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Programme
monday

breakfast
Session time room A

Key Note Session
08:30 Housekeeping

1 08:40 Key Note: Tony Ricciardi – Are globally accelerating rates of invasion in aquatic ecosystems sustainable? 

2 09:20 Key Note: Becky Cudmore – Science and Management Interactions in Canada’s First Complete Aquatic 
Invasive Species Program.

3 10:00 Plenary: Alan Whitfield – Fishes in South African estuarine and coastal lakes – from the Holocene to the 
Anthropocene

4 10:15 Plenary: Janine Adams – The response of South Africa’s salt marshes to global change: implications for 
ecosystem service delivery

5 10:30 Plenary: Albert Chakona – DNA barcoding using topotype specimens sheds light on the diversity of 
galaxiid fishes (Galaxiidae, Galaxias) in Africa

10:45 morning tea
Session time room A room b

estuaries – eastern Cape Invasions
1 11:15 Lucienne Human – The water quality in the Knysna 

Estuary: Status quo
Rowshyra Castañeda – Assessing a novel detection 
technique for invasive and endangered freshwater 
fishes

2 11:30 Sanet Hugo – Role of eelgrass (Zostera capensis) 
availability in determining size-structured 
abundance of Cape stumpnose (Rhabdosargus 
holubi) at the Kariega Estuary

Dean Impson – Invasive fish control projects in the 
Cape: progress so far and plans for the next three 
years

3 11:45 Godfrey Padare – A preliminary study on critical 
thermal maxima of selected ectotherms associated 
with intertidal mangrove forests of Mngazana 
Estuary

Marliese Truter – Co-introduced parasites on the 
invasive Largemouth bass Micropterus salmoides 
(Lacépède, 1802) in South Africa: a first contribution 
using morphological and molecular approaches

4 12:00 Mandla Magoro – Characterisation of micro-
estuaries and micro-outlets in the Eastern Cape 
Province

Darragh Woodford – Managing threatened native 
fishes in invaded headwater catchments: should 
we disregard river network connectivity in favour of 
population security?

5 12:15 Lukhanyiso Vumazonke – Potential effects of 
altered salinity on the respiration of fiddler crabs 
(Uca) in Mngazana Estuary

Sean Marr – Ecosystem responses to rotenone 
treatment in two dams in the Western and Northern 
Cape provinces

6 12:30 Daniel Lemley – Identification and quantification 
of land-derived inorganic nutrient sources to the 
coastal waters of Algoa Bay, South Africa

Anneke Lincoln Schoeman – On the trail of 
a parasite taxi – Testing the enemy release 
hypothesis for Xenopus laevis (Anura: Pipidae)

12:45 Lunch
estuaries – Northern KZN Invasions/Functional traits, morphology and 

response
1 13:30 Gavin Tweddle – Shrimp commuity changes during 

extended mouth closure of St Lucia, indicators of 
resilience and recovery?

Louis Du Preez – Terrapin Trade – A Global Threat

2 13:45 Monique Nunes – The suitability of molecular 
and morphological approaches to assess diatom 
diversity: the case of Lake St. Lucia.

Hannes Erasmus – First record of Labeo capensis 
(Smith, 1841) in the Crocodile River (West) system: 
another successful non-native freshwater fish 
introduction in South Africa

3 14:00 Joshua Izegaegbe – Macrobenthic community 
structure of the Mhlathuze Estuary 40 years after its 
establishment as a reserve

Matthew Bird – Non-native rainbow trout 
(Oncorhynchus mykiss) occupy a different trophic 
niche to native Breede River redfin (Pseudobarbus 
burchelli) which they replace in South African 
headwater streams

Michael
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Southern African Society of Aquatic Scientists Congress 2018: Aquatic ecology in the Anthropocene

8

4 14:15 Quintin Schutte – Habitat selection of juvenile fishes 
in the Mhlathuze Estuary (South Africa), 40 years 
after harbor construction.

Josie South – Effects of acute and chronic 
temperature changes on the functional responses 
of the dogfish Scyliorhinus canicula (Linnaeus, 
1758) towards amphipod prey Echinogammarus 
marinus (Leach, 1815)

5 14:30 Sazi Nzama – Macrobenthic community response 
to Fin-Fish Farming impact in Richards Bay 
Harbour.

Jeremy Shelton – Trout in hot water? Evaluating 
consequences of climate warming for non-native 
rainbow trout and associated impacts on native 
fishes in South Africa’s Cape Fold Ecoregion.

6 14:45 Anja Greyling – Comparison of metal and organic 
biomagnification in intertidal ecosystems of the 
warm temperate south coast and the sub-tropical 
east coast.

Lubabalo Mofu – Field impacts of invasive fishes 
under a seasonal temperature gradient are 
forecasted using the Relative Impact Potential 
(RIP) metricField impacts of invasive fishes under a 
seasonal temperature gradient are forecasted using 
the Relative Impact Potential (RIP) metric

15:00 Afternoon tea
estuaries Functional traits, morphology and response

1 15:30 Jaime Johnson – First report on carbon storage in 
warm-temperate mangroves of South Africa

Hester Strauss – Comparing the foraging ecology of 
fish parasitic cymothoid isopods with different host 
attachment sites using stable isotope analysis

2 15:45 Jessica Els – Ecosystem services of the Swartkops 
Estuary salt marsh and seagrass habitats focussing 
on carbon storage and the potential of these 
habitats to act as a nutrient filter.

Jeremias Chindia – Phytoplankton settling depends 
on cell morphological traits, but what is the best 
predictor?

3 16:00 Vuyisile Dlamnini – Developing social indicators 
for river health monitoring: The meaning of river 
health from local communities and water users’ 
perspective

Delsy Sifundza – Habitat associations of an 
endangered southern temperate riverine fish and 
implications for species protection

4 16:15 Poster Session
6

19:00 Supper

tuesday
breakfast

Session time room A
Key Note Session 

08:30 Housekeeping 
1 08:40 Key Note: Leo Nagelkerke – Functional traits derived from morphological characteristics: does a fish’s 

face tell you what it eats? 

2 09:20 Key Note: Rob Britton – Scale up or scale back? Applying controlled experiments to understanding the 
ecological impacts of invasive fishes

3 10:00 Plenary: Jamie Dick – New metrics for the invasion and biocontrol sciences: application to aquatic 
invasions and vector control 

4 10:15 Plenary: Victor Wepener – A multi-species approach to relate organochlorine exposure and biological 
effects: the Phongolo experience 

5 10:30 Plenary: Paul Mensah – Analysis of river water quality before and after spray with a glyphosate-based 
herbicide in the Swartkops River, South Africa 

10:45 morning tea
Session time room A room b

Freshwater ecology Functional traits, morphology and response
1 11:15 James Dabrowski – Development of maps showing 

the relative risk of nonpoint source agricultural 
pesticide use to aquatic ecosystems in South Africa.

Dumisani Khosa – Comparative functional response 
of two invasive species and linking it to temperature

2 11:30 Jeanne Gouws – Short term effects of a diesel 
spill on fish and invertebrates in the Groot River, 
Meiringspoort.

Nonjabulo Matomela – Ecomorphological variation 
and resource partitioning between two newly 
identified sympatric lineages of Afromontane stream 
catfishes (Chiloglanis and Amphilius)
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3 11:45 Martine Jordaan – Evaluating the value of formally 
protected areas for the conservation of freshwater 
fish: a Western Cape Province case study

Daniel Mazungula – Genetic and morphological 
variation of the Natal Mountain catfish, Amphilius 
natalensis in southern Africa

4 12:00 Tadiwa Mutizwa – Molecular systematics of the 
slender stonebasher: biogeographic and taxonomic 
implications for a disjunctly distributed species 
complex

Casey Broom – Fish community behaviour in the 
Cape Fold Ecoregion: inter- and intra-species 
interactions of three native cyprinids

5 12:15 Nwadiolu Romanus – Domestic water pollution 
among local communities in Nigeria: causes and 
consequences

Lizaan de Necker – Dietary responses of the annual 
killifish Nothobranchius orthonotus to drought in a 
subtropical temporary pool

6 12:30 ― Nathan Baker – Functional feeding group 
responses to waste water effluent discharge into 
an important river system in the Limpopo Province, 
South Africa

12:45 Lunch

room A room b room C
Freshwater ecology ecotox Functional traits, morphology 

and response
1 13:30 Chris Curtis – Acidification in 

South African streams; the 
impacts of coal, drought, DOC 
and landcover

Simone Dahms-Verster – An 
assessment of the teratogenicity 
of vanadium in Xenopus laevis 
embryos

Discussion on Functional Traits, 
Functional Morphology and 
Functional Response

CLOSED SESSION2 13:45 Gordon O’Brien – Fish and flows 
in the Mara River, Nile River 
Basin.

Deidré West – Possible Effects 
of Platinum Group Elements on 
Zooplankton Biodiversity of the 
Hex River System, South Africa

3 14:00 Refilwe Chilo – Do the 
Magaliesburg and Waterberg 
biosphere reserves effectively 
protect headwater stream 
macroinvertebrate communities?

Marelize Labuschagne – 
Validation of artificial mussels 
as indicator of platinum group 
element exposure in the Hex 
River System

4 14:15 Matthew Burnett – Managing 
water quality and quantity in 
real time using the FISHTRAC 
monitoring system.

Sarel Brand – Acute platinum 
exposure affects biomarker 
profiles in the zebra mussel 
(Dreissena polymorpha)

5 14:30 Grite Nelson – Spatio -Temporal 
Variation in Macroinvertebrate 
Assemblages and Water Quality 
in the Upper Pangani River 
Basin, Tanzania: A Case Study in 
the Ruvu River Catchment.

Suanne Bosch – Evaluating the 
sublethal toxicity of ionic and 
nanogold (nAu) in Caenorhabditis 
elegans

6 14:45 Olena Kudlai – True aquatic 
diversity is within: parasitic 
flatworms (Digenea) from 
freshwater fishes in Africa

Divan van Rooyen – Do 
biomarkers indicate effects of 
nanomaterial exposure in the 
potworm, Enchytraeus albidus?

15:00 Afternoon tea
room A room b room C
Parasitology ecotox Functional traits, morphology 

and response
1 15:30 Mariska Laubscher – Targeted 

approach to detect Aphanomyces 
invadans, the causative agent 
of epizootic ulcerative syndrome 
(EUS), from environmental 
samples

Chris Sihoka – Enhanced toxic 
effect of DDT toxicant mixture 
on Oreochromis mossambicus: 
Implications for aquatic 
ecosystem protection.

Discussion on Functional Traits, 
Functional Morphology and 
Functional Response

CLOSED SESSION

Michael
Typewritten Text

Michael
Typewritten Text
Grite Mwaijengo

Michael
Typewritten Text
(Not delivered at this time)
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2 15:45 Courtney Cook – Something’s 
‘fishy’: African fish 
haemogregarine blood parasites 
– the past, present and future

Helené Coetzee – 
Histopathological effects in 
the liver and kidney of the 
freshwater Sharptooth catfish 
Clarias gariepinus exposed to the 
organochlorine pesticides aldrin 
and methoxychlor

Discussion on Functional Traits, 
Functional Morphology and 
Functional Response

CLOSED SESSION

3 16:00 Katlego Mogorosi – Parasitic 
crustaceans Lernaea cyprinacea 
and Argulus japonicus and the 
possible role they play in the 
development of aquaculture in 
the Free State Province

Nico Wolmarans – Xenopus 
laevis, the ideal African model 
frog?

4 16:15 Rachel Welicky – Understanding 
the associations between 
cymothoid parasite and host size 
using museum and field collected 
data

Beatrice Opeolu – Ecological 
risk assessment of veterinary 
pharmaceuticals in effluents from 
agricultural sources using toxicity 
classification

5 16:30 Edward Netherlands – The 
blood is the life: Host-parasite-
vector interactions through the 
elucidation of the life history of an 
amphibian filarial nematode.

Marie Clémentine Nibamureke 
– Biometric indices and liver 
histology of the Mozambique 
tilapia (Oreochromis 
mossambicus) after a chronic 
exposure to the HIV drug 
nevirapine

6 16:45 Coret Hoogendoorn – 
Discovering diplostomid 
trematodes (Digenea: 
Diplostomoidea) in Tilapia 
sparrmanii in the North-West 
Province, South Africa

Olalekan Fatoki – Survey of 
Endocrine Disrupting Chemicals 
in Water Systems – Veterinary 
Pharmaceuticals and their health 
Risk Effects

7 17:00 Roman Svitin – Phylogenetic 
relationships of Camallanidae 
(Nematoda) parasitising 
freshwater vertebrates from 
South Africa

Refilwe Lukhwareni – Histology 
and ultrastructure of hepatic 
nodular alterations in Clarias 
gariepinus from Roodeplaat Dam

17:15 Student workshop 
19:00 Supper

Wednesday
breakfast

Session time room A
Key Note Session 

08:30 Housekeeping 
1 08:40 Key Note: Ian Cowx – Can inland fisheries in Africa contribute to achieving the UN Sustainable 

Development Goals?

2 09:20 Key Note: Nicholas Mandrak – Reconciling freshwater fisheries development with species at risk 
conservation 

3 10:00 Plenary: Denis Tweddle – Zambezi fisheries in crisis

4 10:15 Plenary: Bonani Madikizela – Navigating the value chain from ecosystem processes to marketing: The 
case of Greeneconomy

5 10:30 Plenary: Tarryn Botha – The state of nanoecotoxicology in South Africa

10:45 morning tea
room A room b
Fisheries Freshwater ecology

1 11:15 Olaf Weyl – Appropriate development goals for 
inland fisheries in South Africa

Jacob Meye – Fish community study of Agbura 
River, a tributary of lower Nun River, Niger Delta, 
Nigeria
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2 11:30 M Hara – Between a rock and a hard place: The 
need for and challenges to implementation of 
Rights Based Fisheries Management in small-scale 
fisheries of southern Lake Malawi

Tinyiko Mthombeni – Relating biomass and 
community structure of submerged aquatic 
vegetation to pollution in the Olifants and Selati 
rivers, Limpopo Province, South Africa

3 11:45 Niall Vine – Aquaculture potential in the Eastern 
Cape: Prospects and Limitations

Maanda Makwarela – Biological monitoring of 
mining pollution in tributaries of the Olifants River in 
the Sekhukhune area

4 12:00 Sean Marr – How safe is it to eat freshwater fish 
from South Africa’s inland fisheries?

Gavin Snow – Diatom and macroinvertebrate 
community responses to water quality dynamics in 
the lowveld section of the Olifants River catchment

5 12:15 Kevin Christison - EUS in South Africa: Looking 
back to the future

Tatenda Dalu – Identifying opportunities and 
challenges related to community sustainable 
livelihoods and freshwater crab conservation: A 
case of the Eastern Highlands, Zimbabwe

6 12:30 Leon Barkhuizen – Fyke nets for small-scale 
fisheries? Catch rates and composition in 
Krugersdrift and Gariep Dams

Tiyisani Chavalala – Spatio-temporal Variation 
in Benthic Macroinvertebrates: Community 
Composition and Cross-habitat Transfer in South 
African Rivers

12:45 Lunch
Fisheries Freshwater ecology

1 13:30 Leon Barkhuizen – An assessment of recreational 
bank angling in the Free State Province, South 
Africa using license sale and tournament data

Wilbert Kadye – Are some prey sources more equal 
than others? Dealing with diet-tissue discrimination 
factors in stable isotope mixing models

2 13:45 M Hara – Characterization and Mapping of Market 
Value Chains Associated with Inland Fisheries, and 
the Economic Value of Inland Fisheries in Selected 
South African Dams

Céline Hanzen – From sea to source and back: 
a comparative study for relative abundance and 
distribution of freshwater eels in the Keiskamma 
and Umgeni catchments in South Africa.

3 14:00 Jeff Hean – BRUV’s as an effective tool to assess 
the diversity and abundance of fishes in the Lake 
Niassa Reserve, Lake Niassa, Mozambique

Manda Kambikambi – Two-tissue stable isotope 
analysis to elucidate isotopic incorporation and 
trophic niche patterns for chubbyhead barb 
Enteromius anoplus

4 14:15 Hlulani Hlungwani – Assessing the feasibility of 
developing a small scale gill net fishery in Flag 
Boshielo Dam

Indrani Govender – Changing ‘flow direction’ to 
achieve objectives: A Bayesian approach to water 
resources management

5 14:30 Joseph Sara – The effect of drought on metal 
content in fish: Considerations for the establishment 
of a small-scale fishery at Flag Boshielo Dam.

Charles Teta – Menthol as an alternative 
anaesthetic and sedative for trout, Oncorhynchus 
mykiss

6 14:45 Seraku Motimele – The effect of water levels and 
water quality on metal accumulation in fish from 
Flag Boshielo Dam: implication for human health

Ferdi de Lange – Afrixalus knysnae, named after its 
locality, but no longer there….

15:00 DAFF – Inland Fisheries Ploicy Namhla Mbona – Mapping; classification and 
condition modelling of wetlands in preparation of 
NBA 2018

15:15 Afternoon tea
15:45 Society Agm
19:00 gala Dinner 
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Poster list
ID Presenter title

1 Anja Vermaak Rediscovering marine parasites in South Africa: Digeneans of Clinus superciliosus 
(Perciformes: Clinidae) in the Tsitsikamma National Park

2 Ntuthuko Masikane
Effects of synthetic salts, stocking density and sample volume on the survival of the 
estuarine amphipod Grandidierella lignorum: Recommendations for developing an 
effluent toxicity test method

3 Gordon O’Brien Probflo: A regional scale ecological risk framework for E-Flows

4 Sibubiso Yokwana Genetic stock assessment of the Blue Bream Pachymetopon aeneum (Gilchrist and 
Thompson, 1908) , a South African linefishery species

5 Quintin Schutte Salinity tolerance in Oreochromis mossambicus (Mozambique Tilapia) under laboratory 
conditions: Preliminary results.

6 Emiline Miller Riparian plants as indicators of salinity in non-perennial rivers.

7 Rian Pienaar Use of stable isotope analysis to enhance the understanding of dietary variation in the 
super klipfish (Clinus superciliosus).

8 Ntuthuko Masikane Short-term methods for estimating chronic toxicity effects of liquid-phase samples using 
the sea urchin Echinometra mathaei is inadequate for the sea urchin Tripneustes gratilla

9 Khesa Pitso Kidney and heart histopathology as biomarkers for DDT toxicity on Oreochromis 
mossambicus in a multi-toxicant exposure

10 Peter Matome Mochechela Longline fishing for food security in South Africa: Harvesting of Clarias gariepinus in 
rivers and dams.

11 Ncumisa Matam An analysis of inland fisheries development in the Eastern Cape, South Africa.

12 Ayabulela Mrubata Salinity tolerance on the estuarine shrimp Palaemon peringueyi (Caridea: Palaemonidae) 
in Kariega Estuary

13 Asandiswa Nonyukela Physiological response of the salt marsh crab, Parasesarma catenatum, exposed to 
altered salinity regimes

14 Thabisa Mavubengwana Macrozoobenthic community structure of two permanently open estuaries, Eastern 
Cape, South Africa

15 Melissa Wade The lower Thukela River and Estuary: past, present and future

16 Michael Silberbauer A guide to the effective use of the South African national water quality database for 
monitoring change

17 Sharone Bajaba The use of Baited Remote Underwater Video (BRUV’s) as a monitoring tool for 
freshwater fishes.

18 Ina Wagenaar Morphology of the urogenital papillae of the male African sharptooth catfish, Clarias 
gariepinus; considered a life saver?

19 Kylen  Brown The role and distribution of freshwater macrophytes along the Krom River.

20 Bethel Müller
Estimating the population size and habitat association of the Clanwilliam rock catfish 
Austroglanis gilli (Barnard, 1943) in the Krom River, Olifants-Doring River catchment, 
Cape Fold Eco-region.

21 Pieter  Swanepoel Myxozoan detection and identification by means of silver-nitrate impregnation

22 Gcinikaya Nkele Detecting the presence of native and non-native fishes in the Krom River, Western Cape, 
South Africa: A comparison between four non-destructive fish monitoring techniques.

23 Whitney Engelbrecht Germination and establishment of perennials in Non-perennial rivers
24 Mahlatse Fortunate Mashaphu Diversity, conservation and use of the Mozambique tilapia in KwaZulu-Natal

25 Precious  Omoruwou Condition Factor and Length-weight Relationship of Bagrus bayad macropterus (Daget 
1954) from Agbura River a tributary of the Lower Nun River, Niger Delta, Nigeria

26 Nelisiwe Manukuza Comparative assessment of the prawn community of eelgrass and mangrove habitat in 
the Mhlathuze Estuary

27 Buyani Khulakahle Mazeka Harbour associated impacts on nematode communities in intertidal subtropical 
mangroves

28 Busisa Ntshangase Pseudodiaptomus spp. distribution in the Mlalazi Estuary
29 Liam Connell A Biomarker Assessment of Clarias gariepinus on the Vaal River System

30 Gabbi Crystal Lloyd Biomarker Responses in Clarias gariepinus from the Nyl River system Limpopo, South 
Africa

31 Richard Greenfield Artificial breeding and normal development of Synodontis zambezensis (Peters, 1852).

32 Cobus Van Dyk Fish health in a hyper-eutrophic freshwater impoundment: A seasonal and species 
comparison

33 Sanele Dweba A preliminary study on intraspecific differences in critical thermal maxima and habitat use 
of the salt marsh crab Parasesarma catenatum in Mngazana Estuary.

34 Balance Phala Establishing the effect water inflow has on fish health and the ecological status of Flag 
Boshielo Dam.

35 Busisa Ntshangase Population dynamics, stock assessment and zoea larval development of Callichirus 
kraussi in Richards Bay Harbour

36 Rochen Wiltshire Monitoring Wetland Vegetation between 2008-2014 in Hogsback, Raymond Mhlaba 
Local Municipality, Eastern Cape, South Africa.
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Keynote Speakers
Are globally accelerating rates of invasion in aquatic ecosystems sustainable?

Anthony Ricciardi
McGill University, Montreal, Canada 

Nonnative species are colonizing lakes, rivers and estuaries at increasing rates worldwide. 
Most of these invasions appear to have (at present) minor or inconspicuous ecological 
effects, whereas many others have caused substantial impacts on biodiversity, food webs 
and ecosystem functioning. There is little evidence that new invaders are merely displacing 
previous ones; instead, aquatic ecosystems are accumulating invaders at nonlinear or 
exponential rates. This burgeoning phenomenon has not previously been framed as an 
environmental sustainability issue, but empirical evidence suggests three reasons for doing 
so. First, the risk of an ecosystem receiving a disruptive invader increases with the number of introduced nonnative 
species (colonization pressure). Indeed, the number of high-impact invaders can be predicted from the total number 
of non-native species in a system. Second, invaders that are initially innocuous may become disruptive later, triggered 
by environmental change; thus, a system can incur an impact debt from cumulative invasions. Third, invaders can 
interact to create synergistic impacts – that is, their joint effect in each other’s presence is greater than the sum of their 
individual effects when they are alone. In ecosystems with well-documented invasion histories, facilitative interactions 
between invaders are more frequently observed than purely antagonistic interactions. Therefore, I hypothesize that 
a rising number of invaders increases the risk of synergistic impacts, rendering an ecosystem increasingly difficult to 
manage. This conceptual model justifies management efforts to reduce invasion rates even where numerous invasions 
have already occurred. Disproportionate benefits may be gained from small incremental reductions in colonization 
pressure.

Science and management Interactions in Canada’s First Complete Aquatic Invasive 
Species Program

Becky Cudmore

While there is recognition of the impacts aquatic invasive species have had ecologically, 
socially, and economically, until recently, aquatic invasive species have only been addressed 
in isolated components of a management program in Canada.   Science activities were 
conducted separately from the limited management activities funded.  The impending 
threat of Asian carps to the North American Great Lakes was an opportunity for Canada 
to develop a complete aquatic invasive species program which was piloted from 2012-
2017 on Asian carps.  This program integrated all elements of a management program 
with a strong focus on science-management interactions, and serves as a foundation for a 
stronger, new aquatic invasive species management program in Canada. 

Functional traits derived from morphology: does a fish’s face tell you what it eats?

Leopold A.J. Nagelkerke
Wageningen University & Research, Aquaculture and Fisheries Group, Wageningen, the Netherlands

Leo.Nagelkerke@wur.nl

Relating morphological traits and feeding potential in fishes has been the subject of 
many studies, most of which applied correlative approaches. Other studies focused on 
the functionality of traits in relation to the mechanics of feeding, based on functional 
morphology and experiments on search, capture, selection, and internal processing of 
food by fish. One such eco-morphological approach links functional traits of the predator 
to the biomechanical, behavioural, and chemical characteristics of prey types, resulting 
in a food-fish model (FFM). The FFM shows which food properties are most critical in 
feeding and how fish can optimise coping with them. It was initially developed for the 
Lake Tana Labeobarbus species flock in northern Ethiopia and its purpose was to explore 
and predict competitive trophic interactions between these carp-like species. It was 
thought that these interactions could serve as an explanation for the adaptive radiation of the species 
within the lake. Moreover, the model was aimed at predicting trophic shifts in case of (human-induced) 
pressures on the fish community, such as fisheries or water quality changes. The FFM has since been 
applied in several cases and is still under development. Here it is illustrated by three examples, starting with 
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the Lake Tana Labeobarbus species flock, the group for which the method was developed. Next the method is shown 
for detrivore and zooplanktivore haplochromine cichlids in the Mwanza Gulf of Lake Victoria that are recovering after 
being decimated since the beginning of the upsurge of the Nile perch in the mid-1980s. Finally the predictive power 
for the invasive potential of alien species will be discussed, based on the analysis of functional trophic traits of native 
freshwater fish species and alien Ponto-Caspian gobies in the Netherlands. The structure and development of the 
model are discussed, as well as some caveats and proposals for further improvement and optimisation.

Scale up or scale back? Applying controlled experiments to understanding the ecological 
impacts of invasive fishes

J Robert Britton
Department of Life and Environmental Sciences, Faculty of Science and Technology, Bournemouth University, BH12 5BB, United 

Kingdom
Contact: rbritton@bournemouth.ac.uk

Understanding how the ecological impacts of invasive fishes on native communities 
develop is challenging due to the complexity of invaded wild ecosystems and the 
difficulties of finding true wild replicates. The use of controlled experiments in 
aquaria and pond mesocosms can assist unravelling these ecological complexities 
and context dependencies. These experiments simulate invasion scenarios in 
controlled conditions with high replication and aim to understand the processes 
that underpin invasion impacts in the wild. Approaches include ‘behavioural 
functional response’ experiments (testing predator-prey relationships), co-
habitation experiments (testing the strength of competitive interactions) and 
mesocosm experiments that incorporate greater ecological complexity via 

additive and substitutive treatments. A potential issue of these experimental approaches is, however, that their use 
of controlled conditions and short timeframes mean their results might not scale-up to reflect those impacts that 
develop in more complex systems and over longer timeframes. The aim of this paper is to thus explore the insights 
on the invasion process gained from a range of aquaria and mesocosm experiments. Using case studies based on 
invaders including topmouth gudgeon Pseudorasbora parva, carp Cyprinus carpio, goldfish Carassius auratus and 
European barbel Barbus barbus, results suggest ecological processes measured in controlled conditions can strongly 
assist the interpretation of ecological patterns observed in invaded, wild systems. Whilst this emphasises the utility of 
experimental approaches for helping understand invasion ecology, ultimately leading to better management, it also 
highlights the requirement for experiments to consider incorporating greater complexity in their experimental designs.

Can inland fisheries in Africa contribute to achieving the UN Sustainable Development 
goals? 

Ian G Cowx 
Hull International Fisheries Institute, University of Hull, Hull UK

The United Nations’ 2030 Agenda for Sustainable Development accepts the formidable 
challenge of integrating historically soiled, economic, social, and environmental goals into 
a unified ‘plan of action for people, planet, and prosperity’. While small-scale fisheries in 
marine systems were given their target as part of SDG14: Life below water, at first sight 
the SDGs appear to ignore inland fisheries. Nevertheless inland fisheries play important 
roles in food and economic security, especially in the rural communities where employment 
opportunities are lacking. Consequently, the inland fisheries will likely play an important 
role if many sub-Saharan countries are to achieve SDG targets. This paper will explore 
the ecosystem services that are derived by African inland fisheries towards food security 
and livelihoods, and how they have been degraded by anthropogenic pressures, especially 
associated with population growth. The paper will then look at options for addressing the 
problems facing aquatic resources and specifically the importance of effective management 
of the fisheries and freshwater ecosystems of sub-Saharan Africa to achieve the SDGs to ensure food and nutritional 
security, sustainable livelihoods and poverty reduction.
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Reconciling freshwater fisheries development with species at risk conservation

Nicholas E. Mandrak
University of Toronto Scarborough

Fisheries are one of the major threats to endangered fishes. They are a direct threat 
through the targeted or by-catch capture of endangered species. However, they may also 
threaten species indirectly in subtle and complex ways. Reductions in the abundance of 
targeted non-endangered native species may lead to changes in the food web. Such trophic 
disruptions may impact endangered species through changes in predator-prey dynamics, 
competition, and parasitism. Furthermore, declines in the abundance of targeted species 
may lead to hybridization with endangered congeners. In addition, freshwater fisheries are 
often developed by the introduction of non-native species, which negatively impact the 
native ecosystem through the well-documented impacts of invasive species including trophic 
disruption, habitat degradation, introduction of parasites and disease, and hybridization. To 
minimize such impacts, it is essential that new freshwater fisheries are developed for native 
species in a sustainable manner based on ecosystem, not species, management. 

Plenaries
Fishes in South African estuarine and coastal lakes – from the Holocene to the 

Anthropocene

Alan Whitfield1, Steven Weerts2, Olaf Weyl1
1South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.2Coucnil for Scientific and Industrial Research, 

Durban, South Africa 

The Holocene evolution of eight South African coastal lakes and lagoons is examined and related to changes in fish 
composition. Historical and current connectivity with riverine and marine environments are the primary determinants 
of present-day fish assemblages in these systems. A small and remarkably consistent group of relict estuarine species 
have persisted in these coastal lakes and lagoons. The loss or reduction of connectivity with the sea has impacted on 
the diversity of marine fishes in all eight study systems, with no marine fishes occurring in those water bodies where 
connectivity has been completely broken. In systems that have retained tenuous linkages with the sea, elements of 
the marine fish assemblage have persisted, especially the presence of catadromous species. Freshwater fish diversity 
in coastal lakes and lagoons is a function of historical and present biogeography and salinity. From a freshwater 
biogeography perspective, the inflowing rivers of the four temperate systems reviewed here contain three or fewer 
native freshwater fishes, while the subtropical lakes that are fed by river systems contain up to 40 freshwater fish 
species. Thus the significantly higher fish species diversity in subtropical versus temperate coastal lakes and lagoons 
comes as no surprise. Fish species diversity has been increased further in some systems by alien fish introductions. 
The recent alien fish introductions is an example of the growing threats to these systems during the Anthropocene, 
a period when human activities have had significant negative impacts and show potential to match the changes 
recorded during the entire Holocene.

the response of South Africa’s salt marshes to global change: Implications for ecosystem 
service delivery

Janine Adams
Nelson Mandela University, Port Elizabeth, South Africa 

The key to protecting salt mash ecosystems is recognizing the patterns, processes and predicted responses to 
pressures. Threats to these ecosystems must be identified so that they can be averted through up-to-date conservation 
strategies. This study quantified the distribution of salt marsh in South Africa and described the critical ecosystem 
services of these important habitats. The loss of habitat and ecosystem services in response to climate change 
and coastal squeeze were predicted and restoration mechanisms proposed. The largest salt marsh areas in South 
Africa are found in permanently open estuaries and approximately 18% of the total salt marsh habitat has been lost 
to development and agriculture. Important ecosystem services such as habitat provision for migratory fish and birds, 
bank stabilisation and nutrient cycling have been impacted. 
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DNA barcoding using topotype specimens sheds light on the diversity of galaxiid fishes 
(galaxiidae, Galaxias) in Africa

Albert Chakona, Ernst Swartz 
South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

The Galaxiidae is comprised of generally small osmeriform fishes confined to cool temperate regions in the southern 
hemisphere. Africa is currently represented by a single galaxiid species, the Cape galaxias Galaxias zebratus, which is 
considered to have a wide distribution range across multiple isolated river systems in the Cape Fold Ecoregion (CFE) 
at the southern tip of the continent. Recent studies have revealed that the current taxonomy severely underestimates 
the diversity of galaxiid fishes in Africa. We extensively collected DNA tissue samples and voucher specimens of 
G. zebratus across the species’ entire distribution range in the CFE, including topotypes of three synonyms of this 
species: G. capensis, G. dubius and G. punctifer. We assessed the degree of genetic divergence among populations 
of G. zebratus based on the mitochondrial DNA cytochrome c oxidase subunit I (COI) gene and employed molecular 
species delimitation approaches to test the existence of cryptic and putative candidate species. The molecular 
species delimitation analyses suggest that the nominal taxon G. zebratus comprises a complex of at least 12 highly 
supported and geographically structured candidate species. Support was found to elevate G. dubius, G. capensis and 
G. punctifer to species status. Morphological examinations are underway to determine the taxonomic integrity of the 
other candidate species identified within the G. zebratus complex. Our results indicate that the south-western CFE 
represents a previously neglected centre of endemism for stream fishes in the broader CFE.

New metrics for the invasion and biocontrol sciences: Application to aquatic invasions 
and vector control

Jaimie Dick, Ross Cuthbert, James Dickey 
Queen’s University Belfast, Belfast, United Kingdom 

Invasion ecologists and biological control operatives ask essentially the same question: “what will happen to native/
target species when we introduce this novel species/biocontrol agent?”. Yet, the disciplines have rarely learned 
from each other and both require new metrics to understand and predict the outcomes of such species interactions. 
Pressing questions surround the prediction of the impacts of emerging and new invasive species and the selection 
of the most efficacious biocontrol agents. Here, we further develop and apply our “Impact Potential” metric, where 
IP=Functional Response (per capita effect) X Numerical Response Proxy (consumer population response), and its 
derivative, the “Relative Impact Potential”, where RIP = (FRinvader/FRnative) X (ABinvader/ABnative). Values of RIP 
above 1 successfully indicate the degree of impact of invaders, and we now show that a modified metric, “Relative 
Control Potential” (RCP) can identify those biocontrol agents with the most promising effects on target organisms. 
For example, we use RCP to assess the efficacy of copepods in killing mosquito larvae under varying environments. 
Further, by utilising other proxies of the numerical response, such as longevity and reproductive success, we apply RIP 
to predicting the impacts of emerging invaders from the pet trade, such as turtles. Latest development of RIP includes 
a third axis, that of propagule pressure, leading to our “Relative Invasion Risk” (RIR) metric, blending for the first time 
the impact and overall risk of a damaging invasion. I discuss the fruitful cross-fertilisation of invasion and biocontrol 
sciences to address pressing issues in aquatic environments.
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A multi-species approach to relate organochlorine exposure and biological effects: the 
Phongolo experience

Victor Wepener, Nico Smit 
North-West University, Potchefstroom, South Africa 

Due to their persistence and global distribution, the use of organochlorine pesticides (OCPs) has been banned in 
most countries around the world. The Phongolo River floodplain in north-eastern South Africa is a high-risk malaria 
area where DDT is used as vector-control agent through indoor residual spraying (IRS). Over the past seven years 
studies have been undertaken to determine the degree of DDT exposure in the aquatic ecosystem through analyzing 
DDT bioaccumulation in a number of different aquatic species. Concomitant biomarker analyses were undertaken to 
determine the biological effect of DDT exposure. We tested the hypothesis that increased DDT exposure will elicit 
similar biological responses across species. Bioaccumulation of DDT (and its metabolites) was measured in two 
decapoda, six fish and two amphibian species. Biomarkers of exposure (CYP450 and AChE) and effect (catalase, 
SOD, malondialdehyde, protein carbonyl, and CEA) were analysed in the same organisms. Using principal component 
analysis and discriminant functional analysis the exposure and effect data were integrated to elucidate the responses 
of aquatic biota to DDT exposure. Although higher trophic level organisms (i.e., tigerfish Hydrocynus vittatus and 
Müller’s clawed frog Xenopus muelleri) displayed the highest DDT bioaccumulation, no distinct biomarker responses 
were evident. When exposure data of another banned OCP, hexachlorocyclohexane (HCH), were included in the 
analysis, significant relationships with cytochrome P450 and lipid energy reserves were obtained. The result therefore 
indicated that biological responses were not related to DDT but rather to HCH exposure.

Analysis of river water quality before and after spray with a glyphosate-based herbicide in 
the Swartkops river, South Africa

Paul Mensah
Rhodes University, Grahamstown, South Africa 

In this study, the impact of a glyphosate-based herbicide on river water quality in terms of physicochemical variables 
and nutrients before and after spray to control water hyacinth in the Swartkops River was investigated. Using the grab 
sampling technique, water samples were collected from 3 selected sites before and after spray. The 3 sampling sites 
represented spray zone (SZ), upstream spray zone (USZ) and downstream spray zone (DSZ). All the samples were 
analysed according to standard analytical methods. For water physicochemical analyses, variables analysed were pH, 
temperature, turbidity, dissolved oxygen (DO), electrical conductivity (EC) and five days biochemical oxygen demand 
(BOD5), whereas nitrate-nitrogen (NO3-N), nitrite-nitrogen (NO2-N), ammonium-nitrogen (NH4-N), orthophosphate-
phosphorus (PO4-P), phytoplankton chlorophyll a (phyChl a) and periphyton chlorophyll a (perChl a) were analysed 
for nutrients. Results showed that temperature, pH and BOD5 were not significantly affected before and after spray 
for all 3 sampling sites. DO significantly reduced at DSZ after spray but did not change at SZ and USZ, while turbidity 
and EC were not affected at USZ but significantly increased at SZ and DSZ after spray. Also, there were no significant 
differences in nutrient quality for all 3 sites before and after spray except NH4-N, which increased at SZ and DSZ after 
spray but did not significantly change at USZ. These findings suggest that the spray of glyphosate-based herbicide 
to control water hyacinth in the Swartkops River could possibly contribute less significantly to the river’s deteriorating 
water quality.

Zambezi fisheries in crisis

D Tweddle, R Peel, G Taylor, M Bakane, E Simasiku & O Weyl
The fisheries of the Upper Zambezi and neighbouring river systems including the Kavango and Kwando experienced 
economic collapse over the past decade. This resulted from a rapid and uncontrolled increase in destructive fishing 
methods that communities appeared powerless to prevent. Improved access led to influx of migrant fishers, and 
availability of a lucrative market in the Democratic Republic of the Congo exacerbated the problem. Formerly valuable 
large cichlid species were severely depleted and replaced in catches by fisheries for small, low value species, notably 
Tilapia sparrmanii and Brycinus lateralis. The main fishing methods used are now small meshed (mostly 25-38 mm 
stretched mesh) monofilament netting, used for seining. In addition, long seine nets made of shade cloth and lined with 
mosquito netting, bedsheets and similar are widespread throughout the fisheries despite being illegal in all riparian 
countries. The ephemeral Lake Liambezi was an exception to the rule, with the development of a lucrative fishery for 
large cichlids after the lake filled in 2009. Although not without problems, this fishery, which peaked in 2012-13 with 
annual catches of 3,000 t, continued until the lake went into recession in 2016. Progress has been made in Namibia 
in improving management through the establishment of community-driven Fish Protection Areas and an annual closed 
season, together with a government ban on monofilament netting, but the situation remains critical.
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Navigating the value chain from ecosystem processes to marketing: the case of green 
economy

Bonani Madikizela1, Jackie Crafford2

1Water Research Commission, Pretoria, South Africa.2Prime Afrika, Pretoria, South Africa 

The Water Research Commission recently embarked on a five-year strategic plan that is designed to invest on socio-
economically innovative research with impact distributed across knowledge tree objectives. The dramatic shift in 
research focus is meant to adapt to new normal and future demands in addressing the three national challenges: 
unemployment, inequity and poverty. These are reflected in global initiatives, such as SDG:2030, Africa Agenda 2063, 
NDP-2030, and various country strategies. To realize the new normal, various research Themes and Programmes were 
developed and organizational structure reviewed to support the changes. Our environmental ecosystem degradations 
have reached proportions where traditional conservation approaches are no longer adequate to ensure their healthy 
conditions, from source to sea. The role of healthy ecosystems and services/benefits they provide have not been 
properly profiled with evidence in benefitting society and business to an extent where private sector can invest in 
environmental risk mitigation and resilience. However, this is changing fast with nature-based solutions for water 
security gaining momentum. The findings provide objective evidence in demonstrating the practical value of wetlands 
(as an infrastructure) in purification water security. The field experiment was piloted in the Zaalklap wetland system, 
dominated by mining and industrial impact. The asset value of the Zaalklap wetland ranges between R501-R763 
million, of which the water purification and waste assimilation service contributes R130-R560 million at a rehabilitation 
costs of R1.7 million. This demonstrates that wetland rehabilitation plays a significant role in greening the village while 
supporting green economy.

the state of nanoecotoxicology in South Africa

Tarryn L Botha, Victor Wepener 
North-West University, Potchefstroom, South Africa 

In 2011 the Department of Science and Technology established the Health Safety Environmental (HSE) Nano-Risk 
Platform. The platform involved expertise from several different public research entities, universities and research 
fields. The aim of the project was to determine nanomaterial risk profiles from occupational exposure during production 
to the end of life of produced products. Several different pristine and functionalized nanomaterials were used based 
on a variety of applications and make up, i.e. nanogold (metallic), quantum dots (bimetallic) and nanodiamonds 
(carbon-based). Traditional ecotoxicology techniques were tested and some were adjusted into real-time readings or 
abandoned due to nano-specific particle interference. Both in vitro and in vivo techniques were used. These included 
several different cell lines based on occupational exposure as well as a variety of species for both terrestrial (plant 
species, potworms and earthworms) and aquatic exposure (bacteria, nematodes, daphnia and zebrafish). The uptake 
and nanomaterial biodistribution was assessed using several different techniques which included microscopy, hyper 
spectral imaging and whole body digestion. Sub lethal effects were assessed across different concentrations over 
all groups tested. Nanomaterial ecotoxicity is highly dependent on the type of nanomaterial as well as the surface 
functionalization of the particle. As nanomaterials come in contact with different constituents within the surrounding 
media and cell they form agglomerates and undergo surface changes which influence their uptake and availability. 
The HSE Nano-Risk Platform has been established in order to address this and further add to safety by design with 
the rapid development of nanotechnology within South Africa.
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oral Presentations
EStUARiES – EAStERN CApE

the water quality in the Knysna estuary: Status quo

Lucienne Human1,2, Janine Adams2, Brian Allanson3

1South African Environmental Observation Network, Elwandle Node, Nelson Mandela University, Ocean Science Campus, Port 
Elizabeth, South Africa.2Department of Botany, Institute for Coastal and Marine Research, Nelson Mandela University, Port 

Elizabeth, South Africa.3Knysna Basin Project, Knysna, South Africa 

The Knysna Estuary is South Africa’s top-ranked estuary in terms of biodiversity importance. In 2014 a large green tide 
occurred in the lower reaches of the estuary, particularly in the Ashmead channel. This has been globally considered 
a sign of eutrophication. Since then, the water quality (physico-chemical parameters and inorganic nutrients) has been 
monitored seasonally until December 2017. The results show that the main channel is well flushed with all parameters 
in acceptable limits and are in close comparison to those of earlier studies. The water quality of the Ashmead channel, 
however, has changed considerably over the past decade, notably the presence of a wastewater treatment works and 
anoxia in the water column and sediment have promoted increased NH4, (120 µM) soluble reactive phosphorus (5 µM). 
These findings have been presented to SANParks and various other stakeholders from the Eden district Municipality, 
Knysna municipality and independent stakeholders at the SANParks office in Knysna. In terms of management, it was 
agreed the next step was to investigate impacts in the surrounding catchment in order to elucidate further causes of 
degradation in Ashmead channel.

role of eelgrass Zostera capensis availability in determining size-structured abundance of 
Cape stumpnose Rhabdosargus holubi at the Kariega estuary

Ryan Wasserman1,2, Alan Whitfield1, Shaun Deyzel3,4, Nicola James1, Sanet Hugo1

1South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.2Botswana International University of Science and 
Technology, Gaborone, Botswana.3South African Environmental Observation Network, Elwandle Node, Port Elizabeth, South 

Africa.4Nelson Mandela University, Port Elizabeth, South Africa 

Eelgrass Zostera capensis beds in the Kariega Estuary act as an important nursery habitat for the Cape stumpnose 
Rhabdosargus holubi. The extent and density of the eelgrass beds depend mainly on unpredictable and infrequent 
freshwater input, with prolonged drought conditions resulting in dense and widespread eelgrass beds and an abundance 
of Cape stumpnose juveniles in the estuary. Episodic river flooding can remove most of the eelgrass beds which leads 
to depleted populations of this fish species. Here we examine the relationship between Cape stumpnose juvenile 
abundance and the recovery of the eelgrass beds following an episodic flood in 2012. Cape stumpnose juveniles 
were sampled and measured every spring between 2012 and 2014 with a 5-m seine net at 60 locations along the 
length of the estuary. Eelgrass status, water temperature, salinity, pH and dissolved oxygen were measured along the 
length of the estuary on each sampling occasion. We used generalised regression methods developed for multivariate 
abundance response variables to analyse the abundance of five different Cape stumpnose size classes (i.e. 10 mm 
intervals between 10 mm and 60 mm). Results indicated that Cape stumpnose abundance increased significantly with 
an increase in eelgrass bed development after controlling for additional effects of dissolved oxygen, temperature, pH 
and salinity. The effect was most pronounced for the smaller size classes, and was not significant for Cape stumpnose 
> 50 mm in length.

A preliminary study on critical thermal maxima of selected ectotherms associated with 
intertidal mangrove forests of mngazana estuary

Godfrey Padare, Asandiswa Nonyukela, Lukhanyiso Vumazonke 
University of Fort Hare, Alice, South Africa 

In South Africa and globally, mangrove ecosystems are among the most vulnerable to global climate change. The 
diverse biological communities occupying mangroves will be affected by the increase in temperature and may have 
potential to serve as early warning systems. Critical thermal maxima (CTMax) was used to determine the upper thermal 
limits of common estuarine species associated with the mangrove system at Mngazana Estuary. Three common 
mangrove species were selected, each representing temperature of media within the mangrove environment of the 
model species: For water the estuarine shrimp Palaemon peringueyi; for air, the truncated mangrove snail Cerithidea 
decollata; and on the ground, the salt marsh crab, Parasesarma catenatum. After collection, animals were acclimated 
for 48hrs at 20°C following the thermal history of the environment. For each replicate, individuals were placed in a 
thermostatised bath and exposed to constant rate of water temperature increase of 2°C.h-1. Animals were observed 
continuously until end-point was reached: swimming at an angle in shrimps, loss of attachment in snails and loss of 
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righting in crabs. CTMax allowed ranking of these mangrove species according to upper thermal limits as follows: P. 
peringueyi (33.8°C±1.96), C. decollata (39.6°C±2.76) and P. catenatum (36.9°C±2.62 in air and 37.8°C±2.46 in water). 
These results will contribute to studies on upper thermal limits in mangrove ectotherms and be useful to model the 
effects of climate change in these systems.

Characterisation of micro-estuaries and micro-outlets in the eastern Cape Province

Mandla L Magoro1,2,3, Alan K Whitfield1, Renzo Perissinotto2

1South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.2DST/NRF SARChI Shallow Water Ecosystems 
Laboratory, Nelson Mandela University, Port Elizabeth, South Africa.3Department of Botany, Nelson Mandela University, Port 

Elizabeth, South Africa 

South Africa has more than 200 Temporarily Open/Closed Estuaries (TOCEs) along its approximately 3000 km coastline. 
In addition, there are more than 100 micro-estuaries and micro-outlets on the subcontinent, many of which share some 
of the characteristics with TOCEs but differ in that they are supplied by localised coastal stream catchments with a 
more limited supply of freshwater and less connectivity to the marine environment. The physico-chemistry, species 
abundance and composition of metazoans inhabiting eight micro-systems along the warm-temperate section of the 
Eastern Cape coast was investigated during winter, spring, summer and autumn. Zooplankton were collected using a 
hyperbenthic sled fitted with a 200 µm mesh D-net, macro-zoobenthos with a van Veen grab, while the nekton were 
sampled with a seine net. Chironomidae and Ephemeroptera dominated benthic macro-invertebrate communities 
in micro-outlets, while Amphipoda and Mysida were most dominant in micro-estuaries. Copepoda and Amphipoda 
dominated the zooplankton assemblages in both system types. Nekton communities in micro-outlets were dominated 
by juvenile Myxus capensis and tadpoles (mostly Xenopus laevis), while Gilchristella aestuaria, M. capensis and 
Monodactylus falciformis were the three most common species in the micro-estuaries. Seasonal variations in physico-
chemical parameters and community composition of both the nekton and invertebrates were recorded during this study. 
Micro-estuaries and micro-outlets have relatively lower diversity and abundances of biota than TOCEs. The results 
confirm that there is a distinction between the biota of the two micro-system types, thus making biotic assemblages, 
together with physico-chemical parameters, a viable tool for differentiating between micro-estuaries and micro-outlets.

potential effects of altered salinity on the respiration of fiddler crabs (Uca) in mngazana 
estuary

Lukhanyiso Vumazonke
University of Fort Hare, Alice, South Africa 

Mngazana Estuary is regularly subjected to flooding events which exposes the system to freshwater for about two 
weeks. Mangrove crabs occupy limiting habitats in terms of salinity tolerance and, therefore, salinity alterations could 
pose serious physiological problems. This study examined the metabolism of three fiddler crabs (Ocypodidae: Uca), 
by measuring oxygen consumption under different salinity conditions. Crabs were exposed to a range of salinities 
(experienced under natural conditions, as well as lower salinities, which are likely to be experienced by the crabs 
during flooding). Each crab was maintained at 12-hr light cycle for 2 days prior to experimental trials. Crabs were 
then exposed to different salinities (5, 20 and 35) and several time exposures (from 12 hr up to 1 week). Oxygen 
consumption was measured after an eight-hour acclimation in individually darkened Perspex chambers exposed to 
an intermittent flow respirometer. An oxygen sensor was used to measure respiration at the beginning (T0) and at the 
end (T1) of the trial, which corresponded to the time at which an approximate decrease of 20% of oxygen saturation 
was detected. The shortest term exposures suggest no salinity effect on respiration of crabs. These observations 
were expected, while it is envisaged that the longer time exposures to low salinities (two to four weeks) will have an 
influence on the physiology of crabs and overall give an indication of the degree of vulnerability of this population of 
crabs to the freshwater input experienced by the natural populations.

identification and quantification of land-derived inorganic nutrient sources to the coastal 
waters of Algoa bay, South Africa

Daniel Lemley1, Janine Adams1, Shaun Deyzel2, Thomas Bornman2

1Botany Department and the Institute for Coastal and Marine Research, Nelson Mandela University, Port Elizabeth, South 
Africa.2South African Environmental Observation Network, Elwandle Coastal Node, Port Elizabeth, South Africa 

Algoa Bay represents a complex suite of aquatic ecosystems that support high biodiversity and provide significant 
socio-economic benefits. Since land-ocean interactions are central to shaping the structure and functioning of these 
ecosystems, the aim of this study was to quantify land-derived inorganic nutrient loads entering the coastal waters of 
Algoa Bay. Dissolved inorganic nitrogen (DIN) and phosphorus (DIP) data together with flow discharge volumes were 
sourced from long-term monitoring programmes and existing literature to determine annual and seasonal nutrient 
loads. The annual loads of DIN and DIP entering the coastal waters of Algoa Bay were estimated at 8.7 x 105 and 1.4 
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x 105 kg, respectively. Seasonal peaks were observed in winter for DIN and in spring for DIP. Wastewater discharges 
were the dominant source of inorganic nutrients to the nearshore environment, representing 71.3% and 62.0% of 
total DIN and DIP loads, respectively. The DIN and DIP inputs entering estuarine waters of Algoa Bay accounted for 
21.9% and 38.0% of total loads, respectively. Interestingly, inshore zooplankton biomass in Algoa Bay has increased 
significantly (p < 0.01) since 2013 concomitant with elevated DIN inputs from WWTPs. Additionally, anthropogenic 
nutrient loading to the estuarine and coastal waters of Algoa Bay has facilitated, in part, the increased observations 
of eutrophic symptoms, including harmful algal blooms (e.g. Heterosigma akashiwo and Lingulodinium polyedrum) 
and hypoxia (< 2 mg l-1). Effective ecosystem-based management is key to preventing the exacerbation of these 
undesirable disturbances, and thus maintaining ecosystem functionality.

EStUARiES – NoRthERN KZN

Shrimp community changes during extended mouth closure of St Lucia: Indicators of 
resilience and recovery?

Gavin Tweddle1, Digby Cyrus2, Leon Vivier2

1University of Johannesburg, Johannesburg, South Africa.2University of Zululand, KwaDlangezwa, South Africa 

Penaeidea and Caridea in Lake St Lucia, the largest estuarine system in southern Africa, have received little attention 
since mouth closure in 2002. Closure was associated with changes in mouth management strategy, increased 
freshwater ion, decreased rainfall and high evaporation rates, resulting in hypersaline conditions and low lake levels. 
A six-month marine connection in 2007 was observed along with various back channel connections from the Mfolozi 
Estuary, with which St Lucia previously shared a mouth. Samples were collected biannually (spring/autumn) from six 
sites, two in each of the North Lake, South Lake and Narrows regions, between November 2004 and May 2012 using 
seine nets. Seven Penaeidea and seven Caridea species were recorded, of which Palaemon pacificus, P. peringueyi, 
Penaeus indicus and Metapenaeus monoceros dominated abundance. The decline in species recorded and densities 
of freshwater, estuarine and marine species during the initial closed period (2004–2007) was linked to increased 
salinity, lack of recruitment and reduced estuarine surface area. Cyclone Gamede opened the mouth in March 2007, 
resulting in recruitment of marine species, predominantly P. indicus, followed by a decline in densities after re-closure 
(August 2007). Increases in marine and freshwater species were evident after Mfolozi flooding connections during 
2008, 2009 and 2010. Highest densities were recorded after breaching (2007) and flood connections, highlighting the 
importance of a marine link for maintained recruitment of penaeid species.

the suitability of molecular and morphological approaches to assess diatom diversity: 
the case of Lake St. Lucia

Monique Nunes1, Janine Adams1, Guy Bate1, Rosemary Dorrington2, Gwynneth Matcher2

1Nelson Mandela University, Port Elizabeth, South Africa.2Rhodes University, Grahamstown, South Africa 

The use of diatoms as indicators to detect human-induced change is a globally accepted monitoring tool. The success 
of these assessments is dependent on the accurate identification of all species present in the ecosystem of interest. 
However, the microscopic identification of diatom species, based on the examination of unique morphological features, 
is a slow and expensive process that requires a high level of taxonomic expertise. Conversely, DNA metabarcoding 
has proven an effective alternative method for species identification, providing reliable and timeous epilithic diatom 
assessments in a range of aquatic ecosystems. Thus, to evaluate the suitability of the metabarcoding approach for 
epipelic diatom monitoring in the St Lucia Estuary, results obtained from the standard microscopic and molecular 
techniques were compared. Ten samples were collected in the St Lucia Estuary, representing a variety of salinity 
conditions. Sixty-two diatom species encompassing 23 genera were identified using the microscopic approach, while 
the molecular approach identified 8% at species level and 48% for genus level. This significant difference between the 
two methods is likely due to the difference in species abundance per sample, diatom biovolume and an incomplete 
molecular reference library. While the molecular technique was unable to identify all the diatom species present, it 
did provide a list of the diatoms representative of impaired estuarine conditions. Considering that metabarcoding 
techniques are improving with time, the results from this study provide ample evidence that the molecular technique 
can be incorporated into South African monitoring protocols as an early-warning tool.
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macrobenthic community structure of the mhlathuze estuary 40years after its 
establishment as a reserve

Joshua Izegaegbe1,2, Leon Vivier1

1University of Zululand, KwaDlangezwa, South Africa.2Ambrose Alli University, Ekpoma, Nigeria 

The Mhlathuze Estuary, an estuarine embayment in northern Zululand, is considered an estuary of national conservation 
importance. No historical data on the benthic macrofauna are available for the last 20 years, creating a significant gap 
in our understanding of the ecology and benthic assemblage of this system. The primary aim of this study was to 
provide current status and updated information on the ecology of the macrobenthic community. Benthic, sediment 
and water samples were collected quarterly using a Zabalocki grab and YSI multi-probe during the period 2016-
2017. Multivariate data analysis was performed using the PRIMER statistical package. The 58 taxa recorded were 
dominated by polychaete and amphipod taxa. The tanaid Halmyrapseudes digitalis and brachyuran Paratylodiplax 
blephariskios constituted the largest biomass throughout the study. Sediment composition in the shallow estuarine 
basin was typical muddy substratum, in contrast to the coarse sandy grains in the upper reaches and mouth of the 
estuary. Physicochemical parameters revealed that the system was marine dominated, although the upper reaches of 
the estuary were influenced by freshwater input. The 85 benthic taxa recorded in previous studies suggest a marked 
decline in macrobenthic diversity, possibly linked to reduced freshwater inflow and agricultural effluent. The continuing 
ecological relevance of this protected area relies on reducing catchment activities that are detrimental in sustaining 
benthic populations.

habitat selection of juvenile fishes in the Richards Bay harbour and Mhlathuze Estuary 
(South Africa), 40 years after harbour construction

Quintin Schutte1, Leon Vivier1, Digby P Cyrus1, Steven P Weerts2,1

1University of Zululand, KwaDlangezwa, South Africa.2Council for Scientific and Industrial Research, Durban, South Africa 

In the early 1970s the Richards Bay Estuary was divided into two separate systems, the Richards Bay Harbour and 
the Mhlathuze Estuary. Since then limited studies have been done on the fish community, only one of which (1997/98) 
focused on habitat selection. The current study compared habitat selectivity of juvenile fish with previous studies and 
assesses how the communities have changed over the last 40 years. Fish where sampled seasonally in five habitat 
types during 2016/17 with a beam trawl and small seine net. Sixty-four species were recorded in the harbour and 
sixty-five in the estuary. Zostera capensis beds remained the most utilized habitat, followed by mangrove fringes. Both 
systems were dominated by Ambassis spp. and Mugilidae spp., which accounted for 62.6% and 8.3% in the harbour 
and 43.0% and 15.3% in the estuary, respectively. This indicated a significant change in the fish communities, with 
Ambassis spp. doubling in both systems and Mugilidae spp. being reduced by 50% in the harbour. The dominance of 
Ambassis spp. indicates the extent to which the functioning of these systems has deteriorated over the last decades. 
Rhabdosargus holubi, the third dominant species in the Mhlathuze Estuary, was almost exclusively found in the Z. 
capensis beds, an important and rare nursery area not just for the system but the whole KwaZulu-Natal coast, which 
should be afforded higher conservation protection. Increasing poaching activity and freshwater deprivation in these 
systems have negatively affected the estuarine functioning and fish communities and may have further implications 
for offshore fish communities.

Macrobenthic community response to finfish farming impact in Richards Bay harbour

Sazi Nzama1,2, Leon Vivier1

1University of Zululand, Richards Bay, South Africa.2ACEP Phuhlisa, Grahamstown, South Africa 

Worldwide, aquaculture seems to be a viable solution in boosting economic activities and attaining food security. South 
Africa is also assessing the feasibility of establishing fish farms across the country. However, there are contrasting 
views about whether finfish farming on a large scale should be pursued. Objections are usually based on environmental 
issues such as water quality and eutrophication. Macrobenthos are sensitive components of aquatic ecosystems and 
are widely used for evaluating ecosystem integrity against eutrophication. The effect of finfish farming on macrobenthic 
diversity in Richards Bay Harbour was studied. Six sites were sampled for water quality, sediment and macrobenthos 
in a spatial gradient away from the fish farm. Results show that high nutrient and organic content levels at the fish 
farm caused low dissolved oxygen concentrations and affected the macrobenthic community, confirming sediment 
eutrophication in the immediate benthic habitat. Strong separation in community structure between sites 1 and 2 and 
those further away confirmed the effect of fish farming on the macrobenthos. Amphipods dominated sites furthest away 
from the impacted sites, whereas sites closest to the fish farm were dominated by opportunistic spionid polycheates, 
e.g. Prionospio and Capitella spp. The study concluded that fish farm-activities affected benthic habitat quality and led 
to changes in the macrobenthic community at the fish farm. The changes were related to eutrophication and increased 
organic content. The data obtained can contribute towards a monitoring program related to habitat quality induced by 
anthropogenic activities in the harbour and influence policy on efficient management of aquaculture.
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Comparison of metal and organic biomagnification in intertidal ecosystems of the warm 
temperate south coast and the sub-tropical east coast

Anja Greyling1, Yoshinori Ikenaka1,2, Shouta Nakayama2, Mayumi Ishizuka2, Nico J Smit1, Victor Wepener1

1Water Research Group, North-West University, Potchefstroom, South Africa.2Laboratory of Toxicology, Hokkaido University, 
Sapporo, Japan 

The Southern African marine diversity can, amongst other reasons, be ascribed to the two very divergent ocean 
currents that flow along the coast, and the coastal upwelling phenomena at numerous coastal zones. The Benguela 
Current is driven by these phenomena resulting in high productivity and biomass but low diversity. The Agulhas 
Current is characteristic of high diversity but low productivity and biomass. This results in an exceedingly complex 
hydrographical environment, on which a variety of species depend for food and nutrients. The aim of the study was to do 
a comparative study on contaminant biomagnification at two biogeographic regions along the South African coast. This 
was determined using stable isotope-, metal- and organic pollutant analysis. Stable isotope ratios determined for both 
of the locations, revealed a nutrient-enriched food web and a carbon increase at Tsitsikamma (warm temperate south 
coast), compared to Sheffield Beach (sub-tropical east coast). Tsitsikamma also exhibited higher trophic magnification 
factors for all the metals analysed, expect in the case of Zn, As, and Se. Overall, Tsitsikamma had a wider variety and 
higher concentrations of OCPs than detected at Sheffield Beach. Trophic dilution was, however, noted for organic 
compounds at both sites. Some metals have a nutrient-linked distribution and a high affinity for solid surfaces, which 
associate with upwelling events. Fluctuations in concentrations can possibly be due to these events, since they only 
occur occasionally and pollutants are not always present at these concentrations.

EStUARiES

First report on carbon storage in warm-temperate mangroves of South Africa

Jaime Johnson, Janine Adams, Jacqueline Raw 
Nelson Mandela University, Port Elizabeth, South Africa 

Research on blue carbon, defined as the carbon sequestered and stored by vegetated coastal ecosystems including 
mangroves, salt marsh and seagrass, has rapidly escalated in the past decade following the United Nations Environment 
Programme (UNEP) report on the efficiency of these habitats to act as carbon sinks. Mangrove forests in particular 
are recognized for their significant carbon storage capacity and have therefore been prioritized in atmospheric carbon 
mitigation strategies. Despite global research efforts, there is still a notable knowledge gap on carbon storage by 
different species in underrepresented geographic regions. The aim of this study was to provide the first comprehensive 
assessment of blue carbon for a warm-temperate mangrove forest in South Africa. Carbon storage was quantified 
for both aboveground (leaf litter, pneumatophores, wood) and belowground (sediment, roots) carbon pools. Carbon 
content was measured using both elemental analysis and loss on ignition techniques for comparison. Preliminary 
results indicate that carbon storage is variable along the estuary gradient as well as between upper and lower intertidal 
zones of the mangrove forest. Sediment carbon was also considerably lower than what has previously been reported 
from tropical mangrove ecosystems. This study shows that the capacity for storage by mangroves is variable and that 
blue carbon studies in different geographic areas should provide estimates from direct quantification and allometric 
equation approaches. As carbon storage is recognized as a valuable ecosystem service, accurate estimations of 
storage potential is essential, particularly for climate change mitigation and emission offset projects.

ecosystem services of the Swartkops estuary salt marsh and seagrass habitats focussing 
on carbon storage and the potential of these habitats to act as a nutrient filter

Jessica Els1, Janine Adams1, Lucienne Human1,2

1Nelson Mandela University, Port Elizabeth, South Africa.2South African Environmental Observation Network, Port Elizabeth, 
South Africa 

Vegetated marine ecosystems such as mangroves, salt marsh, and seagrass are globally important habitats for carbon 
storage and nutrient filtration as well as a wide range of other ecosystem services. In South Africa there are large gaps 
in knowledge with regard to carbon storage by these coastal ecosystems. This current study estimated the biomass 
and sediment carbon in the salt marsh and seagrass in the Swartkops Estuary. Seagrass biomass and sediment 
carbon content were compared with that of the Knysna Estuary and found to be higher. This is potentially due to the 
eutrophication of the urban Swartkops Estuary. Zostera capensis and Spartina maritima biomass were higher than 
that measured in past studies — Talbot and Bate (1983) and Pierce (1979), respectively. Sarcocornia tegetaria is a 
common lower intertidal salt marsh species and was therefore also included in the study to determine the effect of 
nutrient enrichment and the amount of carbon it can store. Another factor that was used as an indicator of water quality 
changes was epiphyte biomass (chlorophyll a) and load which was higher in sheltered areas. This will be the first study 
in South Africa to quantify ecosystem services such as carbon storage and nutrient filtration in estuaries.
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Developing social indicators for river health monitoring: the meaning of river health from 
local communities and water users’ perspective

Vuyisile Dlamini1,2, Christopher Curtis2, Melanie Samson2

1University of Mpumalanga, School of Biology and Environmental Sciences, Mbombela, South Africa.2University of the 
Witwatersrand, School of Geography, Archaeology and Environmental Studies, Johannesburg, South Africa 

The South African National Water Act (Act 36 of 1998) acknowledges the importance of protecting aquatic ecosystems 
to maintain the full suite of goods and services people depend on. The River Health Monitoring Programme (RHP), now 
the River Eco-status Monitoring Programme, was established to monitor aquatic ecosystem health. The programme 
uses biological indicators to characterise the response of the aquatic environment. Besides the levels of government, 
the programme is implemented by social actors: local communities through the Adopt a River Programme. Likewise, in 
the Lower Komati catchment, the community monitors the river using biophysical indicators. However, these indicators 
do not consider prevailing contextual, socio-cultural and local knowledge. Overall, the study seeks to develop river-
health indicators based on social value, interest, priorities of water users and considering catchments as social-
ecological systems. However, before one can come up with social river-health indicators, it would be imperative to 
first ascertain the meaning of river health from a socio-cultural context. Presently, river health is widely understood 
from an ecological point of view. Therefore, this paper presents analysis of the various ways that local communities 
understand river health. Thirty local community members, users of the Lower Komati catchment, participated in group 
participatory mapping exercises and oral history interviews. Preliminary results show that the ability of the river to 
serve the community is the controlling factor in defining river health, coupled with age, proximity to the river and type 
of water use as attributes that determined meaning of river health.

INvASIoNS

Assessing a novel detection technique for invasive and endangered freshwater fishes

Rowshyra A Castañeda1,2, Nicholas E Mandrak1, Olaf LF Weyl2,3

1University of Toronto Scarborough, Scarborough, Canada.2South African Institute for Aquatic Biodiversity (NRF-SAIAB), 
Grahamstown, South Africa.3Centre for Invasion Biology – SAIAB, Grahamstown, South Africa 

Accurately detecting and quantifying invasive and endangered fishes is critical for proper implementation of eradication 
or conservation action plans. However, detection of rare fishes presents difficulties for conservation strategies due to 
low population abundances. A present species may be detected imperfectly, generating false-negatives. To account 
for imperfect detection, multi-gear occupancy models calculate the detection probability of different sampling gear, 
providing measures of efficiency. However, some gear may cause stress or mortality from handling in the field. Thus, a 
novel detection method that does not require physical handling of endangered fishes is required. Underwater cameras 
are a passive method gaining popularity in freshwater systems. In this study, we sampled 70 pools in streams and 
rivers where the invasion front of black basses (Micropterus spp.) collides with endangered fishes in South Africa using 
snorkel surveys and underwater cameras. We compared the detection probabilities, using occupancy modelling, of 
each gear type and assessed the trade-off between the two gear types and calibrated the use of underwater cameras.

invasive fish control projects in the Cape: progress so far and plans for the next three 
years

Dean Impson1, Debbie Muir2, Bonani Madikizela3, Martine Jordaan1, Olaf Weyl4
1CapeNature, Stellenbosch, South Africa.2Department of Environmental Affairs (DEA): Natural Resources Management 

Programmes, Cape Town, South Africa. 3Water Research Commission, Tshwane, South Africa. 4DST/NRF Research Chair in 
Inland Fisheries and Freshwater Ecology, South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

Predatory invasive fishes (e.g. smallmouth bass) are the prime threat to the highly threatened freshwater fish fauna 
of the Cape Fold Ecoregion. Invasive fishes such as carp pose a major threat to water quality in dams, and can 
make water unfit for human use. These impacts can be mediated by removing invasive fishes from priority reaches 
of rivers and dams using piscicides such as rotenone. Rotenone is used worldwide, especially in the USA, and the 
American Fish Society has developed a manual for the use of rotenone to ensure best practice. CapeNature has taken 
the lead with rotenone projects since 2005, with several partners, such as DEA’s Natural Resources Management 
Programmes, the Water Research Commission and the South African Institute for Aquatic Biodiversity. In 2012 and 
2013, the lower Rondegat River was successfully treated with rotenone and its recovery has been well documented 
in the scientific literature. Two farm dams were successfully treated with rotenone in 2017, to remove invasive bluegill 
sunfish (NEMBA category 1B) and carp. The current focus of the programme is on the Krom River, with projects on 
the Biedouw and Breekkrans Rivers to follow in the next three years. All rivers mentioned are in the Olifants-Doring 
River System and are Freshwater Ecosystem Priority Areas for fish. Rivers in other WMA’s in the Western Cape have 
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been identified for invasive fish control work. The programme aims to generate evidence for legislative amendment 
and provide training to aquatic scientists on the use of piscicides in the near future.

Co-introduced parasites on the invasive largemouth bass Micropterus salmoides 
(Lacépède, 1802) in South Africa: A first contribution using morphological and molecular 

approaches

Marliese Truter1,2,3, Iva Přikrylová1,4, Olaf Weyl5,6, Nico J Smit1

1Water Research Group, Unit for Environmental Sciences and Management, North-West University, Potchefstroom, South 
Africa. 2DST/NRF Research Chair in Inland Fisheries and Freshwater Ecology, South African Institute for Aquatic Biodiversity 
(SAIAB), Potchefstroom, South Africa.3Centre for Invasion Biology, Water Research Group, Unit for Environmental Sciences 

and Management, North-West University, Potchefstroom, South Africa.4Department of Botany and Zoology, Faculty of Science, 
Masaryk University, Brno, Czech Republic.5DST/NRF Research Chair in Inland Fisheries and Freshwater Ecology, SAIAB, 

Grahamstown, South Africa.6Centre for Invasion Biology, SAIAB, Grahamstown, South Africa 

Non-native fish introductions into South African freshwater systems have been well studied to date. Although much 
attention has been given to impacts on aquatic environments, few studies focused on the co-introduced symbionts of 
these alien species. A suitable example is the largemouth bass Micropterus salmoides (Lacépède, 1802) as research 
on its parasite communities in invaded areas are lacking. This study aimed (a) to investigate parasitic diversity and 
invasion mechanisms of largemouth bass populations in South Africa; (b) to supplement knowledge on the invasion 
status and potential of these parasites; and (c) to provide additional morphological and molecular data for the co-
introduced parasite species. Largemouth bass were sampled from four provinces (Eastern Cape; North West; 
KwaZulu-Natal; Western Cape) in South Africa. Morphological evaluation of the sampled parasite specimens provided 
evidence for the first records of five co-introduced monogeneans from the family Ancyrocephalidae: Clavunculus 
bursatus (Mueller, 1963), Onchocleidus dispar (Mueller, 1936), Onchocleidus furcatus (Mueller, 1937), Onchocleidus 
principalis (Mizelle, 1936) and Syncleithrium fusiformis (Mueller, 1934) from the African continent. The parasite diversity 
in South Africa and community compositions differed between localities, supporting the enemy release hypothesis, 
as many parasite species reported from the native range of M. salmoides were not collected. Sequences of the 18S 
rDNA, ITS-1 and 28S rDNA regions were successfully obtained, supporting differentiation between species using both 
morphological and molecular approaches. Furthermore, this study underlines that currently there is minimal threat of 
these co-introduced parasites spilling over to native species or reaching co-invasive status.

Managing threatened native fishes in invaded headwater catchments: Should we 
disregard river network connectivity in favour of population security?

Darragh Woodford1,2, Albert Chakona2, Gerard Closs3, Tarmo Raadik4, Olaf Weyl2
1University of the Witwatersrand, Johannesburg, South Africa.2South African Institute for Aquatic Biodiversity, Grahamstown, 

South Africa.3University of Otago, Dunedin, New Zealand.4Arthur Rylah Institute, Heidelberg, Australia 

Human utilisation of rivers over the last 200 years has resulted in major disruptions to river network connectivity, with 
dams, weirs and other infrastructure (e.g. erosion control, roads) disrupting critical processes such as fish movement 
and nutrient cycling across catchments. The introduction of alien invasive predatory fishes has, however, created 
different pressures on aquatic ecosystems, and in headwater streams in particular may represent a more immediate 
and urgent threat to biodiversity. Across many parts of the southern hemisphere, there are several small-bodied 
stream fishes that now only persist above weirs and dams that protect them from potential invasion by alien piscivores 
from the main-stems, even though these instream physical barriers have disrupted historical connectivity across the 
tributary networks. This presents a dilemma to conservation managers in how they prioritise potential interventions 
to improve population security for these threatened species, given constrained conservation management budgets. 
We present case studies from South Africa, Australia and New Zealand that suggest that the preservation of current 
barriers to upstream movement of invasive fishes far outweighs in importance competing rehabilitation strategies such 
as improving connectivity for fishes, and that the latter type of intervention may increase extinction risk for certain 
threatened species. We discuss how the evolutionary history of these threatened native species, as evidenced by 
their distributions, behaviour and genetics, makes connectivity to main-stem habitats at best a low priority and at 
worst irrelevant to their current survival in a human-altered landscape, and explore the implications for conservation 
management.
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ecosystem responses to rotenone treatment in two dams in the Western and Northern 
Cape provinces

Sean Marr1,2,3, Tatenda Dalu4, Terence Bellingan5, Martine Jordaan6, Etienne Slabbert7, Olaf Weyl1,2,3

1South African Institute for Aquatic Biodiversity (SAIAB), Grahamstown, South Africa.2DST/NRF Research Chair in Inland 
Fisheries and Freshwater Ecology, SAIAB, Grahamstown, South Africa.3Centre for Invasion Biology, SAIAB, Grahamstown, 

South Africa.4Department of Ecology and Resource Management, University of Venda, Thohoyandou, South Africa. 5Department 
of Entomology and Arachnology, Albany Museum, Grahamstown, South Africa.6Scientific Services, CapeNature, Stellenbosch, 

South Africa.7Stellenbosch University, Stellenbosch, South Africa 

Previous research on the effects of rotenone on the Rondegat River demonstrated the natural recovery of native 
fish and invertebrate communities following treatment. To complement this research, we evaluated the response 
of fish and invertebrate communities in two dams to better understand the long-term impact of rotenone on lentic 
environments to complement our understanding of the ecological impacts of fish rehabilitation projects using this 
piscicide. In January and March 2017, CapeNature and the Northern Cape Department of Environment and Nature 
Conservation treated two off-channel dams in the Olifants-Doring catchment with rotenone to remove non-native 
bluegill sunfish Lepomis macrochirus (Chalet Dam, Krom River Farm) and carp Cyprinus carpio (Kranskloof Dam 
near Nieuwoudtville). At both impoundments, the plankton, aquatic invertebrate and fish responses to the treatment 
were evaluated to determine the environmental impact of these treatments. In both treatments, the target fish species 
were successfully removed and have not been recorded at follow-up surveys 6 and 12 months after the treatments. 
Both zooplankton and invertebrate communities were impacted by the treatments but have recovered following the 
treatments. However, both communities have changed, becoming more homogeneous as a result of the treatment and 
removal of the predatory fish. The removal of carp from the Nieuwoudtville Dam resulted in an immediate improvement 
in water clarity and a reduction in blue-green algae, indicative of a reduction of nutrients in the water column.

on the trail of a parasite taxi – testing the enemy-release hypothesis for Xenopus laevis 
(Anura: Pipidae)

Anneke Lincoln Schoeman1,2, Louis Heyns Du Preez1,3

1African Amphibian Conservation Research Group, Unit for Environmental Sciences and Management, North-West University, 
Potchefstroom, South Africa. 2Centre of Excellence for Invasion Biology, Unit for Environmental Sciences and Management, 

North-West University, Potchefstroom, South Africa.3South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

Native to Southern Africa, the African clawed frog Xenopus laevis Daudin 1802 (Anura: Pipidae) is a widespread 
invasive species, with feral populations on four continents. Getting rid of parasites, known as the enemy-release 
hypothesis, is often the road to success for many invasive species, where introduced populations usually harbour 
fewer parasites than their native counterparts. This study investigated whether the enemy-release hypothesis holds 
true for X. laevis by comparing the parasite communities of local populations with one another, as well as with those 
of feral populations in North America and Europe. A total of 171 frogs were screened from 26 native populations in 
southern Africa and 43 and 230 frogs were screened for parasites from six populations in Western France and three 
in southern California, respectively. Although the species richness for parasites is much higher across the whole of 
the native range, on the population level, native X. laevis harboured parasite communities that were comparable in 
species richness, intensity and prevalence to those of feral populations. This can be attributed to the invasive nature 
of X. laevis in its native range – X. laevis often pioneers new habitats or drives away competition when they invade 
established ones, inasmuch that some authors refer to it as a domestic pest. Even after 100 years of study, the myriad 
parasites of X.laevis are worth investigating, especially in the light of the global invasive status of their host.
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iNvASioNS/FUNCtioNAL tRAitS, MoRphoLogy AND 
reSPoNSe

terrapin trade – A global threat

Louis Du Preez1,2, Olivier Verneau3,1

1North-West University, Potchefstroom, South Africa.2South African Institute for Aquatic Biodiversity, Grahamstown, South 
Africa.3University of Perpignan, Perpignan, France 

Throughout the world terrapins are popular as pets. Species are traded for the food market, collections and as pets. 
As with all introductions they pose a risk to local biodiversity and ecosystem functioning. From the 1950s to the 1970s, 
terrapins were exported in vast numbers from the USA and, although in smaller numbers, illegal exports still take 
place. The reptile trade has increased not only in the United States and Europe, but also in Southern Africa. One such 
species of concern is the red-eared slider (Trachemys scripta elegans) which is native to the USA. There is increasing 
concern about the implications of this trade for biosecurity. Not only is the red-eared slider imported to Southern 
Africa, but the Cape marsh terrapin (Pelomedusa subrufa) is exported to Europe. Terrapins are also infected by a 
wide variety of parasites including protozoans, nematodes, acanthocephalans, flukes and tapeworms. As terrapins 
are being shipped around the globe they carry with them their load of parasites. When these terrapins are released 
and feral populations establish their parasites can escape and often can switch hosts to infect native species. This 
could have a detrimental effect on native species. Hybridization is a huge threat to the gene pool. Invasive species 
often outcompete local species for food and basking spots and parasites may switch hosts that could adversely affect 
native species.

First record of Labeo capensis (Smith, 1841) in the Crocodile river (West) system: 
Another successful non-native freshwater fish introduction in South Africa

Hannes Erasmus, Wynand Malherbe, Ruan Gerber, Victor Wepener, Nico J Smit 
Water Research Group, North-West University, Potchefstroom, South Africa 

South Africa is one of six global fish invasion hotspots, which results in non-native fishes being common components 
of fish assemblages in all of the major river systems. The rate of establishment for introduced fish into South African 
rivers is high (79%), whereas the vector responsible for the highest establishment rate (80%) is inter-basin water 
transfer schemes. Introductions of non-native fish into river systems can negatively impact the native fish species 
through hybridisation, genetic impacts and introgression, competition for food sources and predation, as well as the 
introduction of associated parasites and diseases. The aims of the present study were to provide evidence of the 
translocation of Labeo capensis into the Crocodile River (West) system, using both morphological and molecular 
techniques and to record the fish health and gonadosomatic index to determine the invasive status of L. capensis. 
Individuals were identified using morphological and molecular techniques, confirming the translocation of this species 
into a non-native river system. From the fish health assessment index and condition factor of L. capensis collected 
from Olifantsnek Dam, it can be concluded that L. capensis is a category D2 translocated fish, meaning it has “self-
sustaining populations in the wild, with individuals surviving and reproducing a significant distance from the original point 
of introduction”. Since this fish species can survive and reproduce in river systems into which it is newly introduced, it 
has the potential to compete with the native fish species for food and habitat, but can also hybridise with other native 
Labeo species.

Non-native rainbow trout Oncorhynchus mykiss occupy a different trophic niche to 
native Breede River redfin Pseudobarbus burchelli which they replace in South African 

headwater streams

Jeremy Shelton1,2,3, Matthew Bird4, Michael Samways2, Jenny Day5

1Freshwater Research Centre, Cape Town, South Africa.2Department of Conservation Ecology and Entomology, University 
of Stellenbosch, Stellenbosch, South Africa.3Centre for Invasion Biology, University of Stellenbosch, Stellenbosch, South 

Africa.4Department of Zoology, University of Johannesburg, Johannesburg, South Africa.5Institute of Water Studies, Department 
of Earth Sciences, University of the Western Cape, Cape Town, South Africa 

Recent research has revealed that non-native rainbow trout Oncorhynchus mykiss have largely replaced a native 
cyprinid, the Breede River redfin Pseudobarbus burchelli, as the dominant species of fish in many headwater streams 
in the Cape Floristic Region (CFR) of South Africa. Moreover, differences in the composition of benthic communities 
in CFR headwater streams with and without trout suggest that trout do not functionally compensate for the native 
redfin which they have replaced in these food webs. In this study, we used gut content and stable isotope analyses 
to characterise and compare the trophic niches and diet compositions of allopatric populations of trout and redfin 
in six CFR headwater streams (three containing trout, three containing redfin). Results indicate that native redfin 
exploit a broader trophic niche, and a more omnivorous diet, than do trout. Gut content analyses showed terrestrial 
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invertebrates to be an important prey source for trout, which could potentially offset predation pressure on aquatic 
invertebrates and explain why benthic invertebrate density in streams with trout is higher than that in streams with no 
trout. Contrastingly, redfin diet appeared to be dominated by aquatic invertebrates, with terrestrial prey a less important 
food item in the guts of redfin. That redfin and trout exploit nonequivalent trophic niches may have consequences for 
benthic community composition in CFR headwater streams, and this study highlights the importance of quantifying 
how the functional role of predators changes following a predator replacement for understanding and managing the 
consequences of non-native predator invasions.

effects of acute and chronic temperature changes on the functional responses of the 
dogfish Scyliorhinus canicula (Linnaeus, 1758) towards amphipod prey Echinogammarus 

marinus (Leach, 1815)

Josie South1,2

1South African Institute of Aquatic Biodiversity, Grahamstown, South Africa. 2Queen’s University Belfast, Belfast, United Kingdom 

Predation is a strong driver of population dynamics and community structure. It is essential, therefore, to reliably quantify 
and predict predation impacts on prey populations in a changing thermal landscape. Comparative functional response 
analysis was used show the effect of temperature increase and differential acclimation regimes on Scyliorhinus canicula 
preying upon Echinogammarus marinus under temperatures of 11.3°C and 16.3°C, representing both the potential 
daily variation and predicted higher summer temperatures within Strangford Lough, N. Ireland. Attack rate was higher 
at 11.3°C than at 16.3°C, but handling time was lower and maximum feeding rates were higher at 16.3°C. There was 
an interaction effect of increased attack rate when prey was acclimated, but the predator was not acclimated. Handling 
time was shorter when both predator and prey were acclimated to 16.3°C. As a result, the maximum feeding rate was 
significantly higher when both predator and prey were acclimated. There is an additive effect when both predator and 
prey are acclimated, which increases predator impact. Functional response changed from Type II to Type III with an 
increase in temperature, except when only the prey were acclimated. This is important for further consideration in 
experimental design when investigating temperature change. Differential acclimation showed how the thermal context 
directly affected the physiological traits of both predator and prey, and therefore governed the way the predator-prey 
interaction occurred at different prey densities.

trout in hot water? evaluating consequences of climate warming for non-native rainbow 
trout and associated impacts on native fishes in South Africa’s Cape Fold Ecoregion

Jeremy Shelton1,2, Olaf Weyl3,4, Karen Esler2, Bruce Paxton1, Dean Impson5, Helen Dallas1,6

1Freshwater Research Centre, Cape Town, South Africa.2Centre for Invasion Biology (CIB), Department of Conservation Ecology 
and Entomology, Stellenbosch University, Stellenbosch, South Africa.3CIB, South African Institute for Aquatic Biodiversity (SAIAB), 
Grahamstown, South Africa.4DST/NRF Research Chair in Inland Fisheries and Freshwater Ecology, SAIAB, Grahamstown, South 

Africa.5CapeNature, Scientific Services, Stellenbosch, South Africa.6Nelson Mandela University, Port Elizabeth, South Africa 

Introduced rainbow trout have invaded many headwater streams in South Africa’s Cape Fold Ecoregion (CFE) and 
their impact on native fishes in these systems appears to be density-dependent. We hypothesized that temperature 
is a key factor determining trout density and corresponding impacts on native fishes. We investigated the seasonal 
influence of temperature and other environmental factors on trout density and impacts on native fish assemblages 
in two CFE headwater streams. Temperature limited trout density during summer, but not during autumn and spring. 
During summer, the highest trout densities were recorded at sites that remained relatively cool (7-day moving average 
of the daily maximum temperature (Max_7< 27°C), while trout were generally absent from relatively warm sites 
(Max_7 > 27°C). Native fish density was best explained by trout density (inverse relationship) during summer, but by 
other environmental variables such as habitat complexity and current flow velocity during autumn and spring. Trout 
distributions expand during cooler seasons when thermal heterogeneity and maximum temperatures are relatively low, 
but contract into thermal refugia (habitat patches that remain relatively cool) as temperatures and thermal heterogeneity 
increase over summer, leaving warmer habitat patches vacant and able to function as predation refugia for native fish. 
We hypothesise that climate warming could reduce trout density and distribution, and associated impacts on native 
fish, in CFE headwater streams, but may increase the potential for invasions by other warm-adapted non-native 
predatory fish already established in downstream river reaches in the region.
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Field impacts of invasive fishes under a seasonal temperature gradient are forecasted 
using the relative Impact Potential (rIP) metric

Lubabalo Mofu1,2,3, Ross N Cuthbert4,5,6, Tatenda Dalu7,6, Darragh DJ Woodford8,9, Ryan J Wasserman10,6, Jaimie TA Dick11, Olaf 
LF Weyl2,9,6

1Department of Ichthyology and Fisheries Science, Rhodes University, Grahamstown, South Africa.2DST/NRF Research Chair 
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Developing methods to predict and understand the impacts of both existing and emerging invasive species is of 
critical importance to furthering the field of invasion biology. Relative Impact Potential (RIP) metric provides an 
approach to quantify the potential impact of existing and emerging invasive species through the coupling of functional 
responses (FR) and proxies for population-level responses (i.e. numerical responses; NRs). The RIP of Oreochromis 
mossambicus, Gambusia affinis and Glossogobius callidus towards representative focal prey under temperatures 
conducive to seasonal gradients to elucidate temporal impact fluctuations was assessed. All three species exhibited 
a Type II FR: O. mossambicus exhibited the highest magnitude FR, suggesting greater per capita impacts on native 
biota, followed by G. affinis. When seasonal field abundances were integrated in the RIP metric, impacts differed 
markedly between seasons. Gambusia affinis exhibited a higher RIP in spring compared to O. mossambicus, which 
had the highest RIP in summer. Glossogobius callidus displayed the lowest impact, irrespective of season. Changes 
in RIP with seasonal temperature fluctuations demonstrate how such context-dependencies can have an effect on 
the relative field impact capacities of introduced species. The results corroborate with field-recorded observations 
concerning antagonistic interspecific interactions between G. affinis and G. callidus, wherein impact declines under 
high abundances of the conflicting species. The RIP metric provides a tool for predicting the impacts of invasive 
species under environmental context-dependencies, wherein higher impacts for invaders are successfully projected, 
and demonstrate temporal fluctuations in interspecific field impacts between seasons.

FUNCtioNAL tRAitS, MoRphoLogy AND RESpoNSE

Comparing the foraging ecology of fish-parasitic cymothoid isopods with different host 
attachment sites using stable isotope analysis

Hester Maria Strauss1, Nico J Smit1, Amanda WJ Demopolous2, Milen Nachev3, Bernd Sures3, Rachel Welicky1

1North West University, Potchefstroom, South Africa.2US Geological Survey, Gainesville, USA.3University of Duisburg, Essen, 
Germany 

Cymothoid isopods are conspicuous ectoparasites infesting the mouth, body surface and gill chamber of marine 
fishes. Their infestation has been found to alter host foraging and swimming behaviour, thereby influencing host 
fecundity, growth and metabolic demands. Previous observations assumed that parasites feed on host tissue, but this 
has not been quantified for all cymothoids. This study aimed to clarify whether cymothoids with different attachment 
sites are truly parasitic or whether they also forage from the environment. Cymothoid-host trophic relationships were 
determined using stable carbon and nitrogen isotope analyses conducted on the host (gill, heart, scale and muscle) and 
parasite tissues (legs from males and females). The fish-parasite groups were represented by body surface parasite 
(Anilocra haemuli from Haemulon flavolineatum), mouth parasite (Cymothoa sodwana infesting Trachinotus botla) and 
gill parasite(Mothocya affinis from Hyporamphus affinis). All parasites showed significant differences by gender across 
tissues. Compared to females, males were depleted by 1.357 ‰ for 13C and 0.673 ‰ for 15N on average. This could 
be due to variation in nutrient assimilation or foraging pattern differences between males and females. Both male and 
female body surface and mouth parasites were generally depleted in 13C isotope and enriched in 15N isotope compared 
to host tissues. The fractionation patterns of gill parasites were inconsistent across gender and host tissue type. The 
13C and 15N ranges of hosts and the parasites suggest that the degree of parasitism and parasite nutrition differs across 
gender and attachment site. Thus cymothoid-host interactions are even more complex than previously observed.
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Phytoplankton settling depends on cell morphological traits, but what is the best 
predictor?

Jeremias Chindia1, Cléber Figueredo2

1Universidade Pedagógica, Lichinga, Mozambique.2Universidade Federal de Minas Gerais, Belo Horizonte, Brazil 

Our objective was to determine how different morphological traits of microalgae influence their settling rates, since 
settling is important to population dynamics and the loss of individuals affects phytoplankton communities. We 
hypothesized that different morphological characteristics can affect phytoplankton settling rate, and that surface to 
volume ratio (S:V) would be especially important in determining the settling rhythm than any other morphological trait 
alone. Experiments were conducted in settling columns, which generate subsamples for quantification of phytoplankton 
and allow the calculation of settling rate. The dependence of settling rate on various cell characteristics was assessed 
by predictive models generated by non-linear regression analyses in which settling rate was the independent variable, 
while the dependent variable was biovolume, surface area or S:V ratio. The resulting statistical coefficients were used 
to compare models in terms of their capacity to describe and predict settling. The results show that phytoplankton 
did not follow Stokes’s Law of particle settling. As expected, the model based on S:V ratio was the best predictor of 
phytoplankton settling rate. The balance between volume and surface was more important than each characteristic 
alone because although increasing volume could positively affect settling rates, surface area is fundamental to 
determine resistance to settling.

habitat associations of an endangered southern temperate riverine fish and implications 
for species protection

Sifundza Delsy1,2, Albert Chakona2,1, Wilbert Kadye1

1Department of Ichthyology and Fisheries Science, Rhodes University, Grahamstown, South Africa.2South African Institute for 
Aquatic Biodiversity, Grahamstown, South Africa 

The Eastern Cape rocky Sandelia bainsii is endemic to the Eastern Cape Province of South Africa where it has been a 
long-standing flagship species for conservation of aquatic biodiversity. Sandelia bainsii has undergone severe decline 
across its range and is now classified as “Endangered” by the International Union for Conservation of Nature (IUCN). 
A detailed understanding of habitat associations of threatened species is essential for the development of sound 
conservation and habitat management plans. Fine-scale geographic surveys were undertaken in the Great Fish River 
system to identify factors that influenced the distribution and abundance of S. bainsii. Fish were sampled using a 
combination of gear including electrofishing, seine netting and fyke nets. At each site, 11 environmental predictors 
(six physicochemical parameters and five microhabitats) were recorded. Non-metric multidimensional scaling and a 
hurdle count generalised linear model were used to assess the habitat associated with the distribution and abundance 
of S. bainsii. Conductivity (33-132 µS/cm), dissolved oxygen (6.4-8.3 mg/L), depth (13.73-86.25 cm) and area (67.10-
505.25 m2) were identified as the most important factors that influenced the distribution and abundance of S. bainsii. 
Furthermore, S. bainsii co-occurred with three native fish species, Labeo umbratus, Glossogobius callidus and 
Enteromius anoplus. The results showed that in the Kat River catchment S. bainsii preferred specific habitats that 
they can effectively utilise. Therefore, there is a need to manage these critical habitats from further degradation by 
agricultural activities and the potential invasion by non-native fish species.
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FREShwAtER ECoLogy

Development of maps showing the relative risk of nonpoint source agricultural pesticide 
use to aquatic ecosystems in South Africa

James Dabrowski1,2
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South Africa 

National-scale mapping was undertaken to identify the relative risk of agricultural pesticide use to aquatic biodiversity 
in each quaternary catchment in South Africa. Variables including crop type, pesticide use, length of river network, 
geographical variables (e.g. slope, soil type and rainfall) and physicochemical data of pesticides (e.g. half-life and 
Koc) were integrated into a Geographical Information System (GIS) to make first-order predictions of pesticide 
concentrations in the river network of each quaternary catchment in South Africa. These concentrations were compared 
with ecotoxicological data for different aquatic organisms (i.e. algae, insects and fish) for each pesticide to estimate the 
number of toxic units of the pesticide present in the system. The total risk per catchment was determined by summing 
the estimated toxic units for every pesticide applied in a catchment and is therefore representative of the aggregated 
risk posed by all pesticides applied in the catchment. This method enables users to identify hotspot areas/catchments 
based on the ability of pesticides to move into water resources and their potential risk to the aquatic ecosystem. 
As pesticide use is directly related to crop type it is possible to identify the contribution of different crops to the total 
aggregated risk in a catchment. The selection of priority areas for management interventions can therefore be informed 
by the total toxic unit score for the catchment as well as important crops that contribute to the score. This information 
can be used in targeting monitoring and mitigation campaigns designed to protect the aquatic environment.

Short-term effects of a diesel spill on fish and invertebrates in the groot River, 
meiringspoort

Jeanne Gouws1, Martine Jordaan1,2

1CapeNature, Stellenbosch, South Africa. 2South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

Freshwater ecosystems of the Cape Fold Ecoregion are under an ever increasing plethora of threats. One such threat 
is instream pollution events that can affect both water quality and the resident biota of the affected ecosystems. The 
recent spillage of over 40 000 L of diesel into the Groot River in Meiringspoort (Gouritz River catchment, Western 
Cape Province) is an example of a point-source pollution event. The Groot River is of high biodiversity value and 
amongst other things, provide a stronghold for the endangered smallscale redfin Pseudobarbus asper. The diesel spill 
occurred upstream of the CapeNature-managed Swartberg Nature Reserve with impacts extending into the reserve. 
Spill containment measures were implemented rapidly following the spill and, as a result, the visible spill zone could 
be limited to a short stretch (<1 km) of the river which had low flow at the time. Short-term biomonitoring of the fish and 
macro-invertebrate (SASS 5) community was conducted at three sites (upstream, within and downstream of the spill 
site) and at two time intervals after the spill. Initial results showed no evidence of a large-scale fish kill but some effects 
on fish abundances. Significant effects were observed on the invertebrate community as indicated by the SASS5 
results. Biomonitoring is ongoing and repeat sampling is scheduled for nine and 12 months after the incident. From a 
CapeNature management perspective, the incident highlighted the need for rapid response in terms of containment 
measures and clear roles and responsibilities of all parties involved.

Evaluating the value of formally protected areas for the conservation of freshwater fish: A 
Western Cape Province case study

Martine S Jordaan1,2, Albert Chakona2, Dewidine van der Colff3

1CapeNature Scientific Services, Stellenbosch, South Africa. 2South African Institute for Aquatic Biodiversity, Grahamstown, South 
Africa.3South African National Biodiversity Institute, Cape Town, South Africa 

Freshwater systems and their associated biodiversity are among the most threatened ecosystems globally. The Cape 
Fold Ecoregion (CFE), located within the Western and Eastern Cape Provinces of South Africa, is home to the highest 
percentage of threatened freshwater fish in the country. The main threats to native fish in this region are predation 
and competition from invasive alien fishes and habitat degradation. The region has an extensive protected area (PA) 
network covering a wide array of ecosystems, but limited information exists on the role of PAs in conserving freshwater 
fishes in the region. This study evaluated the value of PAs for protection of freshwater fishes in the Western Cape 
Province by setting species conservation targets and then intersecting species distribution data using protected area 
polygons. Conservation targets were set following the minimum viable population required for long-term persistence, 
a minimum of 10 subpopulations. This, along with other factors such as population viability and PA effectiveness, 
was used to determine whether a species was effectively protected by a PA. Species were classified into one of four 
categories: 1) well protected, 2) moderately protected, 3) poorly protected and 4) not protected. Our results indicate 
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that the majority of native fish species are inadequately protected within the current PA network in the province, mainly 
a result of the linear nature of riverine ecosystems which increases their sensitivity to threats outside of the PA. The 
implications of the results for PA expansion and management for improved conservation of native fish are discussed.

molecular systematics of the slender stonebasher: biogeographic and taxonomic 
implications for a disjunctly distributed species complex

Tadiwa Mutizwa1,2, Albert Chakona2, Wilbert Kadye1

1Department of Ichthyology and Fisheries Science, Rhodes University, Grahamstown, South Africa.2South African Institute for 
Aquatic Biodiversity, Grahamstown, South Africa 

The river systems of the Kwanza and Zambezi ichthyological provinces represent a wide range of distinct freshwater 
ecoregions. These river systems share a history of large-scale drainage rearrangements associated with climatic 
and tectonic activities. This study presents the first extensive molecular phylogenetic framework that assesses the 
biogeographic and taxonomic implications of the drainage history of these river systems on the disjunctly distributed 
Hippopotamyrus ansorgii species complex. Phylogenetic analyses were conducted on mitochondrial (mtDNA) 
cytochrome b (cyt b) and cytochrome oxidase subunit I (COI) and nuclear (S7) genes for 84 individuals of the H. 
ansorgii species complex and three outgroups (H. weeksii, H. paugyi and H. castor). Samples were collected from 
41 sites spread across the entire geographic range of the H. ansorgii species complex. The General Mixed Yule 
Coalescent (GMYC) species delineation method identified 12 deeply divergent molecular operational taxonomic units 
(MOTUs) within this complex. Two of the MOTUs represented H. szaboi and H. longilateralis, while the other 10 
represent candidate or undescribed species. All the identified MOTUs in this complex were restricted to single river 
systems. Within the Kwanza, Okavango and the Upper Zambezi river systems multiple MOTUs occurred in sympatry. 
The study provides an evolutionary timeline of the events that promoted the diversification and shaped the geographic 
distribution of the identified MOTUs within the H. ansorgii species complex.

Domestic water pollution among local communities in Nigeria: Causes and consequences

Nwadiolu Romanus
Delta State Polytechnic, Ozoro, Nigeria 

The paper focuses primarily on the causes, consequences and ways of mitigating the on-going fresh-water pollution 
problems among Nigerian communities. Adequate supply of safe fresh water is an inevitable factor for human and 
economic development. Although the recent global attention focuses on how the current and foreseeable water crisis 
and associated consequences would be addressed, lack of education, low budgetary funding, inefficient government 
policies, corruption, drought and other anthropogenic factors are increasingly contributing to the pollution of domestic 
water in Nigeria. The homes, local markets, abattoirs, oil and agricultural activities are consistently severing the 
limited fresh water sources through disposal of harmful wastes. This has led to the emergence of several water-borne 
diseases and heavy-metal poisoning across the country. The way forward is proper sanitary habits, awareness and 
waste management education, adequate funding of water resources and health sector and adoption of lessons from 
key developed countries like the United Kingdom.
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Acidification in South African streams: the impacts of coal, drought, DoC and landcover

Chris Curtis1, Londiwe Khuzwayo1, Kari Austnes2, Stuart Piketh3, Wenche Aas4, Paul Beukes3, Pieter van Zyl3, Jan-Stefan 
Swartz3, Ian Bailey5

1CiWaRD, University of the Witwatersrand, Johannesburg, South Africa.2NIVA, Oslo, Norway.3Unit for Environmental Sciences & 
Management, North-West University, Potchefstroom, South Africa.4NILU, Oslo, Norway.5Umgeni Water, Pietermaritzburg, South 

Africa 

In South Africa, the few published studies of the ecosystem effects of acid deposition focused mainly on the Highveld 
regions of relatively high sulphur and nitrogen deposition, corresponding with the location of most of the country’s 
coal-fired power stations. South Africa is still commissioning some of the world’s largest coal-fired power stations 
on the Highveld and in Limpopo Province and yet the ecological impacts of acid deposition in the region are very 
poorly understood. Here we present the results of the bilateral (SA-Norway) AcidWater study, including co-located 
deposition and hydrochemical measurements in three regions, across an assumed deposition gradient; the Highveld 
(Mpumalanga Province – high deposition), Waterberg (Limpopo Province – moderate deposition) and South West 
Cape (Western Cape Province – low deposition). The most acidic deposition occurs on the Highveld but low rainfall 
moderates wet deposition inputs. Lower deposition occurs in the Waterberg due to low rainfall, but chloride inputs 
are high. The lowest acid deposition occurs in the coastal SW Cape where the key influences are high rainfall, sea-
salt inputs and remoteness from major source regions. All three regions were found to contain highly acid-sensitive 
streams with low pH, low conductivity and very low acid-neutralizing capacity, most notably in the SW Cape (with 
extreme organic acidity) and the Waterberg. These regions are also critically important for aquatic biodiversity and 
home to endemic species of invertebrates and fish. Here we assess the relative roles of acid deposition, climate and 
landcover in stream acidification.

Fish and flows in the Mara River, Nile River Basin

Gordon O’Brien1, Paul Skelton2, Frank Masese3,4, John Conallin5

1University of KwaZulu-Natal, College of Agriculture, Engineering and Science, Scottsville, South Africa.2South African Institute for 
Aquatic Biodiversity, Grahamstown, South Africa.3University of Eldoret, Eldoret, Kenya.4University of KwaZulu-Natal, College of 

Agriculture, Engineering and Science, Pietermaritzburg, South Africa.5IHE Delft, Delft, Netherlands 

The Mara River is one of the world’s most iconic rivers, but very little is known about the fishes of the system. 
In Environmental Flow (E-Flow) Assessments fish are consistently used as ecological indicators to represent flow/
ecosystem relationships that inform assessments. In this study we evaluated the fish community structures and 
generated flow-ecosystem relationships using multiple lines of Evidence (LOEs) on a range of levels of biological 
organisation. This information provided new fisheries data for the Mara River and contributed to the holistic E-flow 
assessment of the Mara River. Currently, 40 species of fishes are known to occur in the Mara River, approximately 10 
are restricted to the upper part of the catchment. Communities shift between the wetland, middle and upper reaches 
and tributaries. The Mara River still maintains populations of basin scale migratory fishes including at least one 
Labeobarbus sp. and two Labeo spp. Historically, these migratory fishes dominated the rivers of the upper Nile Basin 
and formed an important part of the regional fisheries. Outcomes included potentially new species and new species 
distributions. We also demonstrated that the life cycle of many rheophilic, semi-rheophillic, floodplain specialist and 
migratory fishes are closely linked to the natural hydrography. With evidence we were able to represent the probable 
response of fish to changes in the timing, volume, duration and frequency of flows and associated flow events in the 
system. This information was successfully used to contribute to the holistic determination of the E-flows for the Mara 
River.

Do the magaliesberg and Waterberg biosphere reserves effectively protect headwater 
stream macroinvertebrate communities?

Refilwe Chilo, Darragh Woodford 
University of the Witwatersrand, Johannesburg, South Africa 

Biosphere reserves are UNESCO designated areas meant to conserve ecosystems and landscapes. This project used 
macroinvertebrates as an indicator for impacts of land management associated with biosphere reserves, by assessing 
the effectiveness of the Magaliesberg and Waterberg biosphere reserves in maintaining the community structure and 
ecological integrity of headwater streams within them. Data were collected from 21 sites categorised as: Unprotected 
(9), Magaliesberg biosphere reserve (6) and Waterberg biosphere reserve (6). These sites fall within three eco-regions, 
namely: Western Bankenveld, Highveld and Waterberg. At each site, a 20x20cm Surber sampler was used to collect 
four samples from the stones-in-current biotope, and the SASS5 method was used to collect samples from gravel/sand/
mud, stones-in-current and marginal vegetation biotopes. Non-metric multidimensional scaling (NMDS) and Cluster 
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analysis of the quantitative benthic data collected using the Surber did not show a clear distinction between biosphere 
categories or eco-regions. SASS5 scores indicated the presence of E class sites both inside and outside biosphere 
reserves, although the reasons for poor eco-status varied. The observed causes of degradation of sites outside the 
biosphere reserves are water ion and nutrient input (from agricultural activities). In contrast, causes of degradation at 
sites inside the biosphere reserves are unclear. However, cluster analyses of the SASS5 scores indicate that the main 
drivers of similarity between the sites are flow patterns and local discharge. Our findings thus indicate a limited effect 
of biosphere reserves on stream macroinvertebrate community integrity.

managing water quality and quantity in real time using the FISHtrAC monitoring system

Matthew Burnett, Graham Jewitt, Gordon O’ Brien 
University of KwaZulu-Natal, Pietermaritzburg, South Africa 

The uMngeni catchment is an ecologically important system providing water resources for the Ethekwini municipality 
(Durban). Despite its social and ecological importance, the management of flows and water quality in the system 
is problematic due to excessive use of the water resources and degradation of the catchment. Monitoring of this 
water resource is important to understand the impact of multiple stressors that must be managed in the catchment. 
Currently only flows are monitored continuously and water quality is monitored by analysing weekly or monthly “snap 
shot” samples. Biomonitoring is carried out on a quarterly basis. None of these sampling approaches are suitable to 
link the exposure of multiple stressors and the effect or response of the ecosystem to these stressors in real time. 
Consequently, the state of the river is characterised out of context of the cause. With the use of telemetry methods 
in the FISHTRAC programme, KwaZulu-Natal yellowfish behaviour can be used to represent the response of the 
ecosystem to water quality and quantity changes in real time. This study aims to: (1) to monitor changes in water 
quality and flow in the uMsunduzi and uMngeni Rivers remotely, in real time, (2) monitor and evaluate the ecological 
response of the receiving rivers to these changes in environmental conditions using fish, and (3) to establish a real-
time ecosystem well-being and response digital early warning system to allow regulators to respond to ecosystem 
condition changes and associated ecological responses.

Spatio-temporal variation in macroinvertebrate assemblages and water quality in the 
Upper pangani River basin, tanzania: A case study in the Ruvu River catchment

Grite Nelson1,2, Bram Vanschoenwinkel3, Karoli Njau2, Luc Brendonck1,4

1KU Leuven, Leuven, Belgium.2The Nelson Mandela African Institution of Science and Technology, Arusha, Tanzania.3Vrije 
Universiteit Brussel, Brussels, Belgium.4North-West University, Potchefstroom, South Africa 

Water is a threatened resource, especially in water-stressed regions with increasing water demands for agricultural 
development. In riverine ecosystems, continuous monitoring of the physical-chemical and biological water quality 
parameters is needed to follow up their ecological condition in the light of water pollution. In many parts of the world, 
however, such monitoring is lacking and ecological indicators have not been defined. In this study, macroinvertebrates 
and water quality samples were analysed from 31 sites in the Ruvu River catchment, which experience significant 
expansion of agricultural activities. Turbidity, total nitrogen, chlorophyll-a, and chemical oxygen demand were found to be 
significantly higher in the wet than in the dry season. Nutrient concentrations and turbidity levels increased downstream 
in agricultural sites. Macroinvertebrate taxon richness and the TARISS (Tanzania River Scoring System) score were 
significantly higher in the dry than in the wet season. Downstream sites had relatively lower macroinvertebrate biotic 
and diversity index values than upstream ones. Heptageniidae, Baetidae, and Potamonautidae appeared as indicator 
taxa for relatively good water quality, whereas Chironomidae and Hirudinea were indicator taxa of poor water quality. 
Redundancy analysis (RDA) and generalized linear models indicated that dissolved oxygen, nutrients and chemical 
oxygen demand were important variables in explaining variation in macroinvertebrate assemblages. The Ruvu River 
catchment is moderately impacted as compared to river systems of similar anthropogenic influence in the region. We 
recommend the creation of riparian buffer zones to alleviate the anthropogenic effects on the river system, and the use 
of benthic macroinvertebrates to monitor the ecological condition.

true aquatic diversity is within: parasitic flatworms (Digenea) from freshwater fishes in 
Africa

Olena Kudlai, Nico Smit 
Water Research Group, Unit for Environmental Sciences and Management, Potchefstroom Campus, North-West University, 

Potchefstroom, South Africa 

After a century of research on digeneans from freshwater fishes in Africa, these parasites remain poorly studied. Out 
of almost 3000 freshwater fish species on the African continent, only 62 have been reported as the hosts for these 
parasites. Current estimates on the diversity of digeneans revealed the presence of 67 species (based on adults) from 
33 genera of 19 families. The rough estimates of the diversity of digenean larvae demonstrated the presence of 44 
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species from 24 genera of nine families. Our research focuses on exploring the diversity of digeneans in freshwater 
fishes in South Africa by combining morphological and molecular approaches. To date, a total of 172 fish specimens 
belonging to 22 species were collected in the Phongolo River (Ndumo Game Reserve, KwaZulu-Natal), Riet River 
(Mokala National Park, Northern Cape)and Vaal River and Mooi River (North-West Province). Thirteen fish species 
were found to be infected with digeneans. Adults were recovered from the intestine and urinary bladder, whereas 
larval stages were found on the body surface, gills, muscles, brain cranial cavity, eye vitreous humour, eye lenses 
and body cavity. Morphological and molecular analyses of the collected material provided identification for more than 
20 species of digeneans belonging to the families Clinostomidae, Diplostomidae, Gorgoderidae, Macroderoididae, 
Opisthorchiidae and Strigeidae. Our study provides morphological and genetic characterisation for all of the digeneans 
found and greatly advances the knowledge on these parasites in South Africa. This study was supported by a Claude 
Leon Foundation Postdoctoral Fellowship (2017–2018) and North-West University, South Africa.

pARASitoLogy

targeted approach to detect Aphanomyces invadans, the causative agent of epizootic 
ulcerative syndrome (EUS), from environmental samples

Mariska Laubscher1, Kevin Christison2, Nico Smit1

1North-West University, Potchefstroom, South Africa.22Department of Agriculture, Forestry and Fisheries, Cape Town, South Africa 

Epizootic ulcerative syndrome (EUS) is a fish disease caused by an oomycete, Aphanomyces invadans. EUS affects 
wild and farmed fishes in freshwater and estuarine environments. Following the first outbreak, which caused high 
mortalities in both farmed and wild freshwater fishes in South East Asia, EUS spread to Africa, including South Africa. 
Although several geographical regions are currently unaffected by this pathogen, the epizootic nature and broad host 
range of A. invadans promotes its spread across borders. The spread or an outbreak of EUS does not only threaten 
the health of natural fish populations but substantially affects the livelihood of fish farmers and subsistence fishermen. 
Fish is an important food source, and in certain African communities, the only affordable protein source. A disease 
outbreak that results in high mortalities can, therefore, have a direct effect on local communities and economies. This 
study aims to develop a quantitative method to detect the causative agent, A. invadans, in the environment even when 
present at such low concentrations that clinical infections cannot be detected. Total genomic DNA was extracted from 
both water samples collected in the Western Cape and fungal biomass collected from bait stations in the environment. 
Real-time PCR was used to amplify the internal transcribed spacer (ITS) region with a species-specific primer set. 
The successful development of a DNA-based method to detect A. invadans from environmental samples can assist in 
aquatic health risk management programs, especially in the aquaculture industry.

Something’s ‘fishy’: African fish haemogregarine blood parasites – the past, present and 
future

Courtney Cook1, Edward Netherlands1,2, Nico Smit1

1North-West University, Potchefstroom, South Africa.2KU Leuven, Leuven, Belgium 

Haemogregarines are obligate endoparasitic intracellular protozoa found in the blood of a range of vertebrates. 
Haemogregarines have a heteroxenous life cycle that includes asexual development in the vertebrate host, and sexual 
development in the invertebrate haematophagous vector responsible for their transmission. Classification of genera 
is based on the development within the vector. In the past decade, molecular characterisation of haemogregarines 
and the phylogenetic placement of the different genera have provided insight into the potential vectors and modes of 
transmission. This is particularly true for haemogregarines parasitising mammals, reptiles and amphibians; however, 
it has not been until recently that the same has been attempted for those infecting fishes. In the absence of life cycle 
data, classification of fish haemogregarines has been based in the past solely on the morphological characteristics of 
the peripheral blood stages and host-association. Genera parasitising fishes include Babesiosoma and Dactylosoma 
(Dactylosomatidae), as well as Cyrilia, Desseria and Haemogregarina sensu lato (Haemogregarinidae). Transfer of 
infective stages to and from the vector for the above genera in fishes is presumed inoculative, with a handful of these 
confirmed. In most of these cases leeches have been implicated, except in Haemogregarina where gnathiid isopods 
have also been demonstrated as vectors. Recent molecular work has suggested that some of these parasites do not 
belong within the broader classification of haemogregarines, bringing into question their current classification and 
biodiversity, as well as their vector requirements and thus modes of transmission.
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Parasitic crustaceans Lernaea cyprinacea and Argulus japonicus and the possible role 
they play in the development of aquaculture in the Free State Province

Katlego Mogorosi1,2, Liesl van As2, Kevin Christison3

1Free State Department of Agriculture and Rural Development, Bloemfontein, South Africa.2University of the Free State, 
Bloemfontein, South Africa.3Department of Agriculture Forestry and Fisheries, Cape Town, South Africa 

Inland aquaculture is receiving increased interest in the Free State, as a means of contributing to food security, 
creating jobs and diversifying agriculture production. Sharptooth catfish/baber Clarias gariepinus, common carp 
Cyprinus carpio, rainbow trout Oncorhyncus mykiss and Mozambique tilapia Oreochromis mossambicus have been 
identified as economically viable species. Under aquaculture conditions, susceptible hosts are in close proximity, 
thereby facilitating the transmission and establishment of diseases and parasites in aquaculture systems. Therefore 
diseases and parasites of fish are regarded as significant constraints to the development of aquaculture in this region. 
The present study is a disease and parasite survey of commercially important fishes of the Free State, wherein we 
qualitatively assess the risk to sustainable development of a freshwater fish aquaculture industry based on parasitic 
data collected from field surveys in the Free State Province carried out over two years. The taxa collected included 
monogeneans and peritrich ciliophorans, the cestode Schyzocotyle acheilognathi and alien parasite species such as 
Trichodinella epizootica, Argulus japonicus and Lernaea cyprinacea. For the purposes of this presentation the focus 
will be on A. japonicus and L. cyprinacea, where 195 specimens of L. cyprinacea and 155 specimens of A. japonicus 
were found infesting four different fish host species. Lernaea cyprinacea andA. japonicus have been shown to cause 
clinical disease under aquaculture conditions as well as in natural conditions.

Understanding the associations between cymothoid parasite and host size using museum 
and field-collected data

Rachel Welicky, Wynand Malherbe, Kerry Hadfield, Nico Smit 
North-West University, Potchefstroom, South Africa 

Cymothoid isopods are among the most conspicuous and diverse groups of ectoparasites of fish species. Yet, detailed 
studies on their life cycles are sparse, as even baseline morphometric data on their life stages remain limited. In 
fact, only two cymothoid species have been examined for correlations between their size and host size, and positive 
correlations were reported between hosts and both male and female parasites. Cymothoids attach to the body surface, 
mouth, and gill chamber of fish hosts, and these areas vary greatly in shape and size across host species. Accordingly, 
it is plausible that associations between cymothoid and host size cannot be extrapolated among genera or species. 
Moreover, associations between host and parasite size may change as parasites transition from juvenile to male to 
female. To test these predictions, we used field-collected data combined with data collected from fishes stored in 
the South African Institute for Aquatic Biodiversity fish collections. We examined the associations between host and 
parasite length for three mouth and one gill chamber-infesting genera (Ceratothoa, Cinusa, Cymothoa, and Mothocya, 
respectively). For two of the three mouth-infesting parasites, size was significantly and positively correlated for males 
and females, but not juveniles. For gill chamber-infesting parasites, female and male parasite size was weakly and 
not significantly correlated with host size. On-going research will include a second gill-infesting genus, and statistically 
examine parasite size in relation to attachment site. Perhaps most importantly, we provide the first morphometric data 
for juveniles, males, and females of four cymothoid genera.

the blood is the life: Host-parasite-vector interactions through the elucidation of the life 
history of an amphibian filarial nematode

Edward C Netherlands1,2,3, Roma Svitin2, Louis H Du Preez2,4, Nico J Smit1

1Water Research Group, Unit for Environmental Sciences and Management, North-West University, Potchefstroom, South Africa. 
2African Amphibian Conservation Research Group, Unit for Environmental Sciences and Management, North-West University, 

Potchefstroom, South Africa. 3Laboratory of Aquatic Ecology, Evolution and Conservation, University of Leuven, Leuven, 
Belgium.4South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

Filarial nematodes are important microscopic, thread-like roundworms known as agents of medical and veterinary 
disease. That includes lymphatic, subcutaneous and dirofilariosis, e.g. elephantiosis, river blindness, and heartworm, 
respectively. These predominantly tissue-dwelling nematodes are characterised by a broad-host-range including 
amphibians, reptiles, mammals, and birds, infecting up to 170 million people worldwide. They have an evolved life-
cycle, comprising a vertebrate host in which adult worms release microfilariae into the bloodstream. Microfilariae are 
then ingested with the blood meal of a haematophagous arthropod. Following complete development, the parasite 
can be transmitted to a new host. In the present study we were able to elucidate this cycle in the guttural toad host 
Sclerophrys gutturalis and the mosquito vectors Uranotaenia (Pseudoficalbia) mashonaensis and U. (Pseudoficalbia) 
montana. Mosquitos enticed to feed on infected toads were progressively dissected, and nematodes extracted and fixed 
according to the stages of their development. Light and scanning electron microscopy were used to study morphology, 
and PCR amplification to molecularly characterise and link each of these developmental stages. Additionally, we report 



Southern African Society of Aquatic Scientists Congress 2018: Aquatic ecology in the Anthropocene

37

on the unique host-seeking behaviour of U. mashonaensis and U.montana that respond to the calls of their toad hosts. 
This unique host-vector evolution may be the reason that only 12% of the male (6/50) S. gutturalis were infected with 
microfilaria as compared to 0% of the females (0/21). This study is the first to elucidate the life history of an African 
amphibian filarial nematode and to provide information on the complex interaction between host, parasite and vector.

Discovering diplostomid trematodes (Digenea: Diplostomoidea) in Tilapia sparrmanii in 
the North-West Province, South Africa

Coret Hoogendoorn, Olena Kudlai, Nico Smit 
Water Research Group, Unit for Environmental Sciences and Management, Potchefstroom Campus, North-West University, 

Potchefstroom, South Africa 

The family Diplostomidae Poirier, 1886, represents a large group of widely distributed trematodes that, as adults, 
parasitise numerous orders of birds and mammals. Metacercarial larval stages of several genera within the family 
are considered as important pathogens of their fish intermediate hosts. Knowledge on diplostomid parasites in South 
Africa is virtually lacking and most of the previous records rarely identified parasites to the species or even genus level. 
The aim of this study was to explore the diversity of diplostomid trematodes in the banded tilapia, Tilapia sparrmanii 
Smith, 1840, in the North-West Province, South Africa, by means of morphological and molecular methods. A total of 
43 specimens of T. sparrmanii were collected in the Mooi River (in Boskop Dam and below the Potchefstroom Dam) as 
well as in the Vaal River during March and April 2017. Specimens of diplostomids were recovered from the eye vitreous 
humour, muscles, fins and body surface of 27 fishes. Molecular analyses based on three genetic markers including 
one mitochondrial (cox1) and three nuclear (18S; 28S; ITS1-5.8S-ITS2) loci, provided identification for three species: 
Bolbophorus sp., Posthodiplostomum sp. and Diplostomidae gen. sp. The fourth species, Tylodelphys sp., was identified 
based on morphological characters. This is the first record of species of Bolbophorus and Posthodiplostomum by 
molecular evidence from southern Africa. The results obtained in this study represent an important contribution to our 
knowledge on species diversity of diplostomid trematodes in freshwater fishes in South Africa.

Phylogenetic relationships of Camallanidae (Nematoda) parasitising freshwater 
vertebrates from South Africa

Roman Svitin1,2, Anneke Schoeman1,3, Marliese Truter4,5,6, Nico Smit4, Louis Du Preez1,7

1African Amphibian Conservation Research Group, Unit for Environmental Sciences and Management, North-West University, 
Potchefstroom, South Africa. 2I.I. Schmalhausen Institute of Zoology NAS of Ukraine, Kyiv, Ukraine.3Centre of Excellence for 

Invasion Biology, Unit for Environmental Science and Management, North-West University, Potchefstroom, South Africa.4Water 
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Nematodes from the family Camallanidae are a worldwide-distributed group parasitising the digestive tract of aquatic 
cold-blooded vertebrates. They are mostly found in fish, amphibians, freshwater turtles and rarely snakes. During 
helminthological investigations in 2016-2017, we found several species of camallanids from different host species: 
Procamallanus laevionchus (Wedl, 1862) and Paracamallanus cyanthopharynx (Baylis, 1923) from catfish Clarias 
gariepinus (Burchell, 1822); Procamallanus slomei Southwell et Kirshner, 1937, Camallanus kaapstaadi Southwell 
et Kirshner, 1937 and C. xenopodis Jackson et Tinsley, 1995 from the clawed frog Xenopus laevis (Daudin, 1802); 
C. xenopodis and Spirocamallanus xenopodis Baylis, 1929 from Xenopus muelleri (Peters, 1844); C. chelonius 
Baker, 1983 from the freshwater turtle Pelusios sinuatus (Smith, 1838). For all collected species, nuclear (28S) and 
mitochondrial (COI) gene alignments were sequenced and used for the phylogenetic analysis. The resulting tree 
(that included alignments of other species from GenBank) showed that C. chelonius clusters with Camallanus spp. 
from clawed frogs but is separate from four species of Camallanus from Australian freshwater turtles. Procamallanus 
slomei and S. xenopodis from clawed frogs form a clade separated from Procamallanus spp. from freshwater fish. This 
fact confirms the opinion of Moravec and Sey (1985), who proposed considering Spirocamallanus as a subgenus of 
Procamallanus. Surprisingly, Serpinema spp. appeared to be the most distantly related group from Camallanus spp. 
parasitising turtles, notwithstanding the similarities in morphology and hosts. In our opinion, the evolutionary history 
of Camallanidae and their hosts will be illuminated in further molecular studies of more species from different hosts 
around the globe.
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FUNCtioNAL tRAitS, MoRphoLogy AND RESpoNSE

Comparative functional response of two invasive species and linking it to temperature

Dumisani Khosa1, Ryan Wasserman2, Ross Cuthbert3, Olaf Weyl1, Sean Marr1

1South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.2Monash University, Bandar Sunway, 
Malaysia.3Queen’s University, Belfast, Ireland 

Comparative functional responses can predict the impact potential of non-native species by quantifying their resource 
utilisation as a function of resource densities. Non-native species are efficient in resource utilization, resulting in higher 
functional responses when compared to native species, thus translating into higher ecological impact. In this study, 
functional responses were used to predict and compare the impact potential of the invasive largemouth bass Micropterus 
salmoides and Florida bass Micropterus floridanus at three temperature treatments: 18, 24 and 30°C. Mosquito larvae 
were used as prey item. Both species displayed Type II functional response in all temperature treatments. There was 
no significant difference in attack rate between the two species; however, handling time differed significantly at 18°C 
and 30°C. Micropterus salmoides showed significantly higher FR at 18°C; at 30°C, M. floridanus had significantly 
higher FR. These results show the predatory impacts of juvenile bass before they switch to a piscivorous diet.

Ecomorphological variation and resource partitioning between two newly identified 
sympatric lineages of Afromontane stream catfishes (Chiloglanis and Amphilius)

Nonjabulo Matomela1, Wilbert Kadye1, Albert Chakona1,2

1Rhodes University, Grahamstown, South Africa.2South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

Recent molecular-based studies on catfishes in Afromontane streams have revealed higher diversity than previously 
thought. Many of the newly identified lineages occur in sympatry and exhibit high levels of morphological convergence. 
Given the close morphological similarity exhibited by these animals, this raises questions on how these lineages co-
exist without competitive exclusion. In order to answer questions on mechanisms of coexistence, this study examined 
the role of ecomorphology and feeding habits of two recently identified lineages of Chiloglanis and Amphilius that are 
broadly co-distributed in the Pungwe River system in the Eastern Highlands of Zimbabwe. This study hypothesized 
that ecomorphological differences in characters related to feeding habits were likely to facilitate trophic resource 
partitioning between these two lineages. Ecomorphological indices and stomach content analysis were used to 
compare differences between these two lineages. Principal component analysis on ecomorphological indices revealed 
that Chiloglanis sp. was distinguished by having a short caudal peduncle depth and long gut. In contrast, Amphilius 
sp. was distinguished by having high caudal peduncle depth and short gut length. Despite distinct ecomorphological 
differences, stomach content analysis revealed that the diets for both lineages were broadly comparable, and dominated 
by aquatic invertebrates. Based on high dietary overlap between the two lineages, this study indicated that there was 
little evidence of ecomorphology-driven trophic niche partitioning. This study suggests that alternative mechanisms 
were likely to facilitate the co-existence of these lineages, such as the stochasticity of these mountain streams, which 
may prevent the establishment of a competitive advantage for either lineage.

genetic and morphological variation of the Natal mountain catfish Amphilius natalensis in 
southern Africa

Daniel Nkosinathi Mazungula1, Albert Chakona1,2

1South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.2Department of Ichthyology and Fisheries Science, 
Grahamstown, South Africa 

Amphilius natalensis was described from the Kranzkloof River, a tributary of the uMgeni River system in KwaZulu-
Natal (KZN). The species has three discrete and geographically widely spaced (i.e. disjunct) populations that can be 
broadly divided into the southern, central and the northern populations. A detailed genetic and morphometric study 
was conducted to determine the degree of genetic and morphological divergence among populations of A. natalensis 
as well as to identify and describe new species. Genetic results indicate that A. natalensis consists of four distinct 
lineages which are separated by substantial genetic divergences (6.6–12.3%). Lineage N1 (A. natalensis sensu stricto) 
is distributed across three river systems in KZN, the uMkhomazi, uMgeni and Tugela River systems, while lineage 
N2 occurs in the Inkomati River system. Lineage N3 was collected from multiple localities across the Pungwe River 
system and also occurs in the Gairezi River, a tributary of the Lower Zambezi River. Lineage N4 occurs in the Haruni 
and Rusitu Rivers (Buzi River system) which drain the Chimanimani Mountains in the Eastern Highlands of Zimbabwe. 
Results from this study indicate that A. natalensis as presently described represents a complex that comprises one 
previously described species and at least three candidate taxa. An evaluation of the taxonomic integrity of these 
newly identified lineages is being done through integration of several species-delimiting approaches and generation 
of comprehensive morphometric and meristic data sets. Accurate documentation of species-level taxonomy and 
geographical distribution is critical for effective management of aquatic biodiversity.
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Fish community behaviour in the Cape Fold ecoregion: Inter- and intra-species 
interactions of three native cyprinids

Casey Broom, Olaf Weyl 
South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

Underwater video analyses are becoming an important tool in monitoring freshwater ecosystems. While video footage 
is generally collected to derive abundance data, this footage is a valuable resource for furthering behavioural research. 
This paper used video footage collected from more than 30 sites in the Olifants River system to develop ethograms 
of three headwater fish species native to the Cape Fold Ecoregion based on analysis of underwater video data. 
Ethograms are systematic descriptions of observed animal behaviours, with behaviours grouped under a hierarchy 
of categories such as aggression, social, feeding and reproduction. This study developed ethograms to investigate 
the behaviours of three cyprinid species: Pseudobarbus calidus (Clanwilliam redfin), Pseudobarbus phlegethon (fiery 
redfin) and Labeobarbus seeberi (Clanwilliam yellowfish). Observations were performed in the Rondegat and Thee 
rivers, comparing behavioural interactions within and between these endemic species. These river systems were 
chosen owing to their shared characteristics as rehabilitated rivers with similar species diversity, allowing behaviours 
to be compared across systems as well as between species. Furthering the understanding of intra- and inter-species 
interactions in these vulnerable native fishes allows extrapolation of individual-level behaviours to the wider population. 
Population-level behavioural trends can thus inform researchers of likely adverse effects on native fishes’ interactions 
with invasive alien fish, thus guiding the efforts of conservation bodies in the formulation of mitigation strategies.

Dietary responses of the annual killifish Nothobranchius orthonotus to drought in a 
subtropical temporary pool

Lizaan de Necker1, Luc Brendonck1,2, Yoshinori Ikenaka1,3, Victor Wepener1, Nico Smit1

1North-West University, Potchefstroom, South Africa.2University of Leuven, Leuven, Belgium.3Hokkaido University, Sapporo, Japan 

Biota living in habitats that undergo seasonal droughts are in various ways adapted to these conditions (e.g. 
desiccation-resistant dormant eggs). Longer drought periods have an indirect effect on the quality and quantity of 
food sources. Stable isotope analysis aids in determining energy flow in ecological communities. Food webs can be 
constructed using δ13C and δ15N ratios. Other approaches such as Bayesian mixing models (e.g. SIAR), are used to 
determine the consumers’ integrated diet through the composition of both consumers and probable food sources. 
Killifish Nothobranchius spp. are found exclusively in ecosystems with short hydroperiods and have adapted means 
of survival in these habitats. In southern Africa, Nothobranchius spp. are rare and endangered mainly due to their 
small distribution range and destruction of their limited habitats. Nothobranchius orthonotus and all possible food 
sources were collected from a temporary pool in the Ndumo Game Reserve (NGR), KwaZulu-Natal before (May 2016) 
and after (February 2017) the pool dried up. With the use of stable isotope analysis and SIAR in the R environment, 
possible shifts in the consumer diet from before to after the drought were determined. There was a significant increase 
in δ15N in the food web after the drought, indicating possible anthropogenic inputs from outside the NGR. There were 
indeed shifts in the diet of N. orthonotus, and it was found that their diet consisted largely of low-quality plant material 
which has never been recorded for these killifish.

Functional feeding group responses to waste water effluent discharge into an important 
river system in the Limpopo Province, South Africa

Nathan Baker, Richard Greenfield 
University of Johannesburg, Johannesburg, South Africa 

The Nyl River provides important water resources to the towns of Modimolle, Mookgophong and Mokopane within 
the semi-arid Limpopo Province. As the river passes through these towns, it is continually put under pressure from 
extensive agricultural activities, large- and small-scale mining activities, urbanisation, increased population growth 
and catchment mismanagement. The Nyl River was sampled twice over the course of one year to determine the 
impact of the Modimolle wastewater treatment facility (WWTF) on the community assemblages and functional feeding 
groups (FFG) of the macroinvertebrates that inhabit it. The results indicated that the macroinvertebrate community 
assemblages within the Nyl River comprised of 151 taxa from 63 families and were dominated by gathering collector 
organisms (26–93%), mostly represented by Naididae and Chironomidae. In general, the Nyl River did not abide by 
the predictions of the river continuum concept (RCC) with shredders being almost entirely underrepresented (relative 
abundance < 3% at each of the sites) and predators being absent from a site at which the Modimolle WWTF discharges 
raw effluent. Multivariate analyses revealed that shifts in FFG abundances were largely driven by water chemistry, 
specifically NO2 and Mn. The macroinvertebrate biodiversity reduced drastically at sites downstream of the Modimolle 
WWTF, with these sites containing higher nutrient loads and poorer water quality. The current study reinforces the fact 
that the Modimolle WWTF is severely affecting water quality of the Nyl River and we suggest management plans be 
implemented as to preserve this important water source and the biota that are dependent on it.
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An assessment of the teratogenicity of vanadium in Xenopus laevis embryos

Simone Dahms-Verster, Amina Nel, Johan van Vuren, Richard Greenfield 
University of Johannesburg, Johannesburg, South Africa 

South African aquatic systems are subject to excessive exposure to many chemical substances. Vanadium, one 
of these elements, is a transition metal that is generally found in low concentrations in freshwater systems. Due to 
certain mining and industrial processes, the vanadium levels are elevated in some South African aquatic systems. 
Though certain effects have been documented in adult mammal species, the effects on aquatic biota remain largely 
unexplored. This study aimed to determine the developmental effects of vanadium on Xenopus laevis embryos using 
the internationally established Frog Embryo Teratogenic Assay- Xenopus (FETAX). Malformations of the eyes, gut, 
fin, notochord, face and pigmentation were found to be dose-dependent. Some notable malformations include cyclops 
embryos, two-tailed embryos, oedema, severely bent backs and severe hypopigmentation. Using Probit Analysis, the 
LC50 and EC50 concentrations were calculated to be 5.113 mg/L and 0.301 mg/L, respectively. The teratogenic index 
(TI), which is calculated as the ratio of the LC50 and EC50, was 16.99 (TI >1.5 indicates a teratogenic substance), 
revealing a very strong teratogenic effect. The growth inhibition was assessed and the Minimum Concentration to 
Inhibit Growth (MCIG) was determined to be 0.1 mg/L by means of a T-test. The results indicate a severe reaction 
of developing embryos to vanadium exposure at low concentrations in terms of malformations. This confirms that 
vanadium is a very strong teratogenic substance.

Possible effects of platinum group elements on zooplankton biodiversity of the Hex river 
System, South Africa

Deidré West1, Victor Wepener1, Bernd Sures2, Nico J Smit1

1Water Research Group, Unit for Environmental Sciences and Management, North-West University, Potchefstroom, South Africa. 
2Department of Aquatic Ecology and Centre for Water and Environmental Research, University of Duisburg-Essen, Essen, 

Germany 

South Africa is the world’s main supplier of platinum group elements (PGE), which are extensively being mined in the 
vicinity of the Hex River System, Rustenburg. These mining activities require large volumes of water, which is mostly 
discharged as effluents into surface waters, exposing aquatic organisms to PGE. To our knowledge, no information is 
available on the influence thereof on zooplankton, highlighting the need to determine the potential effects it may have 
on the aquatic ecosystem. As primary consumers, zooplankton play a vital role in the aquatic food web and in fish 
production, yet data on zooplankton diversity are lacking for many South African rivers, including the Hex River. As 
part of a joint project with the overall aim of assessing the aquatic ecotoxicology of PGE in freshwater systems within 
South African mining areas, the present study aims at providing a record of the zooplankton biodiversity of the Hex 
River System and determining if elevated PGE concentrations have an effect on it. Zooplankton was sampled from 
the Olifantsnek and Bospoort Dams, which are located upstream and downstream of PGE mining activities along the 
Hex River, respectively. Photomicrographs were taken of live specimens, samples were fixed and zooplankton was 
morphologically identified to the lowest possible taxonomic level. Preliminary results indicate that the species diversity 
(particularly that of the Cladocera) was significantly higher in Olifantsnek Dam than in Bospoort Dam. This baseline 
study serves as foundation to include zooplankton in the assessment of the aquatic ecotoxicology of PGE in the Hex 
River System.

validation of artificial mussels as indicator of platinum group element exposure in the hex 
river System

Marelize Labuschagne, Victor Wepener 
North-West University, Potchefstroom, South Africa 

Platinum group elements (PGE) occur naturally in the environment in very low concentrations. However, these elements 
have increased over the last couple of decades, since they have been increasingly used in a number of applications. 
Mining activities in South Africa have been reported to contribute prominently to PGE emissions in the environment. 
There is limited research on PGE emissions, fate, distribution, possible risks and methods used to determine these 
levels in the environment. For the purpose of bioaccumulation studies, a great number of organisms are sacrificed to 
determine these effects. Artificial mussels (AM), developed by Wu et al. (2007), are a passive sampling device that 
accumulates soluble metals from their environment. The use of artificial mussels has been successfully applied for a 
wide range of metals in marine, and more recently, fresh-water systems, but never before used for determining PGE 
concentrations. The aim of this study was to validate AM as a method for determining PGE concentrations in the 
environment. This was done by exposing the device to a series of platinum (Pt) concentrations in the laboratory over a 
6-week period, under constant environmental conditions. Samples were analysed on a weekly basis, to determine Pt 
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accumulation patterns over time. Results obtained from this study indicated that AM is a suitable device to determine 
Pt in the freshwater aquatic environment, for which it can be used as a cost-effective and reliable novel assessment 
tool.

Acute platinum exposure affects biomarker profiles in the zebra mussel Dreissena 
polymorpha

Sarel J Brand1, Hannes Erasmus1, Marelize Labuschagne1, Daniel Grabner2, Milen Nachev2, Sonja Zimmermann2, Nico Smit1, 
Victor Wepener1, Bernd Sures2

1North-West University, Potchefstroom, South Africa.2University of Duisburg-Essen, Essen, Germany 

Platinum (Pt), one of the rarest elements on Earth, has excellent electrical conductivity and catalytic properties. Due 
to its exceptional characteristics, it has been widely applied in the automotive industry in catalytic converters and has 
also been utilized in the field of oncology due to its antineoplastic properties. Consequently, the widespread use of the 
precious metal has led to its increasing presence in the environment where the chemical composition of water and soil 
may alter its bioavailability and influence its uptake and accumulation in a host of living organisms. Macroinvertebrates 
have been demonstrated to be useful organisms to model the accumulation, uptake and consequent biological effects 
of metals. As such, the current study applied zebra mussels as a biological indicator, measuring metal-associated 
biomarker responses after one and four days of Pt exposure at increasing concentrations. ICP-MS-based analyses 
indicated that Pt was taken up by mussels and accumulated in soft tissue, accompanied by a time-dependent decrease 
in aqueous Pt concentration and lethal effects after four days at the highest exposure concentration. Accumulation 
of Pt was associated with subtle changes in glutathione-S-transferase (GST) activity and time- and concentration-
dependent alterations in catalase (CAT) and malondialdehyde (MDA) profiles, possibly indicating emerging oxidative 
stress due to the production of reactive oxygen species (ROS). This presumption positively correlates with anti-oxidative 
mechanisms being overwhelmed at higher concentrations. Pt therefore adversely affects zebra mussels during acute 
exposure, possibly inducing structural damage in protein- and lipid-based cellular structures and extended long-term 
exposure with subsequent biomarker analysis is warranted.

evaluating the sublethal toxicity of ionic and nanogold (nAu) in Caenorhabditis elegans

Suanne Bosch1, Tarryn L Botha1, Mark Maboeta2, Victor Wepener1

1Water Research Group, North-West University, Potchefstroom, South Africa.2North-West University, Potchefstroom, South Africa 

The pore water nematode Caenorhabditis elegans is used as an ecotoxicological model species in both aqueous 
medium and in solid substrates. It is easy and low-cost to maintain in the laboratory and produces hundreds offspring 
within a short period of time. It also has a small body size (1 mm), making it possible for in vivo assays to be conducted 
in 96-well microplates. Engineered nanomaterials (ENMs) are a class of emerging pollutants. Nanogold (nAu) is used 
in many consumer products and in vivo drug delivery. These materials can be released into the aquatic environment 
during production or discarding of consumer products. As nAu is insoluble in water, the sediment would become 
the final depository for the materials. It has become increasingly important to use sediment-dwelling organisms to 
screen for possible toxicity of these ENMs. In this study C. elegans was exposed to a range of concentrations of nAu 
and ionic gold in M9-media, acting as a substitute for pore water. After 96 hours growth, fertility and reproduction 
was determined. After exposure to sublethal concentrations, possible ultrastructure damage and internalisation of 
particles in C. elegans was determined by using TEM and CytoViva hyperspectral imaging. Results obtained give 
more information regarding the toxicity and in vivo uptake of nAu and form part of an environmental risk assessment 
of ENMs.

Do biomarkers indicate effects of nanomaterial exposure in the potworm Enchytraeus 
albidus?

Divan van Rooyen, Victor Wepener, Tarryn Lee Botha, Mark Maboeta 
North-West University, Potchefstroom, South Africa 

Standardised laboratory toxicity tests are commonly used to assess the hazard of toxicity potential of pollutants such 
as nanomaterials to test organisms. However, little is known on the exposure and effects of emerging nanomaterials in 
soils and sediments. The aim of this study was to assess the relationship between biomarker responses and exposure 
to Cd/Te QDs utilizing the potworm Enchytraeus albidus. CytoViva Dark field imaging illustrated internalization of QDs in 
the intestine and ICP-MS analysis of whole worm tissue indicated metal uptake. Biomarkers were utilized to determine 
whether exposure to the QDs caused sub-lethal effects in the enchytraeid. Inhibition of CAT and SOD occurred, which 
can be explained by the low lipid fraction and high MDA content. Protein carbonyl content compared to the control 
indicated protein damage. Acetylcholine esterase displayed significant inhibition following exposure to QD-PEG, which 
was attributed to higher activity levels related to the high avoidance response. The biomarker data were subjected to 
an RDA with soil Cd and Te exposure in soil and bioaccumulation of Cd and Te as descriptive environmental variables. 
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Highest QD exposure concentrations are associated with an increase in PC and a decrease in CAT and SOD activity. 
The QD-PEG and QD-COOH caused an increase in lipid damage and was related to higher soil and tissue Cd levels, 
while the QD-NH3 exposure was associated with Te exposure. In the absence of any measurable acute toxicity these 
results indicate that biomarkers were effective in indicating different toxic responses related to the QD functionalised 
group.

eCotox

enhanced toxic effect of DDt toxicant mixture on Oreochromis mossambicus: 
Implications for aquatic ecosystem protection

Chris Sihoka, Ina Wagenaar, Clementine Nibamureke 
University of Johannesburg, Johannesburg, South Africa 

Aquatic organisms are continuously exposed to chemical mixtures, yet water quality criteria are largely based on 
individual chemical characterization. It remains unclear whether the criteria offer adequate protection against toxicant 
interactive effects. Several studies have documented poor fish health along with the occurrence of DDT and other 
toxicants in several dams in South Africa. None of these studies could confirm whether DDT was solely responsible 
for the poor fish health. The present study investigated possible interactive effects of DDT with chlordane, zinc and 
nitrates using liver histopathology and haematological parameters of Oreochromis mossambicus as biomarkers. The 
test organism (n=16 per treatment) was acutely exposed to environmentally relevant concentrations of DDT alone, to 
a mixture of DDT with chlordane, zinc and nitrates (DCZN), and to chlordane zinc and nitrates (CZN) under controlled 
laboratory conditions. Quantitative measurements of biomarkers were compared among treatments in R environment 
(R statistical software version 3.3.2). The toxicant mixtures significantly lowered haemoglobin concentration (DCZN; 
p=0.007831, CZN; p=0.02036) and the haematocrit was also significantly lowered by the CZN mixture (p=0.005577). 
Liver alterations exemplified by the liver index were significantly higher in the DCZN mixture exposure (p=0.02621). 
The findings suggest a possible interaction between DDT and CZN that resulted in increased adverse effects in the 
mixture exposure compared to the DDT single exposure. Therefore, DDT may not be solely responsible for poor fish 
health reported in the previous studies.

histopathological effects in the liver and kidney of the freshwater sharptooth catfish 
Clarias gariepinus exposed to the organochlorine pesticides aldrin and methoxychlor

Helené Johanna Coetzee, Jamie-Lee Das Neves, Ina Wagenaar 
University of Johannesburg, Johannesburg, South Africa 

The aim of this study was to determine the effect of the pesticides aldrin and methoxychlor on the sharptooth catfish C. 
gariepinus under controlled laboratory conditions. C. gariepinus was exposed to environmentally relevant concentrations 
of aldrin (0.14 µg/L) and methoxychlor (0.23 µg/L) and an increased value of aldrin (1.4 µg/L) and methoxychlor (2.3 
µg/L) (28.7°C; pH 8) for 96 hours. The histology-based fish health assessment included: (1) blood collection from the 
dorsal aorta to determine the white and red blood cell count, haematocrit, leucocrit and haemoglobin concentration; (2) 
a necropsy to determine any macroscopic abnormalities externally and internally; and (3) a qualitative and quantitative 
histological assessment of the liver and kidneys. The organs were fixed in 10% NBF and processed using standard 
histological techniques. Parametric and non-parametric statistical analyses were done using IBM SPSS software. 
Melano-macrophage centres (MMCs) were present in 78% and vacuolation at 41% of the livers exposed to the lower 
concentration organochlorine pesticides. In the livers of the fish exposed to higher concentration of organochlorine 
pesticides the most prevalent histopathology was MMCs at 97% and vacuolation at 74%. MMCs (74%) and vacuolation 
(91%) were present in the kidneys of the fish exposed to the environmentally relevant concentration of aldrin and 
methoxychlor. In the kidneys of fish exposed to the higher concentration of aldrin and methoxychlor, MMCs (94%) and 
vacuolation (97%) were present. Thus the higher concentrations of the organochlorine pesticides adversely affected 
the health status of C. gariepinus.
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Xenopus laevis, the ideal African model frog?

Nico Wolmarans1,2, Victor Wepener1

1North-West University, Potchefstroom, South Africa.2University of Antwerp, Antwerp, Belgium 

The principle of model research organisms is very necessary in any field where sacrifice of the study animal is 
necessary, where the animal needs to be removed from its natural habitat, or bred in captivity for particular research 
purposes. This concept forms an intrinsic part of the ethical principles in research and falls under “reduce” as one 
of the three Rs. Amphibians, especially anurans, are important in ecological research as indicators of environmental 
change. They are also widely used for educational purposes. Anuran research generally relies on model organisms to 
some extent, even though they are highly variable order in terms of sensitivity and selectivity. In Europe the European 
common frog is considered a good model frog and is used in a variety of ecological and toxicological research. In USA 
the American bullfrog and northern leopard toad are also commonly used model organisms. Across the world Xenopus 
laevis has been used extensively for teaching and research purposes. These different frogs are used mainly as models 
based on the regions and habitats in which they occur. Since Xenopus is and African frog, it has also been accepted 
as the model frog for research in Africa and Southern Africa specifically. There is however a very valid debate on the 
use of these frogs as models which poses the question: where are the other African amphibian model organisms? And 
why aren’t we using them?

Ecological risk assessment of veterinary pharmaceuticals in effluents from agricultural 
sources using toxicity classification

Beatrice Opeolu1, Olatunde Olatunji1, Olalekan Fatoki1, Bettina Genthe2

1Cape Peninsula University of Technology, Cape Town, South Africa.2CSIR, Stellenbosch, South Africa 

The use of veterinary pharmaceuticals continues to increase due to more demand for food. Low levels of pharmaceuticals 
may exert immense pressure on the ecological balance of aquatic systems. They include development of resistant 
bacteria populations, toxicity to aquatic microflora and microfauna and possible transfer of resistant genes to human 
microbial pathogens. Water quality assessments often rely on chemical analyses with inadequate information 
on additive, synergistic or antagonistic effects of chemicals and their bioavailability. Bioassays are, therefore, 
complementary tools that provide valuable insights into ecological impacts of chemicals. This work aimed at assessing 
the toxicities of a cocktail of pharmaceutical compounds and farm effluents on aquatic organisms. Three aquatic 
organisms (each representing a trophic level) were used for ecotoxicity testing. Daphnia magna, Pseudokirchneriella 
subcapitata and Tetrahymena thermophila were exposed to simulated wastewater contaminated with pharmaceutical 
cocktails and whole effluents of poultry and cattle farms. The frequently occurring pharmaceuticals in farm effluents 
analysed were acetaminophen (paracetamol), tetracycline, 17b-estradiol, ivermectin, chloramphenicol and salicylic 
acid (aspirin). Cocktails of these compounds were therefore prepared using the lower (LOD) and upper (ULD) limits 
of detection in surface water samples. Grab samples of wastewaters were also collected from cattle and poultry 
farms. Definitive tests were carried out using the simulated wastewaters, whole effluents and five dilutions. Endpoints 
measured were growth inhibition/yield and mortality to quantify effects. Toxicity units, class scores, percentage class 
scores and hazard classification of samples were determined. All four samples fell into “Class IV” effluents and toxicity 
concluded to be “high acute toxicity”.

biometric indices and liver histology of the mozambique tilapia Oreochromis 
mossambicus after a chronic exposure to the HIv drug nevirapine

Marie Clémentine U Nibamureke1, Chris Sihoka1, Irene EJ Barnhoorn2, Ina GM Wagenaar1

1University of Johannesburg, Johannesburg, South Africa.2Univeristy of Venda, Thohoyandou, South Africa 

HIV antiretrovirals have been ubiquitously quantified in South African surface waters. However, their possible effects 
on aquatic animals are still largely unknown. Nevirapine is one of the first-line antiretrovirals and, although an effective 
treatment, it also has serious side effects in humans such as liver and skin damage. The aim of this study was 
to evaluate the potential effects of nevirapine on selected biometric indices and liver histology of the Mozambique 
tilapia Oreochromis mossambicus in a chronic exposure. Fish were exposed to two different environmentally relevant 
concentrations of nevirapine (1,48 and 3,74 µg/L) in a static renewal system under controlled conditions for a period 
of 30 days. At the end of the exposure, each fish was weighed, the total length recorded, and blood collected from the 
caudal vein. A standard necropsy was done, selected tissues were sampled and weighed, and the selected biometric 
indices were calculated for each individual fish. Liver tissue was then fixed and processed for histological analysis 
following a standard protocol. Haematocrit and haemoglobin results showed no significant differences between all 
the groups (p>0,05), although haemoglobin values of exposed fish were slightly lower compared to other groups. 
Hepatosomatic indices from the exposed fish were significantly different (p=0,020) as well as the spleen indices from 
the fish exposed to the higher nevirapine concentration (p=0,012). These results suggest that long-term exposure to 
actual environmental relevant levels of nevirapine under controlled conditions may have negative effects on the health 
of fish.
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Survey of endocrine-disrupting chemicals in water systems – veterinary pharmaceuticals 
and their health-risk effects

Olalekan Fatoki1, Beatrice Opeolu1, Olatunde Olatunji2, Bettina Genthe3

1Cape Peninsula University of Technology, Cape Town, South Africa.2University of KwaZulu-Natal, Durban, South Africa.3CSIR, 
Stellenbosch, South Africa 

Endocrine-disrupting chemicals (EDCs) are substances that alter the function of the endocrine system. They represent 
a wide range of chemicals, from metals to persistent organic pollutants. While the “old” group of EDCs like OCPs, 
phthalates PAHs and phenols have been extensively studied, data on the “new” group of EDCs referred to as “Emerging 
Contaminants” whose human and ecologic health effects are slowly been understood are still scanty. Pharmaceuticals 
belong to this group. Our work on veterinary pharmaceuticals, one of the pioneering works on the ECs in South 
Africa, investigated the levels of analgesics, antibiotics, natural and synthetic hormones in wastewaters of selected 
livestock farms (poultry, pigs, sheep and cattle) and their human health effects. Acetaminophen, tetracycline, salicylic 
acid, chloramphenicol, ciprofloxacin, 17ß-estradiol, dichlophenac and ivermectin were among the veterinary drugs 
detected. The work investigated the health risk of the pharmaceuticals at the levels they occurred. Observations from 
quantitative health risk assessment bioassay suggested that where the concentration of 17ß-estradiol approached the 
maximum concentration detected in the environmental samples, there is a slight indication of the risk of developing 
cancer through accidental ingestion via recreational activities only. Ames test results also revealed clear mutagenic 
activity in samples from sheep and poultry farms, with mutation ratios ranging from 6 times to close to 8 times the 
natural background mutation rate. Also, high levels of oestrogenic activity were observed in effluent from a pig farm, 
with considerably lower levels in the effluent from a sheep-farming area.

Histology and ultrastructure of hepatic nodular alterations in Clarias gariepinus from 
roodeplaat Dam

Refilwe Lukhwareni, Cobus van Dyk 
University of Johannesburg, Johannesburg, South Africa 

Roodeplaat Dam is a hyper-eutrophic freshwater ecosystem with seasonal algal blooms. Fish-health surveys, during 
2013 and 2015, have identified severe hepatic nodular alterations in Clarias gariepinus inhabiting this dam. The aim of 
this study was to assess the histology and ultrastructure of these hepatic nodular alterations using light and electron 
microscopy. Twenty-five fish were collected using gill nets and following a necropsy, liver samples were collected for 
microscopic analyses. Otoliths were collected for age estimation. Nodules were macroscopically classified based on 
colour and the histology and ultrastructural alterations associated with each nodule were described. Results showed 
that 84% of fish had hepatic nodules of which 67% had more than one type of nodule; with the oldest fish presenting 
the highest number of different types of nodules. Macroscopically, the nodules varied in terms of size, shape, colour 
and distribution, even within the same liver. Histological assessment showed a variation in cytoplasmic appearance, 
cellular and nuclear pleomorphism, micro- and macrovesicular steatosis, a variation in melano-macrophages as well 
as different types of focal areas of cellular alterations. The ultrastructural analysis of these samples confirmed nuclei 
pleomorphism, dilation and vesiculation of rough endoplasmic reticulum, the presence of myelin bodies, mast cells and 
secondary lysosomes. However, the latter three alterations were identified in both the nodular and non-nodular tissue. 
An interesting observation was the presence of cytoplasmic crystals in non-nodular liver tissue.
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FISHerIeS

Appropriate development goals for inland fisheries in South Africa

Olaf LF Weyl
DST/NRF Research Chair in Inland Fisheries and Freshwater Ecology, South African Institute for Aquatic Biodiversity, 

Grahamstown, South Africa 

Inland fisheries are highly relevant in South Africa, which is in the process of developing and operationalising an Inland 
Fisheries Policy which highlights that “Inland fisheries provide an opportunity for socio-economic benefits including, 
jobs, rural livelihoods, food security, SMME opportunities and economic development based on the small-scale fishing 
and recreational fishing value chains” (DAFF 2017). In the African context, South Africa is unique in that inland fisheries 
have not been well developed from a harvest perspective. As inland fisheries have, until recently, been neglected as a 
developmental area, there are few case studies to guide managers in deciding on what levels of development might be 
appropriate for different fisheries. In this paper, I use examples from inland fisheries in southern Africa to highlight the 
opportunities and constraints towards developing inland fisheries in the country. The talk will emphasise the potential 
conflicts not only between the direct users of the fisheries resource, but will also highlight the potential for competition 
between water users and fisheries during times of water crises.

between a rock and a hard place: the need for and challenges to implementation of 
Rights Based Fisheries Management in small-scale fisheries of southern Lake Malawi

Mafaniso Hara1, Friday Njaya2

1PLAAS, University of the Western Cape, Cape Town, South Africa.2Department of Fisheries, Lilongwe, Malawi 

There has been a decline in commercially valuable fish species, especially the chambo Oreochromis spp., in southern 
Lake Malawi. Although there might be lack of reliable and scientifically backed evidence, most experts and experienced 
fishers concur that productivity of most fish stocks in the area is much below par compared to their productivity about 
two to three decades ago. This leads to the hypothesis that the fish stocks are generally over-exploited. This trend will 
continue or their productivity will remain at these depressed levels unless appropriate measures are taken. This article 
argues that Rights Based Management (RBM) could hold the best hope for moving towards sustainable fisheries 
management in the southern Lake Malawi (Southeast and Southwest Arms) area while recognizing the need for a 
broad human rights approach for fishing communities. Even then, the implementation of the RBM approach will not be 
easy, given the historical developmental open-access management approach and general unorganized characteristics 
of the small-scale fisheries sector. Of note is that co-management was introduced in the area early in the millennium 
as part of attempts to strengthen user fishing rights, local accountability and stewardship – with mixed results.

Aquaculture potential in the eastern Cape: Prospects and limitations

Niall Vine1, Olaf Weyl2,3

1University of Fort Hare, Alice, South Africa.2South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.3Centre 
for Invasion Biology, Stellenbosch, South Africa 

Aquaculture in South Africa is dominated by the production of marine organisms including mussels (1682 tons), abalone 
(1306 tons) and oysters (266 tons), while the freshwater sector is predominated by the production of trout (1497 tons). 
There have been attempts at farming species successfully farmed around the world (i.e. tilapia and catfish) for both 
food security and as commercial ventures, but successes have been few and variable. Reasons such as fluctuating 
regional temperatures, water scarcity, access to finance and consumer preferences for other protein sources are seen 
as the main reasons for the slow progress in these sectors. Government’s “Operation Phakisa: Unlocking the Ocean’s 
Economy”, launched in 2014, included aquaculture as one of its focus areas. While DAFF has made headway into 
providing more opportunities through the development of Aquaculture Development Zones (ADZs), completion of 
EIAs, streamlining of aquaculture permitting/legislative requirements, etc., potential investors have been relatively 
slow to respond. The presentation aims to explain what drives success and development in South African aquaculture, 
why certain species work well and others don’t. The use of aquaponics and small-scale aquaculture for food security 
as well as ideas on possible strategies and opportunities will be discussed.
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how safe is it to eat freshwater fish from South Africa’s inland fisheries?

Sean Marr1,2, Wilmien Luus-Powell3, Olaf Weyl2,1

1South African Institute for Aquatic Biodiversity (SAIAB), Grahamstown, South Africa.2Centre for Invasion Biology, SAIAB, 
Grahamstown, South Africa.3University of Limpopo, Sovenga, South Africa 

There is a renewed government focus on the development of inland fisheries to address policy objectives such 
a poverty alleviation, food security and job creation. Many river systems in South Africa are severely polluted by 
pesticides, persistent organic pollutants, endocrine-disrupting chemicals and toxic metals, derived from agricultural 
return flows, acid mine drainage, industrial and household effluents. Fish absorb pollutants from their environment 
(sediment and water) and food. Fish can eliminate excessive metals from their tissues; however, the rate of absorption 
is generally higher than that of elimination. Metals are also moved within the fish’s body from gills or intestine to liver 
for detoxification, then gradually released to muscle tissue or excreted. Although metal concentrations are generally 
lowest in muscle tissue, they can be sufficient to cause toxic effects in humans. Due to the potentially harmful effects of 
fish consumption on the human population, some countries have developed guidelines for the amount of fish that can 
safely be consumed. In South Africa, recent research on the levels of toxic metal contamination has demonstrated that 
the long-term consumption of 150 g of some species of fish per week taken from certain impoundments on the Olifants 
River, a tributary of the Limpopo River System, may result in toxic exposure to metals including lead, chromium, 
antimony and cobalt. Here we review available information on human health risk analyses of fish consumption and use 
these data to illustrate the necessity of integrating such data into inland fisheries development plans for the country.

EUS in South Africa: Looking back to the future.

K.W. Christison1

1Department of Agriculture, Forestry and Fisheries, Directorate: Aquaculture Research, Private Bag X2, Vlaeberg, Cape Town, 
8018, South Africa.

Epizootic Ulcerative Syndrome (EUS) is an internationally notifiable disease of fresh and brackish water fish and is 
caused by the water mould Aphanomyces invadans.  This disease was first reported from Southern Africa in 2006 from 
the Zambezi and Chobe river systems.  Subsequent to its first reporting in 2010 from the Palmiet River system in the 
Western Cape, EUS has been prevalent in South African freshwater systems where it has been confirmed and reported 
from 6 natural river systems from 4 provinces.  As a signatory to the World Trade Organisation, South Africa is obligated 
to report any occurrence of any listed disease to the World Organisation for Animal Health (OIE), consequently all cases 
or even suspect cases of EUS and other listed diseases have to be reported to DAFF.  Currently the OIE recognises 
four tests for confirmation of EUS namely: (i) isolation of Aphanomyces invadans and identification through inducing 
sporulation; (ii) demonstration of mycotic granulomas in histological sections; (iii) observation of oomycete hyphae in 
tissue using fluorescent in situ hybridization technique (FISH) and (iv) Polymerase Chain Reaction (PCR).  Due to the 
vast geographical area, the diversity of freshwater systems, shortage of human capacity and disease epidemiology, 
most confirmed, reported cases in South Africa outside of the Western Cape have been as a result of opportunistic 
or passive surveillance based on gross clinical signs reported predominantly by recreational anglers.  The potential 
for building on these angler based reports to inform targeted surveillance or sampling for disease confirmation will be 
discussed.

Fyke nets for small-scale fisheries? Catch rates and composition in Krugersdrift and 
gariep Dams

Leon Barkhuizen1,2, Olaf Weyl3
1Free State Department of Economic, Small Business Development, Tourism and Environmental Affairs, Bloemfontein, South 
Africa.2Department of Zoology and Entomology, University of the Free State, Bloemfontein, South Africa.3DST/NRF Research 
Chair in Inland Fisheries and Freshwater Ecology, South African Institute of Aquatic Biodiversity, Grahamstown, South Africa 

In South Africa there is an increasing pressure to develop inland fisheries and to develop avenues for increasing 
individual catch rates beyond that from angling. Historically, gill nets (mesh size > 100 mm), seine nets (mesh size > 
50 mm), long lines and electro-fishers were used to harvest fish in impoundments in the Free State Province. Fyke 
nets, a relatively low-cost, passive gear that is used extensively in fisheries elsewhere in the world, have received little 
attention, however. We present results from a preliminary study conducted during 2013/2014 in 21 impoundments 
to demonstrate that fyke nets are potentially useful if inland fisheries are to be developed on dams in the Free State 
Province based on a combined Catch per Unit Effort (CPUE) of 16.8 ± 28.3 kg/net/night for the five main fishery 
species. Subsequently, CPUE in baited and non-baited double ended Dutch type fyke nets was compared during a 
focused survey in 2015 and 2016 of the hyper-eutrophic Krugersdrift Dam and oligotrophic Gariep Dam. CPUE based 
on the total weight and number of all fish caught per fyke net per night differed between the two sites with significantly 
higher catch rates at Krugersdrift Dam than in the Gariep Dam. Catch rates and catch composition were influenced 
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by season, fluctuating water levels and spawning migrations. With an overall average catch rate of 12.5 ± 13.3 kg/net/
night for all sites, we conclude that fyke nets do have the potential to be used as a relatively low-cost gear in inland 
fisheries.

FISHerIeS

An assessment of recreational bank angling in the Free State Province, South Africa, 
using license sale and tournament data

LM Barkhuizen1, Leon Barkhuizen2, Olaf Weyl3,4

1Free State Department of Economic, Small Business Development, Tourism and Environmental Affairs, Bloemfontein, South 
Africa.2Department of Zoology and Entomology, University of the Free State, Bloemfontein, South Africa.3DST/NRF Research 

Chair in Inland Fisheries and Freshwater Ecology, South African Institute of Aquatic Biodiversity (SAIAB), Grahamstown, South 
Africa. 4Centre for Invasion Biology, SAIAB, Grahamstown, South Africa 

Limited information is available on recreational angling which is an important form of utilization of inland fisheries in 
South Africa. An assessment of recreational bank angling in the Free State Province for the period 2013 and 2014 
using license sale and tournament data was done. During 2013 and 2014, 8256 and 7710 angling licenses were sold, 
respectively. This was a 76% decline compared from historical data on the total license sales in 1971. Tournament 
catch and effort data were obtained for 4796 tournaments that were held on 17 dams from 1974 to 2014. The reported 
tournament effort also showed a decrease of 67% from 8548 tournament days in 1998 to only 2828 days in 2014. Alien 
common carp Cyprinus carpio dominated tournament catch composition and overall this species comprised 81% of 
the weight and 77% of the numbers of fish landed, making it the most important angling species. During recent years 
there has been a steady increase in subsistence angling at most dams in the Province, but as these participants are 
not licensed it could not be included in the analysis. Alternative methods are therefore required if total catch and effort 
are to be estimated.

Characterization and mapping of market value chains associated with inland fisheries, 
and the economic value of inland fisheries in selected South African dams

Mafaniso Hara1, Edwin Muchapondwa2

1PLAAS, University of the Western Cape, Cape Town, South Africa.2University of Cape Town, Cape Town, South Africa 

Contemporary international ‘best practice’ ‘good governance’ for Integrated Water Resources Management requires 
governments and dam authorities to institute and implement fair and equitable benefit-sharing and compensation 
measures. South Africa’s Constitution requires redress of past discrimination, which includes discriminatory access 
to benefits from inland fisheries. This research mapped and analyzed existing value chains for inland fisheries in Flag 
Boshielo and Phongola Dams and explored efforts for enhancing the contribution of inland fisheries to rural resilience. 
While the commercial fishing potential of South African freshwaters is limited, inland fisheries do generate profit for 
some fishers and vendors. The main value of inland fisheries, though, is in terms of food security and sustainable 
livelihood for rural communities, and opportunities for benefit sharing schemes based on recreational fishing value 
chains. Fisheries policy and legislation need to facilitate the recognition of all values associated with inland fisheries 
and craft mechanisms for sustainable inclusion of rural communities through public-sector interventions that optimize 
socio-economic benefits through adoption of a value chain approach to inland-fishery development. This would 
include strategies for post-harvest value adding, and promoting employment and entrepreneurship opportunities in 
the tourism-linked recreational fishery sub-sector. The value of harvested fish should also be considered in terms of 
the welfare savings for the state generated by access to a secure, nutritious and sustainable supply of fish, particularly 
for marginalized groups such as women and the youth.

Baited Remote Underwater video (BRUv) as an effective tool to assess the diversity and 
abundance of fishes in the Lake Niassa Reserve, Lake Niassa, Mozambique

Jeff Hean1, Angus van Wyk1, Fabricio Frehse1,2, Eugidio Gobo3, Thor Eriksson1, Antonio Pegado4, Carlos Jonasse4, Armindo 
Euzebio4, Michelle Thieme5, Olaf Weyl1,6

1South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.2Programa de Pós-Graduação em Ecologia e 
Conservação, Curitiba, Brazil.3World Wildlife Fund, Pemba, Mozambique.4Instituto Nacional de Investigação Pesqueira (IIP), 
Metangula, Mozambique.5World Wildlife Fund, Washington DC, USA.6Centre for Invasion Biology, Stellenbosch, South Africa 

Lake Niassa (Malawi) contains the greatest icththyofauna diversity on the planet (>1000 species) and as such, 
the conservation and sustainable use of fishes becomes imperative. Lake Niassa Reserve (LNR), located on the 
eastern shores of Lake Malawi (Niassa) was declared a national reserve in 2011 by the Mozambican government 
and subsequently provided an exciting opportunity to evaluate the benefits and limitations of a freshwater protected 
area. In collaboration with the WWF and IIP, members of SAIAB assisted in the deployment of BRUVs at 400 sites 
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in 2016 and 556 in 2017 to provide baseline information on the abundance of commercially important fish species 
and the biodiversity status within LNR. These sites ranged from 0 to 70 m in depth and with varying levels of fishing 
intensity and substrates. The results presented are discussed with specific reference to 1) year-on-year comparisons, 
2) diversity and relative abundance of fishes in shallow (< 20 m) habitats within and outside of protected areas; 3) 
diversity and relative abundance of fishes in relation to fishing intensity, depth (up to 80 m) and habitat complexity, and 
4) the continued utility of using BRUVs as monitoring tools in one of the most ichthyologically diverse ecosystems on 
the planet.

Assessing the feasibility of developing a small-scale gill-net fishery in Flag Boshielo Dam

Hlulani Hlungwani1,2, Joseph Sara2, Olaf Weyl3,4,5, Sean Marr3,5

1Department of Agriculture, Forestry and Fisheries, Cape Town, South Africa.2University of Limpopo, Polokwane, South 
Africa.3South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.4DST/NRF Research Chair on Inland Fisheries 

and Freshwater Ecology, Grahamstown, South Africa.5Centre for Invasion Biology, Grahamstown, South Africa 

Globally, inland fisheries have been shown to have the potential to contribute towards food security, especially to rural 
communities living in close proximity to these resources. In South Africa strategies are being developed towards the 
use and implementation of inland fisheries as a means to address food security in poverty-stricken regions such as 
Limpopo Province. These strategies require a sound knowledge of biological data of fish stocks before implementation. 
In this study the potential and feasibility of a small-scale gill-net fishery in Flag Boshielo Dam, Limpopo Province, were 
investigated whereby monthly fish surveys were conducted from February 2016 to April 2017 using composite gillnets. 
A total biomass of 247.6 kg was captured, with Labeo rosae and Oreochromis mossambicus being the most dominant 
species contributing 62% and 20% to the catch, respectively. Length frequency data of L. rosae and O. mossambicus 
revealed the distribution of these species to be unimodal with no recruitment of L. rosae evident. Findings based 
on mesh size indicate placing restrictions on using gillnets with mesh sizes > 70 mm for the sustainability of the O. 
mossambicus population. Age and growth data collected will be used to establish appropriate harvest strategies using 
fishery models. The implementation of a fishery needs to be evaluated in terms of the effect fluctuating and low water 
levels have on the recruitment of L. rosae and the human health risks associated with metal contaminants in fish from 
this reservoir, as reported in recent studies.

the effect of drought on metal content in fish: Considerations for the establishment of a 
small-scale fishery at Flag Boshielo Dam

Joseph R Sara1, Sean M Marr2,3, Wilmien J Luus-Powell1, Willem J Smit1

1University of Limpopo, Sovenga, South Africa.2South African Institute for Aquatic Biodiversity (SAIAB), Grahamstown, South 
Africa.3Centre for Invasion Biology, SAIAB, Grahamstown, South Africa 

Metal concentrations in the muscle tissue of fish have been raised as a potential human health risk to rural communities, 
particularly fish from impoundments in the Olifants River, Limpopo River system. Flag Boshielo Dam, a main-stem 
impoundment of the Olifants River, has been identified as a potential location for a small-scale fishery. However, the 
mechanisms driving the concentrations of metals in fish tissue are poorly understood. Surveys were conducted between 
February 2016 and April 2018 to establish whether low water levels induced by drought impacted the accumulation 
of metals in water, sediment and fish from Flag Boshielo Dam. Depth profiles of water physico-chemical parameters, 
water and sediment samples and fish were collected during these surveys. Previous studies have shown that at 
higher lake levels, consumption of fish from Flag Boshielo Dam is not advisable due to the unacceptable levels of 
metals. The results of the present study indicated that the drought conditions were resulting in reduced concentrations 
of metals in fish muscle tissue to levels sufficient for safe consumption of the fish. However, the low water levels 
during drought conditions make the species more vulnerable to exploitation and could result in significant harvesting 
pressure. Therefore, a balance between protection of the fish stocks, conservation of selected species and controlled 
sustainable exploitation of the fish stocks of Flag Boshielo Dam is required in the establishment of a small scale fishery 
at this impoundment.

the effect of water levels and water quality on metal accumulation in fish from Flag 
boshielo Dam: Implication for human health

Seraku S Motimele1, Joseph R Sara1, Willem J Smit1, Sean M Marr2, Wilmien J Luus-Powell1
1University of Limpopo, Polokwane, South Africa.2South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

The Olifants River is regarded as one of the most polluted rivers in South Africa. Due to acid mine drainage and land-
use activities such as intensive mining and agriculture in the upper catchment, metals mobilised from soil enter the 
Olifants River. Metals are precipitated from the water and are deposited in the sediment. Some metals enter the food 
chain and concentrate in the muscle tissue of fish where they pose a risk to apex predators. Humans who consume 
these fish are at risk of debilitating effects of long-term exposure to toxic metals. The aim of this study was two-fold, 
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the first aim being to investigate the effect of fluctuating water levels and water quality on accumulation of metals 
in water, sediment and muscle of fish from Flag Boshielo Dam, a main stem reservoir within the Olifants River. The 
second aim was to evaluate the long-term health risk to humans who consume fish from the impoundment, especially 
during periods of low inflow and prolonged drought conditions. Bi-monthly surveys were conducted from March 2017 
to February 2018 whereby water levels were recorded, water and sediment quality determined, and muscle tissue 
samples from Oreochromis mossambicus (Peters, 1852), Labeo rosae (Steindachner, 1894) and Schilbe intermedius 
(Rüppell, 1832) collected for metal analysis at an accredited laboratory. The findings of the project and the results of 
the human health risk assessment will be presented.

Inland Fisheries Policy – DAFF

FREShwAtER ECoLogy

Fish community study of Agbura river, a tributary of lower Nun river, Niger Delta, Nigeria

Jacob Meye, Precious Omoruwou 
Delta State Polytechnic, Ozoro, Nigeria 

In most developing countries of sub-Saharan Africa, riverine ecosystems have suffered from intense human perturbation 
resulting in habitat degradation and, as such, many fish species have become highly endangered. This study was 
carried out between April 2012 and December 2013 in three selected sites along the stretch of Agbura River. Fish 
sampling was carried out at the three sites on a monthly basis at both day and night. Forty-two fish species belonging to 
20 families and 30 genera were collected from the selected study sites. Fish community structure analysis showed the 
two mochokid species Synodontis budgetii and S. batensoda as dominant, while there were 25 subdominant/common 
species, 14 occasional species and one rare species in the study stretch. The Shannon-Weiner diversity index showed 
slight variation among the three study sites, with site 1 having the highest diversity (3.130), while site 2 had the least 
(1.992) diversity. Sand dredging and other related human activities going on in this site may have contributed to its low 
fish abundance and species richness. The study recommended a concerted ecological conservation measure in the 
exploitation of the aquatic resources of this river, in order to preserve its once rich and flourishing biota, particularly 
fish.

relating biomass and community structure of submerged aquatic vegetation to pollution 
in the olifants and Selati rivers, Limpopo Province, South Africa

Tinyiko Salome Mthombeni1, Anthony Swemmer2, Gavin Snow1

1University of the Witwatersrand, Johannesburg, South Africa.2South African Environmental Observation Network, Phalaborwa, 
South Africa 

Recent studies have described high nutrient concentrations in the Selati River, a tributary of the Olifants River that is 
impacted by the discharge of wastewater. In addition, the Olifants River is plagued by extremely high biomass and 
epibenthic cover of filamentous algae. The focus of this project is to relate the biomass and community structure of 
Submerged Aquatic Vegetation (SAV) to pollution in the Olifants and Selati rivers in the Limpopo Province, South 
Africa. Monitoring changes in the biomass will be achieved using Geographical Information Systems through the use 
of an Unmanned Aerial Vehicle (UAV) to map the SAV communities, which will be ground-truthed simultaneously. This 
is a promising new technique that can be further developed to monitor South African rivers. SAV will be identified using 
DNA to determine the different types of filamentous algae and a light microscope to determine the morphological traits 
of each species community. This study will also develop an index that will use SAV as an index of water quality (or 
river ecosystem health) of the Olifants and Selati rivers. An additional aim to determine the current ecological state of 
the Olifants and Selati rivers, using ecoclassification protocols, as these rivers have been altered by anthropogenic 
activities: mining, agriculture, wastewater treatment and urbanisation.
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biological monitoring of mining pollution in tributaries of the olifants river in the 
Sekhukhune area

Maanda Makwarela1, Wilmien J Luus-Powell1, Abe Addo-Bediako1, Matshwele M Matla1, Stan SM Rodgers2

1University of Limpopo, Polokwane, South Africa.2Department of Economic Development, Environment and Tourism, Polokwane, 
South Africa 

Water is one of the most valuable resources essential for a broad diversity of life on earth. However, water pollution 
from anthropogenic sources has always been a problem. The aim of the study was to investigate the influence of 
mining activities on the water quality and ecological status of the Steelpoort River, a tributary of the Olifants River. To 
achieve this, SASS5 and FRAI indices were used to determine seasonally the macroinvertebrates and fish community 
assemblages at four localities in the river. In addition to these techniques, water and sediment contents were analysed 
at each site. SASS scores obtained in winter at all sites had no significant differences. SASS scores obtained in spring 
at sites 1 and 2 did not differ significantly (p>0.05), but they differed significantly from the scores obtained at sites 3 and 
4. Seasonal variation of SASS scores was significantly different at all sites. The FRAI results indicated no significant 
difference between all sites in different seasons. Metal content is yet to be evaluated. Based on the SASS5 and FRAI 
protocol, results indicate that the river is slightly polluted.

Diatom and macroinvertebrate community responses to water quality dynamics in the 
Lowveld section of the olifants river catchment

Gavin Snow, Lucky Mnisi 
School of Animal, Plant & Environmental Sciences, University of the Witwatersrand, Johannesburg, South Africa 

Intensified human activity to the west of the Kruger National Park has altered the water quality of the Olifants River, 
threatening the important ecological services this system provides and transboundary agreements between South 
Africa and Mozambique. The Ga-Selati tributary, which flows into the Olifants just outside the park boundary, is 
heavily polluted through mining activities and wastewater discharge from the town of Phalaborwa. It is important for 
management purposes to know if the Ga-Selati has a significant impact on the water quality of the Olifants River and 
if Olifants water quality does improve within the park. To achieve these aims, in situ physico-chemical parameters, 
nutrients, major inorganic ions and metals were measured at a number of sites within the Olifants River catchment. 
These parameters were then correlated to biotic indices (macroinvertebrates and benthic diatoms) using multivariate 
analysis techniques. The results showed that Olifants River flow during the study period was sufficient to dilute the 
Ga-Selati River water so that there was no significant decrease in water quality downstream of the confluence. In 
addition, the orthophosphate concentrations in the Olifants River did decrease significantly within the park, probably as 
a result of uptake by the very dense growth of filamentous algae in the main river channel. However, the combination 
of elevated pH, temperature and ammonia is a concern. Preliminary results have found that there were changes in 
aquatic macro-invertebrate and diatom communities in response to water quality within the Olifants River catchment, 
which will be presented in detail.

Identifying opportunities and challenges related to community sustainable livelihoods and 
freshwater crab conservation: A case of the eastern Highlands, Zimbabwe

Tatenda Dalu1, Mwazvita TB Dalu2, Ryan J Wasserman3, Tamuka Nhiwatiwa4

1University of Venda, Thohoyandou, South Africa.2University of South Africa, Pretoria, South Africa.3Botswana International 
University of Science and Technology, Palapye, Botswana.4University of Zimbabwe, Harare, Zimbabwe 

The spatial ecology of freshwater crabs and their conservation status is largely understudied in Africa. We assessed 
direct or indirect community livelihood impacts on the preservation of Potamonautes spp. and attempted to identify 
opportunities and constraints to conservation of crabs within the pre-existing livelihoods of community households. 
Only two crab species, Potamonautes mutareensis and Potamonautes unispinus, were recorded within the region of 
study. Potamonautes mutareensis was largely restricted to less impacted environments in the high mountainous river 
system, whereas P. unispinus was found in low-lying areas. Interview results revealed that the local communities, 
particularly in the southern part of the Eastern Highlands around the Chipinge area, had a considerable level of 
utilisation (55% of households) on the harvesting of crabs for household consumption during the non-agricultural 
season (May to September). We found that increasing human populations, poverty, crab consumption, and illegal 
mining (i.e. resulting in water pollution, degradation of habitats) are threatening freshwater crabs in the Eastern 
Highlands. The combined and interacting influences of the anthropogenic factors highlighted above have resulted 
in Potamonautes crab population declines in populated areas. Patterns of spatial overlap of rural population, higher 
poverty prevalence and crab abundance revealed in this study indicate priority areas of possible conflicts of interest, 
but also areas where benefits to both conservation and livelihoods can potentially be realised. The current study 
provides important information and insight towards the possible development of a freshwater crab conservation action 
plan within the region.



Southern African Society of Aquatic Scientists Congress 2018: Aquatic ecology in the Anthropocene

51

Spatio-temporal variation in benthic macroinvertebrates: Community composition and 
cross-habitat transfer in South African rivers

Tiyisani Chavalala, Nicole Richoux, Martin Villet 
Rhodes University, Grahamstown, South Africa 

Rivers exchange nutrients and energy with adjacent ecosystems; these transfers can represent important food 
subsidies, a phenomenon known as allochthony. For instance, the emergence of adult aquatic invertebrates provides 
important food sources to terrestrial consumers. This study aims to identify and quantify the main trophic links between 
adjacent terrestrial and aquatic ecosystems in six Eastern Cape rivers with different catchment sizes and flow rates, 
and to develop an understanding of the factors that affect the strength of these links and their spatial dynamics. Food 
sources and consumers were sampled during four seasons during 2016. Stable isotope ratios served as tracers to 
estimate food web structures. Rates of emergence of adult aquatic insects were quantified using emergence traps, 
and terrestrial insects falling into rivers as potential food subsidies were quantified using in-fall pan traps. Stable 
isotopes revealed that the main food sources of benthic macroinvertebrates were coarse particulate organic matter, 
macrophytes, filamentous algae, epilithon and epipsammon. The main food source changed from river to river and 
from functional feeding group to functional feeding group. Biomass of emerging aquatic insects was high in rivers with 
higher flow rates and higher primary productivity, while biomass of in-falling terrestrial insects was higher in rivers with 
closed canopies and narrow channel widths. Our data provide valuable new insights into how reciprocal transfers can 
vary in strength among rivers within the same geographical and climatic area.

FREShwAtER ECoLogy

Are some prey sources more equal than others? Dealing with diet-tissue discrimination 
factors in stable isotope mixing models

Wilbert Kadye, Suzanne Redelinghuys, Tony Booth 
Rhodes University, Grahamstown, South Africa 

Stable isotope mixing models are increasingly becoming a utility in trophic ecology and food web studies where they 
are used to quantitatively estimate and infer the proportional composition of different prey sources in consumer diets. 
Recently, Bayesian framework-based isotope mixing models have been developed in order to address challenges 
associated with estimating food sources in complex food webs, such as the occurrence of multiple prey sources, 
uncertainty associated with measurement, source and mixture process errors, and to incorporate concentration 
dependence and prior information for both sources and mixtures. Despite significant progress in refining isotope 
mixing models, the use of appropriate diet-tissue discrimination factors (DTDF), which have a direct influence on the 
correct interpretation of mixing models outputs, remains as one of the unresolved challenges. In order to address this 
challenge, an empirical laboratory feeding experiment was conducted using the Mozambique tilapia Oreochromis 
mossambicus to evaluate two objectives. First, the study explored how the isotope incorporation patterns into body 
tissues of O. mossambicus, and the associated DTDF varied among diets with different carbon and nitrogen stable 
isotope values. Second, this study compared the use of conventional literature-based DTDF with experimentally-
derived diet-specific DTDF in isotope mixing models. Results from this study provided evidence of differential isotope 
incorporation patterns and variable DTDF for different diets. The implications of these variations, particularly when 
using isotope mixing models in aquatic food webs, are further discussed.

From sea to source and back: A comparative study for relative abundance and distribution 
of freshwater eels in the Keiskamma and Umgeni catchments in South Africa

Céline Hanzen1, Olaf Weyl2, Sean Marr3, Martyn Lucas4, Colleen Downs1, Gordon O’Brien1

1School of Life Sciences, University of KwaZulu-Natal, Pietermaritzburg, South Africa. 2DST/NRF Research Chair in Inland 
Fisheries and Freshwater Ecology, South African Institute for Aquatic Biodiversity (SAIAB), Grahamstown, South Africa. 3SAIAB, 

Grahamstown, South Africa.4Department of Biosciences, Durham University, Durham, United Kingdom 

Four freshwater eel species (Anguilla spp.) occur in South Africa. From sea to source and back, these facultative 
catadromous species face multiple stressors including habitat alteration and deterioration, pollution and migration 
barriers. Understanding these fishes can contribute to the better use and protection of water resources, especially in 
rivers where connectivity is impaired. Data from previous research has demonstrated that distribution up rivers differs 
between species: the giant mottled eel Anguilla marmorata generally not above 750 meters above mean sea level 
(amsl) while African longfin eel Anguilla mossambica is distributed throughout river systems up to altitudes of 1650 
m amsl. In this study, we evaluated the distribution and relative abundance of eels in association with environmental 
variables in the Sundays, Keiskamma and uMgeni catchments in South Africa using fyke nets. It was hypothesised 
that the longitudinal distribution of the different species would differ between the species and between the systems. A 
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longitudinal survey of survey of the Sundays River (n = 450 fyke net sets) and down the Keiskamma River (n = 73 fyke 
net sets) confirmed this hypothesis with A. marmorata being sampled only from the lower reaches of the river while 
A. mossambica was ubiquitous, occurring from headwater streams to the lower reaches. These data are compared to 
results from similar survey on the uMgeni River conducted in March 2018.

two-tissue stable isotope analysis to elucidate isotopic incorporation and trophic niche 
patterns for chubbyhead barb Enteromius anoplus

Manda Kambikambi1, Wilbert Kadye1, Albert Chakona2

1Rhodes University, Grahamstown, South Africa.2South African Institute for Aquatic Biodiversity, Grahamstown, South Africa 

Trophic ecology studies on freshwater fishes using carbon (δ13C) and nitrogen (δ15N) stable isotopes largely utilise 
white muscle tissue, which requires either euthanasia or biopsy procedures that may be inappropriate for small-
bodied and threatened species. This study investigated the use of caudal fin tissue as an alternative to muscle tissue 
on a proxy species, the chubbyhead barb Enteromius anoplus, which was chosen because it closely resembles 
several small-bodied and threatened species in southern Africa. A two-pronged approach based on laboratory and 
field experiments was used. Isotopic turnover rates and diet-tissue discrimination factors (∆) were quantified in the 
laboratory by feeding fish two diets with different isotopic values, and monitoring the temporal isotopic incorporation 
patterns in muscle and fin tissues. Comparable turnover rates were found between both tissues for δ13C but differed for 
δ15N. Comparable ∆13C and ∆15N values were found between both tissues. Secondly, a field experiment investigated 
the temporal dynamics in food web patterns for chubbyhead barb in the wild. Comparison of isotopic niche sizes based 
on both tissues showed seasonal differences, with the niche sizes inferred from fin tissue being larger than those of 
muscle tissue in the winter and spring but comparable in the summer and autumn. These results indicate that caudal 
fin tissue can potentially be substituted for muscle tissue in trophic studies of chubbyhead barb, as well as other small-
bodied threatened species in southern Africa.

Changing ‘flow direction’ to achieve objectives: A Bayesian approach to water resources 
management

Indrani Govender1,2, Gordon O‘Brien2, Graham Jewitt2, Thor Axel Stenstrom1

1Durban University of Technology, Durban, South Africa.2University of KwaZulu-Natal, Pietermaritzburg, South Africa 

Global water resources are faced with demands from the growing population and economic development. Aquatic 
ecosystems are dynamic and complex, impacted by various land-use changes and water-use requirements by humans. 
Located in a water-scarce region in KwaZulu-Natal, South Africa, the uMngeni River Catchment is similarly stressed. 
In 2017, the authorities determined Resource Quality Objectives (RQOs) for the catchment, intended to achieve a 
balance between water use and protection of water resources, embracing the principles of sustainability. Bayesian 
Networks (BNs) have been used extensively in river basin research and water-resources management in the past 15 
years. The Bayesian Network-Relative Risk Model (RRM) is a probabilistic model that has been used internationally to 
assess risks in catchments. BNs are constructed, based on the causal relationships specified in a conceptual model, 
which forms the basis of a risk assessment. The model predicts risk to habitats and endpoints, such as protection of: 
riparian habitat, recreation and ecotourism value, and biodiversity. Thus, the model enables the projection of various 
water-resource use scenarios, such as building of a further dam, increased inter-basin transfer, increased agriculture, 
increased urban development, etc. Each projection then indicates how achievable the RQOs are. Using BNs, the 
endpoints are set at the level that is required to achieve specific RQOs, and then worked ‘backwards’ to determine 
the level that input nodes should be (such as specific levels of stressors entering the water resource). This research 
demonstrates the immense decision-making value in using BNs.

menthol as an alternative anaesthetic and sedative for trout, Oncorhynchus mykiss

Charles Teta, Horst Kaiser 
Rhodes University, Department of Ichthyology and Fisheries Science, Grahamstown, South Africa 

Fish are sensitive to nociceptive stimuli and stressful conditions. Therefore, anaesthetic agents are important to 
ameliorate suffering. Menthol is well-known for its analgesic properties, but little information is available on its potential 
as an anaesthetic on fish. The purpose of this study was to assess anaesthetic and sedative effectiveness of menthol 
and its safety on rainbow trout Oncorhynchus mykiss. Juvenile rainbow trout 180 g ± 28 (mean ± SD) were individually 
exposed to concentrations between 10–150 mg L-1 menthol and observed for physiological responses, induction time to 
anaesthesia and recovery time. Menthol concentrations of 40–150 mg L-1 induced anaesthesia with varying exposure 
times. There was an exponential relationship (p<0.001) between induction time and menthol concentration. Menthol 
concentrations of 80–150 mg L-1 induced anaesthesia within three minutes of exposure and fish recovered within 
five minutes. Induction and recovery data showed that 80 mg L-1 was most suitable for anaesthesia in this species. 
Concentrations of 10–20 mg L-1 had sedative effects. Menthol stock solutions prepared using ethanol and acetone and 
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storage time of stock solutions at room temperature up to 48 hours showed no significant differences in anaesthetic 
efficiency. When exposure time to menthol was kept constant at three minutes, 22% of fish had a temporary cessation 
of gill ventilation and these fish had longer recovery times. No noticeable health effects were noted within 72 hours 
after exposure. Menthol was an effective anaesthetic and may also be used as a sedative for trout.

Afrixalus knysnae, named after its locality, but no longer there….

Ferdi de Lange
North West University, Potchefstroom, South Africa 

The main driving force in the declines of Southern African frog species is anthropogenic in nature in contrast to threats 
of disease, virus infection and overexploitation in the populations of the Americas and Europe. Superstitious beliefs 
and perceptions that frogs are pests in homes and gardens often form an underlying disregard for frogs. This in turn 
may then lead to destruction of suitable habitats during development expansion of urban areas. The only Red Data 
species in the Southern Cape, the Knysna leaf-folding frog Afrixalus knysnae thus seems to have disappeared from 
the locality it was named after. Surveys during 2015 to 2017 have not resulted in any individuals or communities being 
found within or in close proximity to the town of Knysna. Habitat requirement of the species are endorehic systems of 
clear water with at least 200 mm water depths and vegetation consisting of small soft-leafed plants towards the edges 
of the water body. Point localities of A. knysnae habitats during the 1960s have been completely transformed into either 
housing developments or plantations and therefore totally destroyed. As a result, populations seem to have migrated 
further east and west. The seemingly temporary nature of its aquatic environment makes it easy to overlook during 
EIA processes and even easier to destroy during the construction phase. How can the importance of the ecological 
services provided by these seasonal aquatic systems be better understood and translated to decision makers?

Mapping, classification and condition modelling of wetlands in preparation of NBA 2018

Namhla Mbona1, Heidi Van Deventer2, Nancy Job3

1South African National Biodiversity Institute (SANBI), Pretoria, South Africa.2Council for Scientific and Industrial Research, 
Pretoria, South Africa.3SANBI, Cape Town, South Africa 

South Africa does not have a comprehensive wetland database. The current National Wetland map 4 (NFEPA wetlands) 
has been reported to have a number of errors. This wetland map has been popularly used in a number of processes 
and a need to improve it has been identified. In preparation for the National Biodiversity Assessment (NBA 2018) 
project reporting on key biodiversity indicators; the national wetland map (NWM) is being improved. NWM5 is aimed at 
improving the extent and typing of wetlands, while removing errors from modelled wetlands. Nine district municipalities 
were randomly selected where inland wetlands have been mapped and typed at a fine scale (desktop); some field work 
was also done for verification of wetlands. NWM5 wetland types are based on the Classification System for Wetlands 
and Other Aquatic Ecosystems (Ollis et al., 2013). The focus district municipalities were mapped at desktop level and 
reviewed by a wetland specialist for type and presence/absence. For the remaining portions of the country the NGI 
data were integrated with datasets resulting from a data audit. Datasets with no typing/classification were typed using 
50 cm aerial colour photographs from the DRDLR-NGI or SPOT images, both dating to 2012/13. Modelling of wetland 
condition has been tested. Preliminary results will be presented. The maps and graphs illustrating the results attained 
will be discussed during the presentation.
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rediscovering marine parasites in South Africa: Digeneans of Clinus superciliosus 

(Perciformes: Clinidae) in the tsitsikamma National Park

Anja Vermaak, Olena Kudlai, Nico Smit 
Water Research Group, Unit for Environmental Sciences and Management, Potchefstroom Campus, North-West University, 

Potchefstroom, South Africa 

A perusal of the current state of our knowledge on the biodiversity of fish parasites in South Africa suggests that 
fish parasites are generally neglected as part of aquatic biodiversity surveys. While the parasites of freshwater fish 
receive some attention, those from the marine environment remain poorly known. Among the metazoan parasites, our 
understanding of the diversity of especially marine digenean trematodes is fragmentary. Very few studies have been 
conducted in South Africa; the last article reporting on these parasites was published almost 30 years ago. The aim 
of our study was therefore to explore the diversity of digenean parasites from the marine environment focusing on 
the endemic intertidal rock pool fish, Clinus superciliosus (L.) (Clinidae). Seven individuals of C. superciliosus were 
collected in the Tsitsikamma National Park during March and June 2017 and subjected to helminthological examination. 
Infection with digenean metacercariae was found in the eyes of four fish, whereas infection with adults was found in 
the intestine of six fish. Combined morphological and molecular (based on 28S rDNA and ITS2 sequences) analyses 
confirmed the presence of three species from three genera of the Opecoelidae Ozaki, 1925 (Coitocaecum Nicoll, 1915, 
and Helicometra Odhner, 1902) and Strigeidae Railliet, 1919 (Cardiocephaloides Sudarikov, 1959). Our study provides 
the first molecular characterisation of the genus Coitocaecum as well as the first molecular data for Cardiocephaloides 
sp. and Helicometra sp. from South Africa. It is also the first to report C. superciliosus as the second intermediate host 
for Cardiocephaloides sp.

effects of synthetic salts, stocking density and sample volume on the survival of the 
estuarine amphipod Grandidierella lignorum: recommendations for developing an 

effluent toxicity test method

Ntuthuko Masikane1, Kady Ramjattan2

1University of Zululand, KwaDlangezwa, South Africa.2DST-NRF Internship Programme, Pretoria, South Africa 

Acute toxicity testing of effluents in South Africa is commonly conducted at a cellular level of biological organisation 
using sea urchins Echinometra mathaei and Tripneustes gratilla. There is a need to develop more toxicity test methods. 
Therefore, the amphipod Grandidierella lignorum is being developed to assess effluent toxicity at a whole-organism 
level. Method development necessitates a definition of toxicity testing conditions (e.g. determining appropriate control/
dilution water, sample volume and stocking density). In this study, synthetic dry sea salts (Red Sea and AquaMedic) 
used for making up artificial seawater, were tested for their effects on amphipod survival, an acute toxicity response. 
Artificial seawater is an alternative control/dilution water in effluent toxicity testing. Reduced sample volumes and 
amphipod stocking densities were also tested with the aim of modifying standard methods. Amphipod survival was 
>84% in natural and synthetic seawater treatments, suggesting that salinity of effluent samples can be manipulated 
by directly adding synthetic salts rather than using hypersaline brine that dilutes effluent samples by ~30%. The 80% 
survival limit has been previously determined as the acceptability threshold for control treatments in liquid-phase 
toxicity tests using G. lignorumas a toxicity test organism. This study also showed that testing of reduced sample 
volumes (i.e., from 1000 ml to 200 ml) has no significant effect on amphipod survival (F=1.175, P=0.289), whilst 
amphipod stocking densities >20 individuals per sample significantly reduced amphipod survival (F=5.463, P=0.0011) 
and is therefore not recommended.

pRoBFLo: A regional-scale ecological risk framework for E-flows

Gordon O’Brien
University of KwaZulu-Natal, College of Agriculture, Engineering and Science, Pietermaritzburg, South Africa 

Environmental Flow (E-flow) frameworks advocate holistic, regional scale, probabilistic E-flow assessments that 
consider flow and non-flow drivers of change in a socio-ecological context as best practice. Regional-scale ecological 
risk assessments of multiple stressors to social and ecological endpoints, that address ecosystem dynamism, have 
been undertaken internationally at different spatial scales using the relative-risk model since the mid-1990s. With 
the recent incorporation of Bayesian belief networks into the relative-risk model, a robust regional-scale ecological 
risk assessment approach is available that can contribute to achieving the best practice recommendations of E-flow 
frameworks. PROBFLO is a holistic E-flow assessment method that incorporates the relative-risk model and Bayesian 
belief networks (BN-RRM) into a transparent probabilistic modelling tool that addresses uncertainty explicitly. 
PROBFLO has been developed to evaluate the socio-ecological consequences of historical, current and future water 
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resource use scenarios and generate E-flow requirements on regional-scale spatial scales. The approach has been 
implemented in two regional-scale case studies in Africa where its flexibility and functionality have been demonstrated. 
PROBFLO can contribute to the adaptive management of water resources, and contribute to the allocation of resources 
for sustainable use of resources and address protection requirements.

genetic stock assessment of the blue bream Pachymetopon aeneum (gilchrist and 
thompson, 1908), a South African linefishery species

Sibusiso Yokwana
University of Fort Hare, Alice, South Africa 

Large populations of fish rarely mate throughout their range, but rather form a series of discrete, structured populations 
or stocks, which may respond differently to harvesting. The blue bream Pachymetopon auneum (Val.), a sparid 
endemic to southern African waters, is common along inshore rocky reefs and kelp beds. Studies have suggested 
that the species is highly resident. Considering its life-history, this residency may make the species sensitive to 
overexploitation, being a significant species in the linefishery sector. A comprehensive assessment of genetic stock 
structure is needed, such that (a) appropriate management measures can be put in place, and stocks and genetic 
integrity can be preserved, and (b) any reductions in genetic variability caused by overexploitation can be detected. 
This study aims to evaluate the genetic stock structure of blue bream, determining whether the species exists as a 
single or as multiple stocks. Specific objectives are(a) to identify, using mitochondrial sequence data and microsatellite 
data, the degree and distribution of genetic variation across the species’ distribution; (b) to determine the level of 
differentiation among stocks, if present, and identify potential barriers to gene flow; and(c) to provide information to 
fisheries management to enable the protection of natural populations.

Salinity tolerance in mozambique tilapia Oreochromis mossambicus under laboratory 
conditions: Preliminary results

Quintin Schutte, Leon Vivier, Digby P Cyrus 
University of Zululand, KwaDlangezwa, South Africa 

Over the past 16 years Lake St Lucia has experienced cyclic recurrences of low water level and hypersaline conditions. 
Following mouth closure in 2002, there has been a substantial decline in fish species diversity. However, the 
freshwater tilapia Oreochromis mossambicus has been found to dominate the system and breeding in salinities over 
100. Oreochromis mossambicus is known as a highly euryhaline species, which is why it is one of the most invasive 
species in the world. This study assessed the salinity tolerance of O. mossambicus from St Lucia and compared it 
with freshwater-reared fish. Tanks containing St Lucia and freshwater-reared fish (separated by a barrier) were used. 
After initial acclimations, salinities were increased by intervals of five every four days. At a salinity of 45, some fish 
deaths occurred due to ammonia spikes, but survival rates in all tanks thereafter remained 100% until salinity reached 
100. At 105, ammonia spikes again resulted in 30% of fish dying and at 110 the experiment was terminated due to the 
biological filter malfunctioning. While the tolerance trial was inconclusive, it showed that O. mossambicus can easily 
tolerate salinities up to 105, with no significant difference between St Lucia and freshwater-reared fish. Early death of 
fish was contributed to high ammonia levels, with further research required to improve the biological filtration system at 
higher salinities. This will allow for much needed research on the physiological adaptions of this species under extreme 
hypersaline conditions.

riparian plants as indicators of salinity in non-perennial rivers

Emiline Miller1,2, Whitney Engelbrecht1,2, Lincoln Raitt2, Anusha Rajkaran1

1Department of Biodiversity and Conservation Biology, University of the Western Cape, Bellville, South Africa.2Institute for Water 
Studies, Department of Environmental and Water Science, University of the Western Cape, Bellville, South Africa 

Non-perennial rivers (NPRs) dominate the southern African region and constitute one-third of South Africa’s rivers. 
NPRs naturally stop flowing during the dry season. The duration of these periods of no flow has increased due to an 
increased demand for freshwater, climate change, and drought. This has also resulted in perennial rivers shifting to 
non-perennial states. Current flow cessation periods are prolonged in the NPRs of the Karoo region resulting in an 
increased salinity in channels and the formation of salt beds. Stalinisation of the soil and reduced availability of water 
may be driving changes in the riparian plant composition. Therefore, there is a need to establish how current spatial 
and temporal variation in non-perennial flows influences the composition and distribution of riparian plants. This study 
specifically focuses on the effects of salinity on the establishment and distribution of plants within the riparian zone 
by determining the salt tolerance of various native species such as Mentha longifolia L. and Cotula coronopifolia L. 
compared to invasive species such as Tamarix ramosissima Ledeb. and Salsola kali L. From initial field observations, 
areas with high salinities are dominated by salt-tolerant invasive species with native species occurring in areas of the 
river that are not saline. In understanding how salt tolerance of native vs invasive species differs we can predict future 
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changes in riparian plant diversity composition in the changing Karoo river landscape and its ecological consequences. 
These species can also act as bioindicators of environmental changes such as an increase in salinity.

Use of stable isotope analysis to enhance the understanding of dietary variation in the 
super klipfish Clinus superciliosus

Shandre Van der Merwe1, Rian Pienaar1, Paul Sikkel2, Nico Smit1, Ruan Gerber1

1North-West University, Potchefstroom, South Africa.2Arkansas State University, Jonesboro, USA 

Clinus superciliosus, the super klipfish, is a carnivorous fish species commonly found in the intertidal rocky zones 
throughout the South African coast. The goal of this study was to use stable isotope analysis on a variety of intertidal 
species to determine the dietary variation of C. superciliosus. The study was conducted in the Tsitsikamma National 
Park located in the Cape region of South Africa. Samples of skin, fins, muscle and heart were sampled from 21 klipfish 
for stable isotope analysis. A variety of other aquatic species were also collected from these tidal pools. These species 
were used to construct a food web of the intertidal zones and to determine the trophic relationship of the klipfish to all 
other species. Stable isotope, along with traditional gut content analysis of the species showed that the klipfish is an 
apex predator with the highest δ15N ratio of all species within the food web. The ANOVA analysis showed significant 
differences in the different tissue types showing that klipfish feeds on different trophic levels throughout their lifetime. 
The tissues were classified into their original groups using Discriminant Function Analysis (DFA) with 71.7% accuracy 
after analysis. When looking at the gut content of the klipfish the most common food was crustaceans and sea urchins 
with 52.38%. In conclusion, stable isotopes proved helpful in determining the position of C. superciliosus within the 
intertidal food web along the south coast of South Africa.

Short-term methods for estimating chronic toxicity effects of liquid-phase samples using 
the sea urchin Echinometra mathaei is inadequate for the sea urchin Tripneustes gratilla

Ntuthuko Masikane
University of Zululand, KwaDlangezwa, South Africa 

Echinometra mathaei and Tripneustes gratilla urchins are routinely used to determine acute toxicity of effluents 
and marine receiving waters in South Africa. Short-term methods for estimating chronic effects have not yet been 
developed; this is therefore the aim of this study. Initial stages of method development comprised the determination 
of alternative control/dilution water and determination of sperm viability in fertilising eggs after prolonged exposure to 
test samples. A standard 10-min fertilisation test was conducted in natural seawater and artificial seawater prepared 
by diluting Red Sea or AquaMedic sea salts, to determine the appropriate control/dilution water. Sperm viability was 
examined by exposing sperm cells for 10-60 mins before adding eggs. Fertilisation was then allowed to occur within 
20 mins. Fertilization success was compared between exposure duration. Highest fertilisation success in E. mathaei 
was recorded in synthetic sea salts (≥99%) compared to natural seawater (>94%). Fertilisation success in T. gratilla 
ranged from 22–87% in artificial seawater prepared with AquaMedic but was higher and more comparable between 
artificial seawater prepared with Red Sea salt and natural seawater (96–97%). Control/dilution water prepared from 
AquaMedic salt is therefore not recommended. Echinometra mathaei sperm remains viable to fertilise eggs for up 
to 60min in control seawater (≥99% fertilisation success). However, sperm viability in T. gratillais drastically reduced 
as early as the 20th minute (0–87% fertilization success). Estimating chronic toxicity effects thus requires different 
approaches for both urchins (e.g. 60-min exposure test for E. mathaei and embryo-larval development test for both 
urchins).

Kidney and heart histopathology as biomarkers for DDt toxicity on Oreochromis 
mossambicus in a multi-toxicant exposure

Khesa Pitso, Chris Sihoka, Marie-Clementine U Nibamureke, Ina Wagenaar 
University of Johannesburg, Johannesburg, South Africa 

Effects of DDT and its metabolites on fish have been trending in previous studies. Recently, elevated quantities of 
chlordane (0.44 µg/L), zinc (0.005 mg/L) and nitrates (20.45 mg/L), above TWQR set by DWAF, were detected along 
with DDT in surface-waters in Limpopo Province. Histopathological changes were detected in selected target organs 
of the endemic fish from some of the dams in this region. The aim of this study was to determine the acute toxicity 
of DDT in the presence and absence of the mixture of chlordane, zinc and nitrates using environmentally-relevant 
concentrations; and histopathology as an endpoint on kidney and heart as target organs. The standard protocol in the 
necropsy and sampling of fish histopathology at University of Johannesburg were followed. Then qualitative and semi-
quantitative histological assessments were conducted. The results were statistically analyzed using the R-statistical 
software to compare organ indices between treatment groups. Histopathological changes were observed in target 
organs in all treatment groups with regressive changes the most prevalent. The highest organ indices were from 
fish in the toxicant mixture without DDT treatment group, with mean values of 12.00 ± 11.41 in kidney and 11.25 ± 
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7.10 in heart. There were significant statistical differences among the treatment groups: kidney (p=0.0329) and heart 
(p=0.0215). In conclusion, the results confirmed that toxicant mixture caused significant histological alterations in 
target organs, therefore DDT toxicity was influenced by the presence of chlordane, zinc and nitrates.

Long-line fishing for food security in South Africa: harvesting of Clarias gariepinus in 
rivers and dams

Peter Mochechela1,2, Niall Vine1, Olaf LF Weyl2
1Department of Zoology and Entomology, University of Fort Hare, Alice, Eastern Cape, South Africa.2DST/NRF Research Chair 
in Inland Fisheries and Freshwater Ecology, South African Institute for Aquatic Biodiversity, Grahamstown, Eastern Cape, South 

Africa

South Africa has the 26th fastest growing population in the world, and is predicted to have a population of 58 million 
by the end of 2018. Poverty and food security are major challenges for the country that could be addressed via inland 
fisheries. African sharptooth catfish Clarias gariepinusis a large bodied fish that not only occurs throughout South 
Africa, but is also considered invasive in the Eastern and Western Cape. This study assesses the potential of using 
long lines to harvest catfishes by reviewing historical data on catch rates and selectivity of long lines set in freshwater 
environments in South Africa. These data are used to determine realistic expectations and determine labour-day 
returns from long-line fishing, if these were used as self-help approaches for harvesting fish by rural communities.

An analysis of inland fisheries development in the Eastern Cape, South Africa

Ncumisa Matam1,2, Gladman Thondhlana3, Olaf Weyl1,2

1South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.2DST/NRF Reasearch Chair in Inland Fisheries and 
Freshwater Ecology, Grahamstown, South Africa.3Rhodes University, Grahamstown, South Africa 

South Africa’s Draft Inland Fisheries Policy identifies inland fisheries as an opportunity for socio-economic benefits, 
jobs, rural livelihoods, food security, small, medium and micro-sized enterprises and economic development based on 
small-scale fishing and recreational value chains. While inland fisheries are particularly relevant for rural communities, 
there is very little information on the current use of these resources. This poster presents a conceptual framework 
for a study that: (1) reviews available information of inland fisheries and development attempts in South Africa; (2) 
an assessment of the use of inland fisheries on publicly accessible dams in the Makana Municipal area and (3) an 
evaluation of case studies of current and past utilization of selected inland fisheries initiatives in the Eastern Cape. The 
results of this project will provide a better understanding of the current frame conditions and development potentials of 
inland fisheries in the Eastern Cape.

Salinity tolerance of the estuarine shrimp Palaemon peringueyi (Caridea: Palaemonidae) 
in Kariega estuary

Ayabulela Mrubata, Lukhanyiso Vumazon 
University of Fort Hare, Alice, South Africa 

Salinity is considered one of the most common variables in an aquatic environment that directly affect metabolism, 
oxygen consumption, distribution and growth of estuarine organisms. Salinity tolerance and its effect on oxygen 
consumption were studied in estuarine caridean shrimp Palaemon peringueyi from the permanently open Kariega 
Estuary. Density experiments on P. peringueyi were first determined in order to be used in the salinity tolerance tests. 
An influence of appropriate densities (5, 10 and 15 individuals per litre) to the survival of adult shrimps (i.e. carapace 
length ≥ 9 mm) after 96-hr exposure was investigated. Highest survival (80%) was recorded for the density of five 
individuals, with survival varying between 60 and 100%. The lowest survival was recorded for the highest density (i.e. 
15 individuals). Thus, individual instead of group exposures were used for salinity tolerance tests. Ten shrimps were 
individually exposed for 96 hrs to six salinity treatments (5, 15, 25, 35, 45 and 55). Before exposure, shrimps were first 
acclimatized to the experimental salinities by either increasing/decreasing salinity by ≤5 units every 2 hours. Palaemon 
peringueyi, being euryhaline, was able to tolerate most salinities; highest survival (≥80%) was recorded at salinities 
of 15–45. Additional studies on the rate of oxygen consumption will be conducted at salinities of 15–45. The results 
from these studies will shed more light on the metabolic performance of the shrimp within its range of salinity tolerance
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Physiological response of the salt marsh crab Parasesarma catenatum exposed to altered 
salinity regimes

Asandiswa Nonyukela, Lukhanyiso Vumazonke 
University of Fort Hare, Alice, South Africa 

Salinity tolerance of a sesarmid crab, Parasesarma catenatum, endemic to the south east coast of southern Africa, 
was studied to understand the physiological responses to a range of salinities. Three size classes of P. catenatum were 
collected, viz. juveniles, sub-adults and adult males, from Mngazana Estuary. Crabs were kept for 24 hrs at a salinity 
of 35 and exposed to eight salinity treatments over 96 hrs in acclimated and shock treatments. For shock treatment, 
crabs were directly exposed to test salinities. For acclimated treatment, crabs were acclimated down/up at a salinity 
change of ≤5 every 24 hrs until the test salinity was reached. Crabs were individually exposed in ~200 ml of water, at 
room temperature (24.3 ± 1.3°C) and monitored at regular intervals for signs of stress and/or death. Results showed 
that P. catenatum is euryhaline, tolerating salinities between 5 and 60 with the highest survival observed between 10 
and 30. This supports the distribution of P. catenatum along the estuary where salinities range between 5–35, which 
suggests a preferred salinity that may be associated with low energy costs. The size class with the highest survival 
was juveniles, with 100% survival for both treatments. Studies on the metabolism of these crabs using respiration as 
a proxy for fitness will establish the potential resilience of these salt marsh crabs.

macrozoobenthic community structure of two permanently open estuaries, eastern Cape, 
South Africa

Thabisa Mavubengwana, Lukhanyiso Vumazonke 
University of Fort Hare, Alice, South Africa 

The spatial and temporal distribution of macrozoobenthos was investigated quarterly in 2016 in Kariega and Bushmans 
estuaries. Macrozoobenthic and physico-chemical parameters including; salinity, temperature, dissolved oxygen and 
sediments were collected seasonally at different sites for the two estuaries. Macrozoobenthic communities were 
identified to the lowest level possible. Multivariate analyses were performed on the data using Primer V6 statistical 
software. A total of 67 and 57 taxa were collected from Kariega and Bushmans estuaries, respectively. Mean abundance 
of taxa was generally low in Kariega estuary (6867 indm-2) as compared to high abundances in Bushmans estuary 
(12880 indm-2). Taniadacae (Apseudes digitalis) was numerically the most important group in both estuaries with an 
average of 56% contribution to total abundance in Kariega estuary and 60% in Bushmans estuary. Freshwater taxa, 
such as Chironomidae, were recorded in the upper reaches of the Bushmans estuary, which may be an indication 
of freshwater inflow. Multivariate analyses showed that macrozoobenthic communities’ composition was generally 
distinct between seasons and sites in both estuaries. Salinity, sediment grain size and total organic content played a 
role in structuring the benthic assemblage in both systems. Difference in diversity, abundance and physico-chemical 
parameters may be related to the freshwater inflow in Bushman estuary when compared to the freshwater-deprived 
Kariega estuary. Freshwater ion in both estuaries is expected to cause a number of changes in the macrozoobenthos 
of both systems.

the lower thukela river and estuary: Past, present and future

Melissa Wade, Graham Jewitt, Gordon O‘Brien 
University of KwaZulu-Natal, College of Agriculture, Pietermaritzburg, South Africa 

South Africa is a water-scarce country which is experiencing an increase in the demand and development of water 
resources. The Thukela River in KwaZulu-Natal is the second largest in South Africa and the largest in the KwaZulu-
Natal Water Management Area. It is a key component of maintaining water security locally and in the rest of South Africa 
with several inter-basin transfer schemes. The lower Thukela River and associated estuary have been characterised 
as an ecologically important section of the Thukela River catchment. From the early 2000s a declining trend in the 
integrity of the river and estuary ecosystems has been observed. Management of this resource requires knowledge 
of its ecosystem, processes and response to the multiple stressors which alter these and affect the river and estuary. 
In this study a review of the biodiversity and ecosystem process information and historical records was undertaken 
and used to establish a Regional Scale Ecological Risk Assessment of multiple stressors to social and ecological 
endpoints for the catchment. Preliminary results linked changes in land use and upstream water resource management 
practices to a deteriorating trend in the ecological integrity of the lower Thukela River and Estuary. The outcomes 
also demonstrated that a change in water resource use practices will result in the attainment of a better balance 
between the use and protection of the lower Thukela River and Estuary. Hypotheses associated with uncertainty in 
the assessment have been established and are being tested to confirm risk projections and confidence in the method.
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A guide to the effective use of the South African national water quality database for 
monitoring change

Michael Silberbauer
Resource Quality Information Services, Department of Water and Sanitation (DWS), Pretoria, South Africa 

South Africa’s database of surface water quality is widely used as a chronicle of change in rivers and dams. However, 
users need to be aware of the limitations of the database if they are to draw meaningful conclusions. Some records 
on the database date to the 1960s, spanning a longer period than many working careers, so even the database 
curators have only a vague idea of how these early samples were collected, stored and analysed. Additional layers of 
complexity include method changes and fluctuating detection limits. Delays before analysis are not always apparent. 
Some results are from archived paper documents with no method description. The database has a few instances of 
overlapping datasets, where two entities unwittingly sampled the same site for months or even years: these periods 
of overlap provide a useful insight into the reliability of methods. The database records the institutions that provided 
data--mainly DWS--and their analytical methods. Oral sources are disappearing, so distinguishing between outliers 
and interesting results becomes a puzzle. In some cases, aquatic chemistry rules out impossible concentrations—in 
others, unlikely results may be true. Hartbeespoort Dam has some record chlorophyll results, for example. A sad trend 
is the decrease in the rate and extent of water quality monitoring, which has declined by 50% since 2008. Indirect 
methods such as numerical modelling and remote sensing, if we can afford them, will increase in importance as ways 
of patching up the widening gaps in South Africa’s surface water monitoring network.

the use of Baited Remote Underwater video (BRUv) as a monitoring tool for freshwater fishes

Sharone Bajaba1, Niall Vine1, Angus van Wyk2,3, Sean Marr3,4,5, Sanet Hugo3,4,5, Olaf Weyl3,4,5

1University of Fort Hare, Alice, South Africa.2Rhodes University, Grahamstown, South Africa.3South Africa Institute for Aquatic 
Biodiversity (SAIAB), Grahamstown, South Africa.4Centre of Excellence in Invasion Biology, SAIAB, Grahamstown, South 

Africa.5DST/NRF Research Chair in Inland Fisheries and Freshwater Ecology, SAIAB, Grahamstown, South Africa 

The Cape Fold Ecoregion (CFE) has the highest concentration of threatened and endemic freshwater fish species in 
South Africa. The major threats to the remaining fish populations of the CFE are habitat destruction and the presence 
of invasive alien fishes, the latter being the greater threat. Monitoring of the populations of the CFE endemic fishes is 
required to inform conservation agencies to ensure long-term persistence of these fishes. Underwater video analysis 
has shown promise as a monitoring tool in the clear streams of the CFE; however, these have used unbaited video 
analysis. Baited remote underwater videos (BRUVs), typically used in marine systems to monitor relative abundance 
and species richness, could potentially be an ideal method to monitor presence or absence of fish for freshwater 
systems. This study investigated whether two bait options (bread and Marmite) performed better at attracting and 
enumerating endemic fish in the Rondegat River than the unbaited control. Three habitat biotopes were sampled in 
January 2018. Within each habitat, three cameras representing the different bait options were placed some distance 
apart to ensure independent samples, and left to film for 10 minutes. This was repeated six times with different 
permutations of the position of the camera. The maximum number of each species in a single view (MaxN) was 
used to determine the relative abundance of the species and to determine whether there was a difference in relative 
abundance between the baited and unbaited cameras using generalised linear models. The results of the project will 
be presented here.

Morphology of the urogenital papillae of the male African sharptooth catfish, Clarias 
gariepinus; Considered a life saver?

Ina Wagenaar1, Jamie Das Neves1, Irene Barnhoorn2

1University of Johannesburg, Johannesburg, South Africa.2University of Venda, Thohoyandou, South Africa 

This is the first report that the morphological features of the urogenital papillae (UGP) may be an indication of sexual 
maturity in the male catfish Clarias gariepinus. Sperm quality of male fish has been widely used as a bio-indicator of 
water pollution. For these types of analyses C. gariepinus are sacrificed and the testes removed for milt collection. 
A non-invasive evaluation of maturity before sacrificing the fish would thus prove to be valuable. The morphological 
features including the length and width of the urogenital papillae (UGP) of C. gariepinus were measured and calculated 
as a percentage of total body length. The urogenital papillae length (LUGP) and width (WUGP) index of each fish were 
used and compared with the macroscopic and microscopic maturity stage of the testes. Multiple regression analysis 
indicated a statistically significant positive correlation between LUGP and maturity stage (r=0.46, p<0.05). Although 
there was no correlation between fish size and the UGP indices of male fish, there was a significant positive correlation 
between both the LUGP and WUGP with the gonado-somatic index (IG) [WUGP and IG (r=0.38, p<0.05); LUGP and IG (r=0.47, 
p<0.05)]. These significant correlations between the papillae indices and macroscopic and microscopic assessment 
criteria to determine the maturity stage of the testes set the stage for minimising the use of immature male C. gariepinus 
as a bio-indicator of pollution.
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the role and distribution of freshwater macrophytes along the Krom river

“Kylen Leigh Brown1, Emiline Miller1, Sean Marr2, 3 and Anusha Rajkaran1

1Department of Biodiversity and Conservation Biology, University of the Western Cape, Private Bag X17, Bellville, 7535 South Africa.
2 Centre for Invasion Biology, SAIAB, Private Bag 1015, Grahamstown 6140, South Africa.

3 DST/NRF Research Chair in Inland Fisheries and Freshwater Ecology, SAIAB, Private Bag 1015, Grahamstown 6140, South 
Africa.”

Freshwater macrophytes are integral to the functioning of aquatic environments due to their complex ecosystem 
role. Macrophytes function as producers, are important sources of food and refuge and provide habitats for aquatic 
invertebrates. This study aims to identify the ecosystem role of the submerged macrophyte Isolepis digitata in addition 
to determining the physical parameters that influence the distribution and abundance of this species in the Krom River 
and how these physical parameters affect changes in morphology. Isolepis samples were collected at two sites along 
the Krom River during February 2018. In order to investigate the habitat function of I. digitata, aquatic invertebrate 
samples were also collected. Preliminary field observations demonstrate that I. digitata supports a larger number of 
aquatic invertebrates compared to the surrounding bedrock and that the shallower plants display greater invertebrate 
abundances than the deeper plants. These observations emphasise the habitat importance of macrophytes in aquatic 
ecosystems.

Estimating population size and habitat association of the Clanwilliam rock catfish 
Austroglanis gilli (barnard, 1943) in the Krom river, olifants-Doring river catchment, 

Cape Fold eco-region

Bethel Müller1, Jeremy Shelton2, Sean Marr3,4,5, Olaf Weyl4,5, Karen Esler1,6

1Department of Conservation Ecology and Entomology, Stellenbosch University, Stellenbosch, South Africa.2Freshwater 
Research Centre, Kommetjie, South Africa.3South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.4Centre 
for Invasion Biology, South African Institute for Aquatic Biodiversity, Grahamstown, South Africa.5DST/NRF Research Chair in 

Inland Fisheries and Freshwater Ecology, Grahamstown, South Africa.6Centre of Excellence for Invasion Biology, Stellenbosch 
University, Stellenbosch, South Africa 

The Cape Fold Ecoregion (CFE) contains the highest concentration of endemic and threatened freshwater fishes in 
South Africa. In order to conserve and manage the remaining populations of these species, knowledge of the population 
size and habitat requirements are required. An isolated population of the Cederberg endemic Clanwilliam rock catfish 
Austroglanis gilli (Barnard, 1943) is found in the Krom River tributary of the Matjies River in the Olifants-Doring River 
Catchment. The population occurs in a 6-km stretch of the upper Krom River where variation in abundance may be 
related to habitat features such as substrate. The aim of this study was to further our understanding of the population 
size and habitat requirements (in terms of substrate) of the A. gilli population in the Krom River. A survey of the 
Krom River was completed to identify reaches dominated by substrate classes bedrock, boulder, cobble and sand. 
Depletion electrofishing was used in five 20-m reaches within each substrate class to estimate the relative abundance 
of A. gilli. Bedrock, cobbles (which were generally highly embedded) and sand supported low abundances of A. gilli. 
The preferred habitat of the species appears to be characterised by boulder substrates, which may be an important 
consideration in conserving the species.

Myxozoan detection and identification by means of silver-nitrate impregnation

Pieter Swanepoel1, Liesl van As2, Kevin Christison3

1Free State Department of Agriculture and Rural Development, Bloemfontein, South Africa.2University of the Free State, 
Bloemfontein, South Africa.3Department of Agriculture, Forestry and Fisheries, Cape Town, South Africa 

Myxozoans are regarded as harmful pathogens in aquaculture systems and have an impact on fish welfare either 
directly or indirectly. Myxozoans have been the direct cause of devastating mortalities in the aquaculture industry. 
The accurate identification of myxozoans to species level generally requires a combination of morphometric data from 
fresh live specimens, histology and molecular methods. These methods are often difficult to implement under field 
conditions or on site at remote aquaculture facilities as they require dedicated, specialized equipment. Consequently, 
myxozoans are diagnosed from fish and never properly identified to species level. This paper proposes the simple 
method of silver-impregnation, a modification of Klein’s technique, to identify both myxozoans and trichodinids that 
can occur simultaneously on the same skin or gill smears, collected from a single fish specimen. The advantage of this 
method (traditionally used only for peritrichs) is that it provides sufficient morphological information for the identification 
to species level of both myxosporean and trichodinids occurring on the same host. Furthermore, the advantages of this 
method allow for sampling in remote locations and for medium to long storage of appropriately stained and mounted 
reference material for diagnostic and taxonomic purposes. Silver-nitrate impregnation was used in this study to identify 
seven Myxobolus species, two of which are possibly new to science based on spore morphology. This method can be 
used by fish health professionals in the aquaculture industry for rapid species-level discrimination of these potential 
pathogens. 
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Detecting the presence of native and non-native fishes in the Krom River, western Cape, 
South Africa: A comparison between three non-destructive fish monitoring techniques

Gcinikaya Nkele1, Peter Mochechele1, Niall Vine2, Sean Marr3,4,5, Olaf Weyl3,4,5

1University of Fort Hare, Alice, South Africa. 2Department of Zoology and Entomology, University of Fort Hare, Alice, South Africa. 

3DST/NRF Research Chair in Inland Fisheries and Freshwater Ecology, South African Institute for Aquatic Biodiversity (SAIAB), 
Grahamstown, South Africa. 4SAIAB, Grahamstown, South Africa.6Centre for Invasion Biology, SAIAB, Grahamstown, South 

Africa 

The Cape Fold Ecoregion (CFE) is a hotspot for aquatic diversity and endemism that has the highest concentration 
of endemic and threatened freshwater fishes in South Africa. The greatest threats to the freshwater fishes of the 
CFE are habitat destruction and the presence of non-native fishes, especially salmonids and black bass Micropterus 
species. Monitoring the populations of these threatened fishes in the CFE is essential for providing information for their 
management for conservation. Due to the high threatened status of CFE fishes, non-harmful survey techniques are 
required for monitoring the remaining populations. In this study, three non-harmful techniques (fyke nets set overnight, 
snorkelling, under water video cameras – GoPro) were used to estimate fish relative abundance in the Krom River, 
a tributary of the Doring River in the Olifants-Doring catchment, Western Cape, South Africa. A total of 30 sites were 
sampled in the Krom River using all three methods. The data are currently being processed and will be presented at 
the Conference. The detection probability of each technique will be calculated by species and the relative abundance 
collected by the respective techniques compared. In addition, the data from this study will be compared to those of a 
similar study conducted in 2017 at the same sites to evaluate inter-annual differences and the impact of a low-rainfall 
year on fish abundance in the Krom River.

germination and establishment of perennials in non-perennial rivers

Whitney Engelbrecht, Emiline Miller, Lincoln Raitt 
University of the Western cape, Cape Town, South Africa 

A large percentage of South Africa’s rivers are non-perennial, yet these river systems are poorly studied when compared 
to the perennial rivers. One of the most important considerations, when dealing with non-perennial rivers, is to ensure 
the persistence of plant species that occur along these rivers. Seed germination and subsequent successful seedling 
establishment are therefore important factors to consider within these ecosystems. Successful seed germination and 
establishment are dependent on various external bioclimatic factors such as temperature, water availability and salinity 
due to evaporation. These factors are considered to be the most important, particularly in water-limited regions. In order 
for riparian plants to achieve successful seedling establishment, in the absence of constant water flow and increasing 
temperatures, seeds must be able to germinate rapidly and under low water availability. Despite these conditions (low 
water availability, high temperatures and salinity) various riparian plant species still manage to dominate and flourish 
within these marginal ecosystems. This study will, therefore, be conducted to determine the impact of temperature, 
water stress and salinity on the germination and seedling establishment of Tamarix ramosissima, Vachellia karroo and 
Prosopis glandulosa found along non-perennial rivers in the Little Karoo and Tankwa Karoo. Seeds will be collected 
from natural populations along the riverbeds and will be germinated under various osmotic and salinity conditions in 
growth chambers under a series of constant temperatures.

Diversity, conservation and use of the mozambique tilapia in KwaZulu-Natal

Mahlatse Mashaphu, Gordon O’Brien, Colleen Downs, Sandi Willows-Munro 
University of KwaZulu-Natal, Pietermaritzburg, South Africa 

Worldwide Oreochromis spp. are used extensively for freshwater aquaculture. In South Africa the Mozambique tilapia 
O. mossambicus is considered to be a suitable species for regional aquaculture, but it is not preferred compared 
with the alien O. niloticus. Due primarily to the threat of hybridisation between these species, O. mossambicus has 
been listed as Near Threatened on the IUCN Red List. Within KwaZulu-Natal (KZN) O. mossambicus occurs in all 
major river systems. However, relatively little is known about the genetic diversity, integrity and conservation of O. 
mossambicus populations in the region. We evaluated the genetic diversity and any potential genetic contamination 
of ten populations of O. mossambicus from separate river catchments in KZN. We used 14 tilapia microsatellites to 
evaluate genetic representation of the populations in KZN. Results indicated presence of significant genetic variation 
among populations in KZN and contamination with O. niloticus and O. aureus. To conserve the genetic variability in 
KZN, local populations should be considered for aquaculture. In addition, there is potential for different populations 
to have different growth performance that may affect the selection of species and locations of aquaculture in KZN. 
Conservation should be directed at populations that are genetically uncontaminated and representative of the genetic 
variability of the species. This includes the opportunity to use dams as refuge areas for these populations. We are 
currently investigating the suitability of some dams as refuge areas for O. mossambicus and growth performances of 
populations to contribute further to this research.
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Condition factor and length-weight relationship of Bagrus bayad macropterus (Daget 
1954) from Agbura river, a tributary of the Lower Nun river, Niger Delta, Nigeria

Precious Omoruwou, Jacob Meye 
Delta State Polytechnic, Ozoro, Nigeria 

The study on length-weight relationship and condition factor of Bagrus bayad macropterus from Agbura River, a 
tributary of the Lower Nun River, was conducted monthly for 18 months (April 2012 – December 2013). A total of 3640 
fish samples comprising 193 Bagrus bayad macropterus were collected using traditional fishing gear and drag nets. 
The specimens were preserved in ice-packed boxes and taken to the laboratory for length-weight measurement. The 
length-weight relationship was estimated using the linear regression model W=aLb and condition factor (k) determined 
using the equation k=. In the males, the standard length ranged between 17.6 and 27.2 cm and the weight ranged 
between 170.56 and 501.3 g. The females had length and weight ranges of 16.8 to 32.2 cm and 190.6 to 510.35 
g, respectively. The value of length exponent was more than 3, sampling a positive allometric growth pattern. The 
b-values tested using ANOVA indicated a highly significant regression of weight on standard length (p<0.05). The 
correlation (r) between increase in length and gain in weight was significant (p<0.05). The condition factor (k) ranged 
between 1.51 and 3.13 with a mean k-value of 2.23. The k-values also showed variations in the size of the fish species 
as the value decreased as fish size increased, indicating a good state of well-being.

Comparative assessment of the prawn community of eelgrass and mangrove habitat in 
the mhlathuze estuary

Nelisiwe Mary Manukuza, Leon Vivier, Garvin Tweddle 
University of Zululand, eMpangeni, South Africa 

The Mhlathuze estuary is one of the most important estuaries in KwaZulu-Natal for biodiversity as it contains large 
and ecologically sensitive areas of mangrove and eelgrass habitat which are known to support estuarine fauna. 
These habitats also serve as important nursery areas for juveniles of many marine and estuarine organisms, including 
prawns. Recent data on prawn community structure of the Mhlathuze estuary are limited, and the importance of habitat 
selection in prawns has never been studied. This study aimed to compare the prawn community structure of eelgrasss 
and mangrove habitat in the estuary in order to better understand habitat preference and migration dynamics of 
juvenile prawns in the Mhlathuze estuary. Two eelgrass and two mangrove sites were sampled seasonally in 2016 and 
2017 using a beam trawl and the small seine net. Collected samples were identified to species level and enumerated. 
Five prawn species were recorded in the system, including one caridea (Palaemon peringueyi) and three penaiedea 
(Penaeus monodon, Metapenaeus monoceros and Penaeus semisulcstus). There was also an unknown species 
which showed both caridea and penaiedea characteristics, which made it very difficult to classify it as either caridea 
or penaiedea. Highest densities were recorded in the eelgrass. Palaemon peringueyi had the highest CPUE followed 
by Penaeus monodon. The highest densities were recorded in winter followed by autumn. The results illustrate the 
importance of eelgrass for the life history of juvenile marine prawns.

Harbour-associated impacts on nematode communities in intertidal subtropical 
mangroves

Buyani Khulakahle Mazeka, An De Fortier 
University of Zululand, Empangeni, South Africa 

The modification of estuarine systems into harbours poses a threat to the surrounding environment. The changes 
can result in habitat loss and alteration of environmental conditions. The assessment method such as bio-indicator is 
widely used due to its effectiveness when assessing changes in the environment. Nematodes are classified as good 
bio-indicators of environmental disturbance due to their high abundance, diversity, turnover rate, species richness, 
tolerance to disturbance and limited mobility. The aim of this study was to compare nematode communities between 
the disturbed Richards Bay harbour and less disturbed Mhlathuze estuary. These two systems were once a large 
shallow and highly productive basin called Mhlathuze estuary. The nematode samples were taken during the summer 
in April and winter in August 2016. Four sites were sampled during the study: two at the mouth of the Mhlathuze 
estuary and Richard’s Bay harbour, and two at the upper region of the estuary and the harbour. Cobb’s decanting 
and sieving method followed by active Barman’s technique was used for extracting nematodes from sediment. Winter 
samples were identified to family level only. The findings indicated that nematode density and family richness are 
higher at Mhlathuze estuary sites and lower at Richard’s Bay harbour sites. From the five identified functional feeding 
groups, namely bacterivores, herbivores, fungivores, omnivores and predators, bacterivores showed dominance 
in both systems while herbivores were almost equal at all sites. The mean Plant Parasitic Index differ significantly 
(F3,16=66.92; p<0.01) between the four sites. The results obtained from the study indicated that Richards Bay harbour 
is subjected to more environmental disturbance when compared to Mhlathuze estuary due to factors such as nutrient 
inputs, sediment texture, sediment sorting, and grain size.
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Pseudodiaptomus spp. distribution in the mlalazi estuary

Busisa Ntshangase, Hendrick Jerling 
University of Zululand, Empangeni, South Africa 

The distribution of two copepod species in Mlalazi Estuary was investigated. Zooplankton samples used were from 
2013 and 2016. The samples were collected using a double-plankton net of 2-m length, mouth diameter of 300 mm 
and 200 µm mesh size, fitted with a calibrated flowmeter. Selected environmental variables were recorded at each 
sampling station. For the 2013 session salinity followed the typical estuarine salinity gradient, with lower salinities 
at the upper reaches and higher salinities at lower reaches. March 2016 had high salinities making their way to the 
upper reaches. On the other hand, the August 2016 session had much lower salinities. Temperature was highest 
during the March 2016 session and lowest during the August 2016 session. The highest pH and turbidity levels 
were recorded for the March 2013 session. Salinity could not be significantly correlated with the densities of the two 
species, but Pseudodiaptomus hessei showed distinct patterns of salinity preference. A negative relationship with 
temperature was established for P. hessei whereas a positive relationship was established between temperature and 
Psedodiaptomus stuhlmanni densities. A detailed study on the subject is recommended. Pseudodiaptomus species 
are important components of estuarine and near-shore ecosystem food webs. Studies on the genus provide much-
needed information on the biodiversity of the species and the monitoring of the effects of ecosystem changes on them. 
As secondary producers, zooplankton are responsible for the transfer of energy in aquatic ecosystems, and therefore 
can be loosely defined as an important driving factor in aquatic ecosystem. 

A biomarker assessment of Clarias gariepinus on the vaal river System

Liam Connell, Richard Greenfield 
University of Johannesburg, Johannesburg, South Africa 

The Vaal River system supplies various agricultural, industrial and urban activities with a readily available freshwater 
source. The use and therefore quality of the water within the aquatic system needs to be monitored. This study looked 
at six sampling sites along the Vaal River system, moving downstream from below Grootdraai Dam (near the source) 
to Douglas Weir (near the Orange-Vaal confluence). The African sharptooth catfish Clarias gariepinus was chosen 
as a bio-indicator species due to its wide distribution in South Africa as well as its economic and sustenance value. 
Biomarkers can be regarded as the change in an organism’s biological response as a result of an exposure to one 
or more toxicants. Liver and muscle tissues were excised for the analysis and standard protocols were followed for 
the determination of biomarker responses. Univariate and multivariate statistical analysis were performed on log-
transformed data, to ensure homogeneity of collected data. Along the Vaal River system, conductivity showed a 
substantial increase moving downstream, whilst dissolved oxygen levels increased because of an increased nutrient 
load and total dissolved solids. Fish from Bloemhof Dam showed the greatest overall physiological response and are 
therefore shown to display the greatest oxidative stress amongst all sites, as a result of toxicant exposure. A spatial 
increase in pollution was seen moving downstream along the system’s gradient.

biomarker responses in Clarias gariepinus from the Nyl river system, Limpopo, South 
Africa

Gabbi Lloyd, Lolo Mokae, Richard Greenfield 
University of Johannesburg, Johannesburg, South Africa 

South Africa is a country rich in natural resources, except for freshwater. The deterioration in the quality of the minimal 
water resources available is of great concern in South Africa. The Nyl River Floodplain located in Limpopo is South 
Africa’s largest transient floodplain wetland and is a Ramsar site. Wetlands purify water as it passes through the 
system and can act as storage for water. This poster will present the preliminary biomarker responses of effect and 
exposure within Clarias gariepinus collected from the Donkerpoort and Moorddrift dams. The aim was to determine 
the physiological responses using biomarkers of C. gariepinus due to the water quality in the two selected sites in 
the Nyl River system. In-situ water parameters were taken during the collection period. The liver and muscle tissue 
were excised before further processing. Tissues were homogenised in preparation for biomarker analysis, which 
followed standardised protocols. A t-test was performed to identify significant differences in the biomarker responses. 
Preliminary results indicate that Moorddrift Dam had the highest conductivity (µs/cm), total dissolved solids (ppm) 
and salinity levels. There was an increase in the pH level following the direction of water flow from Donkerpoort Dam. 
There were also statistically significant differences (p<0.05) identified between Donkerpoort Dam and Moorddrift Dam 
for reduced glutathione (GSH), malondialdehyde (MDA) and energy consumption (Ec). It can be concluded that this 
aquatic ecosystem is being affected by the presence of pollution, and needs to be continually monitored to ensure that 
it maintains its Ramsar status.
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Artificial breeding and normal development of Synodontis zambezensis (Peters, 1852)

Claire Volschenk, Gavin Tweddle, Johan van Vuren, Richard Greenfield
Department of Zoology, University of Johannesburg, Johannesburg, South Africa 

Synodontis spp. are an important source of food in many African countries including, Nigeria, South Africa, Egypt 
and Ghana. This is likely due to the genus being an excellent source of fat in fish-based diets; however, there is also 
increased accumulation of lipophilic pollutants which can be transferred to the human population. In South Africa, 
Synodontis zambezensis is an important food-source species in rural communities, particularly along the Phongolo 
River system. The aim of this study was to breed S. zambezensis in captivity, adapting a variety of protocols previously 
used in artificial breeding of Clarias gariepinus, Synodontis petricola and Synodontis nigromaculatus. Aquaspawn® was 
used to induce reproductive development and manual fertilization of stripped eggs using sperm from dissected testes 
of sacrificed males. The embryonic development was meroblastic in nature and discoidal. Initial hatching occurred 
within 26 hours of fertilization and the survival rate of fry and subsequent fingerlings was as high as 80%. Synodontis 
zambezensis has previously been used as a bio-indicator species in field studies. Successful artificial breeding and 
rearing of this species improves the ability to use this indigenous species as a test organism in laboratory-based 
assessments of chemicals and bioaccumulation of harmful chemicals such as dichlorodiphenyltrichloroethane (DDT).

Fish health in a hyper-eutrophic freshwater impoundment: A seasonal and species 
comparison

Cobus Van Dyk1, Irene Barnhoorn2

1University of Johannesburg, Johannesburg, South Africa.2University of Venda, Thohoyandou, South Africa 

Interest regarding the health status of fish inhabiting the polluted Roodeplaat Dam has motivated long-term, seasonal 
monitoring of two indicator fish species, Clarias gariepinus and Oreochromis mossambicus. Focus was placed on 
assessing macroscopic lesions, the hepatic somatic index (HSI) as well as target organ histopathology. To date, over 
200 specimens have been assessed. The preliminary results showed a definite target organ response in fish, especially 
in terms of liver pathology of C. gariepinus. Large hepatic nodular alterations were prevalent during all seasons. 
Comparing the mean HSI between species during the same seasonal survey showed that the index values for C. 
gariepinus differed significantly from O. mossambicus (p<0.001) only during late summer/early autumn. Comparing the 
HSI of the two species between different seasons, significant differences (p<0.001) were found between all surveys, 
with the exception of winter and spring/summer. Comparing the HSI of the same species between different seasons, 
the mean HSI values of C. gariepinus were found to be significantly different between the winter and spring/summer 
surveys (p<0.001) as well as autumn and winter surveys (p<0.05). In terms of histopathology, melanomacrophage 
centres (MMCs) and focal areas of cellular alteration (FCAs) were the most notable alterations identified. Overall, the 
MMCs scores for C. gariepinus were significantly different from those of O. mossambicus (p<0.001) while FCA scores 
showed no significant difference between the two species, with the exception of basophilic foci.

A preliminary study on intraspecific differences in critical thermal maxima and habitat use 
of the salt marsh crab Parasesarma catenatum in mngazana estuary

Sanele Dweba, Asandiswa Nonyukela, Nosiphiwo Springbok-Njokweni, Lukhanyiso Vumazonke 
University of Fort Hare, Alice, South Africa 

Temperature is one of the most important variables influencing living organisms in intertidal zones, including salt 
marshes and mangroves. The thermal tolerance of the salt marsh crab Parasesarma catenatum inhabiting the 
intertidal zone at subtropical, permanently open Mngazana Estuary was investigated. Intra-specific differences in 
habitat use along the intertidal zone were determined between size classes. The upper thermal limit, tested using 
the critical thermal maximum (CTMax) was determined for juveniles, sub-adult and adult P. catenatum. Collected 
crabs were acclimated for 48 hrs at 20°C following the thermal history of their environment (along the intertidal zone) 
before determining the CTMax for each size class. Individual crabs were then placed in a thermostatised bath and 
exposed to constant rate of temperature increase of 2°C.h-1. Animals were observed continuously until the end-point 
was reached. Preliminary results suggest intra-specific differences in habitat use which may result in crabs inhabiting 
different thermal regimes. Different CTMax values were obtained with juveniles displaying higher CTMax and adults 
the lowest CTMax, suggesting adults are more vulnerable to temperature increase. This upper thermal limit study on 
salt marsh crabs will contribute to a broader understanding of increased temperatures occurring in coastal wetlands, 
including salt marshes and mangrove forests.
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Establishing the effect water inflow has on fish health and the ecological status of Flag 
boshielo Dam

Balance M Phala1, Joseph R Sara1, Andre Vosloo2, Willem J Smit1, Wilmien J Luus-Powell1
1University of Limpopo, Polokwane, South Africa.2University of KwaZulu-Natal, Durban, South Africa 

Pollution associated with land-use activities and effluent from anthropogenic sources has resulted in the Olifants 
River becoming one of the most threatened and polluted aquatic system in southern Africa. In this study, the effect 
of seasonal fluctuations of water levels on fish health and the ecological status of Flag Boshielo Dam, a main-stem 
impoundment of the Olifants River, was determined. Water samples were collected monthly from February 2016 to 
February 2017 and analysed for metal and nutrient content while sediment samples were taken quarterly and analysed 
for metals. A total of 124 Oreochromis mossambicus were collected during monthly surveys using composite gillnets. 
Their health status was determined using the health assessment, condition, gonadosomatic and hepatic indices 
together with the metal content in muscle tissue. Findings indicated that during periods of high inflow the metal content 
in water and sediment were higher than times of low inflow. Lower fish condition values and higher health, somatic and 
hepatic scores, indicative of poorer fish health, and higher metal concentrations in fish muscle tissue were recorded for 
specimens collected during periods of low water inflow. These findings indicate that seasonal changes in flow regimes 
and water quality may have an impact on fish health and ecological conditions of Flag Boshielo Dam.

Population dynamics, stock assessment and zoea larval development of Callichirus 
kraussi in richards bay Harbour

Busisa Ntshangase, Hendrik Jerling 
University of Zululand, Empangeni, South Africa 

The sandprawn Callichirus kraussi is an important part of the benthic community in many South African sheltered 
bays and estuaries. Sandprawns play a significant role in nutrient enrichment of sediment and the aquatic food web. 
In recent times the species has faced threats due its increased use as bait by recreational fishermen. A survey 
was conducted at Richards Bay Harbour to determine the abundance and distribution of an exploited population 
of sandprawns on the intertidal sandflats. Monthly samples were collected over a one-year period (2017/18) using 
a prawn pump. Densities were estimated from hole counts using transects and quadrats. Sediment samples were 
collected to analyse characteristics as well as organic content. Well over 100 individuals were collected during each 
sampling session. All individuals sampled were measured (carapace length) and, where possible, sexed to determine 
demographics. The study area had a very shallow gradient between the high and low-water mark. Prawn densities 
were unevenly distributed, with higher densities near low and high-water areas. The middle section of the sampling 
area was largely devoid of sandprawns, with higher densities of soldier crabs present. Initial results indicate that the 
sandprawn population at the harbour is not overexploited.

tigerfish diet: A function of ecosystem type?

Ruan Gerber1, Lizaan de Necker1, Yoshinori Ikenaka1,2, Victor Wepener1, Nico J. Smit1.

1Water Research Group, Unit for Environmental Sciences and Management, North-West University, Private Bag X6001, 
Potchefstroom 2520, South Africa

2Laboratory of Toxicology, Department of Environmental Veterinary Sciences, Graduate school of Veterinary Medicine, Hokkaido 
University, Kita 18, Nishi 9, Kita-ku, Sapporo 060-0818, Japan

The tigerfish (Hydrocynus vittatus) is Africa’s most iconic fish species and remains prominent due to its economic 
and ecological importance. Even so, very little research is available on much of its biology and from very few of the 
populations. These include limited studies on the feeding biology of the species through gut contents. The aims of this 
study were to elucidate the dietary variation in tigerfish across its distribution in South Africa as well as to document 
any ontogenetic dietary shifts within the species using stable isotopes. Foodwebs from several different lentic and lotic 
systems across H. vittatus’s distribution in eastern South Africa were surveyed and sampled. Differences between 
food sources and consumer isotopic signatures for δ13C and δ15N were determined using linear models in the lm4e 
package for R. Two models were tested namely a “food source model” and a “consumer model”. Diet composition in 
consumers was assessed using stable isotope mixing models from the SIAR and MIXSIAR packages for R. Results 
are in agreement with gut content analyses and show that H. vittatus are a top piscivorous predator throughout 
its distribution and habitat type. Variation in diet between the different types of systems is inferred with the largest 
differences being between lentic and lotic habitats. Tigerfish are furthermore shown to undergo ontogenetic dietary 
shifts with growth in lotic systems but not in the lentic saline system of Nyamithi pan. This is the first study to investigate 
the dietary variations in the species using the stable isotopes of Nitrogen and Carbon.
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monitoring wetland vegetation between 2008-2014 in Hogsback, raymond mhlaba Local 
municipality, eastern Cape, South Africa

Rochen Wiltshire, Zamavuso Tshazi, Owen Manyanye 
University of Fort Hare, Alice, South Africa 

Wetlands represent one of the most important natural ecosystems in South Africa, having important natural, ecological, 
social, regulatory and economic roles. Therefore, monitoring the shoreline vegetation of the wetland assists in 
identifying threats to wetland vegetation, such as stock overgrazing, weed invasion and agricultural purposes. just 
to mention a few. With the number of wetlands being converted worldwide, the Department of Environmental Affairs 
conducted a national biodiversity assessment and discovered that out of 48% of South Africa’s critically endangered 
wetland ecosystems, only 11% are protected with the remaining 71% not being protected at all. The major threat to 
wetlands is repossession for either agricultural, industrial expansion purposes, with humans being at the very centre 
of the threat. The main aim of this study was to quantify wetland vegetation changes using Normalized Difference 
Vegetation Index (NDVI). NDVI analysis used SPOT 5 satellite images to monitor the wetland vegetation of Hogsback 
from 2008 to 2014. The results indicated an increase in healthy vegetation in the Hogsback area from 2008-2014 
because of increased rainfall. The results also indicated that satellite imagery could easily be used in monitoring long-
term wetland vegetation community changes.
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