
1

The use of the urogenital papillae of male feral African sharptooth catfish

(Clarias gariepinus) as indicator of exposure to estrogenic chemicals in two

polluted dams in an urban nature reserve, Gauteng, South Africa
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Abstract

The African sharptooth catfish (Clarias gariepinus) is indigenous to South Africa where it is commonly found in calm waters such as lakes, streams, 
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this gonochoristic species can be readily distinguished from females via a distinct elongated urogenital 
 the anus. This structure is an androgen controlled secondary sexual characteristic and could potentially 
 disrupting properties during development. Results of previous studies on effects on papillae of different 
uld be useful as bio-indicators of exposure due to alterations in the structures. This study investigated 
rogenital papillae compared to the macroscopic and microscopic structure of the gonads of presumed 
tvlei and Marais dams in an urban nature reserve, due to exposure to endocrine disrupting chemicals 

P, gonad examination after laparotomy and histology were done. Gonadosomatic index (GSI) and 
determined for all fish collected. Mesenteric fat analyzed for selected alkylphenols and organochlorines 
 indicating long term exposure to these chemicals due to bio-accumulation. The GSI indicated that fish 
d males. It was concluded that use of the UGP alone, without macroscopic and microscopic analyses of 
sure to EDCs.
1. Introduction

A great deal of research on chemicals displaying endocrine 
disruptive capabilities (often referred to as endocrine disrupting 
chemicals or EDCs) in wildlife has mainly focused on fish. This is due to 
fish demonstrating a sensitivity to these endocrine disrupters; 
similarities between their and the endocrine system of higher 
vertebrates; the ease of working with fish; and the fact that wild 
populations in various localities have displayed obvious endocrine 
disruption (Pait and Nelson, 2003). Environmental estrogens also 
negatively affect fish and because of their estrogen-sensitive repro-
ductive physiology, they are vital for EDCs studies (Nimrod and 
Benson, 1996). A number of environmentally persistent substances 
alter the endocrine system in wild and laboratory exposed fish (Koger 
et al., 2000). Particularly in fish, EDCs cause unfavorable effects on the 
reproductive system that lead to irregular physiological responses
.

such as the induction of vitellogenin (VTG) synthesis and has been 
reported to affect the sexual behavior in fish (Oshima et al., 2003).

Another gonad condition strongly associated with the pre-
sence of EDCs is intersex (Kleinkauf et al., 2004). Among the 
different types of teleost reproduction, gonochorism (separate 
sexes) is the most common (Gimeno et al., 1998). Intersex is a 
pathological condition (Leusch et al., 2006), characterized by the 
simultaneous presence of both female and male gonadal features 
(ovarian and testicular tissue) in the same gonad of a single 
gonochoristic individual (Ishibashi et al., 2006; Milnes et al., 2006). 
According to (Segner et al., 2003), the occurrence of intersex or a 
shift of the gonadal sex ratio (ratio of ovaries and testes) has been 
described in some fish species after prolonged estrogen exposure. 
Fish can be feminized after estrogen exposure, or masculinized 
after androgen exposure (Hurley et al., 2004). The former is usually 
associated with the occurrence of oocytes in the testes (Kleinkauf 
et al., 2004) whilst the latter can present itself as spermatocytes in 
the ovaries (Jackson et al., 2006). These occur-rences can vary in 
appearance. The combination of female and male gonadal 
tissue may range from large sections of ovary and testis tissue 
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within a single gonad referred to as focal intersex, to small amount 
of cells of one sex scattered throughout an intact gonad of the 
opposite sex referred to as multifocal intersex (Nolan et al., 2001; 
Devlin and Nagahama, 2002). Intersex is thought to occur at 
irregular intervals, either as result of a specific endocrine state or 
genetic foundation and is considered to be an accidental 
phenomenon (Gimeno et al., 1998). Intersex in wild fish is 
generally reported as the result of feminization (Hahlbeck et al., 
2004). Whether EDC exposure results in intersex or more subtle 
changes (e.g. delayed maturation) depends on the duration 
(Yokota et al., 2001) and the precise timing of exposure (Milnes et 
al., 2006).

Concern over the effects of endocrine disrupters has led to the 
development of methods to monitor the presence of these 
substances, particularly in aquatic environments (Canapa et al., 
2002). A variety of estrogenic substances is present in water 
systems and assessment of these substances through instrumen-
tal study is costly and requires effort at times (Iwasaki et al., 2004). 
Biomarkers can be used to show potentially significant endocrine 
disruption effects in fish gonads at an early stage (Depledge and 
Billinghurst, 1999). Regularly used biomarkers include plasma 
steroid concentrations, induction of VTGs or their mRNAs, 
gonadosomatic index, gonad histology and alteration of secondary 
sexual characteristics such as nuptial color or urogen-ital papilla 
(UGP) length or morphology (Tong et al., 2004). The UGP is a 
secondary sexual characteristic found in many fish species and 
development of this structure is under hormonal control (Brion et 
al., 2004).

The sharptooth catfish, Clarias gariepinus, an indigenous species to 
South Africa, is considered to be one of the most important tropical 
catfish species for aquaculture (De Graaf and Janssen, 1996). They are 
present in large numbers across the country where they inhabit calm 
waters from lakes, streams, rivers, swamps to floodplains, some of 
which are subjected to seasonal drying, but the presence of the 
accessory air breathing organs allow the catfish to survive (Skelton, 
1993). C. gariepinus is a gonochoristic species (Schulz and Goos, 1999; 
Barnhoorn et al., 2004), and males can be distinguished externally 
from females by a distinct UGP located just behind the anus. The 
papilla is usually elongated with a pointed tip (Na-Nakorn et al., 2004). 
The presence or absence of this structure is an androgen-dependent 
secondary sexual characteristic (Cavaco et al., 2001). The hormonally 
controlled development and morphology of UGPs of various fish 
species may be influenced when exposed to EDCs (Brion et al., 2004). 
Only a few studies have focused specifically on effects on the UGP after 
EDC exposure. These include exposure studies done on Danio rerio 
(zebrafish) (Brion et al., 2004); Etheostoma caeruleum (rainbow darter) 
(Elias et al., 2007); Lythrypnus dalli (bluebanded goby) (Kirby et al., 
2003); Oryzias latipes (Japanese medaka) (Yamamato and Suzuki, 
1955; Parrott et al., 2003), and exposed or wild collected specimens of 
Pomatoschistus minutus.(sand goby) (Matthiessen et al., 2002; Kirby et 
al., 2003; Robinson et al., 2003; Robinson et al., 2004; Rodrigues et al., 
2006). Results obtained indicated that the UGP can be a useful bio-
indicator of EDC exposure (Robinson et al., 2003) due to alterations in 
the structures.

Based on the above it was argued that the UGP alone of C. 
gariepinus sampled in the Rietvlei (RVD) and Marais dams (MD) in 
the Rietvlei Nature Reserve (RNR) could be used to indicate the 
occurrence of synthetic estrogens within the system. The water 
system receives effluent from domestic and industrial sources 
including agriculture, industries, informal settlements and muni-
cipal sewage treatment plants (Wepener et al., 2005). Endocrine 
disrupter related work has been conducted in the RNR system in 
the past. Aneck-Hahn (2002) used a standardized recombinant 
yeast estrogen bioassay (YES) to test for estrogenic activity in 
water samples from seven sites in the RNR and found five localities 
with estrogenic activity. Barnhoorn et al. (2004) stated that the system
does contain substances that are known endocrine disrupters and 
could cause feminization in organisms. The first histological intersex 
evidence in feral C. gariepinus from both RVD and MD was observed at 
that time. C. gariepinus is the dominant indigenous fish species in both 
the RVD and MD. The work presented here included the histological 
evaluation of the occurrence of intersex in the gonads compared to 
papilla and gonad normality. The hypothesis was that the UGP is a 
reliable indicator of EDC exposure.
2. Materials and Methods

2.1. Study area

The RNR is one of the world’s largest urban nature reserves and is located south 
of the City of Tshwane (Pretoria), Gauteng province, South Africa, merely 18 km 
from the City center but still within the city limits. The Rietvlei dam (RVD), the 
larger of the two dams, covers a surface area of 204,13ha when full. The smaller 
Marais dam (MD) is approximately 4 km upstream and covers a surface area of 
19,47ha when full. The MD sustains the RVD and acts as a sedimentation dam 
before the water flows to the RVD (Wepener et al., 2005). The dams are connected 
through a wetland and a channel. The water system receives effluent from 
domestic and industrial sources including agriculture, industries, informal 
settlements and municipal sewage treat-ment plants (Wepener et al., 2005). 
Irrigation, tunnel and chicken farming and industrial activities in the form of brick 
works occur to the south of the Reserve. A landfill site is situated adjacent to the 
Reserve on the north-eastern side, a residential estate development to the east, and 
mainly to the west of the RNR there are small holdings with septic tanks for 
sanitation purposes (Bornman et al., 2007).

2.2. Collection of UGPs and gonadal tissue in the field

Catfish (n¼97) were collected seasonally via gillnets over a period of two years. 
Fish were weighed, total length was measured, and sex was confirmed as being 
either male or intersex by evaluating the UGP (Barnhoorn et al., 2004). Fish were 
sacrificed by severing of the spinal column behind the hard head plate. This is a 
standard technique and is approved by the Ethics Committee, Faculty of Science, 
University of Johannesburg. After laparotomy all the visceral organs were removed 
and the gonads were inspected macroscopically to confirm sex of the fish as being 
either male or intersex. The gonads were removed, weighed and a section of each 
gonad was fixed for 24 h in Bouin’s solution for histological study. Tissue fixed with 
Bouin’s appears to stain more vividly with routine histological stains (Yasutake and 
Wales, 1983).

The length of the UGP was measured for the UGP Length Index (UGPLI) by using 
a Vernier Caliper (Tricle Brand, 150 � 0.02 mm). The UGPLI represents the papilla 
length as a percentage of total body length (Kirby et al., 2003). The UGP was 
removed with a scalpel and fixed for 72 h in bottles containing 10% buffered 
neutral formalin (BNF) for later histological study. After washing and dehydration 
in a series of rising concentrations of ethanol and embedding in paraffin wax, 
sections of 5 mm were cut and stained with haematoxylin and eosin (H&E) and 
made into permanent mounted slides. All slides were examined histologically with 
light microscopy, utilizing a range of magnifications from 20 to 100 times 
(Barnhoorn et al., 2004).

The gonadal somatic index (GSI) was calculated according to the equation: 
gonadal weight/ (body weight-gonadal weight) � 100 (van Aerle et al., 2001). The 
GSI is a somatic index that is frequently used for assessing the health and 
reproductive status or maturity of fish (De Vlaming, 1981). Catfish that were reared 
in the aquarium at the University of Johannesburg, Johannesburg, South Africa, 
were used as a control for comparison. Table 1 summarizes the average length, 
weight, GSI and UGPLI of fish collected from MD and RVD during both surveys and 
that of the laboratory bred control fish.

2.3. Condition factor

Thebodymeasurementswereusedtocalculatethecondition factor foreach individual specimen 
collected from the dams and also the control sh (n¼108). The condition factor K quanti es the 
condition of the sh, thus referring to the overall well-being of the sh and was calculated according to 
the equation: weight (g)  100/total length (cm)  3(Oso et al., 2011). Fish with a K value of more than 
one (K41) have been fed adequately, whilst a K value below one (Ko1) indicates undernourished sh.

2.4. Mesenteric fat collection and analysis

Fat, if present, was removed from fish for analysis. Analyses were done at the 
SANAS Accredited Residue Laboratory of the Agriculture Research Commission 
(ARC) at Onderstepoort Veterinary Institute, Pretoria, South Africa, using standard 
methods RNON 057 and GCMS 008 (Bornman et al., 2007). For target chemical



Table 1
Average (7SD) length and weight, GSI and UGPLI of fish collected from MD and RVD and the laboratory bred control fish.

Locality Survey Sampled fish (n) Mean length (cm) Mean weight (kg) Mean GSI (%) Mean UGPLI (%) Condition factor (%)

MD Low Flow1 15 70.23 (13.08) 3.42 (1.98) 0.26 (0.10) 1.70 (0.51) 0.87 (0.18)

High Flow1 13 72.12 (7.44) 2.56 (1.09) 0.53 (0.32) 2.13 (0.21) 0.65 (0.17)

Low Flow2 12 76.45 (11.36) 4.00 (2.60) 0.58 (0.21) 2.47.(0.29) 0.80 (0.19)

High Flow2 12 71.21 (9.48) 2.57 (1.02) 0.33 (0.19) 2.01 (0.25) 0.68 (0.06)

RVD Low Flow1 11 74.36 (13.13) 3.84 (1.94) 0.10 (0.07) 2.11 (0.49) 0.85 (0.12)

High Flow1 10 75.70 (8.41) 3.49 (1.52) 0.33 (0.07) 2.48 (0.38) 0.76 (0.14)

Low Flow2 12 62.36 (8.44) 2.28 (1.29) 0.17 (0.16) 2.08 (0.40) 0.88 (0.14)

High Flow2 12 76.43 (11.60) 4.10 (1.60) 0.66 (0.99) 2.13 (0.36) 0.90 (0.23)

Control Lab bred 11 32.23 (4.19) 0.21 (0.05) 0.37 (0.15) 3.42 (0.66) 0.69 (0.33)

Table 2
Comparison of phenotypic sexual characteristic findings externally (UGP) and

internally (laparotomy and histology) of all C. gariepinus collected from both dams

during both seasonal surveys.

Locality Total fish
sampled (n)

Based on Sex allocation

Male Intersex Uncertain

MD 52 UGP 36 (69.23) 9 (17.30) 7 (13.46)

Laparotomy 37 (71.15) 12 (23.08) 3 (5.77)

Histology 34 (65.38) 18 (34.62) 0 (0.00)

RVD 45 UGP 35 (77.78) 7 (15.56) 3 (6.67)

Laparotomy 40 (88.89) 4 (8.89) 1 (2.22)

Histology 35 (77.78) 10 (22.22) 0 (0.00)
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analysis, the compounds selected were Polychlorinated biphenyls (PCBs) with

PCB153 as representative, alkylphenols (APs), and organochlorine (OC) pesticides.

The APs, specifically 4-tert-octylphenol (OcP) and nonylphenol (p-NP), were

detected via fluorescence through a high performance liquid chromatography

coupled to a fluorescence detector (HPLC-FLD), at a detection limit of 0.05 mg/kg.

The OCs were detected via gas chromatography coupled to a quadrupole mass

spectrometry detector (GC–MS) operated in negative ionization mode at a

detection limit of 0.010 mg/kg.

2.5. Statistics

The intersex data was statistically analyzed for significant variations between

the two dams and also between the sampling surveys. The Microsoft Office

software package Excel 2000 was used to calculate averages and standard

deviations. The statistical consultation services (STATKON) at the University of

Johannesburg performed the statistical analyses. Levene’s test was used to test all

data for homogeneity of variance prior to the statistical evaluation of the data.

Statistical differences were determined using a two-way analysis of variance

(ANOVA). If significant, a post hoc comparison was applied to test significance of

data. Scheffe’s multiple comparison test was applied for homogenous data and the

Dunnett’s T3 test for non-homogenous data. Pearson’s correlation coefficients

(two-tailed) were also applied. Differences were considered to be significant at

po0.05. All graphs were drawn in Excel.
3. Results

3.1. Urogenital papillae versus macroscopic and microscopic

gonadal features

In general catfish collected from both dams in the RNR were
easily identified as male, female or possible intersex (abnormal)
based on the normal UGP, urogenital opening or the abnormal
UGP respectively. Females (n¼82), based on the normal appear-
ing urogenital opening, were released upon identification. Out of
the 97 fish collected from both dams during both seasonal
surveys, only 16 individuals (16.49%) were identified as possible
intersex based on the altered morphology of their UGPs. Seven of
these individuals were collected from RVD and the remaining
nine from MD. However, not all the collected fish were the gender
as indicated by the external normal male UGP or abnormal
papilla. Table 2 summarizes the intersex data in relation to the
total number of fish collected during the entire survey time-
period and also the breakdown of intersex features per dam.

Fish had to be ‘‘re-sexed’’ macroscopically after laparotomy and 
eventually microscopically. After fish were ‘‘re-sexed’’ based on 
macroscopic inspection of the gonads, only 16 individuals (16.49%) 
showed intersex i.e. both male and female gonadal features 
(testicular tissue and ova) present within the gonads of a single 
individual. Fig. 1 shows the difficulty of identifying fish as male or 
intersex based on the UGP alone. Only four of these individuals 
were collected from RVD and the remaining 12 from MD. Clarity 
on the actual state of intersex of all 97 fish was achieved once the 
specimen gonads were studied through histol-ogy. Ten of the 16 
fish (62.50%) identified as possible intersex
based on the UGP or gonad morphology were eventually con-
firmed to be intersex after histological analysis. The remaining six 
fish were most likely male fish with abnormal appearing UGP and/
or gonads. Fig. 2 demonstrates how fish identified as male based 
on the UGP and macroscopic view of the gonads eventually was 
identified as intersex after histological analysis.

A total of 36 (37.11%) fish sampled displayed one or more
features of intersex out of the total number of fish sampled over
the entire survey time-period. Out of the 97 fish, there were 22
(22.68%) intersex fish from MD and 14 (14.43%) from RVD. The
intersex features were identified either by the external UGP,
macroscopically, microscopically or a combination of these. A
small percentage of fish were classified as Uncertain due to the
external identifier being closer to normal male or female albeit
with possible damage or abnormalities, or the gonads were in the
developing stages and could not readily be identified as male or
female. Ten C. gariepinus out of all fish sampled during both
surveys were identified as uncertain based on the UGP or gonadal
morphology. Three of these fish were confirmed to be male
through microscopic evaluation, with the remaining seven being
definite intersex fish.
3.2. GSI and UGPLI

The GSI was calculated for each C. gariepinus specimen 
(n¼108). The average GSI7standard deviation (SD) was then 
calculated for each sampling period and the laboratory bred 
(control) fish (Table 1). The average GSI from field collected 
specimens were generally lower than that of the control fish. The 
GSI indicated that the lowest gonad condition was observed 
during the first low flow period in RVD at 0.1070.07%, and the 
highest gonad condition was observed during the second high flow 
period also in RVD at 0.6670.99%.There were no significant 
differences (p40.05) between the GSI in the intersex fish and the 
males from MD and so too between the intersex and male fish 
from RVD.



Fig. 1. Male, female or intersex C. gariepinus after laparotomy. (a) normal urogenital pore (UP) of female C. gariepinus usually associated with normal ovaries (O);

(b) normal UGP of male C. gariepinus usually associated with normal testes (T) and seminal vesicles (SV); (c) presumed female based on a normal urogenital pore but with

intersex gonads (IG); (d) presumed male based on a normal UGP but with intersex gonads; (e) presumed intersex based on an abnormal/intersex papilla (IP) but with

normal testes, and (f) presumed intersex based on an abnormal/intersex papilla but with intersex gonads.
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The UGPLI was also calculated for each specimen. The average
values (7SD) of male and intersex fish UGPLI from MD and RVD
were significantly lower than the control fish. No significant
differences (p40.05) were noted between the UGPLI of male
and intersex fish in MD and RVD or between the two dams.
However, significant differences were noted with Scheffe’s test for
the UGPLI between Low flow1 and High flow1, and Low flow1 and
Low flow2. Significant differences were also indicated with the
Dunnett T3 test between Low flow1 and High flow1.

3.3. Condition factor

The condition factor average (7SD) was calculated and is 
presented in Table 1. Overall the K value for all sample groups was 
better than the control fish K value, except for both the high flow 
periods in MD. The condition factor determined for the sampling 
groups ranged from a maximum of 0.9070.23% in the second high 
flow of RVD to a minimum of 0.6570.17% in the first high flow in 
MD.

3.4. Mesenteric fat

Fat residue concentrations had to be analyzed as composite
samples due to mesenteric fat not being present in all specimen
collected from the RVD and MD. The levels of OCs, PCBs and APs
were detected in mg/kg, and the average and standard deviation
(average7SD) was determined for each survey and dam. Fish
fat contained various concentrations of aldrin, lindane, o,p0–DDE
and p,p0–DDE, o,p0–DDD and p,p0–DDD, o,p0–DDT and p,p0–DDT
(all OCs), PCB153 and AP (OcP and p-NP) residues as indicated in
Fig. 3 and Fig. 4. Detection limits were set at 10 mg/kg. The p, p0–
DDE levels in MD High Flow1 fat samples were below detec-tion 
limits. All DDT, DDD and DDE levels in the MD Low Flow1 samples 
were also below detection limits, but residues were present in 
remaining sample periods of the first seasonal survey. 
Concentrations of DDT and its metabolites were the highest in the
p,p0–DDE metabolite form ranging from 56.34 to 660.10 mg/kg,
indicating faster breakdown of DDT to this specific form. The
lowest DDT metabolite level was that of o,p0–DDE ranging from
below the detection limits to 28.43 mg/kg. Lindane levels were
continually higher than that of aldrin ranging from 33.74 to
145.61 mg/kg and from below detected levels to 44.62 mg/kg
respectively. The highest PCB153 levels were detected in fat at
67.78 mg/kg in fish sampled in the RVD during High Flow1.
Nonylphenol (p-NP) levels ranged from 98.24 to 1440.51 mg/kg
and were the highest residue levels for all the residues that were
measured. Data for aldrin and OcP levels are not available for the
second seasonal survey.
4. Discussion

Secondary sexual characteristics, such as male nuptial coloration 
or urogenital papilla development, are hormonally controlled in fish 
(Kirby et al., 2003; Brion et al., 2004; Robinson et al., 2004). A 
number of these morphological characteristics are specific only to 
males and include breeding tubercles (occur in many cyprinid fish), 
fat pad (in mature male fathead minnows), and a modified anal fin 
(gonopodium in the mosquitofish and guppy) (Brion et al., 2004). 
These all developed as the male fish becomes sexually mature



 
 

Fig. 2. Transverse sections through C. gariepinus testes, where fish were identified as male based on the external UGP and macroscopic observation of the gonads. (a) and

(b) normal testicular histological organization of a maturing male testis (40� magnification, scale 50 mm) showing lobules (LO); with primary spermatogonia (P1);

secondary spermatogonia (S1); primary spermatocytes (P2); secondary spermatocytes (S2); spermatozoa (S3); basement membrane (BM); Leydig cells (LC); lumen (LU);

and Sertoli cells (SC) in interstitial spaces; (c) mature C. gariepinus testis displaying the intersex condition (4� magnification, scale 500 mm). in the form of perinucleolar

stage primary oocytes (PO) within testicular tissue (TT); also showing the tunica albuginea (TA); spermatozoa; lobules; (d) mature C. gariepinus testis displaying the

intersex condition (10� magnification, scale 200 mm).
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(Robinson et al., 2004). Secondary sexual characteristics of fish can 
be manipulated through exposure to pollutants (Robinson et al., 
2003). Exposure to estrogenic chemicals induces disturbance of 
these structures, as shown in adult male guppy and fathead 
minnow (Brion et al., 2004).  Fathead minnows  exposed to estradiol
show atrophy of fat pads and nuptial breeding tubercles in a
concentration- dependent manner (Robinson et al., 2003). Studies
have focused on the alterations in the UGPs of various fish species, 
and these structures have then also been used as indicators of EDC 
exposure.

C. gariepinus collected from the two dams in the RNR systems 
had clear evidence of abnormal appearing UGPs. It was evident 
from the start of sampling that most of these cases differed from 
each other. There was some difficulty to group the abnormalities 
noted in order to establish a ranking system. Sexing therefore 
occurred into groups of males with the normal, pear shaped UGP, 
females with the absence of a papilla, and intersex with varying 
degrees and shapes of a papilla-like structure. An easy method to 
identify intersex in C. gariepinus without having to sacrifice the 
animal appeared highly plausible. However, not all fish with an 
abnormal papilla had signs of macroscopic or microscopic inter-
sex gonads, whilst fish with no altered UGP or macroscopic 
evidence of intersex in the gonads often displayed histological 
evidence of intersex. According to Stentiford et al. (2003), histo-
logical analysis is frequently used as an indicator of exposure 
to EDCs.

Another often-used indicator of EDC exposure is that of GSI 
(Carballo et al., 2005). One cannot measure the health status of an 
aquatic system directly, but the health of a system can be assessed 
through quantification methods that include various indices such 
as the GSI, hepatosomatic index (HSI) and
splenosomatic index (SSI). Somatic indices such as GSI measure 
the overall condition of fish (Saaristo et al., 2009) within a system. 
The expression of indices as a percentage standardizes compar-
isons between organisms of different sizes, and indices have been 
used in various stress-related studies (Goede and Barton, 1990). 
Calculating the GSI is also often used to assess gonadal changes in 
response to environmental conditions or contaminant exposure. 
There is significant evidence that exposure to exogenous con-
taminants can lead to gonadal alterations such as morphological 
changes and/or decreased GSI (De Vlaming et al., 1981). The GSI 
values for males determined in this study were similar to those 
reported by Barnhoorn et al. (2004), where the GSI values for 
intersex catfish collected were in a closer range to the male GSI 
values than to females. These suggested that the intersex fish 
could be the result of feminization of male sharptooth catfish, 
similar to the observation of van Aerle et al. (2001) in Gobio gobio 
specimens collected from rivers in the U.K., downstream of a 
sewage treatment facility.

The calculating of the UGPLI appeared negligible in this field 
study. There was no discernible pattern in the alterations or 
abnormalities of the UGP of the different C. gariepinus specimens 
collected from the two dams in the RNR. The UGPLI represents the 
length of the UGP expressed as a percentage of the total body 
length of the fish. Kirby et al. (2003) used the UGPLI to determine if 
estrogenic exposure within U.K. water systems had any effect on 
the morphology of the UGP of P. minutus (sand gobies). No other 
reference could be found where the UGPLI was used to indicate 
EDC exposure in fish collected in the field. Robinson et al.(2003) 
and Robinson et al. (2004) did, however, make use of this index to 
indicate EDC effects in laboratory studies of P. minutus exposed to 
EE2 and a sewage effluent (containing APnEOs),



 

Fig. 3. The average levels (7SD) of o’p0 DDE, p’p0 DDE, o’p0 DDD, p’p0 DDD, o’p0 DDT, and p’p0 DDT detected through replicate analyses of pooled fat tissue samples of C.

gariepinus collected from MD and RVD over four seasonal periods (Low Flow1, High Flow1, Low Flow2 and High Flow2). BL indicates data below detection limits, NA

indicates data not available.
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and OcP respectively. The exposure to EE2 and the sewage
effluent resulted in the impairment of male UGP development
and the exposure to OcP resulted in the morphological feminiza-
tion of the male UGPs.

Food availability did not appear to affect the comparison 
between laboratory fish to the field collected specimens. The control 
fish had an average K value that is far lower than what is 
determined for healthy fish. Even fish from the sampling period 
where the K value was recorded as the maximum, the value was still 
not indicative of healthy fish. Not all fish had mesenteric fat, but the 
majority of the specimens, including the control fish, did have
measurable amounts of fat. According to van Senus (1989), b o d y
fat may significantly influence the condition of the fish. In spite of 
being reared in the laboratory with a constant food supply, the 
control fish were at a similar state of health as field fish.

Abnormalities noted in the UGP of C. gariepinus and the
occurrence of high levels of chemicals possessing estrogenic
activity detected in the fat of the fish are linked. The history of
chemical exposure is clearly reflected by the bio-accumulated 
compounds in the fat tissue of fish. The altered UGPs and intersex 
gonads noted in collected sharptooth catfish can thus be linked to 
EDC exposure during the development stage, based on the 
mixture and levels of known EDCs detected in the mesenteric 
fat of the fish. Chemicals with known estrogenic activity were 
specifically selected for analyses. A pilot study done in the RNR by 
Aneck-Hahn (2002) indicated that a number of sites were positive 
for estrogenic activity with the EC50 - EEs ranging between 0.31 
and 2.1 ng/L, and this was the main motivation for analyzing only 
estrogenic chemicals.

The high levels of aldrin, lindane, DDT and its metabolites, and 
the two APs (Fig. 3 and Fig. 4) that were detected in the fat, were 
most likely not the cause of the intersex condition per se. Intersex 
is a condition that has an onset probably during embryogenesis, 
assuming that the fish were exposed to endocrine disrupters 
at that time. Studies indicate that fish early life stages are the most 
sensitive to toxicants (Petersen and Kristensen, 1998; Smit



Fig. 4. The average levels (7SD) of aldrin, lindane, OcP, p-NP, and PCB153 detected through replicate analyses of pooled fat tissue samples of C. gariepinus collected from

MD and RVD over four seasonal periods (Low Flow1, High Flow1, Low Flow2 and High Flow2). BL indicates data below detection limits, NA indicates data not available.
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et al., 1998), and these early stages are more sensitive to 
estrogenic substances than older fish (Nimrod and Benson, 1998; 
Todorov et al., 2002). The gills and kidneys in fish embryos and 
larvae are poorly developed (Lee et al., 1996; Hwang and Yang, 
1997; Kein¨anen et al., 2000), and the skin in these young 
organisms becomes the functional site of ion-regulation. Larvae 
therefore end up more vulnerable than adult fish, because of the 
larger surface area to volume ratio available for pollutant uptake. 
During the early life stages young organisms are also undergoing 
many developmental changes. Because fish are always exposed to 
water they can accumulate substances in their organs and tissues 
(i.e. fat) over time (Seymore, 1994).

The OC pesticide aldrin was commonly used for controlling 
soil dwelling insects such as ants and termites (ATSDR, 2010), but 
its use has been banned. The other detected OC pesticide lindane 
is produced and used as an insecticide on animals, and forest-, 
fruit- and vegetable crops (ATSDR, 2010). The World Health 
Organisation (WHO) has considered a dose of 5 mg/kg lindane 
per body weight to be the No Observed Effect Level (NOEL) for
lindane exposure (WHO, 1991). Lindane levels detected in the fat 
of catfish collected during this study were all lower than this 
value. A mixture of environmental estrogenic substances can 
induce an estrogenic response even if the individual contami-
nants were below the concentrations to induce a response on its 
own. Lindane especially affects the reproductive system of organ-
isms, and is known to interfere with the estrogen pathways in 
domestic ducks and rats, and induces the production of VTG in 
rainbow trout (Bayley et al., 1999). PCBs are known as some of the 
most dangerous, persistent, and toxic man-made compounds. 
PCB153 is one of 209 congeners that make up this class of 
chemical, which were produced until the 1980 s when their toxic 
effects were discovered. The high hydrophobicity of PCBs leads to 
adsorption mainly in sediments, soils, and sludge, and they are 
known to bio-accumulate in adipose tissue and in milk (Este´ 
vez-Alberola and Marco, 2004).

DDT (Dichlorodiphenyltrichloroethane) persists in the envir-
onment for up to 15 years or breakdown into its main metabo-
lites. The two most common routes of DDT metabolism are
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reductive dechlorination to DDD, and dehydrochlorination to DDE 
(Lean˜os-Castan˜eda et al., 2004). The estrogenic potential of o’p0 

DDT has been demonstrated by many in vitro and in vivo studies. 
Vitellogenin synthesis can be induced in male fish and o’p0 DDT 
altered the sexual differentiation in Oryzias latipes during the 
sensitive stage of gonadal development (Okoumassoun et al., 
2002). The majority of the concentrations detected in fat tissue 
from C. gariepinus specimens collected in the RNR were above the 
Canadian guidelines of 0.014 mg/kg diet wet weight as stipulated 
for the sum of all the metabolites to establish total DDT concen-
tration (Canadian Council of Ministers of the Environment (CCME), 
1999). The level of p’p0 DDE detected in the fat samples was the 
second highest out of all the residues detected. This specific DDT 
metabolite is known for its estrogenic activity, however, some 
studies have shown that this metabolite is a potent inhibitor of the 
mammalian androgen receptor, resulting in p’p0 DDE causing its 
feminizing effects through inhibiting masculinization (Willingham 
and Crews, 1999). If this is similar in fish, then the p’p0 DDE levels 
as detected could greatly have added to the endocrine disruption 
effects noted in the fish. In spite of being banned worldwide, DDT 
is still widely used in tropical countries for malaria vector control 
(Njiwa et al., 2004), and is also used in certain areas within South 
Africa for this exact purpose.

Alkylphenols (such as p-NP and OcP) are the primary degrada-
tion products of alkylphenol ethoxylates (APEs) that form in 
wastewater treatment facilities and the environment (Pretorius 
and Bornman, 2005). The high levels of nonylphenol detected in 
the fat of the catfish indicate that this endocrine disrupting 
substance played some part over time in the intersex that was 
observed in these fish. These metabolites mimic natural hor-
mones by interacting with the estrogen receptor and are more 
toxic than the parent substances (Pretorius and Bornman, 2005). 
The two APs have been shown to be estrogenic in both in vitro and 
in vivo screening tests. Octylphenol has an estrogenic potency of 
5–20 times higher than p-NP, but is between 100 and 10,000 times 
less estrogenic than E2 (Hossaini et al., 2003). Alkylphenol effects 
on male fish include induction of VTG, altered testis structure, and 
inhibition of testicular growth and sperma-togenesis (Rasmussen 
and Korsgaard, 2004). Seki et al., 2003 noted effects on sexual 
differentiation, intersex and the induction of hepatic vitellogenin 
on medaka exposed to p-NP and OcP from fertilized eggs to 60 
days post hatch. The lowest-observed-effect concentrations 
(LOECs) of the two APs for the early life stages were 11.6 and 11.4 
mg/L, respectively. Levels of the two APs detected in the fish fat of 
this study were higher than the LOECs of the early life stage 
medaka exposure, indicating that these two APs could have 
affected the young C. gariepinus if they were exposed during the 
sensitive early life stages.

The age of the C. gariepinus specimens collected during this
study was not determined. Therefore, it is unknown for how long
the fish have been exposed to the detected mixtures and con-
centration of estrogenic substances in the RNR system. The high
levels of target chemicals measured in the fat and the probability
that exposure occurred during embryogenesis, do however indi-
cate that the RNR water system has over the years and almost
certainly still does receive water from polluted sources upstream.
The gross morphological changes noted in the UGPs of catfish UGP
may have serious implications. In the sand goby the UGP has a
role during courtship and reproduction, primarily in sperm
deposition and attachment, and therefore it is possible that UGP
malformations could interfere with such behavior and compro-
mise reproductive performance (Kirby et al., 2003). The same
could apply to C. gariepinus, which in turn could affect reproduc-
tion in the catfish with altered UGPs. This could potentially
impact on the population dynamics of the species.
5. Conclusions

The sexes of C. gariepinus can usually be distinguished easily
from one another by the presence of the sexual UGP. However,
some of the catfish collected in the two dams of the RNR system
had UGPs that displayed morphological alterations. This altered
state of the UGP was thought to indicate the occurrences of the
intersex condition in the catfish without having to sacrifice the
fish and confirm through studying the gonads. In some cases
where fish had altered UGPs, fish either displayed normal testi-
cular histology, other displayed macroscopic intersex and the
remainder displayed microscopic intersex. The UGP morphology
at times did not have any alterations to indicate intersex through
exposure, but the gonads showed signs of intersex at macroscopic
level. The UGPs of the catfish are clearly affected by chemicals
present within the system. Collected C. gariepinus had high levels
of estrogenic endocrine disrupters bio-accumulated in their
mesenteric fat. This indicates long term exposure to these
chemicals, possibly from the early life stage on. A higher total
incidence of intersex was noted in MD fish compared to RVD, and
this was reflected in chemical mixture. In most cases the GSI
values of fish with abnormal appearing UGPs were closer to that
of normal male values, therefore indicating that the intersex
condition was probably due to feminization of the male gonads.
The UGPLI, a tool used to identify EDC exposure in sand gobies,
could be considered negligible for use to indicate EDC exposure in
C. gariepinus. Based on the findings in this study it may be stated
that the alterations in the UGP of C. gariepinus could not be used
as a positive indicator of EDC exposure on its own. The macro-
and microscopic study of the gonads must be incorporated in
order to get a positive indication of the intersex condition, or to
the presence of endocrine disrupter exposure.
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