger 
than those of the same stages from Grado; they were significantly larger 
( P < 0.001, t-test) than eggs of the same stages from Rovinj. 
4. Egg weight. The mean dry weight of one un-eyed egg was 21.4 \ig in Grado. 
Eyed eggs had a mean dry weight of 14.4 jig and lost 33.3% weight during 
embryonic development. This difference is significant ( P < 0.001, t-test). The 
mean dry weight of an un-eyed egg from Rovinj was 18.3 fig; a single eyed egg 
weighed 14.8 jug. This significant difference ( P < 0.001, t-test) represents a 
weight loss of 19 %. The mean dry weight of one un-eyed egg was 22.4 |ig in 
Staranzano. 

The difference in the weight of un-eyed eggs is significant only between 
Grado and Rovinj ( P < 0.001, t-test) and between Rovinj and Staranzano 
(P < 0.001, t-test). No significant difference in weight exists between Grado and 
Staranzano (P>0.05, t-test). 
5. Egg masses. The egg mass (dry weight of all eggs from one female) varied 
with season, stage in embryonic development, and size of the female. It (stages 
1-4) varied in Grado between 0.046 (TL = 55mm, ndw = 0.291 g; July 1978) 
and 0.3145 g (TL = 60mm, ndw = 0.462 g; March 1977). The egg masses of 
females from Staranzano had a similar range, while those from Rovinj were 
much lower, ranging from 0.007 (TL = 28mm, ndw = 0.048 g) to 0.034 g 
(TL = 39mm, ndw = 0.111 g). 

The EI was size-independent; the smallest female from Grado (TL = 36 mm) 
had an EI of 70, the largest (TL = 60mm) an EI of 68. Minimal, maximal, and 
mean EI values showed great seasonal variations in Grado (Fig. 10 A). The EI 
of un-eyed eggs was always higher than that of eyed eggs. The values from 
Rovinj ranged between 14.4 and 40.5 (mean = 29.5) and were much lower than 
for females with un-eyed eggs from Grado (EI between 12 and 70, mean = 41). 
The EI of ovigerous females from Staranzano ranged between 21.7 and 71.8 and 
was similar to that from Grado (mean = 55 in April). 
6. Incubation time. The time required for freshly extruded eggs to hatch in 
laboratory animals ranged from 27 to 43 days (mean = 35.9 days, n = 15). 
Within one species, incubation time varies with temperature; WEAR (1974) 
showed that several crustaceans from temperate waters show a similar relation-
ship between incubation time and temperature. Therefore, the slope of the 
equation given by H ILL (1977) for the incubation time ( I in days) in relation to 
temperature (T in °C) in U.africana was used for U. pusilla: log I = — 1.881 
logT + 3.826. 

d. The ovaries 

The ovaries in U. pusilla are situated dorsal to the hepatopancreas in the 
cephalothorax and reach far into the abdomen. They can already be recognized 
in very small females and are well developed at T L > 3 1 m m in Grado and at 
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T L > 21 mm in Rovinj. TUCKER (1930) found oocytes in histological sections at a 
TL > 15 mm in a population where ovigerous females were larger than 24 mm 
(TL). Mature ovaries almost completely fill the abdomen and can be recognized 
from the outside by their green colour. 

Ovary dry weight varied according to stage and season; in adult females from 
Grado it varied between 0.001 (in all sizes) and 0.2394 g (TL = 51mm, 
ndw = 0.3981, April 1978). In adults from Rovinj ovary dry weight ranged from 
0.001 to 0.02 g. Ovary weight did not differ significantly in ovigerous and non-
ovigerous females. Females with "plumose setae" had ovaries of all stages. 

Gl B 

50 

3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 
1977 1 9 7 8 1979 

Fig. 10. A. Relative egg masses (EI in % of ndw) of ovigerous females. Grado: mean El of eggs in 
all stages (solid line), mean EI of un-eyed ( • ) and eyed (o) eggs. Rovinj: mean EI of un-eyed (A) 
and eyed (A) eggs. Staranzano: mean of un-eyed eggs ( • ) . Relative ovary masses (GI in % of ndw) 
of non-ovigerous (B) and ovigerous females (C). Grado: mean GI (solid line); mean GI of females 
with un-eyed ( • ) and eyed (o ) eggs. Mean GI of females from Rovinj (A) and Staranzano ( • ) . 
Vertical bars indicate ranges of EI and GI, respectively. 
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Mean and maximal GI values of non-ovigerous females decreased in Grado 
from March to October (1977), increased during winter; mean values decreased 
again from April to October (1978), whereas maximum values increased until 
July and decreased from October on (Fig. 10 B). The lowest value was below 0.1 
in all seasons; the highest value was 82.3 in July 1978. 

Mean and maximum GI values were always higher in non-ovigerous females 
than in ovigerous females. In ovigerous females they increased from spring to 
summer and decreased in autumn (Fig. 10C). 

Similar to the relationship in the case of egg masses, GI values for females 
from Rovinj were lower ( G I m e a n = 5.7, G I m a x = 28 in non-ovigerous; G I m e a n = = 

2.3, G I m a x = 11.4 in ovigerous females) than those of females from the July 
(1978) sample from Grado ( G I m e a n = 20.3, G I m a x = 82.3 in non-ovigerous and 
GImean = 12.9, G I m a x = 27.8 in ovigerous females); GI values from Staranzano 
were in the same range ( G I m e a n = 22.5, G I m a x = 65.4 in non-ovigerous females) 
as those from the April sample from Grado ( G I m e a n = 25.1, G I m a x = 60.4). 

Ovaries of females which carried un-eyed eggs were always less filled than 
those with eyed eggs. This is independent of season as shown by the May 1977 
and July 1978 samples from Grado and the July 1979 sample from Rovinj. In 
May, the only female with eyed eggs had a GI of 29.5; the mean GI of the 
females with un-eyed eggs was 1.0. In July, this relation was 19.6-27.8 ( G I m e a n = 

23.5; eyed) and 0.1-15.2 ( G I m e a n = 5.3; un-eyed). The GI difference is less 
pronounced in Rovinj: G I m e a n = 0.4 and G I m a x = 5.5 in females with un-eyed 
eggs and G I m e a n = 3.3 and G I m a x = 9.5 in females with eyed eggs. 

From the time between embryonic stages (calculated using incubation time in 
relation to temperature), the increase in ovary weight can be estimated. In 
Grado this increase is 28.2% and 18.2% of ndw within 20 and 18 days, 
respectively. In Rovinj, the corresponding increase was only 2.9%. This 
increase is much slower at the end of the breeding season, with a mean of 12.4 % 
within two months (October to December). Together egg mass and ovary mass 
represent reproductive mass (RI as % of ndw); RI increases from December 
(RImean = 27.1) to April ( R I m e a n = 44.4). This is a weight increase of 17.3 % of 
ndw within 4 months. Slower ovary development during the winter, however, 
results in more numerous eggs and higher egg masses than the rapid develop-
ment during the breeding season. 

e. Breeding sequence 

The maximum number of egg batches which could theoretically be incubated 
per cycle is 6 for the year 1977 in Grado (calculated by dividing the breeding 
cycle - 190 days - by the length of the incubation time at the mean temperature; 
HILL, 1 9 7 7 ) . 

As not all females are continuously ovigerous, the number of batches varies 
individually and lies well below the maximum number. It was not possible to 
determine which proportion of the females in the population carried 1, 2, or 
more egg batches. The incubation time, however, indicates that the ovigerous 
females of the different samples carried separate batches in time; e. g., the eggs 
in March were to hatch before May, therefore ovigerous females caught in May 
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were to a high proportion carrying their second batch. Summing the percentages 
of ovigerous adult females in the samples over the breeding period results in an 
estimated mean number of batches per female of 2.85 in 1977 (Grado). The 
stages in ovary development from May and July indicate a possible separate 
batch at that time which was not recognized due to the long sampling interval. 
Thus, the actual mean number of batches in 1977 might have been higher. 

f. Larvae 

Hatching during laboratory maintenance occurred over two to three successive 
nights. The larvae are transported out of the burrow by the current generated by 
the female's pleopods. Once in the water, the larvae move actively to the 
surface, sink down passively, and swim upwards again. They show a positive 
phototactic reaction. Many larvae remained in parts of the burrow; their decay 
was visible several days later as black dots in the burrow wall. Larvae which 
were caught in the basket of the female induced a flight reaction of the female. 
Mean total length of larvae was 1.9 mm. 

The complete larval development of U. pusilla is known from plankton 
samples. CANO ( 1 8 9 1 ) described 4 larval stages - with total lengths of 1 . 3 , 2 . 0 , 
2.5, and 3.5 mm - and one postlarval stage of TL = 5mm. After reaching the 
postlarval stage the animal begins to burrow. 

The duration of larval development in U. pusilla is not known. The first larvae 
are to be expected in Grado from the beginning of May to mid-September. 
Following the growth of juveniles found in September 1977 (TL = 10 mm) back 
to postlarval size indicates settlement at the end of July. A minimal larval 
development of 35 days can be assumed. 

6. Parasites and diseases 

The bopyrid Gyge branchialis was the only obvious ectoparasite; it can be 
recognized by the swelling of one gill chamber, corresponding to the location of 
the asymmetrical female and the attached dwarf-male. The degree of parasita-
tion by this bopyrid in Grado was 6.2 % in males in March, 2.4 % in May, 2.6 % 
in September, and 6.6% in October 1977. Parasitized females (1.3%) were 
found only in October 1977. The TL of parasitized animals ranged from 22 to 
56 mm. 

In July 1979, 4.8% of the females from Rovinj had this parasite. In Staran-
zano, 0.8% of the females and 1.3% of the males were parasitized in April 
1979, 1.6% of the males in May 1985. 

Trematode metacercariae were found as endoparasites in nearly all animals. 
The cysts are of ellipsoid shape (425 x300[xm) and had a thick, two-layered 
cuticle. They occurred in the cephalothorax - attached to the hepatopancreas -
as well as in the abdomen. Between 20 and 80 % of all females from Grado were 
parasitized with low numbers of cysts. 

Infestation in Rovinj was much more severe; here, the cysts almost filled the 
body cavity and the proportion of parasitized animals ranged from 65 to 100 %. 
In Staranzano only single cysts were found (5 % of the animals). 
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Up to 20 acanthor- or acanthella-stages, the flattened encysted stage of the 

acanthocephalan Arythmorhynchus, were found between the lobes of the 
hepatopancreas inside Staranzano females ( 2 8 . 4 % ) ; in males single cysts were 
found in 5.9%. Only two animals from Grado had these cysts; no cysts were 
found in Rovinj. 

The "burned spot disease" (STEWART, 1 9 8 0 ) which can be recognized as 
brown to black spots in the cuticle, especially at articulations, was observed in 
several animals from all locations. 

7. Energetic aspects of production 

A mean caloric content of 5 .6kcal-g _ 1 (= 23.5kJ • g '), given by WINBERG 
(1971) for the organic matter of several aquatic invertebrates, was used to 
convert organic matter of different parts of U. pusilla into energetic equivalents: 
males (entire animals): 12.4kJ • g (dw) - 1 

females (ndw): 10.3kJ • g (dw) - 1 

eggs and ovaries: 19.9 kJ • g (dw) - 1 

exuviae: 5.6kJ • g (dw) - 1 

Over one year, a male with TL = 50 mm (6 moults; growth curve in chapter 
4. e.) releases 1.93 g (dw) exuviae (=10.9kJ) and increases its weight by 
0.1875 g (dw) (= 2.3 kJ). The same growth rate of a female of TL = 50 mm yields 
a weight increase of 0.1002g (dw) (= 1.03 kJ) within one year. Due to the lower 
weight of female exuviae (see 4. b.) only 0.9595 g (dw) (=5 .4 kJ) is released. An 
egg batch of a female of this size (50% of ndw) is equivalent to 2.9 kJ. 
Considering the difference in annual exuvia production of 6.7 kJ between males 
and females and the lower weight increase, more than two batches of eggs are 
energetically possible for a female of this size. As the growth rate is lower in 
females, even more egg batches could be produced. 

The production of a theoretical population of 100 animals with the same size 
and sex distribution as in November 1977 (Grado) was calculated using the 
hypothetical growth curve for males and a 10% lower growth rate for females; 
additional assumptions include the same number of moults in both sexes and 3 

Table 1. Annual production of a theoretical population of 100 animals at Grado in g (dw) y e a r - 1 

and k J - y e a r - 1 for males and females, and percentages of somatic growth, exuviae, egg and ovary 
production of the total population. 

males females total 
g(dw) kJ g(dw) kJ % (g) % (kJ) 

somatic growth 
exuviae 
eggs and ovaries 

4.3 
47.3 

52.4 
259.0 

6.9 
52.0 
17.6 

81.7 
289.0 
311.3 

77.5 
13.8 

8.7 13.5 
55.2 
31.3 

total 128.1 994.3 
(100%) (100%) 
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egg batches annually (November to November) for each adult female. The 
values in g (dw) and kJ as well as the percentages of somatic growth, exuviae, 
egg and ovary in total annual production are summarized in Table 1. Production 
of spermatophores could be neglected. 

Discussion 
The occurrence of a larger cheliped in male decapods is an indicator of sexual 
maturity and is often used to separate growth phases (HARTNOLL, 1 9 7 8 ) . 
HARTNOLL ( 1 9 8 2 ) mentions that different patterns of relative growth are 
responsible for the development of sexual dimorphism from the more or less 
undifferentiated early instars. That this differentiation becomes visible at sexual 
maturity has been shown in thalassinids for Upogebia pusilla (TUCKER, 1 9 3 0 ) ; 
Callianassa australiensis (HAILSTONE & STEPHENSON, 1 9 6 1 ) ; C.filholi (DEVINE, 
1 9 6 6 ) ; and C. major (RODRIGUES, 1 9 8 5 ) . TUCKER ( 1 9 3 0 ) suggested that larger 
chelae size is due to the fact that males have no drain on their resources for egg-
production. He demonstrated this by the influence of the parasitation by the 
bopyrid Gyge branchialis: parasitized males have slender propodi like females 
and their testes are not influenced; parasitized females also had smaller chelae, 
but in addition showed reduced ovaries up to the point of castration. A similar 
effect of parasitic castration has been reported for C. laticauda (= C. tyrrhena) 
b y REVERBERI ( 1 9 4 2 ) . 

Size frequency distributions are generally dependent on the population 
dynamics and seem to be mainly influenced by individual growth rates. A size 
frequency distribution similar to that in Rovinj has been described for U. pusilla 
from Naples (TUCKER, 1 9 3 0 ) , whereby males were found in 3 distinct size 
classes: 8.5 mm CL (TL = 22.7mm), 11.5 mm CL (TL = 31.3) and 14.5 mm CL 
(TL = 39.9 mm) in summer; no distinct size classes were recognized in females. 
Three modes can always be recognized when size frequencies of males and 
females are combined; such histograms have been presented for U. pusilla by 
POPOVICI ( 1 9 4 0 ) and for U. deltaura by GUSTAFSON ( 1 9 3 4 ) . 

Sex ratios of U. pusilla varied in the three study sites, although no clear 
pattern emerged. A sex ratio (male : female) of 2 : 3 was observed in a U. pusilla 
population by TUCKER (1930); in juveniles, males predominated. Twice as many 
females as males were found by DEVINE (1966) in C.filholi; in this population 
the sex ratio of juveniles was balanced. The prevalence of adult females in a 
population of C. australiensis was explained by migration (HAILSTONE & 
STEPHENSON, 1961). H ILL (1977) observed a balanced sex ratio or a prevalence 
of adult females in U. africana populations from different localities. 

The relative moult increment as well as the number of moults per year 
(hypothetical growth rate) of Upogebia pusilla are in the same range as 
described for several crustaceans (e.g., HIATT, 1948; KURATA, 1962; MAUCH-
LINE, 1976; HARTNOLL, 1982, 1983). The increment in size per year lies in the 
same order of magnitude as in C . australiensis (mean of 9.5 mm C L ; HAILSTONE 
& STEPHENSON, 1961), in C.filholi (8mm C L ; DEVINE, 1966), and C.kraussi 
(6mm C L in the first and 3mm in the second year in males; FORBES, 1977). 

The life span of over 5 years in U. pusilla is the longest reported for the 
Upogebiidae. A life span of at least 3 years was suggested from size frequency 
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distributions by TUCKER ( 1 9 3 0 ) and POPOVICI ( 1 9 4 0 ) for U. pusilla and by 
GUSTAFSON ( 1 9 3 4 ) for U. deltaura. CHAUD ( 1 9 8 4 ) , however, mentions that 
U. pusilla in Brittany lives only for a maximum of two years. Additional 
estimates are 4 years for C.filholi (DEVINE, 1 9 6 6 ) , at least 2 to 3 years for 
C. australiensis (HAILSTONE & STEPHENSON, 1 9 6 1 ) and C. kraussi (FORBES, 1 9 7 7 ) , 
and 10 years for C. californiensis (MACGINITIE, 1 9 3 5 ) . 

The breeding season generally depends on the temperature cycle of the 
biotope; in the Mediterranean and Black Sea, ovigerous U. pusilla always 
occurred between March and October (LOBIANCO, 1 9 0 9 ; TUCKER, 1 9 3 0 ; 
POPOVICI, 1 9 4 0 ) . 

Egg numbers of different species depend, in addition to the size of the 
ovigerous female, mainly on egg size and number of larval stages. High egg 
numbers with small egg sizes in most burrowing Upogebia-species (Table 2) are 
related to a relatively long planktotrophic larval development with high larval 
mortality. Sponge-dwelling Upogebia-species carry few, large eggs (e.g., 

Table2. Egg numbers (E) of ovigerous females with TL, CL (in mm), diameter of one egg (ED in pm), 
incubation period (in days) at temperature T (in °C), number of larval stages (1: larval; pi: post-larval), duration 
of larval development (LD in days), a: life habit of larvae (p: planktonic; b: benthic), b: life habit of adults 
(b: burrowing; s: in sponges) of Upogebia- and Callianassa-species. Sources: (1) A N D R Y S Z A K , 1986; (2) C A N O , 
1 8 9 1 ; ( 3 ) D E V I N E , 1 9 6 6 ; ( 4 ) DOLGOPOLSKAYA, 1 9 6 9 ; ( 5 ) FORBES, 1 9 7 3 ; ( 6 ) FORBES, 1 9 7 7 ; ( 7 ) G U R N E Y , 1 9 2 4 ; ( 8 ) 
G U R N E Y , 1 9 3 7 ; ( 9 ) HAILSTONE & STEPHENSON, 1 9 6 1 ; ( 1 0 ) H A R T , 1 9 3 7 ; ( 1 1 ) H I L L , 1 9 7 7 ; ( 1 2 ) K U R A T A , 1 9 6 5 ; ( 1 3 ) 
L U T Z E , 1938; (14) M C C R O W , 1972 after JOHNSON & G O N O R , 1982; (15) N G O C - H O , 1977; (16) PEARSE, 1945; (17) 
P O H L , 1 9 4 6 ; ( 1 8 ) R O D R I G U E S , 1 9 7 6 ; ( 1 9 ) R O D R I G U E S , 1 9 8 4 ; ( 2 0 ) SAKAI, 1 9 7 5 ; ( 2 1 ) SAMUELSEN, 1 9 7 4 ; ( 2 2 ) 
SANDIFER, 1 9 7 3 ; ( 2 3 ) SANKOLLI & SHENOY, 1 9 7 5 ; ( 2 4 ) SHENOY, 1 9 6 7 ; ( 2 5 ) T H O M P S O N , 1 9 7 2 ; ( 2 6 ) T U N B E R G , 1 9 8 6 ; 
(27) VAUGELAS et al., 1986; (28) W E B B , 1919; (29) this study. 

Species E TL CL ED 1 T stages LD a b sources 
[mm] [mm] [inn] [d] PC] [d] 

U. affinis 10,000 47-75 450 41, 1 pi, P b (16), (22), (1) 
U. africana 300-2000 12-20 450 52 17.5 P b (11) 
U. danai 41, lpl P b (7) 
U. darwini 31 1000 21, lpl 5 P s (15) 
U. deltaura 4700 40 14 500-558 41, 2 pi 30-60 P b (27), (21), (26) 
U. kempi 41, 2 pi 22 P b (24) 
U. major 31 P b (12) 
U. pugettensis 1000 31, lpl 14 P b (10), (25) 
U. pusilla 400-12,000 36-60 8-19 400-490 35.5 17.5 41, lpl 35 P b (2), (29) 
U. savignyi 35 1000 11 - b s (8) 
U. stellata 53 18 500 41, 2 pi P b (28), (21) 

C. armata 100 850-1050 19.5 26 P b (27) 
C. australiensis 9-12 45 61, lpl 120 P b (9) 
C. californiensis 51, lpl 42-56 P b (14) 
C. filholi 660-1500 34-54 38.5 14 51, lpl 150 P b (3) 
C. kewalramanii 700-900 21, 2 pi 7-9 P b (23) 
C. kraussi 12-193 6-11 900-1800 32.5 20 21 3-5 b b (5), (6) 
C. major 8200 136 875-1020 33 23 31 14 P b (17), (18) 
C. mirim 21, lpl 14 P b (19) 
C. subterranea 7000 47 500-600 30 18 41, lpl 35 P b (13) 
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U.digitana with ED of 900 [xm in a female with TL = 16mm; SAKAI, 1975). 
NGOC-HO (1977) described an abbreviated larval development in U. darwini (see 
Table 2). In U. savignyi only one larval stage exists; immediately after hatching 
it moults into the juvenile (GURNEY, 1937). This indicates that burrowing 
shrimps show an adaptation for larval dispersion whereas species inhabiting 
sponges or corals show a trend towards abbreviated larval development. Such a 
trend is apparent in several crustaceans having restricted and specialized 
habitats (RABALAIS & GORE, 1985). In burrowing Callianassa-species, eggs are 
also larger when larval development is short (Table 2). 

WEAR ( 1 9 7 4 ) demonstrated the influence of temperature on the incubation 
period of crustacean eggs; in animals from similar temperate regions no 
differences due to egg size exist. STEELE & STEELE ( 1 9 7 5 ) , however, reported 
that the duration of embryonic development is inversely correlated with egg size 
in Crustacea. 

A decrease in egg weight and increase in egg volume during embryonic 
development is a common phenomenon in crustaceans; the first is due to the 
metabolization of yolk, whereas the second is due to water uptake ( W E A R , 
1 9 7 4 ) . The general volume increase of the egg batch together with the female's 
ventilation activity leads to an egg loss ranging from 5 to 74 % in U. pusilla. The 
mean egg loss of 36 %, however, lies in the range of average brood mortalities 
(27 to 55%) reported for several Natantia and Brachyura (summarized in 
BALASUNDARAM & PANDIAN, 1 9 8 2 ) . 

The number of larval stages and duration of larval development within the 
burrowing Upogebiidae are relatively uniform. Abbreviation of larval develop-
ment occurs in some sponge-inhabiting species (Table 2). A much longer larval 
life and more stages have been reported for most of the Callianassidae (Table 
2). But in this family, abbreviation of larval development also occurs; a 
completely suppressed planktonic phase was reported for C. kraussi (FORBES, 
1973). 

Larvae of U. pusilla have been found in the Mediterranean always immedi-
ately after the respective breeding period (CANO, 1 8 9 1 ; LOBIANCO, 1 9 0 9 ; 
BOURDILLON-CASANOVA, 1 9 6 0 ) . MAKAROV ( 1 9 7 6 ) described their diurnal vertical 
migration and concentration at night in the upper 0.5 m water layer near the 
shore. EMMERSON ( 1 9 8 3 ) reports that 9 7 . 1 to 9 9 . 9 % of the first larval stage of 
U. africana are swept out of the adult's estuarine habitat during nocturnal ebb 
tide and dispersed by longshore currents. After completion of larval develop-
ment near the shore, recruitment of the estuarine population occurs through 
postlarvae entering with the flood tide. A similar net flux of larvae out of an 
estuary has been reported for C. californiensis by JOHNSON & GONOR ( 1 9 8 2 ) . 

The decrease in egg numbers and egg masses of succeeding batches has also 
been observed in Macropipus depurator by WEAR ( 1 9 7 4 ) . Protein and lipid 
synthesis for ovary formation together with mobilization of lipid from the 
hepatopancreas and protein from muscles is limiting during the peak of breeding 
activity whereas during the long breeding pause in winter these processes 
increase (PILLAY & NAIR, 1 9 7 3 ) . The number of egg batches depends on 
incubation time and thus on temperature during the breeding season. H ILL 
( 1 9 7 7 ) calculated between 3 and 7 theoretically possible egg batches for U. af-
ricana populations from biotopes with different temperature regimes. 
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Information on population dynamics of Upogebiidae and Callianassidae are 

sparse. HAILSTONE & STEPHENSON ( 1 9 6 1 ) demonstrated the influence of bait 
digging on C. australiensis; recruitment balances removal by bait digging. 
FORBES ( 1 9 7 8 ) showed that recruitment into areas where females are not 
reproductive due to low salinity takes place by movement of C. kraussi post-
larvae. 

Exuviae of U. pusilla have a relatively high caloric value: 5.6 kJ • g 1 (dw); the 
result is the loss of a high proportion of total production through exuviae. KOOP 
(1979) determined a value of 10.2 kJ • g~' (ash free dry weight) for exuviae of the 
isopod Ligia dilatata but did not incorporate this value in the energy budget. 
WILLOWS (1987) determined an energy content of 7.38J-mg 1 (dw) for Ligia 
oceanica exuviae, resulting in 13.3 kJ • i r r 2 • y _ 1 loss - equivalent to 21 % of total 
production. BERRY & SMALE (1980) found that in the rock-lobster Panulirus 
homarus, which has a more strongly calcified exoskeleton than Upogebia and an 
energy content of 18.35 kJ • g 1 (acid treated dry weight) and moults as an adult 
only once a year, the energy loss by exuvia-production is 28.14kJ • m~2 • y - 1 or 
59% of total production. In the krill Nyctiphanes australis, this value was 
42.01 mg (dry weight) • m~3 • y 1 or 33.6 % of the total annual production (HOSIE 
& RITZ, 1983). The authors mention that these exuviae are an important source 
for the detrital food web. HARTNOLL (1983) summarized patterns and advan-
tages of the two growth strategies - indeterminate and determinate growth -
represented in crustaceans and lists the high energy loss through exuvia-
production as one of the important disadvantages of indeterminate growth. 

The generally smaller size of individuals in Rovinj is most probably due to a 
lower growth rate. This lower growth rate may be due to the following reasons: 

(1) a higher salinity (36 %o) than at Grado (mean 27.7 %o) or Staranzano 
( 1 4 - 2 6 %O); POPOVICI ( 1 9 4 0 ) found U. pusilla up to TL = 6 5 mm at 1 7 %o, whereas 
TUCKER ( 1 9 3 0 ) and DAGUERRE DE HUREAUX ( 1 9 7 0 ) caught animals with max-
imum sizes of 5 0 mm and 4 7 mm at 3 6 % o , respectively. KINNE ( 1 9 7 1 ) gave 
several examples of the influence of supra- and subnormal salinities on the final 
size of invertrebrates. Optimal salinity for U. pusilla seems to lie around 26 %o. 

"This is supported by the fact that respiration rates in small animals (<2.5gww) 
at temperatures between 15.0 and 17.5 °C, and in large animals (>2.5g) at 
temperatures between 20.0 and 22.5 °C are lowest at 26 %o (DWORSCHAK, in 
prep.); 

(2) the extremely high population density in the isolated Rovinj population. 
This may be due to the low water exchange in this sheltered enclosed bay, which 
leads to a long retention time of larvae and a high proportion of resettlement 
within the Val Saline. This dense population is probably food limited; 

(3) finally, the high degree of parasitation may be a consequence of the bad 
nutritional status and may further reduce growth and fecundity. 

Summary 
U. pusilla shows a marked sexual dimorphism. Males from Grado and Staran-
zano become larger (66 and 60 mm total length) than females (60 and 58 mm 
TL). From a total length of 35 mm, males have stronger chelipeds than females, 
this results in a sexual difference in all other measurements such as wet weight, 
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dry weight, and proportion of exoskeleton to total weight. Animals from Rovinj 
are generally smaller ( T L m a x = 47 mm) and sexual dimorphism less marked. Size 
frequency distributions show the presence of large animals in all seasons; 
variations exist in middle-sized animals. Juveniles are found in all three popula-
tions in early autumn. In the laboratory, U. pusilla moults at night in its burrow, 
buries the exuviae, and later transports it onto the surface. Size-dependent 
moult intervals at 17.5 °C range from 20 to 60 days. The moult increment is 
between 0.7 and 16.4 % of the premoult size and decreases with increasing size. 
Growth rates generated using data on moult intervals and moult increments are 
somewhat lower than growth rates of males from Grado and similar to those of 
females as calculated from size frequency histograms. The life span of U. pusilla 
is over 5 years. Growth of animals from Staranzano is similar to that of the 
Grado population. Animals in Rovinj have a markedly lower growth rate. 
Ovigerous females occur in Grado between March and September, in Staran-
zano in May and June, and in Rovinj only in July. The proportion of ovigerous 
females in Grado is high (in spring 1977) - between 75 and 80 % of adult females 
- and decreases towards summer and autumn. 60 to 70 % of the females are 
ovigerous in Staranzano in spring, while in Rovinj this proportion is much lower 
(12 to 31 %). Ovigerous females from Rovinj are generally smaller ( T L m e a n = 
33 mm) than those from Grado ( T L m e a n = 50 mm) and Staranzano ( T L m e a n = 
46mm), and carry absolutely and relatively less eggs (1,200). Size-dependent 
egg numbers show seasonal variation in Grado; they are high in spring (up to 
12,000), lower in summer. The mean incubation time of embryos is 36 days at 
17.5 °C; egg weight decreases by 33 %, egg number by 35 %, whereas egg size 
increases. Stages of ovary development, incubation time, and the proportion of 
ovigerous females during the breeding period indicates that each adult female 
produces at least 3 egg batches per year. The duration of planktonic larval 
development - 4 larval and one postlarval stage - is estimated to last 35 days. 
The ectoparasitic bopyrid Gyge branchialis occurs on some animals. 20 to 80% 
of the shrimp from Grado are infested by trematode metacercarians; the 
infestation is nearly 100% in Rovinj and very low in Staranzano. Here, 
U. pusilla is regularly infested by an acanthocephalan. Production of a theoreti-
cal population of 100 animals was calculated using growth, breeding sequences, 
and caloric content of animals, eggs and exuviae. This total annual production 
amounts 128 g dry weight or 994 kJ. The proportion of somatic growth is 8.7 % 
by dw (13.5 by kJ), that of exuviae-production 77.5 % by dw (55.2 by kJ), and 
that of egg production 13.8 % by dw (31.5 % by kJ). 
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