
130 S.-Afr. Tydskr. Dierk. 1992.27(3) 

Growth, production and consumption of the thalassinid prawn Upogebia africana 
(Ortmann) in the Swartkops estuary 
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Populations of large and stunted Upogebia africana were regularly and quantitatively sampled in the 
Swartkops estuary. The growth of these prawns, determined by cohort analyses, was described by von 
Bertalantty equations: Lt = 24,4 (1 - e-O·0583 (I + 1,8446)) and Lt .. 19,0 (1 _ e-O·0454 (I + 4.0726)) respectively, where 
Lt - carapace length (in mm) at age t (in months). Eggs were apparently laid after moulting, which ocamed 
primarily during spring and summer. First sexual maturity was attained after 1,5 years, while the estimated 
life span was 41ears. The annual somatic production and PglB ratios of the populatio!,!s sampled were 1864 
and 1093 kJ.m- and 0,79 and 0,99 respectively. Somatic production of the entire estuarine population was 
approximately 1077 x 106 kJ.y-1. An estimated 13, 5 and 2% of this was 'consumed' by birds, fish and man 
respectively, while the remainder apparently entered the scavenger and detrital food webs. 

Kwantitatiewe monsters van normale en verdwergde U. africana is met gereelde tussenposes in die Swart
kopsgetyrivier geneem. Die groei van hierdie garnale, soos bepaal deur kohort-analise, is deur von Bertalan
tty groeivergelykings soos volg beskryf: Lt = 24,4 (1 - e-O·0583 (I + 1.8446)) en Lt = 19,0 (1 _ e-O·0454 (I + 4.0726)) 

waar Lt karapakslengte (in mm) op ouderdom t (in maande). Eiers is blykbaar na vervelling, wat hoofsaaklik 
gedurende lente en somer plaasgevind het, gele. Geslagsrypheid is na 1,5 jaar bereik, terwyl die berekende 
lewensduur 4 jaar is. Die jaarlikse somatiese produksie en PglB verhouding van die gemonsterde bevolkings 
is onderskeidelik 1864 en 1093 kJ.m-2 en 0,79 en 0,99. Somatiese produksie van die hele getyrivier 59 

bevolking is naastenby 1077 x 1 cj kJ.J1. 'n Geskatte 13, 5 en 2% hiervan is onderskeidelik deur voels, visse 
en mense verbruik, terwyl die res waarskynlik die aasvreter- en detritus-voedselwebbinnegedring het. 

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

Mud prawns, Upogebia africana (Ortmann), are abundant in 
many East Cape estuaries (Hill 1967; Hecht 1973; du Preez 
1978; Hanekom 1980, 1982; Day 1981; Hodgson 1987), 
where they are a major food source for a variety of fish and 
bird species (Schramm 1978; Marais 1984; Hanekom, Baird 
& Erasmus 1988; Martin & Baird 1987; Whitfield 1988; 
Martin 1991) and are extensively exploited as a bait organ
ism by man (Hill 1967; Hanekom 1980; Martin 1991; Wyn
berg 1991). Knowledge of their somatic production and con
sumption would be important in detennining conservation 
measures for these estuaries. 

Adult U. africana from the lower shore of the lower 
reaches of the Swartkops estuary have carapaces 1-5 mm 
longer than those from the creeks and middle reaches. These 
size variations are due to differences in growth rates, which 
are apparently influenced by the tidal transport of suspended 
food material (Hanekom & Erasmus 1988). The growth and 
somatic production of large and stunted U. africana were 
detennined by cohort analyses of regularly sampled popula
tions. This work complements limited growth studies of U. 
africana (Siegfried 1962; Hill 1967) and extensive research 
of U. pusilla (Dworschak 1988), and investigates the impact 
of birds (Schramm 1978; Martin 1991), fish (Marais 1984) 
and man (Hill 1967; Wynberg 1991) on the somatic produc
tion of the entire estuarine U. africana population. 

Study site 
The Swartkops estuary is situated well within the distribu
tional range of U. africana in southern Africa (Figure 1). It 
has extensive Spartina dominated salt marshes (363 ha; 

Pierce 1979) in the upper intertidal and smaller Zostera beds 
on the lower shore (13-16 ha; Talbot & Bates 1987). The 
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Figure 1 (A) Location of Swartkops estuary and the distribution 

of U. africana (from Hill 1967) in southern Africa. (B) Sampling 
sites and major bait-collecting areas within the Swartkops estuary. 
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estuarine mouth is perennial and approximately 57% of the 
tidal prism of 2,9 x l(f m3 is exchanged per spring tide 
cycle (Lord & Thompson 1988). Little vertical slratification 
occurs in the water column, the salinities gradient along its 
1ength is usually within 15-35%0 and the annual range in 
water temperatures is close to 13--28°C (McLachlan & 
Grindley 1974; Wooldridge 1979; Emmerson 1985a). 

Methods 
Approximately once a month, between July 1976 and 
November 1978, the authors, staff of the Port Elizabeth City 
Engineer (unpubl. data) and Wooldridge (unpubl. data) each 
independently and on separate days took surface tempera
ture and salinity readings of the water column near Sites 1 
and 2 (Figure 1) in a manner described in Hanekom & Eras
mus (1989). These readings were pooled and the mean 
monthly temperatures and salinities were calculated. 

U. africana were regularly (c. every six weeks) and quan
titatively sampled at Sites 1 and 2, where human disturbance 
was low and populations of large and stunted prawns, 
respectively, occurred. At each site duplicate samples were 
taken at 0 cm and 30 cm above the spring low tide mark, 
tidal levels within which prawn densities were high and 
variations in maximum prawn size were small (Hanekom 
1980). A 50 x 50 cm metal quadrat with a depth of 30 cm, 
which reached approximately 95% of the prawns within the 
quadrat area (Hanekom et al. 1988), was forced into the 
substratum. Its contents were removed with a spade and 
bucket, and hand sieved through a 3-mm mesh sieve. Cara
pace lengths (CL) of all prawns sampled were measured to 
the nearest 0,2 mm with vernier calipers. Prawns (CL > 10,0 
mm) were sexed, pleopods inspected for eggs and the hard
ness of their integument noted. Because sampling was 
abrasive, affecting the firmness of the prawns, only very soft 
individuals were classed as freshly-moulted. These numbers 
were low, but comparable at both sites, and data from the 
two sites and study periods were pooled to determine mean 
monthly percentages of freshly moulted adults (CL > 17,0 
mm and 12,0 mm at Sites 1 and 2 respectively, Hanekom & 
Erasmus 1989) and juveniles. 

Length measurements were grouped into 1 mm size class
es and size frequency histograms were constructed for each 
sampling date. Probability paper was applied to identify 
cohorts (Harding 1949; Cassie 1954), but in certain instan
ces the oldest cohorts were separated by inspection. The 
modal means were fitted to the von Bertalanffy growth 
model, generally regarded as the most suitable for express
ing fish growth (pauly 1979 and Hughes 1986 in Mann 
1992) and used in decapod studies (Emmerson 1985b; 
Dworschak 1988). The equation applied was: 

Lt = Loo (1-e-.l: (1-40), 

where constants Loo and k were determined from a Walford 
(1946) plot of Lt + 1,5 (sampling interval = 1,5 months) 
versus Lt (carapace length in mm at age t) (Ricker 1971), 
and time of hatching (to) from monthly counts of ovigerous 
females in each population. 

Length--dry mass relationships of male and female prawns 
from each site were determined during summer and winter. 
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Non-ovigerous prawns were measured to the nearest 0,2 
mm, oven dried at 95°C for 24 h and weighed to the nearest 
milligram. The values for each determination were fitted to 
a regression equation and these equations (in their logarith
mic form) were compared in a manner described by Snede
cor & Cochran (1973). 

Energy determinations of juveniles, adult males and non
ovigerous females were done quarterly, with samples from 
each group being freeze dried, homogenized and bombed in 
a bomb calorimeter. Replicates were within 1% of each 
other. 

Somatic production of the populations was determined by 
the growth method of Crisp (1971) namely: Pg = "i:.!l.Wt.Nt, 
where Pg = production by somatic growth, Nt = the mean 
number of individuals in cohort over time interval t and 
!l. Wt = the change in the mean mass of these individuals 
over time t. The numbers spawned were estimated by 
extrapolating numbers (Nt) against time (Crisp 1971). 

Results 
Corresponding length-mass equations of U. africana for the 
two sexes and seasons were similar (p > 0,05), but those for 
Sites 1 and 2 differed (p < 0,025) from each other (Table 1). 
Hence, a single length-mass equation was detennined for 
each site, namely: W = 0,0487 L 3,2889 (Site 1) and W = 
0,0510 L 3,2SS2 (Site 2), where W is dry mass (mg) and L is 

Table 1a Constants (a & b), regression coefficient (r2), 
numbers of observations (n) and significance (p) of 
carapace length (mm) versus dry mass (mg) 
relationship (W = aLb) for U. africana. Key: (S) = 
summer, (W) = winter, M = male, F = female and •• = p 
< 0,025 

Site 

2 
2 
2 

Seasoo 

S 

S 
W 

W 

S&W 

S 
S 

S 

Sex a 

M 0,0557 

F 0,0479 
M 0,0431 

F 0,0445 
M&F 0,0487 

M 0,0578 
F 0,0414 

M&F 0,0510 

b ,2 /I P 

3,2391 0,98 93 <0,01 

3,2953 0,98 90 <0,01 
3,3405 0,99 47 <0,01 

3,3107 0,98 83 <0,01 

3,2889 0,98 313 <0,01 

3,2230 0,98 46 <0,01 
3,3208 0,98 53 <0,01 

3,2552 0,98 99 <0,0\ 

Table 1b Statistical comparisons of the length-mass 
regression data for the two sexes, seasons and sites 

Residual 

variance Slope Elevation 

Sexes 

Site I (W) M \I. F 1,23 0,03 1,19 

Site I (S) M \I. F 1,24 0,14 0,04 
Site 2 (S) M \I. F 1,09 0,04 0,04 

Seasons 

Site I M (S) \I. (W) 1,19 1,64 1,15 

Site I F (S) \I. (W) 1,20 2,14 0,36 

Sites 
M (S) Site I \I. Site 2 1,35 4,82** 0,04 

F (S) Site I \I. Site 2 1,00 5,96** 1,65 
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carapace length (mm) (fable 1). These equations were used 
to determine the mass of individuals in growth and produc
tion studies. 

Females comprised between 56 to 60% of the prawn 
populations (CL > 10,0 mm) sampled. Their size frequency 
distributions generally corresponded to those of males 
(Figure 2), and to simplify growth and production studies 
length measurements of the two sexes were pooled. Similar
ly, although the energy content of adult females was higher 
than adult males and juveniles (Figure 3), values were 
pooled and means Guvenile data used for both sites) of 
14,303 and 14,680 kJ.g-1 dry mass were used to convert 
prawn mass to energy at Site 1 and 2 respectively. 

Percentages of adult male and female U. africana freshly 
moulted were highest between October and February, a 
period of rising water temperature and increasing solar 
radiation (Figure 4). Juveniles had an additional moulting 
peak in autumn, suggesting a shorter intermoult period than 
adults. 

The numbers and size composition of prawns sampled 
were consistent throughout the study period (Figures 5 & 6), 
and samples were taken to be representative of the popula
tions studied. Because U. africana larvae develop at sea, 
recruitment to prawn populations occurs through postlarvae 
entering the estuary with flood tides (Emmerson 1983; 
Wooldridge 1991). At Site I, near the mouth of the estuary, 
recruitment occurred continuously throughout the year, and 
the juvenile cohorts of January 1977 and 1978 (l & 0 in 
Figure 5) comprised recruits from the entire June to April 
'breeding' season (Figure 4). Hence, their mean spawning 
time was in October. Conversely, at Site 2 (in the middle 
reaches) annual recruitment was dominated by a 'single' 
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Figure 2 Size frequency distributions of male and female prawns. 

as well as ovigerous females (scale on right-hand margin) sampled 

at Sites 1 and 2 over the entire study period. 
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(winter) influx of juveniles (Cohorts 1 & 0 in Figure 6), pre
sumably hatched during March of the same year (Figure 4). 
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Figure 3 Energy values of adult and juvenile U. africana at Sites 

1 and 2. 
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Figure 4 (A) Mean monthly solar radiation measured at ground 

level at Port Elizabeth (16 Ian south-west of Swar\kops eswary) 

during 1957/8 (Hil~ Kaplan, Scott & Partners 1974); (B) & (C) 

mean monthly water temperatures and salinities; (0) percentages 
of adult female U. africana ovigerous and (E) combined (Sites 1 

and 2) mean monthly percentages of prawns moulted. 
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Figure 5 Size frequency histograms of U. africana sampled at Site 
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Figure 6 Size frequency histograms of U. africana sampled at Site 

2 between October 1976 and June 1978, sampling dates and num

bers per m2 are shown. 
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Figure 7 The progression of the modal means of cohorts in Figures 5 & 6 against time, and the resultant growth curve for U. africana as 

determined by von Bertalanffy equations: 
Ll = 24,4 (1 - e...{)·0583 (, + 1.8446) ) (Site 1) and Lt = 19,0 (1 - e...{)·0454 (, + 4.0726) ) (Site 2). 

Included are growth rates of female U. pusiIla from Grado, determined from: (1) moult increments and intermoult durations, and (2) size 

frequency histograms (Dworschak 1988), as well as rates of U. africana from the Kowie estuary, assessed from histograms (Hill 1967). 
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The progressions of these and other cohorts in Figures 5 and 
6 were plotted against time (Figure 7), and the von Berta
Ianffy growth equations (calculated from the mean modal 
values for each age group) were: 

Lt = 24,4 (1-e-O,0S83 (/ + 1,8446) ) (Site 1) and 
Lt = 19,0 (1-e-O,04S4 (/ + 4,0726) (Site 2) 

where Lt = carapace length (mm), t = age (months) and e = 
2, 7183, These equations fitted the observed data adequately 
(Figure 7) and the calculated Lao (maximum theoretical cara
pace length attainable) values were similar to the largest 
carapace lengths recorded at Sites 1 (24,4 v, 24,8 mm) and 
Site 2 (19,0 v, 19,3 mm), 

Most (c, 95 %) U, africana sampled at Sites 1 & 2 had 
carapace lengths less than 23,0 and 17,0 mm respectively 
(Figure 2), and their potential life span was estimated to be 
four years (Figure 7), 

The numbers of prawns in the various cohorts generally 
decreased steadily over the study period (Figure 8), The 
annual somatic production (Pg) and production / biomass 
(PIB) ratios at Site 1 and 2 were calculated to be 1864 and 
1093 kJ,m-2 and 0,79 and 0,99 respectively, while somatic 
production for the entire estuary was approximately 1077 x 
1~ kJ,y-1 (Tables 2-4), 
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Figure 8 Survivorship plots, showing the number and mean dry 
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Table 2 Somatic production (g dry mass. m-2 & kJ.m-2 ) 

of the U. africana population sampled at Site 1 from 
January 1977 to January 1978. Values in brackets 
were determined from extrapolations in Figure 8 

Month 

Jan. 77 
Mar. 77 

Apr. 77 

Jun. 77 

Jul. 77 

Oct. 77 

Dec. 77 
Jan. 78 

Total 

Jan. 77 

Mar. 77 
Apr. 77 

Jun. 77 

Jul. 77 

OcL77 
Dec. 77 

Jan. 78 
Total 

Jan. 77 

Mar. 77 

Apr. 77 

Jun. 77 

Jul. 77 

OcL77 

Dec. 77 

Jan. 78 

Total 

Jan. 77 

Mar. 77 

Apr. 77 

Jun. 77 

Jul. 77 
OcL77 

Dec. 77 

Jan. 78 

Total 

o 
o 
o 
o 
o 
o 

2 
2 
2 
2 
2 

2 
2 

2 

3 
3 

3 
3 
3 
3 
3 
3 

Nmnben Mean mass 

(460) 

(420) 

(400) 

(350) 

306 
300 

240 

212 
204 

2m 
119 

93 

59 

54 

65 

72 
79 

63 

74 

57 

96 

51 

98 

102 

74 

92 

86 
73 

37 

11 

per prawn 

WI 
(mg) 

16 

25 

37 

38 

57 
67 

56 

72 
98 

154 

219 

286 

352 

444 

418 

553 

643 

679 

729 

809 
911 

1087 

1121 

1157 

1121 

1139 

1070 
1248 

1286 

1424 

Total production (po, PI, Pl, PJ): 

Discussion 

Production increment 

(A) 

NIllWI 
(g) 

3,960 

4,920 

0,375 

6,232 
3,030 

18,517 

3,616 
5,408 

11,536 

10,595 

7,102 

5,016 

5,198 
48,471 

9,248 

6,795 

2,556 

3,425 

5,240 
7,803 

12,936 

48,003 

3,600 

-3,168 

1,494 

-6.141 
14,151 

2,090 

3,312 

15,338 

130,329 

(B) 

(A)(14,303) 

(kJ) 

56,640 

70,371 

5,364 

89,136 
43,338 

264,849 

51,720 
77,351 

164,999 
151,540 

101,580 

71,744 

74,347 
693,281 

132,274 

97,189 
36,558 

48,988 

74,948 

111,606 

185,024 

686,587 

51,491 

~5,312 

21,369 

-87,835 
202,402 

29,893 

47,372 

219,379 

1864,096 

Growth of crustaceans is discontinuous, occurring in steps 
of successive moults (passano 1960). Soft, newly moulted 
U. africana were recorded throughout the year, with peak 
counts (especially in the Uilenkraal estuary) in late spring 
and early summer (Figure 4; Siegfried 1962). Spring-sum

mer peaks in moulting have been recorded in U. de/taura 
(Tunberg 1986), the lobster Nephrops norvegicus (Farmer 
1973), as well as decapods Callianassa kraussi and Sesarma 
catenata in the Swartkops estuary (unpubl. data; Els 1982), 
The moulting peaks of U. africana coincided with periods of 
increasing solar radiation (or day length), and rising water 
temperature (Figure 4), factors capable of inducing moulting 
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Table 3 Somatic production (g dry mass. m-2 and 
kJ.m-2) of the U. africana population sampled at Site 2 
from June 1977 to June 1978. Values in brackets were 
determined from extrapolations in Figure 8 

Numbers Mean mass 
Production incnrrnent 

in cohort per prawn (A) (B) 

NI WI NI6WI (A)(14,68O) 

Month Cohort (nosho2
) (mg) (g) (IcJ) 

Mar. 78 0 (320) 29 
Jun. 78 0 (220) 31 0,540 7,927 

Total 0,540 7,927 

Jun. 77 (550) 18 

Aug. 77 (430) 32 6,860 100,705 
Sep. 77 (390) 38 2,460 36,113 
Noy.77 339 58 7).90 107,017 
Jan. 78 249 70 3,528 51,791 

Mar. 78 255 141 17,892 262,655 

Jun. 78 156 166 5,138 75,426 

Total 43,168 633,706 

Jun. 77 2 106 118 

Aug. 77 2 132 141 2,737 40,179 

Sep. 77 2 108 175 4,080 59,894 

Noy.77 2 124 221 5,336 78,332 

Jan. 78 2 72 294 7,154 105,021 

Mar. 78 2 69 336 2,961 43,467 
Jun. 78 2 59 336 0,000 0,000 

Total 22,268 326,894 

Jun. 77 3 106 399 

Aug. 77 3 138 390 -1,098 -16,119 
Sep. 77 3 108 390 0,000 0,000 
Noy.77 3 75 469 7).29 106,122 
Jan. 78 3 40 507 2,185 32,076 

Mar. 78 3 20 497 ~,300 -4,404 

Jun. 78 3 28 516 0,456 6,694 

Total 8,472 124,369 

Total productioo (po, PI, P2, P3): 74,448 1092,897 

in crustaceans (Els 1982; Stephens 1955; Passano 1960). 
Although not apparent iri this study (Figure 4), moulting 

in female U. africana (Siegfried 1962) and U. deltaura 
(Tun berg 1986) peaked approximately one month earlier 
than in males. Moreover, using data from these studies, 
positive correlations were obtained between the proportion 
of newly moulted females and those in berry [i.e. r = 0,56; 
P < 0,025 (Siegfried 1962) and r = 0,41; P < 0,07 (Tun berg 
1986) cf r = 0,29; p < 0,14 (Site 1)], suggesting that egg
laying occurs shortly after ecdysis. 

The smallest ovigerous female U. africana recorded at 
Sites 1 and 2 were in the 17 mm and 12 mm size classes 
respectively (Figure 2), and sexual maturity was attained 
after approximately 18-20 months (Figure 7). The reproduc
tive output of these females increased with age (or size), 
ranging from 0,86 to 20,42 kJ per annum (Hanekom & Eras
mus 1989). This output apparently retards female growth 
(Tucker 1930 & Reverberi 1942 in Dworschak 1988; Hill 
1977) and their maximum carapace lengths are generally 
1-3 mm smaller than males (Hill 1977; Hanekom & 
Erasmus 1989; Dworschak 1988). However, few large males 
were recorded from Sites 1 and 2 (Figure 2) and growth 
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Table 4 The standing biomass and annual somatic 
production of populations monitored at Sites 1 & 2, as 
well as biomass (Hanekom 1980 & Hanekom et al. 
1988) and production (calculated using Pg/B ratios of 
Sites 1 & 2) values for the entire estuarine U. africana 
population 

Large pnwns 
Site 1 

Populations: 

Intenidal 
Subtidal 

Total 

Stunted pnwns 

Site 2 

Populations: 

Intenidal 

Subtidal 

Total 

Large and 

stunted prawns 
Populations 

Intenidal 
Total 

Standing biomass 
(kJX 10')* 

2,345 

708 384,033 
24 968,844 

733352,878 

1,104 

375583,392 

126 985).09 

502 568,601 

1083967,425 

1235921,479 

Somatic productioo Pg/B 
(kJ X 10')* llIlio 

1,864 0,79 

559623,386 0,79 
19725,387 0,79 

579348,773 0,79 

1,093 0,99 

371 827,558 0,99 

125715,357 0,99 

497542,915 0,99 

931450,944 
1076 891,689 

* Energy content of large and stunted prawns = 14,303 and 14,6801cJ.g-2 

respectively 

rates determined in Figure 7 approximate those of female U. 
africana. 

The similarity in growth of U. africana from Site 2 with 
that (calculated by integrating data of intennouIt intervals 
and moult increments) of female U. pusilla from Grado 
(Figure 7), suggested that these two species have similar 
intermoult periods, when experiencing annual mean temper
atures of 20,9°C (SD = 3,2°C) (Figure 4) and c. 14,(fC (SD 
= 6,8°C) (Del Piero, Orel & Specchi 1978 in Dworschak 
1987) respectively. 

The relative increments in size per moult (as percentage 
of premoult total length) of U. pusilla decreased with 
increasing body length, ranging from 16,4 to 0,7% (Dwor
schak 1988). This was similar to the range in (positive) 
increments recorded between corresponding modaJ means 
from consecutive U. africana samples taken at Sites 1 and 2 
(means of the three largest and smallest increments = 15,4 
(SD = 1,2) and 0,6 (SD = 0,2)% respectively), as well as 
modal increments noted for Callianassa kraussi (c. 20-1%; 
Forbes 1977; Hanekom 1980) and to a lesser extent C. 
folholi (c. 9-1 %; Devine 1966). 

Life spans of 3,5 to 4 years estimated for U. africana 
from cohort analyses (Hill 1967; Figures 5-7), were com
parable with those (> 3 years) suggested from size frequen
cy distributions by Gustafson (1934) for U. dellaura, as well 
as by Tucker (1930) and Popovici (1940) for U. pusilla (in 
Dworschak 1988). However, Dworschak (1988) showed that 
mature U. pusilla (CL = 14-18 mm) could live more than 
three years under laboratory conditions and he calculated a 
life span of over five years for this species. This suggested 
that cohort analyses probably underestimate longevity, 
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presumably owing to the difficulty in separating older, slow
growing year classes from each other. 

The growth rate of prawns at Site 1 was much greater 
than at Site 2 (Figure 7), as was the annual somatic produc
tion (Pg) of the population (1859 lcJ.m-2 v. 1093 lcJ.m-2

). 

However, the production/biomass (PIB) ratio was lower 
(0,79 v. 0,93), depressed by a large biomass denominator 
(Table 4). These production values were higher than deter
mined from Dworschak's (1988) data for a theoretical 
population of predominantly large, slow growing adult U. 
pusilla (Pg = 134,llcJ and PIB = 0,32), but comparable with 
a C. kraussi population from the Swartkops estuary (Pg = 
1791lcJ.m-2; P/B = 1,41; Hanekom 1980). 

U. africana is the dominant macrobenthic species of the 
non-marshland regions of the Swartkops estuary (Hanekom 
1980; Hanekom et al. 1988), and approximately 85% of its 
total somatic production of 1077 X Hf lcJ occurs within the 
intertidal region (Table 4). This means it is vulnerable to 
predation by both birds and fish, as well as exploitation by 
man (Hanekom et al. 1988). 

The eleven most important bird species (comprising 
> 80% of the bird numbers) consume an estimated 136 x 
1(f lcJ.y-l of Upogebia africana (Martin 1991), or 13% of 
the annual somatic production (Table 4). Predation is 
greatest during spring and summer, and large (CL = 11-22 
mm), parasitized prawns which surface at low tide are 
usually taken (Martin 1991). This may account for the rapid 
decline in prawn numbers recorded in Cohort 3 during 
spring and summer (Figure 8). 

S.-Afr. Tydskr. Dierk. 1992,27(3) 

Fish also prey extensively on U. africana and estimates, 
based on gill net catches (Mal'llis & Baird 1980a), stomach 
analyses (Marais 1984) and feeding rates (du Preez 1987) of 
the larger fish species of th¢ Swartkops estuary (Table 5), 
suggest that these fish consume approximately 50 x Hf 
lcJ.y-l of U. africana. Many of the smaller fish missed by 
the gill nets also feed on U. africana [e.g. Caffrogobius 
nutiiceps, C. multifasciatus (Whitfield 1988) & PomtUJasys 
olivaceum (Day, Blaber & Wallace 1981)] and the consump
tion estimate was increased to 55 x Hf lcJ or 5% of the U. 
africana somatic production. 

Licensed bait outlets and private fisherman collect about 
4 000 kg dry mass - 58 x 1(f lcJ - of U. africana per 
annum (Martin 1991). Although much of this bait is ulti
mately consumed by fish, a significant proportion (probably 
20 x 1(f lcJ) dies and is discarded, or is used in the sea and 
other estuaries. Moreover, the disturbance caused by high 
intensity sampling using prawn pumps (e.g. compaction of 
the substratum and exposure of unharvested prawns to 
opportunistic predators) can result in a 25% reduction in U. 
africana densities (Wynberg 1991). Assuming a similar 
annual sampling mortality rate in the major bait collecting 
areas of the Swartkops estuary (Figure I), the loss owing to 
disturbance would be 192 x 1(f lcJ of U. africana. Whilst 
much of this is taken by opportunistic bird predators (Martin 
1991; Wynberg 1991), a large proportion (possibly 40%) is 
probably consumed by scavengers [e.g. 'crabs' Diogenes 
brevirostris (McLachlan, Lombard & Louwrens 1981) and 
Cyclograpsus punctatus (Alexander & Ewer 1969)] or forms 

Table 5 An estimation, based on gill net catches, stomach analyses and food intake 
experiments, of predation on U. africana by the larger fish species in the Swartkops estuary. 
Key: PC = Pomadasys commersonnii, GF = Ga/eiehthys fe/ieeps MF = Monodaetylus 
fa/ciformis, PI = Platyeepha/us indieus, EM = E/ops maehnata, RH = Rhabdosargus ho/ubi 

Fi sh species 

Paramelers Reference PC GF MF PI EM RH 

Area of estuary (ha) 154 154 154 154 154 152 

Effective net area (ha) 2 0.3 0,3 0,3 0,3 0,3 0.3 

Areas: estuary /nel 513 513 513 513 513 513 

Mass caughl/nel (g) 3 3850 796 80 263 1987 192 

Mass in estuary (g) 4 1975050 408 348 41040 134919 1019331 98496 
Mean mass of fish (g) 3 879 561 63 571 1656 88 

Intake per fish (kJ/d) 5 89,964 62,251 10,362 63,160 151,227 13,629 
% mass intake = prawns 6 44,6 94,1 6,4 5,4 2,1 2,4 

Prawns per fish (kJ/d) 7 40,124 58,579 0,663 3,411 3,176 0,327 
Prawns: all fish (kJ/d) 90 156 42639 432 806 1955 366 

Prawns: all fish (kJ/y) 32906964 15563225 157688 294 148 713 504 133 634 

Total oonsumption of prawns (kJ/y) = 49 769 163 

Ref. 1: Martin (1991). 

Ref. 2: The 50 m long gill nels of Marais & Baird (1980a) were assumed to catch aU fish in the waler column 30 m either side of 
them, which gave a fish density of 43 kg wet mass.ha-1

, compared to 40-50 kg Wei mass.ha-I (moisture coolent = 70%; 

Marais 1990) for eelgrass beds or marsh ponds in North California and Texas (Marshall Adams 1976; Hellier 1962 & 
Kjelson, Johnson, Gamer & Watson 1973 in Marshall Adams 1976), and a mean angling catch of >2442 kg of P. 

commI!rsofiflii per year in the Swartkops estuary (Marais & Baird I 980b). 

Ref. 3: Marais & Baird (l980a). 

Ref. 4: Fish were assumed to be evenly distribuled throughout the subtidal area. 

Ref. 5: Food intake of all species was delermined using the equation derived for Pomodasys contmersoMii, namely: Log FI = 
~,46 + O,821og M, where FI = daily U. a!ricafUJ intake at 2CY'C (kJ), M = live body mass (g) (du Preez 1987). 

Ref. 6:PC-EM = Marais (1984); RH = Whitfield (1988). 

Ref. 7: It was assumed % mass intake = % energy intake. 
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BIOMASS 

1238 

PRODUCTION CONSUMPTION 

PREDATOR 

REPRODUCTION 519 ~ BIRDS 

:::::: :::: :::RTEBRATES 

MAN.......... 192 

SCAVENGERS ....... 

138 

55 

20 

AND 1929 

DECOMPOSERS 

(DETRITUS) 

FIgure 9 The estimated biomass, production and consumption of 

the entire estuarine U. africana population. 

detritus. Similarly, most of the remaining somatic produc
tion of U. africana (792 x l(f kJ) is likely to enter the 
scavenger and detrital food webs, because, except possibly 
for the nemertean worm Polybranchiorhynchus dayi (Day 
1981), no other major predators are apparent in the Swart
kops estuary. 

Exuviae loss (through moulted exoskeleton) could also 
make a significant contribution to the detrital component 
(Hosie & Ritz 1983). Dworschak (1988) estimated that exu
viae loss constituted 55% of the total annual production of a 
population of predominantly large adult U. pusilla. com
pared to 21 and 34% in the isopod Ligia dilatata and krill 
Nyctiphanes australis respectively (Willows 1987 and Hosie 
& Ritz 1983 in Dworschak 1988). An assumed exuviae loss 
of 40% of the totaI annual U. africana production would 
contribute 912 x l(f kJ.y-l to the detrital food web of the 
Swartkops estuary. Therefore, although U. africana is prey 
to numerous bird and fish species (Martin 1991; Marais 
1984), its greatest contribution to the Swartkops ecosystem 
is apparently through the scavenger and detritus food web 
(Figure 9), an aspect that should be studied further. 

Acknowledgements 
Our thanks are extended to Drs J.W. Gonsalves and S. 
Pierce for their assistance and Ms M. Hawkins for artwork. 
We also gratefully acknowledge SANCOR and Department 
of Environmental Affairs for the fmancial support which 
made this study possible. 

References 
ALEXANDER, S1. & EWER, D.W. 1969. A comparative study 

of some aspects of the biology and ecology of Sesarma 
cate1Ulla Ort. and Cyclograpsus plUlCtatus M. Edw .• with 

additional observations on Sesarma meinerti De Man. Zool. 
Afr. 4(1): 1-35. 

CASSIE, R.M. 1954. Some uses of probability paper in the 

analysis of size frequency distributions. Australian J. Mar. 

Freshwater Res. 5: 513-522. 

CRISP, DJ. 1971. Energy flow measurements. In: Methods for 

the study of marine benthos. mp Handbook No 16. (Eds) 

N.A. Holme & A.D. McIntyre. Blackwell Scientific 

Publications, Oxford. pp. 197-279. 

DAY.I.H. 1981. The Estuarine fauna. In: Estuarine ecology with 
particular reference to southern Africa. (Ed.) I.H. Day. A.A. 

Balkema Publishers. Cape Town. pp. 147-179. 

DAY, IH., BLABER, SJ.M. & WALLACE,I.H.1981. 

Estuarine fishes. In: Estuarine ecology with particular 

reference to southern Africa. (Ed.) I.H. Day. A.A. Balkema 

Publishers, Cape Town. pp. 197-221. 

DEL PIERO, D., OREL. G. & SPECCHI, M. 1978: Osservazioni 

su alcuni parametri ambientali rilevati su una stazione fIssa 

delle laguna di Grado (Golfo di Trieste). Atti del primo 

convegno regionale sulle risorse marine costiere e lagunari, 

Trieste-Grignano, 23.4. 1977. Ann. Parco Mar. Miramare 
(Suppl.) 6 (18): 76-79. WWF-Trieste. 

DEVINE, C.E. 1966. Ecology of Callianassafilholi Milne

Edwards 1878 (Crustacea. Thalassinidea). Trans. R. Soc. N.Z. 
8: 93-110. 

DU PREFZ, H.H. 1978. Aspects of intertidal macrofauna 

ecology of Sundays River Estuary. Third year project, 

Zoology Department, University of Port Elizabeth. R.S.A. 

DU PREFZ, H.H. 1987. Bioenergetics of six surf zone fishes. 

Ph.D. thesis. University of Port Elizabeth. R.S.A. 

DWORSCHAK, P.C. 1987. The biology of Upogebiapusilla 
(petagna) (Decapoda. Thalassinidea) II. Environment and 

zonation. Mar. Ecol. 8 (4): 337-358. 

DWORSCHAK, P.C. 1988. The biology of Upogebiapusilla 
(petagna) (Decapoda. Thalassinidea) m. Growth and 

production. Mar. Ecol. 9(1): 51-77. 

ELS, S. 1982. Distribution and abundance of two crab species on 

the Swartkops Estuary saltmarshes and the energetics of the 

Sesarma catenata population. M.Sc. thesis, University of Port 

Elizabeth, R.S.A. 

EMMERSON, W.D. 1983. Tidal exchange of two decapod larvae 

Palaembn pacglCus (Caridea) and Upogebia africana 
(Thalassinidea) between the Swartkops estuary and adjacent 

coastal waters. S. Afr. J. Zool. 18: 326-330. 

EMMERSON, W.D. 1985a. The nutrient status of the Swartkops 

River estuary, Eastern Cape. Water SA. 11(4): 189-198. 

EMMERSON, W.D. 1985b. Seasonal abundance, growth and 
production of Palaembn pacglCus (Stimpson) in Eastern Cape 

tidal pools. S. Afr. J. Zool.20: 221-231. 
FARMER, A.S. 1973. Age and growth in Nephrops lIOrvegicus 

(Decapoda: Nephropidae). Mar. Bioi. 23: 315-325. 

FORBES, A.T. 1977. Breeding and growth of the burrowing 

prawn Calli(lllQSsa /craussi Stebbing (Crustacea: Decapoda: 

Thalassinidea).Zool. Afr. 12(1): 149-161. 

GUSTAFSON, G. 1934. On the thalassinidea of the Swedish 

West Coast Ark. Zool. 28a(1): 1-19. 

HANEKOM. N. 1980. A study of two thalassinid prawns in the 

non-Spartina regions of the Swartkops estuary. Ph.D. thesis, 

University of Port Elizabeth. R.S.A. 

HANEKOM, N. 1982. An ecological study of the Zostera beds 
in the Kromme Estuary. Unpublished SANCOR Repon, 

University of Port Elizabeth, R.S.A. 

HANEKOM, N., BAIRD, D. & ERASMUS, T.1988. A 

quantitative study to assess standing biomasses of 

macrobenthos in soft substrata of the Swartkops estuary, 
South Africa. S. Afr. J. Mar. Sci. 6: 163-174. 

HANEKOM, N. & ERASMUS, T. 1988. Variations in size 

composition of populations of U. africana (Ortmann) 

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
). 



138 

(Decapoda, Crustacea) within the Swartkops estuary and 
possible influencing factors. S. Afr. J. Zool. 23(4): 259-266. 

HANEKOM, N. & ERASMUS, T. 1989. Determination of the 

reproductive output of populations of a thalassinid prawn 

Upogebia africana (Ortmann) in the Swartkops estuary. S. 
Afr. J. Zool. 24(4): 243-250. 

HARDING, J.P. 1949. The use of probability paper for graphical 

analysis of polymodal frequency distributions. J. mar. bioi. 
Assoc. U.K. 28: 141-153. 

HECIIT, T. 1973. The ecology of the Kromme estuary with 

special reference to Sesarma caleNJla. M.Sc. thesis, 
University of Port Elizabeth, R.S.A. 

HELUER, T.R. 1962. Fish production and biomass studies in 

relation to photosynthesis in the Laguna Madre of Texas. 

Pubis Insl. mar. Sci. Univ. Tex., Vol. 8: 212-215. 

Hill, BJ. 1967. Contributions to the ecology of U. africana 
(Ortmann). Ph.D. thesis, Rhodes University, Grahamstown, 

R.S.A. 

HILl.., BJ. 1977. The effect of heated effluent on egg production 

in the estuarine prawn Upogebia africana (Ortmann). J. expo 
mar. Bioi. Ecol. 29: 291-302. 

HILl.., KAPLAN, SCOTT & PARTNERS. 1974. Environmental 
study of the Swartkops River Basin. Part 2, Vol. 6. Technical 

data report. Meteorology. 

HODGSON, N.A. 1987. Distribution and abundance of the 

macrobenthic fauna of the Kariega estuary. S. Afr. J. Zool. 22: 

153-162. 
HOSIE, G.W. & RIlZ, D.W. 1983. Contribution of moulting and 

eggs to secondary production in Nyctiphanes australis 
(Crustacea, Euphausiacea). Mar. Bioi. 77(3): 215-220. 

HUGHES, G. 1986. Examining methods of fitting age/length 

data to the von Bertalanffy growth curve with a view to 
applying a simplified version of the Beverton and Holt yield 

per recruit model. Unpubl. manuscript, Department of applied 

Mathematics, University of Cape Town, R.S.A. 

KJELSON, M.A., JOHNSON, G.N., GARNER, R.L. & 
WATSON, J.D. 1973. Biomass and densities of the fish and 
macrovertebrates of the Newport River Estuary, North 

Carolina. In: Annual Report to the Atomic Energy 
Commission, edited by T.R. Rice, U.S. Dept. Commerce, 

National Marine Fisheries Service, Beaufort, N.C. pp. 

169-182. 

LORD, D.A. & THOMPSON, G.A. 1988. The Swartkops 
estuary: Pollution status. In: The Swartkops estuary. 

Proceedings of a symposium held on 14 & 15 September 

1987 at the University of Port Elizabeth. (Eds.) D. Baird, 

J.F.K. Marais & A.P. Martin. S. Afr. nal. sci. Prog. Rep. No. 
156. CSIR, Pretoria. pp. 16-25. 

MANN, B.Q. 1992. Aspects of the biology of two inshore sparid 

fishes (Diplodus sargus capensis and Diplodus cervinus 

holtentotus) off the south east coast of South Africa. M.Sc. 

thesis, Rhodes University, R.S.A. 

MARAIS, J.F.K. 1984. Feeding ecology of major carnivorous 

fish from four eastern Cape estuaries. S. Afr. J. Zool. 19(3): 

210-223. 

MARAIS, J.F.K. 1990. Body composition of ten marine migrants 

and one freshwater fish species caught in estuaries of the 

Eastern Cape, South Africa. S. Afr. J. mar. Sci. 9: 135-14l. 
MARAIS, J.F.K. & BAIRD, D. 1980a. Seasonal abundance, 

distribution and catch per unit effort of fishes in the 

Swartkops estuary. S. Afr. J. Zool. 15(2): 66-71. 

S.-Afr. Tydskr. Dierk. 1992,27(3) 

MARAIS, J.F.K. & BAIRD, D. 1980b. Analysis of anglers' catch 
data from the Swartkops estuary. S. Afr. J. Zool. 15: 61-65. 

MARSHALL ADAMS, S. 1976. The ecology of eelgrass, 

Zoslera marina (L.) fish communities. I. Structural analysis. J. 
expo mar. Bioi. Ecol. 22: 269-291. 

MARTIN, A.P. 1991. Feeding ecology of birds on the Swartkops 

estuary, South Africa. Ph.D. thesis, University of Port 
Elizabeth, Port Elizabeth, R.S.A. 

MARTIN, A.P. & BAIRD, D. 1987. Seasonal abundance and 
distribution of birds on the Swartkops estuary, Port Elizabeth. 

Ostrich 58: 122-134. 
MCLACHLAN, A. & GRINDLEY, J.R. 1974. Distribution of 

macrobenthic fauna of soft substrata in the Swartkops estuary, 

with observations on the effects of floods. Zool. Afr. 9(2): 

211-233. 

MCLACHLAN, A., LOMBARD, H.W. & LOUWRENS, S. 

1981. Trophic structure and biomass distribution on two East 
Cape rocky shores. S. Afr. J. Zool. 16: 85-89. 

PASSANO, L.M. 1960. Moulting and its control. In: The 

physiology of Crustacea. (Ed.) T.H. Waterman, Vol. 1. 
Academic Press, New York & London. pp. 473-536. 

PAULY, D. 1979. Gill size and temperature as governing factors 
in fish growth: a generalization of von Bertalanffy's growth 

formula. Ber.lnst. Meereskd. Christian - Albrechts Univ. Kiel 

63: 156 pp. 

PIERCE, S.M. 1979. The contribution of Spartina maritima 
(Curtis), Fernald to the primary production of the Swartkops 

estuary. M.Sc. thesis, University of Port Elizabeth, R.S.A. 

POPOVICI, Z. 1940. Llingenmessungen an Upogebia littoralis R. 

aus dem Schwanen Meere. Bill. Sect. Sci. Acad. Rownaine. 
22: 484-488. 

REVERBERI, G. 1942. SuI significato della « castrazione 

parassitaria ». La transformazione del sesso nei crostacei 
parassitati da Bopiridi e da Rizocefali. Pubbl. Stn Zool. 
Napoli 19: 225-316. 

RICKER, W.E. 1971. Method for assessment of fish production 

in freshwaters. mp Handbook No 3. (Ed.) W.E. Ricker. 
Blackwell Scientific Publications, Oxford. 

SCHRAMM, M. 1978. Feeding ecology of the grey plover. B.Sc. 

(Hons) thesis. University of Port Elizabeth, R.S.A. 

SIEGFRIED, W.R. 1962. A preliminary report on the biology of 

the mud prawn Upogebia africana. Dep. Nat. Conserv. Provo 
Admin. Cape Invest. Rep. 1: 1-24. 

SNEDECOR, G.W. & COCHRAN, W.G. 1973. Statistical 

methods, 6th ed. The Iowa State University Press, U.S.A. 

STEPHENS, G.C. 1955. Induction of moulting in the crayfish, 
Cambarus, by modification of daily photoperiod. Bull. mar. 
Sci. 26(2): 235-241. 

TALBOT, M.M.B. & BATES, G.C. 1987. The distribution and 
biomass of the seagrass Zostera capensis in a warm-temperate 

estuary. BOI. Mar. 30: 91-99. 

TUCKER, B.W. 1930. On the effects of an epicardian parasite, 

Gyge branclUalis, on Upogebia liltoralis. Q. J. Microsc. Sci. 
74: 1-118. 

TUNBERG, B. 1986. Studies on the population ecology of 

Upogebia deltaura (Leach) (Crustacea, Thalassinidea). Estuar. 

cstl shelf Sci. 22: 753-765. 

WALFORD, L.A. 1946. A new graphic way of describing 
growth of an animal. Bioi. Bull. 90(2): 141-147. 

WHITFIELD, A.K. 1988. The fish community of the Swartvlei 

estuary and the influence of food availability on resource 

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
). 



S. Afr. J. Zool. 1992,27(3) 

utilization. Estuaries 11(3): 160-170. 

WILLOWS, R.I. 1987. Population and individual energetics of 

Ligia oceanica (L.) (Crustacea, Isopoda) in the rocky 

supralittoral. J. expo mar. Bioi. Ecol. 105: 253-274. 

WOOLDRIOOE, T.H. 1979. Studies on the biology and ecology 

of estuarine copepoda, mysidacea and the beach mysid 

Gastrosaccus psammodytes in the Eastern Cape, South Africa. 

Ph.D. thesis, University of Port Elizabeth, R.S.A. 

WOOLDRIOOE, T.H. 1991. Exchange of two species of 

decapod larvae across an estuarine mouth inlet and 

implications of anthropogenic changes in the frequency and 

duration of mouth closure. S. Afr. J. Sci. 87: 519-525. 

WYNBERG, P.R. 1991. The ecological effects of collecting 

Callianassa kraussi Stebbing and Upogebia africana 

(Ortmann) for bait: Impacts on the biota of an intertidal 

sandflat. M.Sc. thesis, University of Cape Town, R.S.A. 

139 

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
). 




