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1.2. The Environment 

The environments in which the hake are found are different on the south and west coasts. The 

surface waters of the coasts differ in physical, chemical and biological characteristics (Shannon 

1989). This may affect the species composition of fish and plankton on the two coasts, as well 

as the isotopic composition of the hake diet and the hake themselves. A short overview 

highlighting the main differences between the Benguela system on the west coast and the south 

coast and Agulhas bank is therefore given below. Fig. 1.2.1 shows a summary of the physical 

oceanography around the South African coast. 

1.2.1 The Benguela System 

The Benguela system off the west coast of South Africa is very variable (Shannon 1989). The 

system is bordered by warm water regimes to the north, south, south-east and west, the 

boundaries being subject to fluctuations (op.cit.). The main characteristic of the Benguela 

system is wind-driven coastal upwelling (Barange e( al. 1992) where longshore equatorial 

winds drive surface water offshore and cool, dense, nutrient-rich water upwells to take its 

place. This leads to high biological productivity in west coast waters (Shannon 1989). The 

upwelling is controlled mainly by bathymetry and the influence of orography on the wind field 

(Shannon 1985). The South Atlantic high pressure system, atmospheric pressure over the sub

continent and low-pressure systems which move in an easterly direction determine the 

prevailing winds on the west coast (Shannon 1989). Near the coast the wind is mainly 

southerly or alongshore as the anticlockwise airflow from the South Atlantic high is guided by 

the coast (op.ciL). There is a seasonal variation in the pressure gradient along the west coast, 

the interior pressure changing from a weak high in winter to a strong low in summer, being 

particularly evident in the south. The south-easter is therefore the prevailing wind in summer 

(op.ciL), providing favourable conditions for upwelling. Cool, dense, deep central water 

upwells from about 300m to replace surface water moved offshore and northwards by the 

south-east winds. The sea surface temperature is low, averaging between 13-15°C. The 
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thermocline is not present, deeper water being colder in summer than in winter (Shannon 

1989). Nutrient concentrations in the surface waters of the Agulhas bank are lower than off the 

west coast, but a relatively productive marine community is supported. Nutrient recycling is 

probably common (op.cit.). 

1.3. Stable carbon and nitrogen isotope ratios 

Stable carbon (13C/ 12C) and nitrogen (15 N/ 14N) isotope ratios have been found to reflect the 

diet of a consumer (Miyake and Wada 1967, DeNiro and Epstein 1978, 1981, Sealy et al. 

1987, Sholto-Douglas ef al. 1991), the consumer having higher levels of 13C and 15N than its 

diet. Stable isotope ratios are expressed in delta (0) notation and are calculated according to the 

following formula: 

oX CO/oo) = [(Rsample - RstandarcD/RstandardJ * 1000 

where X = 13C or 15 N, R = 13C/ 12C or 15N/ 14N , the standard for 013C being Peedee 

Belemnite carbonate (Craig 1957) and atmospheric air for (515 N (Mariotti 1983, 1984). 

Consumers are enriched by 1-20 / 00 in 13C (DeNiro and Epstein 1978, Macko et al. 1982, Fry 

and Sherr 1984, Sholto-Douglas et al. 1991), and 3-50 / 00 in 15N (DeNiro and Epstein 1981, 

Minagawa and Wada 1984, Fry 1988, Sholto-Douglas et al. 1991). Ecosystem energetics and 

trophic level enrichments are detectable in this manner, the trophic positions of organisms in 

the food web being indicated (Rau et al. 1983, 1989, 1990, 1992, Fry and Sherr 1989, Schell 

and Ziemann 1989, Hobson and Welch 1992). According to Macko et al. (1982), food chains 

cannot be reconstructed by the use of stable carbon isotopes alone as different food sources 

may be isotopically indistinguishable. The presence of multiple carbon sources may make 

interpretations of the origins of carbon pathways difficult (Dunton and Schell 1987). Stable 

nitrogen isotope ratios are therefore used with 013C in this study as a complementary source of 

information. Two tracers reduce the possibility of carbon and nitrogen sources being 

isotopically indistinguishable. 

7 

thermocline is not present, deeper water being colder in summer than in winter (Shannon 

1989). Nutrient concentrations in the surface waters of the Agulhas bank are lower than off the 

west coast, but a relatively productive marine community is supported. Nutrient recycling is 

probably common (op.cit.). 

1.3. Stable carbon and nitrogen isotope ratios 

Stable carbon (13C/ 12C) and nitrogen (15N/14N) isotope ratios have been found to reflect the 

diet of a consumer (Miyake and Wada 1967, DeNiro and Epstein 1978, 1981, Sealy et al. 

1987, Sholto-Douglas et al. 1991), the consumer having higher levels of 13C and 15N than its 

diet. Stable isotope ratios are expressed in delta (0) notation and are calculated according to the 

following formula: 

oX ~/oo) = [(Rsample - RstandarcV/RstandardJ * 1000 

where X = 13C or 15N, R = 13C/ 12C or 15N/14N, the standard for 013C being Peedee 

Belemnite carbonate (Craig 1957) and atmospheric air for (515 N (Mariotti 1983, 1984). 

Consumers are enriched by 1-20 / 00 in 13C (DeNiro and Epstein 1978, Macko et al. 1982, Fry 

and Sherr 1984, Sholto-Douglas et al. 1991), and 3-50 / 00 in 15N (DeNiro and Epstein 1981, 

Minagawa and Wada 1984, Fry 1988, Sholto-Douglas et al. 1991). Ecosystem energetics and 

trophic level enrichments are detectable in this manner, the trophic positions of organisms in 

the food web being indicated (Rau et al. 1983, 1989, 1990, 1992, Fry and Sherr 1989, Schell 

and Ziemann 1989, Hobson and Welch 1992). According to Macko et al. (1982), food chains 

cannot be reconstructed by the use of stable carbon isotopes alone as different food sources 

may be isotopically indistinguishable. The presence of multiple carbon sources may make 

interpretations of the origins of carbon pathways difficult (Dunton and Schell 1987). Stable 

nitrogen isotope ratios are therefore used with 013C in this study as a complementary source of 

information. Two tracers reduce the possibility of carbon and nitrogen sources being 

isotopically indistinguishable. 

7 

thermocline is not present, deeper water being colder in summer than in winter (Shannon 

1989). Nutrient concentrations in the surface waters of the Agulhas bank are lower than off the 

west coast, but a relatively productive marine community is supported. Nutrient recycling is 

probably common (op.cit.). 

1.3. Stable carbon and nitrogen isotope ratios 

Stable carbon (13CI 12C) and nitrogen (15 NI 14N) isotope ratios have been found to reflect the 

diet of a consumer (Miyake and Wada 1967, DeNiro and Epstein 1978, 1981, Sealy et al. 

1987, Sholto-Douglas e! al. 1991), the consumer having higher levels of 13C and 15N than its 

diet. Stable isotope ratios are expressed in delta (0) notation and are calculated according to the 

following formula: 

oX (l/oo) = [(Rsample - RstandarcV/RstandardJ * 1000 

where X = 13C or 15N, R = 13C/ 12C or 15N/ 14N, the standard for 013C being Peedee 

Belemnite carbonate (Craig 1957) and atmospheric air for (j15 N (Mariotti 1983, 1984). 

Consumers are enriched by 1-20 / 00 in 13C (DeNiro and Epstein 1978, Macko et al. 1982, Fry 

and Sherr 1984, Sholto-Douglas et al. 1991), and 3-50 / 00 in 15N (DeNiro and Epstein 1981, 

Minagawa and Wada 1984, Fry 1988, Sholto-Douglas et al. 1991). Ecosystem energetics and 

trophic level enrichments are detectable in this manner, the trophic positions of organisms in 

the food web being indicated (Rau et al. 1983, 1989, 1990, 1992, Fry and Sherr 1989, Schell 

and Ziemann 1989, Hobson and Welch 1992). According to Macko et al. (1982), food chains 

cannot be reconstructed by the use of stable carbon isotopes alone as different food sources 

may be isotopically indistinguishable. The presence of multiple carbon sources may make 

interpretations of the origins of carbon pathways difficult (Dunton and Schell 1987). Stable 

nitrogen isotope ratios are therefore used with 013C in this study as a complementary source of 

information. Two tracers reduce the possibility of carbon and nitrogen sources being 

isotopically indistinguishable. 
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the method of gut content analysis used, feeding intensity and diel feeding patterns may be 

estimated (Hyslop 1980), and prey species identified. This may not be adequate to identify 

long-term dietary patterns. For this reason stable carbon and nitrogen isotope ratios as 

indicators of diet, used in conjunction with gut content analyses could provide and indication of 

hake diet integrated over the turnover time of the tissues studied. 

Trophic level enrichment of 5 l3C is approximately 10100 per trophic level and that of 515 N is 

30100 per trophic level. The main aim of this study is to use 513C and 515 N to estimate the 

trophic position of Merluccius capensis off the South African coast. Other effects, such as 

isotopic variation with season, area, fish length and tissue type are also evident in the data. 

These results will be presented and discussed . All results contribute to the available knowledge 

of the diet and habits of M.capensis. 
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2. METHODS 

2.1. Fish sampling 

Merluccius capensis and prey fish samples were collected off the South African coast during 

hake biomass survey cruises and an anchovy recruitment survey cruise aboard the Sea Fisheries 

Research Institute vessel F.R.S. Africana. The fish were collected from the west coast in the 

Hondeklip Bay, Cape Columbine and Cape Hangklip areas (Fig. 2.1), Hondeklip Bay and 

Cape Columbine being upwelling centres (Crawford et al. 1987). Cape Infanta, Mossel Bay, 

Plettenberg Bay, Port Elizabeth and Port Alfred are the south coast areas in which samples 

were collected (Fig. 2.1). The west coast samples were collected during July 1990 (winter), 

January 1991 (summer), May 1991 and February 1992. Samples from the south coast were 

collected in June 1991. 

Large hake were collected demersally during the day, as hake migrate upwards to feed in 

midwater at night (Payne et al. 1987). A German 180ft bottom trawl was used. Trawl duration 

was half an hour, and hake were collected from trawls 60-180m in depth. Some small fish, 

particularly on the south coast were taken from the shallower bottom trawls. The remainder of 

the small fish were collected on inshore cruises by midwater trawls on the west coast in July 

1990 and May 1991. Midwater trawls were undertaken at night using an Engels 308 Midwater 

trawl. 

The hake were divided into the following size classes (total length): ~20cm, 21-40cm, 41

60cm, 61-8Ocm and > 8Ocm. 


At least five hake, one from each size class, from each area were analysed; 21 from the west 


coast and 32 from the south coast. 


Potential hake prey fish present in each trawl were collected for isotopic comparison with hake 

tissue and gut contents. These include Merluccius paradoxus (deep-water hake), Coelorhynchus 

jasciatus (rattail), Sardinops sagax ocellatus (pilchard), Engraulis capensis (anchovy), 
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Cynog/ossus zanzibarensis (sand rat) , Sepia australis, Paracallionymus costatus (dragonet), 

Maurolicus muelleri (lightfish), Trachurus trachurus capensis (Cape horse mackerel), 

Lampanyctodes hectoris (lanternfish) and Heficolenus dactylopterus Uacopever). 

Muscle and bone were removed from the dorso-anterior section of each hake. Gut contents 

were removed for analysis. Muscle of prey fish was used. 

2.2. Zooplankton sampling 

Samples of zooplankton were collected from the west coast during July 1990 and May 1991 

during inshore cruises. The samples were collected on the same cruises as the small fish 

samples. The plankton was collected with a mUltiple opening/closing rectangular midwater 

trawl (RMT 1 *6). Samples were divided into 200-500.um, 500-3500.um and > 3500.um SIze 

classes. Whole individuals of zooplankton were used for analysis. 

2.3. Sample Preparation 

Lipids were removed from the fish and zooplankton samples by soaking in a solution of 

chloroform, methanol and distilled water (proportions 2: 1:0.8) (Bligh and Dyer 1959). 

According to DeNiro and Epstein (1977) the 013C value of the lipid fraction of an organism is 

lower than the major protein and carbohydrate fraction, and 2-40 / 00 lower than that of the total 

organism. The basis for the lower values may be isotope effects during glucose metabolism 

(op.cit.). Sholto-Douglas (1992) shows that hake muscle and zooplankton samples containing 

lipids have more negative Ol3C values than those from which lipids have been extracted. 

Removal of lipids from samples may therefore have important implications in foodweb studies, 

particularly those concerning zooplankton. 

The lipids eaten by a consumer are not broken down and resynthesised as carbohydrate or 

protein, but are either used as an energy source or are incorporated into the tissue of a 

consumer as lipids (Krueger and Sullivan 1984, Klepinger and Mintel 1986, Lee-Thorp et al. 
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TABLE 3.1.1. 


FISH LENGml 
SEASON 

MUSCLE BONE 
COLLAGEN 

GUT 
CONTENTS 

n 

~4Ocm 
February 

-15.58 
(0.60) 

-15.0 
(0.92) 

-16.02 
(0.66) 

4 
(S .D.) 

~40cm 
July 

-14.67 
(0.54) 

-13.5 
(0.59) 

-15.08 
(0.44) 

3 
(S.D) 

<4Ocm 
February 

-16.15 
(0.21) 

-16.62 
(0.02) 

-17.79 
(0.03) 

2 
(S.D.) 

<4Ocm 
July 

-15.53 
(0.14) 

-13.07 
(1.10) 

-16.38 
( 1.65) 

3 
(S.D.) 

- 

Ol3C in two sizes of hake during February and July at Cape Columbine. The standard 

deviation of the sample mean is indicated in brackets below the mean value. 

TABLE 3.1.2. 

I 

FISH LENGml MUSCLE BONE GUT n 
SEASON COLLAGEN CONTENTS 

~4Ocm 16.17 15.16 13.94 4 
February (0.74) (0.35) (0.82) (S.D.) 

~4Ocm 
July 

16.56 
(0.83) 

15.44 
(1.11) 

15.07 
(0.89) 

3 
(S.D.) 

<4Ocm 13.5 12.86 12.45 2 
February (0.76) (0.09) (1.11) (S.D.) 

<40cm 14.99 12.69 13 .08 3 
July (0.59) (1.39) (2.33) (S.D.) 

- -

015N in two size classes of hake during February and July at Cape Columbine. The standard 

deviation of the sample mean is indicated in brackets under the mean value. 
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hake muscle between the west and south coasts (p=O.2928) (Table 3.2.1). However ol3e is 

significantly higher in hake bone on the west coast than on the south coast (Fig.3.2.2, Table 

3.2.1). Muscle tissue integrates dietary carbon faster than bone collagen and therefore reflects 

the diet of an organism over a shorter time period than bone collagen. As 0 l3e in the muscle 

of hake probably reflects the diet over a shorter period of time than o13e in hake bone 

collagen, this may indicate a short term diet change on either the west or the south coast. The 

exact turnover time of hake muscle tissue and bone collagen is not known. No interaction was 

found between fish length and area. 

The a15N values for hake muscle and bone in the different areas are shown in Fig.3.2.3 and 

Fig.3.2.4 respectively. The results of the two-way ANOYA performed on these data are shown 

in Table 3.2.2. o15N is significantly higher in hake muscle on the west coast than on the south 

coast (p=O.OOO2), as well as in hake bone collagen (p=O.OOOI). The o15N values appear to be 

particularly low in the Plettenberg Bay area and decline further at Port Elizabeth and Port 

Alfred. This trend is evident in the o15 N of bone collagen. No interaction was found between 

fish length and area (Table 3.2.1 and Table 3.2.2). 

The o13e and o15N values of the hake gut contents were measured. There was no significant 

difference in o13e with area (p=O.097). o15N of the gut contents was significantly higher on 

the west coast (p=O.OOO5). 

If the isotopic differences observed on both coasts in o15N in muscle and bone collagen are 

dietary, they may be traceable to the primary production of the relevant food web. The higher 

o15N on the west coast may be caused by variation in the availability of different sources of 

inorganic nitrogen (ammonium and nitrate), which have different values of o15N , between the 

coasts, or different species composition of phytoplankton and/or zooplankton leading to more 

trophic levels on the west coast. 

hake muscle between the west and south coasts (p=O.2928) (Table 3.2.1). 

significantly higher in hake bone on the west coast than on the south coast 

3.2.1). Muscle tissue integrates dietary carbon faster than bone coHagen and 

the diet of an organism over a shorter time period than bone collagen. As 01 

of hake probably reflects the diet over a shorter period of time than 0 l3e 

collagen, this may indicate a short term diet change on either the west or the 

exact turnover time of hake muscle tissue and bone collagen is not known. No 

found between fish length and area. 

The a15N values for hake muscle and bone in the different areas are shown in 

Fig.3.2.4 respectively. The results of the two-way ANOVA performed on these 

in Table 3.2.2. a15N is significantly higher in hake muscle on the west coast 

coast (p=O.(}()Q2), as well as in hake bone collagen (p=O.OOOl). The o15N 

particularly low in the Plettenberg Bay area and decline further at Port Elizabeth 

Alfred. This trend is evident in the o15N of bone collagen. No interaction was 

fish length and area (Table 3.2.1 and Table 3.2.2). 

The ol3e and o15N values of the hake gut contents were measured. There was no 

16 

IS 

was 

3 

are shown 

to be 

difference in o13e with area (p=O.097). a15N of the gut contents was on 

the west coast (p=O.OOO5). 

If the isotopic differences observed on both coasts in o15N in muscle and 

dietary, they may be traceable to the primary production of the relevant food 

are 

o15N on the west coast may be caused by variation in the availability of different sources 

inorganic nitrogen (ammonium and nitrate), which have different values of 81 

coasts, or different species composition of phytoplankton andlor zooplankton 

trophic levels on the west coast. 

the 

to more 

hake muscle between the west and south coasts (p=O.2928) (Table 3.2.1). 

significantly higher in hake bone on the west coast than on the south coast 

3.2.1). Muscle tissue integrates dietary carbon faster than bone coHagen and 

the diet of an organism over a shorter time period than bone collagen. As 01 

of hake probably reflects the diet over a shorter period of time than 0 l3e 

collagen, this may indicate a short term diet change on either the west or the 

exact turnover time of hake muscle tissue and bone collagen is not known. No 

found between fish length and area. 

The a15N values for hake muscle and bone in the different areas are shown in 

Fig.3.2.4 respectively. The results of the two-way ANOVA performed on these 

in Table 3.2.2. a15N is significantly higher in hake muscle on the west coast 

coast (p=O.(}()Q2), as well as in hake bone collagen (p=O.OOOl). The o15N 

particularly low in the Plettenberg Bay area and decline further at Port Elizabeth 

Alfred. This trend is evident in the o15N of bone collagen. No interaction was 

fish length and area (Table 3.2.1 and Table 3.2.2). 

The ol3e and o15N values of the hake gut contents were measured. There was no 

16 

IS 

was 

3 

are shown 

to be 

difference in o13e with area (p=O.097). a15N of the gut contents was on 

the west coast (p=O.OOO5). 

If the isotopic differences observed on both coasts in o15N in muscle and 

dietary, they may be traceable to the primary production of the relevant food 

are 

o15N on the west coast may be caused by variation in the availability of different sources 

inorganic nitrogen (ammonium and nitrate), which have different values of 81 

coasts, or different species composition of phytoplankton andlor zooplankton 

trophic levels on the west coast. 

the 

to more 



Univ
ers

ity
 of

Cap
e Tow

n

1 8 

1 7 • 4111 ... <> 
A 

1 6 A 
if +. 0 +

• 11 -II 6 
15 + II- <> 6 0 0 0
14 + A J. 

0••-00 13 • • 0 

12 Qh 

1 1 

10 
a 20 40 60 80 100 

(cm) 
A Hondeklio + 6 

• <> Massel 0 

II Hangklip 0 Plettenberg 

from areas. Solid "'"....... Jov. 

west coast areas, and open symbols south coast areas. 

3.2.4 

1 7 

1 6 • • + 
~ 6 0 

15 All ••IIA <> 
14 <1 co+ 0

• 6 + <> 

13 +A 6 

0 0 0 0 
12 •• • 0 

1 1 6 

jJ 0 
10 

~ 0 
9 

a 20 40 60 80 100 
(cm) 

A -+ 6 

• <> Massel Bav 0 

II I-l~nnklin 0 

5N from aU areas. Solid 

west coast areas, symbols south coast areas. 



Univ
ers

ity
 of

Cap
e Tow

n

,""ULiE; 3.2.2. 

Area 14.85 1 14.85 

level 

0.00 
Length 74.03 4 1 1 

A vs L 0.78 4 19 1 

1 

Area 

1 

BONE COLLAGEN 

1 
4 

vs L 3.64 4 0.91 O. 

Residual 45.75 41 1. 

1 

15 

CONTENTS 

1 15 14.11 
Length .19 4 1 

A vs L 7.41 4 1. 

39 

ot a rUJt'\_U!!:lU on 0 ........ N values ot I1Sl1 trom (lltterent lene:tl1 classes and 

areas. F is test ;)U1U;)Ll1.. the variance. f. of l" ..""~r1t'\,.,., 

text a significant in 0 area or 



Univ
ers

ity
 of

Cap
e Tow

n

17 

3.3 Variation of isotope ratios with fish length and tissue type 

Figs 3.2.1 to 3.2.4 show the variation of o13e and o15N in hake muscle and bone collagen 


with fish length as well as area. o13e increases slightly with increasing fish length in hake 


bone collagen, but this was not statistically significant. No curve could be fitted to the data on 


these graphs and Spearman I s rank correlation was not significant. 


The o15N values in Fig. 3.2.3 and Fig. 3.2.4 for hake muscle and hake bone collagen 


respectively show an increase in o15N with increasing fish length. Power curves were fitted to 


the data shown on these graphs. The power curve equations are: 


West coast hake muscle: N = 9.4831 ... LO.13387 (~=0.79) 


West coast hake bone collagen: N = 8.5431 * LO. 14l72 (~=0.76) 


South coast hake muscle: N = 7.8648 L 0.16232 (~=0.69) 


South coast hake bone collagen: N = 6.5895 L 0.18223 (~=0 . 60). 


Where L = Fish length (em), N = o15N (0/00). 


The increase in o15N with fish length is initially rapid, but decreases as fish length increases. 


This could be due to a slower rate of incorporation of the dietary isotopes into the muscle and 


bone collagen of larger fish . 


o15N in hake muscle is 1-1.5 0 / 00 higher than that of hake bone collagen. A one-way ANOVA 


of the difference in o13e and o15N in muscle and bone collagen indicates that the muscle and 


bone collagen differ significantly in o15N (F=7.855, p=0.0282), but do not differ in o13e 


(F= 1.219, p=0.4809). This could be due to the different amino acid composition of muscle 


and bone. 
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4. DISCUSSION 

4.1 Seasonal differences in isotope ratios 

Carbon 

Zooplankton 

The basis for the seasonal difference in Ol3C in small fish may be the evidence of seasonal 

differences in the isotopic composition of the carbon in their diet. There is no significant 

difference in the 013C values of the gut contents of the small fish with season. As the gut 

contents reflect only the immediate diet at the time of capture, it is not impossible that the fish 

were feeding on atypical prey at the time they were caught. The diet of the small hake may be 

isotopically more variable than is reflected in the muscle and bone collagen because the diet 

isotope ratios would be integrated over the time taken to incorporate them into the tissues. 

Small hake are reported to feed mainly on crustaceans, although myctophid fish form a 

substantial part of the hake diet in the Cape Columbine area (Payne et al. 1987). 90% of the 

net plankton on the west coast is comprised of copepods (retained by 200llm mesh when 

sampled) and euphausiids (retained by 1600llm mesh) (Hutchings ef al. 1991). Fig. 4.1.1 

shows the seasonal difference in Ol3C versus ol5N in different size classes of zooplankton. 

The 200-500llm size class (probably mainly copepods) and the 500-3500llm size class 

(probably mainly euphausiids) show higher 013 C values in summer than in winter. No seasonal 

fluctuations in the standing stock of euphausiids occur on the west coast (Hutchings et al. 

1991), but copepod stocks exhibit a summer maximum and a winter minimum (Pillar 1986). 

Copepods are mainly herbivorous, while euphausiids are omnivorous, 15-60% of ingested 

carbon being of phytoplanktonic origin, the remainder being made up by the consumption of 

copepods (Hutchings et al. 1991). The 013C of copepods would therefore influence the 

euphausiid isotopic composition, depending on the proportion of copepod carbon in the diet. 

Cifuentes et al. (1988) found suspended particulate matter to be enriched in 013C in summer in 

the Delaware estuary. The higher Ol3C values were a result of faster primary productivity, 

associated with algal growth. These variations are not attributed to temperature effects, which 
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herbivorous zooplankton, causing depleted ol3e values in fish tissues on the south coast. This 

difference may also be due to environmental factors ",ffecting the stable isotope ratios of 

zooplankton differently in the separate areas, not detected in a study involving mainly fish. As 

large hake feed on pelagic fish and other hake, fractionation with trophic level may indicate the 

area in which the hake are feeding. 

Nitrogen 

The difference in o15N between the west and south coasts is statistically significant (see section 

3.2), being enriched in 15N on the west coast (Fig.4.2.2.). The reasons for the geographic 

difference in ol3e already discussed apply to o15 N . It appears that the abundance of 

omnivores in the zooplankton on the west coast and herbivores on the south coast may account 

for the isotopic differences found on the two coasts. 

Mullin et al. (1984) found lower o15 N in zooplankton where the nutrient source was 

ammonium rather than nitrate. According to Probyn (1985), the most important nitrogen 

source in the southern Benguela system is nitrate (71 %). The three size classes of 

phytoplankton sampled preferred ammonium as a nutrient source (Probyn 1985), plankton 

production in oceanic waters being supported mainly by regenerated nitrogen (probyn 1985). 

Zooplankton in these waters are isotopically lighter than eutrophic water zooplankton (Mullin 

et al. 1984). Less upwelling on the south coast may mean that phytoplankton rely on 

regenerated nitrogen (ammonium) as a principal nitrogen source, possibly causing depletion in 

15N of plankton relative to the west coast, as zooplankton is depleted in 15N where ammonium 

is the primary nitrogen source compared to zooplankton in eutrophic waters (Saino and Hattori 

1978, 1980, 1985, 1987 in eheckley and Miller 1989). Phytoplankton have very rapid growth 

rates in upwelling areas, where blooms develop in days (Barlow 1982). In non-upwelling areas, 

blooms may take weeks to develop (Barlow 1982). Samples for comparison of ol3e and o15N 

in plankton for seasonal and geographical differences would need to be undertaken regularly 
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The lower o15N from Cape Infanta to Port Alfred does not only occur in the small fish. The 

difference is also manifest in large hake. Hake migrate vertically to feed (Both a 1973, 1980, 

Payne et al. 1987) and possibly to spawn (Botha 1980, Payne 1989). Hake migrate inshore in 

spring and offshore in autumn and winter (Roux 1949, Payne 1986). Evidence for alongshore 

migrations has not been reported. The isotopic data suggest that hake tend to migrate onshore 

and offshore in the same area, and do not seem to undertake alongshore migrations, since there 

is a clear isotopic gradient from west to east. 
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Tissue type 

There is no statistically significant difference in 013C between muscle tissue and bone collagen 

(see section 3.3). However hake samples from Cape Columbine, collected in July 1990 have 

significantly higher 013C values in bone collagen than in muscle (Parkins, unpublished BSc 

(Hons) project) (Fig.4.3.2). It appears that seasonal variations in hake prey, and isotopic 

variation in individual fish may be responsible for the lack of significant differences in 013C 

between muscle and bone collagen on the west and south coasts. The higher o13C values in 

bone collagen when compared to muscle tissue in fish from the same area and season is 

consistent with isotopic values of pelagic fish (Sholto-Douglas et al. 1991). Lee-Thorp et al. 

(1989) found bone coHagen to be enriched in 013C relative to muscle in terrestrial animals. 

According to Hare et al. (1991), synthesis of some amino acids in bone and muscle tissues 

seem to be catalysed by sJmilar enzymatic reactions. It appears that muscle tissue acquires less 

13C than bone collagen, indicating differential fractionation of 13C into muscle and bone 

coHagen (Sholto-Douglas et al. 1991). 013C of dietary glycine in pigs is 80 / 00 higher than the 

isotopic value of the diet (Hare et al. 1991). As glycine is the most abundant amino acid in 

bone collagen (Hare et al. 1991), the mean o13C may be elevated. This would be depend on 

the amino acid composition of hake muscle, which is different to that of pigs. The same pattern 

would, however be expected to apply. 

Nitrogen 

Fish length 

o15N in muscle tissue and bone collagen increases with increasing fish length. The relationship 

is non-linear, power curves best fitting the data points (Fig. 4.3.3). Small animals have faster 

metabolic rates than large animals (Schmidt-Nielsen 1984), juvenile fish having faster 

metabolic rates than adults (Panadian 1987). Furthermore, the metabolic rates of bathypelagic 

fish decrease with increasing depth (Panadian 1987). As large hake are found in deeper water 

than small hake, this may further account for what appears to be increased fractionation of 
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Tissue type 
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4.4 THE TROPHIC POSITION ISOTOPE SPECTRUM 


The trophic position isotope spectrum (T.P.I.S) was developed by Monteiro et al (1991) to 

attempt to define and quantify carbon and nitrogen flow from fixation by primary producers to 

higher trophic levels, as an alternative to simple isotopic models of food chains. ol3e dietary 

pathways of anchovy from the Southern Benguela were analysed in this way (Monteiro et al. 

1991, Sholto-Douglas 1992). The model assumes that each o13e or o15N value represents the 

dietary history of the animal integrated over the turnover time of the particular tissue analysed. 

Variation in the dietary history of individual organisms is distinguishable (Monteiro et al. 

1991). The distribution and frequency of occurrence of o13e and o15N reflects the pathway 

along which the carbon or nitrogen reached the particular trophic level where it is sampled. 

Fig. 4.4.1 depicts the hypothesis of the T.P.I.S. PI, P2 and P3 show the isotope ratios for 

each pathway, the height of the bar indicating the number of individuals that have fed by that 

pathway. P2 may indicate a mixed diet, where an organism feeds from PI and P3. Whether P2 

is a mixed diet or a separate food source would have to be estimated by gut content analysis 

(Monteiro et al. 1991). In this study ol3e and o15N in hake muscle, bone collagen, gut 

contents, and prey items on the west and south coasts are represented in the T.P.I.S. and an 

attempt is made to define feeding pathways. 

Carbon 

Fig.4.4.2 shows the oUe values from the west coast samples depicted in the T.P.I.S. Values 

are indicated for all sizes of fish. As no o13e differences were found in muscle and bone 

collagen of hake of different sizes, size classes are not shown. o13e of hake gut contents and 

prey fish samples appear to correspond. The gut contents appear to be isotopically indicative of 

the prey fish consumed, This may be useful in assessing whether unidentifiable prey items in 

the fish gut are possibly part of the usual diet of the fish. Slight 13e enrichment occurs from 

the gut contents and prey fish to hake muscle and bone coHagen. The difference is small, and 
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Fig. 4.4.1. 
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The concept of the Trophic Position Isotope Spectrum is illustrated in A. PI, P2 and P3 are 

stable isotope ratios which characterise dietary pathways. These are a function of the number of 

intermediate steps in the trophic pathway. The height of the bars indicates the number of 

individuals which have fed via that pathway. P2 could be a mixture of PI and P3, or an 

independant dietary pathway (tested by gut content analysis). B shows the relationship of the 

T.P.I.S. to a hypothetical pelagic food web. Phytopl. is phytoplankton, Zl and Z2 are 

zooplankton categories. Zl and Z2B represent herbivores, and Z2A predators. 
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813C in hake bone collagen, muscle and gut contents, prey fish and zooplankton from 

the west coast represented in the Trophic Position Isotope Spectrum. Closed circles (.) 

denote the highest occurrences, indicating the dominant isotopic feeding pathway from 

prey and gut contents to hake tissues. 
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5. CONCLUSIONS 


(513C and (515N were used as indicators of the trophic level of the shallow-water Cape hake, 

Merluccius capensis. (515N appears to be a better indicator of hake trophic position than (513C. 

This is consistent with the findings of Fry (1988), who concluded that (515 N was a better 

trophic level indicator of organisms high up in the food web. Gut content analyses were used 

by Payne et al. (1987) to estimate the trophic position of hake. Small hake were found to 

consume mostly crustaceans, while the large fish were mainly piscivorous and sometimes 

cannibalistic. According to Ware (1992), hake are tertiary consumers. This study concludes 

that small and large hake appear to feed on different trophic levels, as the muscle tissue and 

bone collagen of large hake is enriched in (515N by 2-40 / 00 relative to small hake tissues. 

Small hake seem to be secondary consumers, having more positive (513 C and (515 N values 

relative to the zooplankton. Large hake are mainly tertiary consumers, being isotopically 

enriched relative to the small hake; although they occasionally feed on crustaceans, particularly 

on the west coast. Analysis of (515N in the Trophic Position Isotope Spectrum indicates that 

cannibalism may be more prevalent in M.capensis on the west coast than on the south coast. 

Hake on the south coast appear to feed on a wider variety of prey than on the west coast. 

Sholto-Douglas (1992) found a significant difference in (513C in hake muscle from which the 

lipids had and had not been extracted. No experiments were carried out to determine whether 

(515N in hake tissues is affected by lipid extraction. As lipids do not contain nitrogen (Curtis 

1983), it is unlikely that the outcome of this study would be affected by the fact that the lipids 

were extracted from the samples. 

(515 N on the west coast in muscle and bone collagen of all size hake was significantly higher 

than on the south coast. This may be due directly to the occurrence of upwelling on the west 

coast, and possible use of regenerated nitrogen by plankton on the south coast. These effects 

may be indirect, as the difference in (515 N between the two coasts may be due to different 
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phytoplankton and zooplankton species composition. No significant difference was found in 

013C between the west and south coasts. 

013C appears to be higher in zooplankton and the gut contents of small hake in February 

(summer) than in July (winter) in the vicinity of Cape Columbine on the west coast. This may 

be caused by the greater biological productivity associated with upwelling on the west coast. 

o13C was significantly lower in February than in July in the muscle tissue and bone collagen of 

small hake. This lag behind the zooplankton and gut content isotopic values may be due to the 

time taken for the dietary carbon to be integrated into the hake tissue. No seasonal difference 

was found in the tissues of large hake, possibly because the turnover time of the tissues is too 

slow to reflect changes over a period of six months. No seasonal variation was found in o15N. 

However more frequent sampling is necessary to elucidate these results. 

Hake sampled from Cape Columbine in July 1990 show o13C to be approximately 20 /00 

higher in bone collagen than in muscle. This result is not observed when all samples are 

analysed together, as seasonal variations in the samples may have an effect and there is too 

much scatter in the data. Muscle tissue is enriched in o15N by approximately 20 / 00 relative to 

bone collagen in all size fish, from both coasts. This may be due to different amino acid 

compositions of bone collagen and muscle, and the rates of integration of carbon and nitrogen 

into the tissues. 

A positive correlation was found between o15 N and hake length. This may be due to large hake 

feeding at a higher trophic level than small hake. The possible faster metabolic rate of small 

hake may enhance this effect. 013C values did not change with increasing fish length. 
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APPENDIX A - 013C AND o15N IN WEST COAST SAMPLES 

013C in hake samples 

Date 

July 1990 

Fish length 

(em) 

80 

Muscle 

Cape Columbine 

-14.05 

Bone 

Collagen 

-13.43 

Gut 

Contents 

-14.59 

62 -14.99 -12.97 -15.45 

40 -14.97 -14.15 -15.20 

27 -15.28 -13.54 -14.50 

19 -15.27 -13.85 -17.11 

13 -15.51 -11.81 -17.54 

May 1991 25 -15.14 -13.50 -15.15 

13 -16.87 -14.99 -16.70 

11 -15.80 -15.33 -16.47 

Feb 1992 86 -15.59 -13.63 -15.62 

63 -15.41 -15.22 -15.82 

51 -16.39 -15.56 -17.00 

47 -14.94 -15.57 -15.64 

30 -16.00 -16.63 -17.77 

Jan 1991 

23 

62 

-16.30 

Hondeklip Bay 

-14.43 

-16.60 

-12.47 

-17.81 

-15.91 

48 -15.55 -13.24 -16.60 

34 -15.19 -14.17 -15.81 

May 1991 

Jan 1991 

20 

46 

37 

-15.6 

Cape Hangklip 

-14.96 

-15.51 

-14.08 

-12.84 

-16.67 

-14.44 

-14.43 

-16.19 
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80 

62 

40 

19 

13 

1 

13 

11 

51 

23 

Cape 

17.05 

17.00 

15 

14.57 

15.41 

12.84 

14. 

13. 

13 

18 

15 

Hondeklip 

11. 71 11 

13. 

13. 

11 14.21 

81 14.61 

14.06 

12.75 

1 

62 

48 

34 

20 

16.48 

14. .16 

1 

14.17 

Jan 1991 .81 14.54 .30 

14. 14.06 
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Date 

Cape 

1990 200-500 

500-3500 

>3500 

1 

>3:500 

February 

> 

1 

-1 8.03 

9 

-1 11 7.82 

8.11 

10.08 

Hondeklip 

200-500 11 9.53 

500-3500 10.14 

>3500 11.28 
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«513C and «51SN in prey fish 

Date 

July 1990 

May 1991 

Feb 1992 

Jan 1991 

Jan 1991 

Species 

Cape Columbine 

Etrumeus whiteheadi 

Coe10rhynchus fasciatus 

Sardinops sagax oce/latus 

Maurolicus muelleri 

Lampanyctodes hectoris 

Coe10rhynchus fasciatus 

Helicolenus dactylopterus 

Merluccius paradoxus 

Trachurus trachurus capensis 

Hondeklip Bay 

Etrumeus whiteheadi 

Paracallionymus costatus 

Maurolicus muelleri 

Trachurus trachurus capensis 

Merluccius paradoxus 

Cape Hangklip 

Cynoglossus zanzibarensis 

Sepia australis 

Paracallionymus costatus 

I 
ol3C 

-16.06 

-14.48 

-16.37 

-15.76 

-14.93 

-16.09 

-16.82 

-16.21 

-15.26 

-15.60 

-15.65 

-19.62 

-14.79 

-15.56 

-17.18 

-17.45 

-17.10 

I 
o15 N 

14.02 

16.22 

12.92 

13.38 

15.28 

16.53 

15.01 

14.09 

14.98 

14.42 

14.07 

13.30 

14.55 

15.2 

14.48 

12.60 

13.93 
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013C in hake 

MuscleDate 

Cape Infanta 

1 -15.59 
-16.90 

17 -16.60 
-18.11 

60 -1 
-1 
-1 

8 1 	 -15.43 
-15. 
-15 
-16.11 
-1 

- .66 
13 

-16.05 
-1 	 -1 

16 

1 87 
73 
63 
46 
26 
15 

-14.41 

-15.81 
14.66 

-1 76 

- .66 	 -19.41 
-15. 
-15. 
-1 
-1 
1 
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015N in hake samples 

Date Fish length 
(em) 

Muscle Bone 
Collagen 

Gut 
Contents 

Cape Infanta 

May 1991 50 15.30 13.91 13.14 
29 15.16 13.84 12.63 
17 14.37 13.03 14.56 

Feb 1992 84 15.94 16.04 13.94 
60 16.18 14.27 13.37 
39 15.71 13.06 
26 14.39 12.84 10.07 
15 12.15 10.26 4.92 

Mossel Bay 

June 1991 92 17.01 13.87 13.87 
75 15.84 14.61 14.44 
55 15.30 14.16 12.68 
39 14.46 13.95 12.81 
26 14.11 13.89 13.65 

Plettenberg Bay 

June 1991 84 17.45 15.65 
69 16.06 14.16 14.7 
57 15.55 14.13 13.64 
42 13.80 12.37 12.04 
25 13.83 13.08 11.52 
16 11.59 10.44 9.54 

Port Elizabeth 

June 1991 87 15.54 14.62 15.03 
73 15.56 15.56 14.07 
63 14.70 13.22 13.45 
46 14.14 13.78 12.66 
26 12.00 11.19 10.4 
15 11.84 10.10 8.41 

Port Alfred 
I 

June 1991 70 17.45 12.64 10.93 
63 16.06 12.47 13.05 
51 15.55 12.51 11.21 
31 13.80 11.67 8.67 
25 13.83 10.49 10.54 
18 11.59 9.53 8.61 
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013C and ol~ in prey fISh 

Date 

May 1991 

Feb 1992 

Species 

Cape Infanta 

Etrumeus whiteheadi 

Engraulis capensis 

Trachurus trachurus capensis 

Etntmeus whiteheadi 

Mossel Bay 

I 
o13C 

-16.25 

-16.16 

-17.34 

-17.19 

I 
o15N 

13.38 

13.27 

13.58 

12.85 

I 

I , 

June 1991 

June 1991 

Etrumeus whiteheadi 

Plettenberg Bay 

Etrnmeus whiteheadi 

Trachurus trachurus capensis 

-16.66 

-16.42 

-16.55 

14.02 

13.14 

13.83 

i 

I 

! 

! 

June 1991 

Port Elizabeth 

Etrumeus whiteheadi 

Trachurus trachurus capensis 

-16.76 

-16.25 

12.57 

13.53 

I 

i 
I 
I 




