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Crustacea) in relation to various environmental conditions 
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Oxygen consumption experiments were performed on the thalassinid prawn, Callianassa kraussi Stabbing, 
using an open flow system coupled to a Radiometer electrode and a continuous recorder. The effect of 
starvation, sex, body size, salinity, temperature, seasons and reduced oxygen tensions on the respiratory 
rates of the prawns were investigated. Of these factors, body size, temperature and seasons appeared to 
have the greatest effect. The results obtained showed oxyqen consumption of C. kraussi increasing with 
mass by the mean power of 0,72, a mean 0 10 value of 2,80, a higher metabolism (at a given temperature) in 
winter than in summer and a similar respiration rate (at a given temperature) at salinities of 35 and 17 °/00. 

Suurstofverbruik-proefnemings is op die gamaal Callianassa kraussi Stabbing uitgevoer, deur gabruik te 
maak van 'n oopvloeistelsel gekoppel aan 'n Radiometer-elektrode en 'n deur10pende registreertoestel. Die 
uitwerking van uithongering, geslag, liggaamsmassa, soutgehalte, temperatuur, jaargetye en verminderde 
suurstofspanning op die asemhalingssnelhede van die gamale is ondersoek. Van die bogenoemde faktore het 
liggaamsmassa, temperatuur en jaargetye blykbaar die grootste uitwerking gehad. Die resultate het die vol­
gende getoon: suurstofverbruik van C. kraussi wat met massa toegeneem het met 'n gemiddelde mag van 
0,72; 'n gemiddelde Owwaarde van 2,80; 'n hoar metabolisme (by 'n gegewe temperatuur) in die winter as in 
die somer en soortgelyke suurstofverbruik (by 'n gegewe temperatuur) by soutgehaltes van 35 en 17 °/00. 

-To whom correspondence should be addressed at: Tsitsikama National Park, P.O. Storms River, 6308 Republic of South 
Africa 

The thalassinid prawn Callianassa kraussi Stebbing has a 
wide distribution in southern Africa (Day 1967) and is 
common in most of the estuaries of this region (Day 
1981b). As part of an ecological study of the dominant 
macrobenthos in the Swartkops (33°51'S I 25°38'E). 
aspects of the respiratory physiology of C. kraussi were 
studied. These results are represented in this paper and 
cover the effects of body mass, salinity, temperature, 
seasons and reduced oxygen tension on the respiration 
rates of this species. 

Notable studies on C. kraussi dealt with growth and 
reproduction (Forbes 1973,1977,1978; Hanekom 1980), 
osmotic rCfgulation (Forbes 1974) and responses to res­
piratory stress (Lourens 1970). Respiration works were, 
however, performed on other thalassinid prawn species 
(Montuori 1913; Hill 1967; Thompson & Pritchard 1969; 
Miller, Pritchard & Rutledge 1976; Torres, Gluck & 
Childress 1977; Felder 1979) and most of these covered 
the respiratory and physiological responses of the dif­
ferent species to hypoxic conditions. Many of the factors 
dealt with in this paper were ignored. 

Methods 
Each set of experiments began 18-26 h after fresh es­
tuarine water and prawns had been collected from the 
Swartkops estuary and they lasted a further 2-4 days. 
The water used was passed through a 60 ~m Gelman 
filter. Prawns (20-40 individuals) were kept in two 60 I 
holding tanks at temperature regimes of c. 14-16°C (in 
winter) and c. 18-21°C (in summer) and at salinities 
which matched those of the experiments. No attempt 
was made to feed the prawns. 

An open flow respirometer was used to determine 
oxygen consumption (Figure 1). It was placed in an air-

Figure I The apparatus used in measuring the oxygen con­
sumption of C. kraussi (A = glass aspirator as reservoir, 
B = sea water tank, C = water bath filled with 15% ethanol 
solution, D = respiratory chamber, E = gang valves, 
F = thermostat controlled heating unit, G and H = two 
Eheim filter and pump units, I = oxygen electrode, J = Fryka 
cooling unit, K = Radiometer analyser, L = continuous re­
corder, M = diaphragm pump, N = acclimation flask). 
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conditioned room and the sides of the water bath (C) 
and waterjacket of the oxygen electrode (I) were in­
sulated with polystyrene foam. Temperature differences 
between the various components of the system were less 
than 0,5°C, while the leakage deflection of the Radio­
meter analyser (K) was less than 5 mm Hg. To achieve 
the latter, a thick (5 mm) glass walled experimental tank 
(B) was used, the Eheim pump (G) was seated in a glass 
beaker and the metal screws below its impeller were re­
placed by plastic ones. 

Air saturated estuarine water was siphoned from the 
reservoir (A) by means of a nylon tube (0), which has a 
low diffusion coefficient (see Yasuda 1966 ), through a 
respiratory chamber (D), out via a Radiometer oxygen 
electrode (L) and into a measuring cylinder. 

The flow rate of water through the system was con­
trolled by a series of valves (E) and the oxygen con­
centration in the respiration chamber remained above 
the 65-70% level during each experimental run. The res­
piration chamber was selected from a series of thick 
walled, cylindrical glass tubes (internal diameters and 
lengths of 5, 10 or 15 mm and 100,120 and 130 mm re­
spectively), closed at each end with a pierced rubber 
stopper . The chamber chosen allowed the monitored 
prawn to move freely, but not actively swim. It was dark­
ened, secured in a near vertical position and the lower 
3-4 cm filled with 2-3 mm sterilized glass balls to ensure 
thorough mixing of the water before it reached the 
oxygen electrode. This electrode was pressure sensitive 
and was first calibrated statically. It was then reset once 
it was connected to the system and a control run lasting 
30--60 min was performed before each experimental run. 
Each prawn monitored was first placed in a temperature 
acclimation flask for at least 2 h, before being trans­
ferred to the respiration chamber. Measuring started 
only once the prawn had calmed down and the re­
cordings were of short duration (2-4 h). The hourly res­
piration rate was calculated from the most even 60-min 
trace. 

Starvation 

The hourly oxygen consumption rates at 20°C and 
35 °/00 of five C. kraussi were detennined after 1, 3, 5 
and 7 days of starvation and the values for each day were 
compared using a one way analysis of variance 
(Snedecor & Cochran 1973). 

Sexes 
The respiration rates at 20°C and 35 °/00 of five pairs of 
male and female prawns of similar mass were deter­
mined and compared using a paired t test. 

Salinity and temperature 

The respiration rates of C. kraussi were detennined at 
various salinities and temperatures, which covered the 
ranges nonnally encountered within the estuary 
(Hanekom 1980). Approximately 15 prawns of both 
sexes and comprising three size classes ( c. 5,5--6,0; 
7,5--8,0 and 9,0-9,5 mm carapace length) were used in 
each of these experiments and a mass metabolism equa-
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tion (log M = log a + b log W, where M = respiration 
rate in ~I 02.h-l, W = dry mass in mg and a and b = con­
stants) was constructed for each set of experimental con­
ditions. The regression lines for these equations were 
compared in a manner described by Snedecor & 
Cochran (1973). The 010 values (Schmidt-Nielsen 1975) 
and the type of seasonal acclimation (Prosser 1973) was 
determined from the oxygen consumption rates (calcu­
lated from the mass metabolism equations) for a 
standard 300 mg dry mass prawn at various tem­
peratures. 

Reduced oxygen tension 
To determine the range of oxygen tensions to which C. 
kraussi in the intertidal zone was exposed, water samples 
were taken from prawn burrows in the mid-tide region 
during high and low tide. A 30 cm long, hollow stainless 
steel needle having 70 ~m holes near its end was fitted to 
a 10 ml glass syringe. The syringe and needle were 
flushed out with 40% fonnaldehyde solution to displace 
any air present. The needle was pushed vertically down 
the burrow opening. A water sample was drawn into the 
syringe, where the residue of formaldehyde left behind 
would kill the micro-organisms present in the water 
(Pamatmat 1968). 

The filled syringes were sealed, transported back to 
the laboratory in a cool-box and oxygen analyses were 
done within four hours of sampling, using a Radiometer 
electrode. Respiration experiments were performed on 
five C. kraussi experiencing 200C, 35 °/00 and a range 
of external oxygen tensions from 140-27 mm Hg. The 
oxygen levels were reduced by bubbling nitrogen 
through the water reservoir (A). The results recorded at 
each oxygen level were compared using a one way ana­
lysis of variance. 

Results 
C. kraussi was seldom inactive during the experimental 
run. It usually beat its pleopods or moved slowly up and 
down the respiratory chamber. The respiration rates 
monitored were regarded as routine, namely that of an 
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Figure 2 The oxygen consumption of five C. kraussi indi­
viduals over 8 days of starvation. 
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organism whose only movements are spontaneous 
(Wycliffe & Job 1977). 

The routine oxygen consumption of five C. kraussi 
monitored after 1, 3, 5 and 7 days of starvation are 
shown in Figure 2. The respiration rates on the various 
days were similar ( F = 0,18; P> 0,10) and no cor­
rection factor was applied to the results of the other ex­
periments, which were spread over 3-5 days. Further­
more, no significant difference (t = 41,13; P> 0,10) 
was recorded between the respiration rates of five pairs 
of male and female prawns of similar mass (Table 1). 

Oxygen consumption rates of prawns of different 

Table 1 The oxygen consumption of five pairs of male 
and female C. kraussi, each pair having a similar mass 

Dry mass (mg) Oxygen consumption (1J.I.h- l
) 

Male Female Male (M) Female (F) Difference (M-F) 

197 185 101 103 -2 

385 406 179 212 + 33 
465 442 260 238 + 22 
560 573 255 245 -10 
645 616 305 308 -3 

t = -{l,13 

Table 2 Values for the constants of the mass meta-
bolism equations (log M = log a + b log ~ determined 
for C. kraussi at various salinities and temperatures. In 
the above equation M = oxygen consumption ~I O2 / 

h, W = dry mass (mg), a + b = constants and in the 
table U and L = upper and lower reaches respectively, 
Sand W = summer and winter, r = correlation coeffi-
cient, n = number of measurements and p = signifi-
cance of correlation coefficient 

Experimental conditions 
Parameters of equations 

Salinity Temp. Re- Sea-
°/00 °C gion son a b r n p 

35 30 U S 0,9890 0,5887 0,87 14 <0,01 
35 25 U S 0,4920 0,7220 0,89 15 <0,01 
35 20 U S 0,3927 0,6745 0,89 17 <0,01 
35 15 U S 0,0125 0,7139 0,89 18 <0,01 

35 20 U W 0,4988 0,6828 0,84 20 <0,01 
35 15 U W 0,1725 0,7227 0,95 15 <0,01 
35 10 U W 0,0398 0,6025 0,80 15 <0,01 

17 25 U S 0,6176 0,6945 0,92 10 <0,01 
17 20 U S 0,1298 0,8003 0,79 18 <0,01 
17 15 U S -{l,4084 0,8873 0,91 14 <0,01 

17 15 U W 0,7961 0,7210 0,90 17 <0,01 
5 20 U S 0,3034 0,8114 0,94 15 <0,01 

35 25 L S 0,5440 0,7147 0,65 15 <0,01 
35 20 L S 0,4449 0,6875 0,83 15 <0,01 
35 20 L W 0,3444 0,7833 0,90 13 <0,01 

185 

masses and subject to various combinations of tem­
peratures and salinities are shown in Figures 3-6. The re­
gression equations of these lines are listed in Table 2, 
while the results of stastical comparisons of the various 
regression lines are given in Table 3. No significant dif­
ference (P > 0,05 ) was determined between the res­
piration rates recorded at the same temperature, but dif­
fering salinities of 35 and 17 °/00. At 5 °/00 (20°e), 
however, the respiration rates increased relative to those 
at 35 and 17 °/00 (ZO°e) (Figure 3), resulting in a signifi­
cant (P < 0,01) increase in the elevation (or a constant) 
of this regression line (Table 3). In the comparison of the .. 
respiration rates of prawns collected from the upper and 
lower reaches of the Swartkops estuary, two of the five 
pairs of regression lines differed in elevation on the 95% 
of significance, while only one of these pairs varied on 
the 97% level (Table 3, Figure 4). The respiration rates 
of C. kraussi from the upper and lower reaches were 
therefore taken to be similar. 

Oxygen consumption rates of C. kraussi at 35 °/00 and 
at various temperatures and seasons are shown in Fig­
ures 5-6. The above regression lines all differed signifi­
cantly (P < 0,01) from each other in elevation (or in the 
a constant) (Table 3). This indicated an increase in the 
oxygen consumption with an increase in temperature, as 
well as a seasonal shift in the respiration rates. These ef­
fects are illustrated in Figure 7. 

The mean oxygen tension recorded for the water sam­
ples collected from C. kraussi burrows in the mid-tide re­
gion during high and low tides were 128 ± 8 (n = 11) and 
20 ± 6 (n = 18) mmHg respectively, while the oxygen 
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Figure 3 The respiration rate of C. kraussi at different salini­
ties (35°/00, 17°/00 and 5°/00) and temperatures (15°C, 
20"C and 25"C) during summer. 
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Flpre 4 Comparison of the respiration rates of C. kraussi 
from the upper and lower reaches of the Swartkops estuary. 
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FIgure 5 The effect of acute temperature change on the res-
piration rate of C. kraussi during summer. 
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Figure 6 The effect of acute temperature change and seasons 
on the respiration rate of C. kraussi. 
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Figure 7 The calculated respiratory rate for a 300-mg prawn at 
different experimental temperatures during summer and 
winter. The QlO for each 5°C increase in temperature is 
shown. 

consumption rates of C. kraussi over a similar range of 
oxygen tensions (140--27 mmHg) is shown in Figure 8. 
No significant decline (F = 0,09; P > 0,10) was meas­
ured in the respiration rates over this range. 

Discussion 
The temperature and salinity experiments, in which 
14-18 prawns were each monitored for 2-4 h, ran con­
tinuously over a 3-4-day period. The effects of diurnal 
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Table 3 F values and degrees of freedom (df} recorded in the comparisons of the 
elevation, residual variance and slopes of the various regression lines describing the 
respiration of C. kraussi under various environmental conditions. Letters U, L, Sand 
Ware defined in Table 2. The significance of the differences is shown by asterisks 

Elevation Residual variance Slope 

Regression line compared F value df F value df F value df 

(A)Comparison of regression lines constructed from the respiratory rates at various salinities 

(U S 25°C) 35°/00 : 17"/00 3,74 1 : 22 1,09 8: 13 0,22 1 : 21 
(U S 20°C) 35°/00 : 17"/00 3,81 1 : 33 1,71 16: 16 1,32 1 : 32 
(U S 15°C) 35°/00 : 17"/00 0,Q2 1 : 29 1,26 12: 16 0,36 1 : 28 
(U W 15°C) 35°/00 : 17"/00 3,75 1 : 29 1,67 13 : 15 0,28 1 : 28 
(U S 20°C) 17°/00: 5°/00 31,16'" 1 : 30 2,69 13 : 16 0,27 1 : 29 

(B)Comparison of regression lines constructed for the respiratory rates of prawns from the upper and lower 
reaches 

(S 25°C 35°/00) U : L 1,47 1 : 26 2,49 13;13 0,002 1 : 26 
(S 25°C 35°/00) U : L 10,10""" 1 : 30 1,33 13 : 16 0,13 1 :29 
(W 20"C 35°/00) U : L 5,06" 1 : 30 1,10 11 : 18 0,90 1 : 29 
(S 25°C) 17°/00 U : 35°/00 L 3,74 1 : 22 1,09 8: 13 0,22 1 : 21 
(S 20°C) 17°/00 U : 35°/00 L 1,09 1 : 30 2,28 13 : 16 0,62 1 : 29 

(C) Comparison of regression lines constructed for the respiratory rates of prawns at various temperatures 

(U S 35°/00) 30"C : 25°C 44,8""" 1 : 25 1,18 12: 13 2,12 1 : 25 
(U S 35°/00) 25°C; 20"C 75,8""" 1 : 30 1,35 13 : 16 0,51 1 : 29 
(U S 35°/00) 20"C : 15°C 87,6""" 1 : 32 1,30 15 : 16 0,42 1 : 32 
(U W 35°/00) 20"C : 15°C 61,2""" 1 : 31 2,30 13 : 17 0,20 1 : 30 
(U W 35°/00) 15°C: 100C 17,8""" 1 : 27 2,32 13:13 1,68 1 : 26 

(D) Comparison of regression lines constructed for the respiratory rates of prawns for different seasons 
(summer - winter) 

(U 20"C 35°/00) S : W 23,2""" 1 : 32 1,31 16: 18 0,12 1 : 34 
(L 20"C 35°/00) S : W 12,8""" 1 : 25 1,92 11:13 0,16 1 : 24 
(U WC 35°/00) S : W 34,1""" 1 : 30 2,47 13 : 16 0,01 1 : 29 

) = conditions common to both regression lines . 
• , •• , ••• indicate significance at 5, 2,5 or 1 % levels respectively. 

DRY MASSC .. g) Of INDIVIDUALS 

• 880mg 

IJ 583mg 

'" 381 mg 
o 248mg 

• 258mg 

fluctuations in the respiration rates of C. kraussi would 
therefore have been incorporated into the mass meta­
bolism equations determined in Table 2, Any such vari­
ation would have adversely affected both the correlation 
coeffients and the b values (or slopes) of the above re­
gression equations. The correlation coeffients were, 
however, all significant (P < 0,01), while the b values 
ranged from 0,59-0,89 and had a mean of 0,72 (Table 2). 
This mean corresponded to the average b value of 0,75 
determined for poikilotherms by Hemmingsen (1960) in 
a review study (Davies 1966). These results would 
suggest that diurnal variations in the respiration rates of 
C. kraussi are relatively small. Hill (1967) recorded no 
discemable diurnal change in the respiration rates of a 
similar thalassinid species, Upogebia africana. 

100~--~----~--~----~--~--~ In the comparison of the oxygen consumption rates of 
male and female C. kraussi, the limited data (n = 5 
pairs) indicated no significant difference between the 
two 'sexes (t = 0,13; P> 0,10 ). Hill (1967) and 
Thompson & Pritchard (1969) made no mention of res-

30 80 90 120 150 

OXYGEN TENSION (mm Hg) 

Figure 8 The respiration rate of C. kraussi over a range of 
oxygen tensions, 27-140 mmHg. 
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piratory differences between the sexes of U. africana, U. 
pugettensis and C. californiensis and their data showed 
relatively little variation in oxygen consumption rates be­
tween prawns of similar mass. This would suggest similar 
respiration rates for both sexes. The magnitude of the 
oxygen consumption values determined for C. kraussi 
(at 35 °/00 and at various temperatures) corresponded 
well to those derived for other thalassinid prawn species 
( Table 4) and the experimental data obtained in this 
survey were taken as acceptable. 

The oxygen consumption rates of C. kraussi were 
apparently influenced by both acute and chronic tem­
perature changes. The effects of the former are shown in 
the QIO values of Figure 7. These QIO values were high 
and the means for summer and winter over respective 
temperature ranges of 15-20--25-30°C and 10--15-20°C 
were similar (c. 2,8). This suggested no compensation or 
seasonal change in the metabolic response of C. kraussi 
to acute temperature variations. Conversely, long term 
seasonal temperature changes apparently caused a shift 
in the metabolism of C. kraussi, because the respiration 
rates recorded at a given temperature were higher in 
winter than ih summer (Figure 7). This meant that des­
pite the lower temperatures associated with winter, the 
respiration rates of C. kraussi in the Swartkops estuary 
during the latter period would approximate those of 
summer (regression lines 2 and 3 in Figure 6). Hill 
(1967), on the other hand, recorded low QIO values (c. 
1,6) over a temperature range of 16-29°C and no 
seasonal variation in the oxygen consumption rates of U. 
africana. Reasons for the above discrepancies between 
C. kraussi and U. africana are not apparent, as both 
species burrow in the intertidal regions of estuaries and 
have similar distributional ranges in southern Africa 
(Day 1981a). 

The oxygen consumption rates of C. kraussi recorded 
at the same temperatures, but differing salinities of 35 
and 17 °/00 were similar (P > 0,05). At 5 °/00, however, 
the rates increased significantly (P < 0,01) (Table 3). 
This was probably related to greater osmoregulatory ac-

S.-Afr.Tydskr.Dierk.1987,22(3) 

tivity, since C. kraussi is an osmoconformer between 
salinities of 35-20 °/00, but a hyper-osmoregulator in 
waters of c. 15-3 °/00 (Forbes 1974 ). The above hypo­
thesis was supported by the findings for U.africana. The 
oxygen consumption rates of this species, which is a 
hyper-osmoregulator between salinities of c. 30-4 °/00 
(Hill 1971), increased steadily with declines in salinities 
to reach a maximum at c. 8 °/00 (Hill 1967). Despite this 
response to low salinities, there appeared to be no major 
long-term shift in the metabolism of the C. kraussi from 
the upper reaches of the Swartkops estuary, because 
four of the five pairs of the mass metabolism regression 
lines for prawns from the upper and lower reaches were 
similar (P > 0,025) (Table 3). 

The mean oxygen tension (20 ± 6 mmHg) recorded 
for the water samples collected from intertidal C. kraussi 
burrows during low tide corresponded to that (c. 15 mm 
Hg) determined from U. pugettensis burrows (Thomp­
son & Pritchard 1969). Over a range of external oxygen 
tensions of 140--27 mm Hg, which reached levels similar 
to that recorded at low tide, no significant change 
(P> 0,10) was determined in the routine (activity of 
prawn spontaneous ) oxygen consumption rates of C. 
kraussi (Figure 8). Hill (1967) and Thompson & 
Pritchard (1969) recorded similar oxygen independence 
in the standard (activity minimal) or routine (activity 
spontaneous) respiration rates of U. africana, U. pu­
gettensis and C. californiensis above external oxygen 
levels of about 45, 45 and 15 mm Hg respectively. The 
above values and those for this survey suggested a wider 
range of oxygen independent respiration for Callianassa 
species than those of Upogebia. Recorded LT 50 values 
(time taken for 50% of the individuals to die) in anoxic 
conditions for Callianassa species [c. 138 h for C. cali­
forniensis (Thompson & Pritchard 1969), c. 100 h for C. 
kraussi (Lourens 1970) and c. 85 h for C. jamaicene 
(Felder 1979)] were also greater than those for Upogebia 
species [c. 81 h for U. pugettensis, (Thompson & 
Pritchard 1969) and c. 20 h for U. africana (Hill un­
pubJ.)]. Pritchard & Eddy (1979) found that in anoxic 

Table 4 A comparison of the respiratory rates recorded in this survey with those of other 
thalassinid prawns 

Species 

C. kraussi 
U. africana 

c. kraussi 
U. africana 
C. subterranea 

C. kraussi 
C. californiensis 
U. pugettensis 

Researcher 

This study 
Hill (unpuhl. data) 

This study 
Hill (unpuhl. data) 
Montuori (1913, Thompson & 

Pritchard 1969) 

This study 
Thompson & Pritchard (1969) 
Thompson & Pritchard (1969) 

W = winter, S = summer, ·seasons not stated. 

Oxygen consumption calculated 
Experimental for a 1-g prawn ( .... 1 g" wet 

conditions mass hoi 

20"C (S) 105 
20"C· 103 

25°C (S) 169 
25°C· 230 
25°C· c.132 

10"C (W) 29 
10"C· c.29 
10"C· c.59 
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conditions U. pugettensis accumulates lactate ( an end 
product of anaerobic glycolysis) in the hemolyph at a 
much greater rate than C. californiensis, despite the sim­
ilar levels of lactate dehydrogenase in the tissues. These 
researchers felt that the early levelling off in the rate of 
lactate accumulation in C. californiensis, suggested that 
this species may be switching to a metabolic pathway 
other than glycolysis under anoxic conditions. The use of 
anaerobic metabolism by C. kraussi is a factor which 
should be investigated in the future. 

Acknowledgements 
We acknowledge with thanks the technical skills sup­
plied by Messrs I. Davidson and W. Strydom and assist­
ance given in the statistical analyses by Dr D. de Wet. 
Thanks are also extended to Ms A. Veldsman and M. 
Maree for art work. We thank the Council for Scientific 
and Industrial Research (SANCOR), the Department of 
Environment Affairs and Fisheries and the University of 
Port Elizabeth for financial assistance. 

References 
DAVIES, P.S. 1966. Physiological ecology of Patella. 1. The 

effect of body size and temperature on metabolic rate. J. 
Mar. BioI. Ass. U.K., 46: 647--658. 

DAY, J.H. 1967. A guide to marine life on South African 
shores. A.A. Balkema publishers, Cape Town. 300pp. 

DAY, J.H. 1981a. The estuarine fauna. In: Estuarine 
ecology with particular reference to southern Africa. 
(Ed.) Day, J.H., A.A. Balkema publishers, Cape Town. 
pp.147-179. 

DAY, J.H. 1981b. Summaries of current knowledge of 43 
estuaries in southern Africa. In: Estuarine ecology with 
particular reference to southern Africa. (Ed.) Day, J.H., 
A.A. Balkema publishers, Cape Town. pp. 251-331. 

FELDER, D.L. 1979. Respiratory adaptation~ of the 
estuarine mud shrimp, Callianassa jamaicense (Schmitt, 
1935)(Crustacea, Decapoda, Thalassinidea ). BioI. Bull. 
157: 125-137. 

FORBES, A.T. 1973. An unusual abbreviated larval life in 
the estuarine burrowing prawn Callianassa kraussi 
(Crustacea, Decapoda, Thalassinidea). Mar. BioI. 22: 
361-365. 

FORBES, A.T. 1974. Osmotic and ionic regulation in 
Callianassa kraussi Stebbing (Crustacea ,Decapoda, 
Thalassinidea). J. Exp . . Mar. BioI. Ecol. 16: 301-311. 

FORBES, A.T. 1977. Breeding and growth of the burrowing 
prawn Callianassa kraussi Stebbing (Crustacea, 
Decapoda, Thalassinidea). Zool. Afr. 12(1): 149-161. 

FORBES, A.T. 1978. Maintenance of non-breeding 
populations of the estuarine prawn Callianassa kraussi 
(Crustacea, Anomura, Thalassinidea). Zool. Afr. 13(1): 
33-44. 

189 

HANEKOM, N. 1980. A study of two thalassinid prawns in 
the non-Spartina regions of the Swartkops estuary. 
Unpubl. Ph.D. thesis, University of Port Elizabeth. 
252pp. 

HEMMINGSEN, A.M. 1960. Metabolism in relation to 
body size. Rep. Steno. Mern. Hosp. Nordisk. Insulin 
Fab. 9:1-1 to. 

HILL, B.J. 1967. Contributions to the ecology of Upogebia 
africana (Ortmann). Unpubl. Ph.D. thesis, Rhodes 
University, Grahamstown. 204pp. 

HILL, B.J. 1971. Osmoregulation by an estuarine and 
marine species of Upogebia (Anomura, Crustacea). 
Zoo/. Afr. 6(2): 229-236. 

LOURENS, M.J. 1970. Responses of the burrowing prawn 
Callianassa kraussi Stebb. to respiratory stress. Unpubl. 
Honours project, Rhodes University, Grahamstown. 
27pp. 

MILLER, K.I., PRITCHARD, AW. & RUTLEDGE, P.S. 
1976. Respiratory regulation and the role of the blood in 
the burrowing shrimp Callianassa californiensis 
(Decapoda, Thalassinidea). Mar. BioI. 36: 233-242. 

MONTUORI, A. 1913. Les processus oxydatif chex les 
animaux marins en rapport avec la loi de superjicie. 
Archs Ital. BioI. 59: 213-234. 

PAMATMAT, M. 1968. Ecology and metabolism of a 
benthic community on an intertidal sand-flat. Intern. 
Rev. Ges. Hydrobiol. 53: 211-298. 

PRITCHARD, A.W. & EDDY, S.1979. Lactate formation 
in Callianassa californiensis and Upogebiil pugettensis 
(Crustacea, Thalassinidea). Mar. BioI. 50: 249-253. 

PROSSER, C.L. 1973. Comparative animal physiology. 
Third edition, W.B. Saunders Co., London. pp. 181-380. 

SCHMIDT NIELSEN, K. 1975. Animal physiology, 
adaption and enviroment. Cambridge University Press. 
pp. 261-283. 

SNEDECOR, G.W. & COCHRAN, W.G. 1973. Statistical 
methods. Sixth edition. Iowa State University Press. 
Iowa, U.S.A. pp. 432-436. 

THOMPSON, R.K. & PRITCHARD, A.W. 1969. 
Adaptions of two burrowing crustaceans: Callianassa 
californiensis and Upogebia pugettensis (Decapoda, 
Thalassinidea). BioI. Bull. Mar. BioI. Lab. Woods Hole. 
136: 274--287. 

TORRES, J.J., GLUCK, D.L. & CHILDRESS, J.J. 1977. 
Activity and physiological significance of the pleopods in 
the respiration of Callianassa californiensis (Dana) 
(Crustacea, Thalassinidea). BioI. Bull. 152: 134--146. 

WYCLIFFE, M.J. & JOB, S.V. 1977. Standard, routine and 
active oxygen consumption of a freshwater shrimp. 
Hydrobiologia 54: 33-39. 

YASUDA, H. 1966. Penneability constants. In: Polymer 
handbook, (ed.) Brandrup, J. & Immergut, E.H. 
Interscience publishers, New York, p. v-13, v-17. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 




