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ABSTRACT: Nonnative fishes threaten native fish communi-
ties in many rivers of the world. In South Africa’s Cape Floris-
tic Region, predation by nonnative fishes has severely impacted
native fish populations and more than half of the 17 endemic
fish species are endangered. To preserve the unique endemic
fish fauna, removal of nonnative fish from conservation areas
is a priority in this region. In February 2012, South Africas
first nonnative fish eradication using rotenone took place in
the Rondegat River, a small headwater stream that had been
invaded by Smallmouth Bass (Micropterus dolomieu). The suc-
cessful treatment culminated from a decade-long process that
was facilitated through collaboration among a South African
nature conservation authority (CapeNature), the South African
Institute for Aquatic Biodiversity, and the American Fisheries
Society Fish Management Chemicals Subcommittee. The suc-
cessful removal of alien fish and almost instantaneous increase
in biodiversity is anticipated to encourage more endemic fish
restorations in South Africa.

INTRODUCTION

The Cape Floristic Region (CFR) of South Africa has 24 na-
tive freshwater fish species (Table 1). Geographic isolation has
resulted in high endemism in individual river systems (Linder
et al. 2010) and CFR fish species are often restricted to a single
river or tributary within a river system (Figure 1), making them
particularly vulnerable to nonnative fish introductions, habitat
destruction, and pollution (Tweddle et al. 2009). Of the 17 cur-
rently recognized endemic species, 10 are listed as endangered
and another three are listed as vulnerable by the International
Union for Conservation of Nature (IUCN; Tweddle et al. 2009).
Hence, CFR rivers are key areas for conservation of biodiversity
(Impson et al. 2002).

Peces endémicos amenazados en la
region floristica de Cabo en Sudafrica:
un nuevo comienzo en el Rio Rondegat

RESUMEN: en muchos rios a lo largo del mundo, las co-
munidades icticas nativas se ven amenazadas por peces
foraneos. En la region floristica de Cabo, en Sudafrica,
la depredacion ejercida por peces foraneos ha impactado
severamente las poblaciones nativas de peces y mas de 17
especies endemicas de peces estan amenazadas. Con el fin
de preservar la fauna ictica endémica, se le dio prioridad a
la remocion de especies foraneas en las areas de conserva-
cion en esta region. En febrero de 2012, la primera erradi-
cacion de peces no nativos mediante el uso de rotenona, se
dio lugar en el Rio Rondegat, un pequerio cuerpo de agua
que ha sido invadido por la lobina boca chica (Micropterus
dolomieu). El tratamiento fue exitoso y culmino después
de un proceso de diez arios facilitado por la colaboracion
de las autoridades de conservacion de Sudafrica (CapeNa-
ture), el Instituto Sudafricano de Biodiversidad Acudatica y
el subcomité de Manejo de Quimicos de La Sociedad Amer-
icana de Pesquerias. Se anticipa que el incremento casi
instantaneo de la biodiversidad tras la remocion efectiva
de peces foraneos invite a tomar nuevos esfuerzos para res-
taurar mds poblaciones de peces endémicos en Sudafrica.

Intentional and unintentional introductions have made fish
one of the world’s most introduced groups of aquatic animals
(Gozlan et al. 2010). Worldwide, intentional fish introductions
have occurred to establish food fishes, create new fisheries,
restore depleted fish stocks, and control plants, invertebrates,
and other fishes (Kolar et al. 2010; van Rensburg et al. 2011).
Although such introductions have often resulted in the desired
outcome, nonnative fish introductions have had impacts on ge-
netic, individual, population, community, and ecosystem lev-
els in recipient environments (Cucherousset and Olden 2011)
through competition, predation, habitat alteration, disease, and
hybridization interactions (Moyle 2002; Clarkson et al. 2005).

Sport fish enhancement has been a major reason for non-
native fish introductions (Cambray 2003), particularly in areas
with predator-poor fish faunas (Dill and Cordone 1997; Clark-
son et al. 2005). Humans living in areas with species-poor fish
communities were often unable to resist the temptation to estab-
lish nonnative sport fishes, and in many regions nonnative fishes
outnumber native species. Nowhere is this more evident than in
the freshwater environments in Mediterranean climate regions
including California, central Chile, southwestern Australia, the
Iberian peninsula (Spain and Portugal), and the CFR of South
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Table 1. Native freshwater fishes, maximum length, IUCN Red list

status.?
. Maximum IUCN 8
Species length (cm SL) | status Main threat
Anguillidae
Afrlcan' Mott_led Eel (Anguilla ben- 145 LC 0
galensis labiata)
S.hortfm Eel (Anguilla bicolor 80 Lc 0
bicolor)
Marbled Eel (Anguilla marmo- 185 LC 0
rata)
Ltf)ngfln Eel (Anguilla mossam- 120 LC 0
bica)
Austroglaniidae
Barnard's Rock Catfish (Austro-
glanis barnardi)® 8 EN 12
Clanwilliam Rock Catfish (Austro-
glanis gilli)°® 13 w 12
Cyprinidae
Berg—Breedej River Whitefish (Bar- 60 EN 1,2,4,5
bus andrewi)®
Chubbyhead Barb (Barbus ano- 12 Lo 0
plus)
Cla'nwnllam Redfin (Barbus 8 w 1,2
calidus)®
Twee River Redfin (Barbus eru- 10 CR 123
bescens)®
Goldie Barb (Barbus pallidus) 7 LC 0
Sawfin (Barbus serra)® 50 EN 1,2,4
Clanwﬂlllam Sandfish (Labeo 36 EN 1,2
seeberi)®
Moggel (Labeo umbratus) 50 LC 5
ClanW|II|am.YeIIowf|sh (Labeobar- 100 w 1,24
bus capensis)®
Eastern Cape Redfin (Pseudobar- 1u EN 1
bus afer)°
Smallscale Redfin (Pseudobar- 8 EN 12
bus asper)°
Burchellls Redfin (Pseudobarbus 14 CR 123
burchelli)®
Berg_Rlver Redfin (Pseudobarbus 12 EN 12,5
burgi)°
Fiery Redfin (Pseudobarbus
phlegethon)® 7 EN 12
Giant Rfedfm (Pseudobarbus 17 NA 12
skeltoni)>
Slen(.:ler Redfin (Pseudobarbus 8 NT 1,2
tenuis)®
Galaxiidae
Cape Galaxias (Galaxias zebra- s DD 12,5
tus)®
Anabantidae
Cape Kurper (Sandelia capensis)® | 20 | DD | 1,25

2 SL = standard length, LC = least concern, EN = endangered, VU = vulnerable, CR
= critically endangered, NA = not assessed, NT = near threatened, DD = data de-

ficient. Main threats (O = no dominant threat identified; 1 = alien fish; 2 = habitat
destruction; 3 = pollution; 4 = utilization; 5 = genetic integrity) in the Cape Floris-

tic Region South Africa (after Skelton 2001; Tweddle et al. 2009).

° Endemic.

°The recently described Giant Redfin has not been formally assessed but is con-

sidered endangered (Chakona and

Swartz 2013).

Fisheries ¢ Vol 39 No 6 June 2014 - www.fisheries.org

Photo 1. A school of Fiery Redfin (Pseudobarbus phlegethon) in the Rondegat
River; it had been extirpated from the lower reaches of the river by Small-
mouth Bass (Micropterus dolomieu). Photo credit: SAIAB/0. Weyl.

Africa (Marr et al. 2009). The introduction history, number of
fishes introduced, and impacts on native fishes are remarkably
similar between California and the CFR. Government-funded
hatcheries were used to produce the nonnative fishes that were
distributed through government-funded stocking programs and
by angling organizations (Dill and Cordone 1997; McCafferty
et al. 2012). The number of successfully introduced fishes in
each region approximates the number of native fishes (44 vs.
45 in California and 20 vs. 24 in the CFR; Marr et al. 2009).
The introduction of nonnative sunfishes (Centrarchidae) in Cali-
fornia and throughout the western United States has had major
impacts largely through predation on native minnow (Cyprini-
dae) populations (Moyle 2002; Clarkson et al. 2005; UCREFRP
2012a, 2012b). Native CFR minnows have experienced similar
impacts from sunfish and trout (Salmonidae) introductions (van
Rensburg et al. 2011). As evidence from other countries and
local environmental impacts began to accumulate, South Africa
began to severely restrict introductions of nonnative fish. The
control of nonnative fishes and the rehabilitation of native fish
habitats through the removal of the former are now conservation
priorities (Marr et al. 2012).

In the CFR, management actions were implemented to re-
habilitate some of the affected rivers by eradicating populations
of nonnative fish (Marr et al. 2012). Eradication of nonnative
fishes can be costly and controversial (Finlayson et al. 2005),
and success often decreases with increasing range of the invad-
ing species, as well as size and complexity of the affected envi-
ronment (Finlayson et al. 2010; Kolar et al. 2010). Knowing that
eradication would likely be a difficult task and borrowing on
previous experiences in the United States and Europe, South Af-
rica began a process over a decade ago to assess various options
and began planning for eradicating nonnative fish from rivers.

This article reviews the historical context of the eradication
program and examines the partnerships and processes that ulti-
mately resulted in the successful removal of alien fish and the
almost instantaneous increase in fish diversity in the Rondegat
River in the CFR.
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HISTORY AND IMPACTS

Nonnative Fish
Introductions

In South Africa, as elsewhere,
most fish were introduced as game
fish or as prey species in order to

develop sport fisheries. Legislation

encouraging the importation of sport s, Sy T

fishes and government support for
fisheries development (McCafferty
et al. 2012) resulted in the success-
ful establishment of 20 nonnative
fish species in the CFR (Table 2).
Most of these can be traced back to
the government-funded Jonkershoek
Hatchery, located in the CFR (van
Rensburg et al. 2011). At Jonker-
shoek, introduced fishes were first

ATLANTIC
OQCEAN

propagated and then distributed to N
other government hatcheries and /
stocked either directly or with the ,H,

help of piscatorial societies. Alien

e N8 INDIAN OCEAN
500

KILOMETRES

fishes were granted special protection
through the formation of the Inland
Fisheries Division in the Cape Prov-
ince in 1943 (a precursor to CapeNa-
ture), which enacted measures for the
protection of game fishes including
fishing licences, closed seasons, and
bag limits (McCafferty et al. 2012).

Figure 1. Eight river basins in Cape Floristic Region and their endemic fishes. River basins: 1 = Olifants,
2 = Berg, 3 = Breede, 4 = Gouritz, 5 = Gamtoos, 6 = Sundays, 7 = Coastal drainages, 8 = Baakens.
Fish: A = Smallscale Redfin (Pseudobarbus asper), B = Eastern Cape Redfin (P. afer), C = Slender Red-
fin (P. tenuis), D = Burchell’s Redfin (P. burchelli), E = Berg River Redfin (P. burgi), F = Fiery Redfin (P.
phlegethon), G = Clanwilliam Redfin (Barbus calidus), H = Twee River Redfin (B. erubescens), | = Cape
Kurper (Sandelia capensis), ] = Barnard’s Rock Catfish (Austroglanis barnardi), K = Clanwilliam Rock
Catfish (A. gilli), L = Cape Galaxias (Galaxias zebratus), M = Clanwilliam Sandfish (Labeo seeberi), N =
Whitefish (Barbus andrewi), 0 = Sawfin (B. serra), P = Clanwillian Yellowfish (Labeobarbus capensis).
Note: The Giant Redfin (P. skeltoni) recently described from the Breede River is not included. (Fish il-
lustrations courtesy of SAIAB.)

Late 19th-century introductions

of both Rainbow Trout (Oncorhynchus mykiss) and Brown
Trout (Salmo trutta) resulted in the development of a thriving
sport fishery for these species in the cooler, high-altitude re-
gions of the CFR (McCafferty et al. 2012). To develop similar
angling opportunities in warmer, low-lying areas, five sunfishes
(i.e., Largemouth Bass, Micropterus salmoides; Smallmouth
Bass, M. dolomieu; Spotted Bass, M. punctulatus; Florida Bass,
M. floridanus; and Bluegill, Lepomis macrochirus) were intro-
duced between 1928 and 1980. With the assistance of informal
stocking by anglers, alien game fishes spread rapidly, and on a
regional scale most river basins now contain at least four alien
fish species and few headwater tributaries remain noninvaded
(Figure 2).

Although larger native species such as Clanwilliam Yellow-
fish (Labeobarbus capensis, Cyprinidae) are of interest to some
anglers, it is recognized that the development of the large and
economically important recreational fishery was the direct re-
sult of nonnative fish introductions (van Rensburg et al. 2011).
Anglers that support these fisheries in the CFR are highly orga-
nized; the Federation of South African Flyfishers and the South
African Bass Anglers Association, an organization affiliated to
the Bass Anglers Sportsman Society in the United States, are
strong proponents of trout and sunfish fisheries, respectively.

Impacts of Nonnative on Native Fishes

Native fishes in the CFR are threatened by a variety of an-
thropogenic impacts including water extraction for agriculture,
increasing sedimentation rates, habitat modification (e.g., ca-
nalization and dam building), and predation by and competition
with alien invasive fishes (Tweddle et al. 2009). Though the
individual impacts are difficult to determine, their combined ef-
fects have resulted in severe declines of mainstream populations
of the large native cyprinids—Clanwilliam Yellowfish, Sawfin
(Barbus serra), Whitefish (Barbus andrewi), and Clanwilliam
Sandfish (Labeo seeberi)—and the disappearance of most en-
demic small minnow species in the lower reaches of CFR riv-
ers. In more pristine environments such a headwater streams,
however, the primary threat to native fishes is nonnative fish
introductions (Tweddle et al. 2009).

Though initial introductions of nonnative fishes are fairly
well documented, there are few published assessments of their
impacts on South African aquatic ecosystems. This can be as-
cribed to the small number of scientists working in the field
of fish invasion biology and the lack of research focus on the
ecological impacts of fish introductions until the 1980s (Mc-
Cafferty et al. 2012). The research that has been conducted in
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Table 2 . Currently established nonnative freshwater fishes in
Cape Floristic Region with maximum length, date, and purpose of
introduction.”

Maximum
Species length (cm | Date Purpose | Impact
SL)
Centrarchidae
Bluegill (Lepomis macrochirus) 20 1938 PR, AN 1
Smallr.nouth Bass (Micropterus 55 1937 AN 2
dolomieu)
Florida Bass (Micropterus flori- 70 1980 AN 2
danus)
Spotted Bass (Micropterus punct- 60 1939 AN 2
ulatus)
Larger.'nouth Bass (Micropterus 60 1928 AN 2
salmoides)
Cichlidae
Israeli Tilapia (Oreochromis au- 30 1915 AQ 1
reus)
Mozar’pblque Tlllapla (Oreo- 40 1936 PR, AN, 1
chromis mossambicus) AQ
Southern Mouthbrooder (Pseu-
docrenilabrus philander) 13 1980 PR 1
Bandcleld Tilapia (Tilapia spar- 23 1941 PR 1
rmanii)
Clariidae
'Afrlcan' Sh.arptooth Catfish (Clar- 130 1975 AQ, AN, 2
ias gariepinus) 1B
Cyprinidae
Goldfish (Carassius auratus) 25 1726 OR 3
f;rass Carp (Ctenopharyngodon 100 1980 BI 3
idella)
Common Carp (Cyprinus carpio) | 75 1859 AN 3
Orange. River Mudfish (Labeo 50 1975 B 4
capensis)
Smallmouth Yellowfish (Labeo- 50 1953 AN 1
barbus aeneus)
Tench (Tinca tinca) 64 1896 PR, AN 1
Percidae
Yellow Perch (Perca fluviatilis) | 60 [ 1915 | an [1
Poecilidae
V\'lestern' Mosquitofish (Gambu- 6 1936 PR, BI 1
sia affinis)
Salmonidae
Raln.bow Trout (Oncorhynchus 75 1897 AQ, AN 2
mykiss)
Brown Trout (Salmo trutta) 75 1892 AQ, AN 2

aSL = standard length, PR = prey species for predatory game fishes, AN =
introduced for angling, AQ = aquaculture, IB = inter-basin water transfers, OR =
ornamental/pet trade, Bl = biocontrol. Documented impacts (1 = not assessed in
South Africa; 2 = predation on and competition with native fishes; 3 = parasite/
disease vector; 4 = hybridization with native fishes) in South Africa (after van
Rensburg et al. 2011; Marr et al. 2012).

Fisheries -

South Africa (e.g., Woodford and Impson 2004; Lowe et al.
2008; Weyl et al. 2010; Ellender et al. 2011) mirrors results
from studies conducted elsewhere; alien game fishes’ overt im-
pact on native aquatic ecosystems is through predation (Moyle
2002; Cucherousset and Olden 2011; UCREFRP 2012a, 2012b).
Predation has resulted in several local extirpations and small
native fishes are typically restricted to headwater reaches of
CFR streams where alien fish invasions have been impeded by
barriers such as waterfalls and dams (Woodford et al. 2005; El-
lender et al. 2011). As a result, the historical distribution ranges
of most native CFR fish species are now severely constricted,
fragmented, and genetically isolated (Swartz et al. 2004). This
was similar to the situation in the western United States, where
introduced sunfishes have often locally extirpated native cypri-
nid species (UCREFRP 2012a, 2012b).

PLANNING FOR NATIVE FISH
CONSERVATION

Changing Attitudes and Management

South Africa lacks a national inland fisheries policy and
the management of inland fisheries is the responsibility of pro-
vincial nature conservation departments. This is similar to the
United States where inland fisheries are still largely managed
by individual state fish and wildlife departments. Until the
1980s, South African conservation departments actively man-
aged inland fisheries through enforcement of regulations and
by enhancing fisheries through stocking programs. An increas-
ing awareness of the impacts of nonnative fishes resulted in a
change of attitude by conservation authorities, and nonnative
fish production by government hatcheries stopped in the early
1990s (McCafferty et al. 2012).

Alien invasive species management is now a legislated
priority in South Africa. The National Environmental Manage-
ment: Biodiversity Act (Act No. 10 of 2004; NEMBA), for ex-
ample, lists alien invasive species as a threat to biodiversity and
includes legislation intended to prevent their unauthorized intro-
duction and spread. To support the NEMBA, Alien and Invasive
Species Regulations were published in July 2013. These regu-
lations include prohibited species lists that prohibit the import,
possession, movement, and release of more than 100 listed fish
taxa and require an Invasive Species Management Program for
nonnative game fish species (e.g., Brown Trout, Rainbow Trout,
Common Carp, Largemouth Bass, and Smallmouth Bass). The
Invasive Species Management Programs are expected to reg-
ulate these fish species through a zoning scheme on national
maps, which include permitted and prohibited zones. All gov-
ernment departments and management authorities of protected
areas are also obligated to develop monitoring, control, and
eradication plans. Private land owners have to report the pres-
ence of listed invasive species and take steps to manage, eradi-
cate, or prevent them from spreading.

Vol 39 No 6+ June 2014 - www.fisheries.org 273
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Though conservation authorities
considered the NEMBA as one of the
most important pieces of conservation \
legislation for South African inland wa-
ters (Roux et al. 2006), some anglers
and angling organizations saw this leg-
islation as a direct attack on their sport
and directly opposed NEMBA through
public and political lobbying (McCaf-
ferty et al. 2012).

CapeNature, South African
Institute of Aquatic
Biodiversity, and the
American Fisheries Society
Collaboration

In 2000, the Cape Action for Peo-
ple and the Environment (CAPE) Pro-

H°E INFESTATION INTENSITY

[0 46 mon-native spacies ,f’rﬂm\
[ 7-9 non-native species
] 10-14 non-native species

(Eastern Cape)

INDFAN QCEAM
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gram was started to more effectively
conserve the CFR (Lochner et al. 2003).
Recognizing the increasing impacts of
nonnative fishes on native biodiversity,
CapeNature, as part of the CAPE Pro-
gram, developed conservation plans
for aquatic ecosystems (Impson et al.
2002). CapeNature subsequently consulted with key conser-
vation stakeholders, including the South African Institute of
Aquatic Biodiversity (SAIAB) and the American Fisheries So-
ciety’s (AFS) Fish Management Chemicals Subcommittee, to
determine realistic fish eradication strategies and priorities.

A series of workshops were held at SAIAB in 2003 and
2004 that focused on identifying criteria for evaluating riv-
ers for alien fish control. The criteria used were (1) severity
of threat to native fishes, (2) current land use, (3) presence of
geographic or man-made barriers that would prevent reinvasion
after successful eradication, (4) logistic feasibility, and (5) de-
gree of recreational angling affected (Marr et al. 2012). These
criteria resulted in a list of four priority rivers where eradication
was considered feasible (Figure 2).

Control of alien fish to benefit native fish is often recog-
nized as difficult. Direct intervention through the use of pi-
scicides was chosen as the most appropriate method because
complete removal of nonnative fish from a particular area is
usually required to recover the ecosystem’s ability to support
native species. Typically, if all fish are not removed from an iso-
lated area, they are able to reproduce and the problem continues
(Finlayson et al. 2010; Kolar et al. 2010). Discussions around
the most appropriate method for fish removal were guided by
experiences throughout the world. The use of piscicides or com-
plete dewatering has the highest success rate in eliminating fish
populations from isolated areas. Of the two available general
piscicides rotenone and antimycin, rotenone was chosen be-
cause it had recently been approved for reregistration (U.S. En-
vironmental Protection Agency 2007), and a Rotenone Standard

Figure 2. Location of the four rivers selected for rotenone treatment (Rondegat, Krom-Cederberg,
Suurvlei, and Krom-Eastern Cape) within the eight Cape Floristic Region river basins indicating the
number of alien fish species present: 1 = Olifants, 2 = Berg, 3 = Breede, 4 = Gouritz, 5 = Gamtoos, 6 =
Sundays, 7 = Coastal drainages, 8 = Baakens. Note: 2 and 7 incorporate smaller river basins and have
been combined for illustration purposes. (Adapted from Marr et al. 2012.)

Operating Procedures Manual (Rotenone SOP Manual) to guide
safe and effective use has been recently published by AFS (Fin-
layson et al. 2010). Rotenone, a phosphorylation inhibitor, is a
botanical material produced by various members of the bean
family Leguminosae (McClay 2000). The substance has been
widely used as a piscicide over the past 50-plus years in North
America, Europe, New Zealand, and Australia for fisheries
management and conservation purposes (McClay 2000; Brit-
ton and Brazier 2006; Rayner and Creese 2006; Pham et al.
2013). Rotenone is an unstable compound in nature and dis-
sipates quickly from water through hydrolysis and photolysis,
resulting in aquatic half-life values of 0.6 to 7.7 days (Finlayson
etal. 2001, 2010).

Environmental Impact Assessment

A key component of the CAPE Program was an Environ-
mental Impact Assessment (EIA), which assessed whether the
preferred method of alien fish eradication was ecologically and
socially acceptable and whether the four chosen rivers were
good candidates for restoration (Enviro-Fish Africa [EFA]
2009). Funding for the EIA was provided by the Global Envi-
ronment Facility of the World Bank through a project admin-
istered by CapeNature. Although the use of piscicides is not
a “Listed Activity” in South Africa’s National Environmental
Management Act (Act No. 107 of 1998) and did not require
a mandatory risk assessment, environmental safeguards of the
World Bank required that the project be subject to a rigorous,
independent environmental analysis. The EIA recommended the
Rondegat River as the first pilot project for removal of alien
fishes using the piscicide rotenone (EFA 2009).
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Figure 3. Rondegat River treatment area.

RONDEGAT RIVER PILOT PROJECT

Study Site

The Rondegat River (Figure 3) is typical of many invaded
CFR streams. The 28-km-long single-channel river is shallow
(<1 m deep) and relatively narrow (2—4 m wide). The river re-
ceives most of its flow in winter and early spring (May to Sep-
tember), and the groundwater-dependent summer discharge is
very low (0.07-0.08 m?/s). The geology of the catchment is pri-
marily sandstone resulting in river water of great clarity (sum-
mer turbidity 0.5-2.8 NTU), moderate acidity (pH 5.4-6.3), and
relatively low conductivity (14-120 pS/cm). Water temperature
varies from about 8°C in winter (June—August) to 27°C in sum-
mer (December—February). These physical characteristics are
very similar to those of many small headwater streams in the
Western United States where rotenone has been used in the suc-
cessful eradication of introduced species, allowing for the re-
coveries of native trout (Oncorhynchus) and char (Salvelinus)
species (e.g., Finlayson et al. 2005).

The river flows into a 1,124-ha warmwater impoundment,
Clanwilliam Dam, where alien Largemouth, Smallmouth, and
Spotted Bass populations have been established since 1948
(Weyl et al. 2013). The lower river has three barriers to fish
invasions from the impoundment: (1) a 1-m-high waterfall and
bedrock cascade located 0.6 km above the high water mark of
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the impoundment; (2) a 2-m-high weir 0.4 km upstream of the
bedrock cascade, and (3) the 1.3-m-high Rooidraai waterfall lo-
cated 4 km upstream of the weir (Weyl et al. 2013). We thought
this treatment area of the Rondegat River was ideal for native
fish recovery because, like many small headwater streams in the
Western United States, it was protected from reinvasion by fish
barriers and thus had a high chance of success (Finlayson et al.
2005). Pretreatment electrofishing and snorkel surveys demon-
strated that Smallmouth Bass had invaded to the Rooidraai wa-
terfall (Woodford et al. 2005; Weyl et al. 2013). In the invaded
reach, Clanwilliam Yellowfish were the only native fish able to
coexist with Smallmouth Bass but native Fiery Redfin, Clan-
william Redfin, and juvenile Yellowfish were abundant above
Rooidraai. The project was implemented based on the assump-
tion that the removal of Smallmouth Bass from the bounded
section of river (i.e., between the weir and Rooidraai) would
result in the recovery of the native fish. This assumption was
supported by previous examples of native fish recovery follow-
ing alien fish removal in other countries (e.g., Demarais et al.
1993; Lintermans 2000; Finlayson et al. 2005).

Rotenone Application

The Rondegat River was first treated on 29 February 2012,
when water temperatures were between 23°C and 27°C and
stream discharge (0.07 m®/s) and velocity (0.5 km/h) were low.
Treatment was conducted according to the guidelines in the
AFS Rotenone SOP Manual (Finlayson et al. 2010). Rotenone
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was applied to the river using a series of drip cans sited
at seven locations spaced approximately at 1-h water
travel time intervals to maintain the recommended treat-
ment concentration of 1 mg/L CFT Legumine (Jordaan
and Weyl 2013) during a 6-h treatment. Six backpack
sprayers were used to treat the backwater, seep, and
spring areas with a 1% v/v CFT Legumine solution. To
minimize off-target effects, deactivation of rotenone
downstream of the water diversion weir was accom-
plished using a 2.5% w/v solution of potassium per-
manganate (KMnO,). Deactivation began at the same
time as the rotenone treatment and lasted until 2 March
2012. To monitor the effectiveness of the treatment and
deactivation, sentinel Smallmouth Bass were placed in
net enclosures upstream of the emitters and at the 30-
min travel time location downstream of the deactivation
point. A second treatment was conducted one year after
the first treatment on 13 March 2013.

Density (fish/m?)

Fish Response

The response of the fish community to rotenone
treatment was assessed during two pre-rotenone surveys
(February 2011, February 2012) and three post-rotenone
(March 2012, October 2012, and February 2013) sur-
veys. The first three surveys utilized multiple methods
including underwater video analysis, electrofishing, and
snorkel surveys and are described in detail in Weyl et al.
(2013). During subsequent surveys (October 2012 and
February 2013) only snorkel surveys were conducted.
These snorkel surveys included both qualitative assess-
ments of snorkeling through the entire 4-km treatment
zone as well as quantitative two-pass fish counts in 20
monitoring sites (Weyl et al. 2013). The entire 4-km
treatment area was patrolled during and immediately
after the two rotenone treatments and all dead fish were
collected, identified, counted, and measured.
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Figure 4. Fish density in invaded and noninvaded survey sites of the Rondegat River

Pretreatment snorkel survey fish density esti-
mates (mean + SE) in the treatment area were 0.68 +
0.33 fish/100 m? and Smallmouth Bass densities were
2.29 £ 0.56 fish/100 m? (Weyl et al. 2013). During the
first rotenone treatment, 470 Smallmouth Bass and 139
Clanwilliam Yellowfish were removed from the river (Weyl et
al. 2013). The total biomass of fish removed from the 4-km
treatment section was 63 kg, of which 27.2% (17.2 kg) were
Smallmouth Bass and 72.8% (45.8 kg) were Clanwilliam Yel-
lowfish. All sentinel bass in the treatment area were killed, indi-
cating an efficacious treatment, and the sentinel bass below the
treatment area survived, indicating an effective deactivation of
rotenone with KMnO,. There was no evidence of treatment ef-
fects downstream and posttreatment surveys conducted one day
after treatment detected no fish in the treatment area (Weyl et al.
2013). No Smallmouth Bass were detected in the treatment area
during subsequent snorkel surveys but native fish densities were
observed to respond positively. By October 2012, native fish
density (mean + SE) in the treatment area had increased to 9.6
+ 7.0 fish/100 m?, and one year after the first treatment snorkel

determined from snorkel surveys conducted in (a) February 2012 immediately be-
fore the rotenone treatment and (b) February 2013 one year after the first treat-
ment. Potential barriers to upstream migration of Smallmouth Bass are the lower
waterfall, weir, and the Rooidraai waterfall. N = native; NN = nonnative.

surveys estimated native fish densities at 38.7 £ 7.0 fish/100
m?. These native fish densities were significantly higher than
those observed in the treatment area prior to rotenone applica-
tion (Mann-Whitney U test: U= 17.0; N =16, 20; P <0.0001).
Native fishes were now present at most survey sites in the treat-
ment area but were still absent in downstream invaded zones
(Figure 4). These findings were validated by comparing the
numbers of fish recovered after the second treatment. Whereas
the only native fish recovered during the first treatment were
139 Clanwilliam Yellowfish (mostly adult), 2,425 Clanwilliam
Yellowfish (mostly juveniles), 349 Clanwilliam Redfin, 190
Fiery Redfin, and 11 Clanwilliam Rock Catfish were recovered
during the second treatment (Figure 5). The almost instanta-
neous increase of fish diversity following Smallmouth Bass
eradication from the Rondegat River not only exemplifies the
impact that Smallmouth Bass have on native fish communities
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Figure 5. Length frequency histograms of native fishes recovered from the
treatment zone during the (a) 2012 and (b) 2013 rotenone treatments.

but also demonstrates that recovery is likely to be rapid follow-
ing the second treatment.

Impacts on Nontarget Biota

Monitoring of aquatic invertebrates within the treated
reach, which had detected 50 taxa in the week prior to treatment,
found that 18 (36%) of these taxa were missing in the week fol-
lowing treatment. Follow-up surveys in May 2012 found 9 of
these missing taxa back in the treatment zone, indicating a 50%
recovery rate within 2 months of treatment. This rapid recov-
ery was consistent with the expectation that the low level (= 1
mg/L formulation for less than 18 h) rotenone exposure would
not have significant long-term effects on the macroinvertebrate
assemblage (Finlayson et al. 2009). Of the 18 species initially
lost following treatment, 5 were endemic to the mountain range
drained by the Rondegat River, and all of these were present
upstream of the treated reach, from where they could recolonize
(Woodford et al. 2013). Amphibian diversity was not a conser-
vation concern for the operation, as no frog taxa present in the
catchment were restricted to the treated stream channel. The
species present in the stream are widespread and common (e.g.,
Clicking Stream Frog, Strongylopus grayii; and Cape River
Frog, Amietia fuscigula), also occurring upstream and in a va-
riety of nearby wetland habitats that were not affected by the
treatment (EFA 2009).
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Photo 2. Melanie Duthie prepares to apply rotenone to the Rondegat
River using a drip can. Photo credit: Bruce Ellender.

MOVING FORWARD TO A NEW BEGINNING
FOR NATIVE FISH

In South Africa, the responses of angling sectors to con-
servation projects that involve the control of alien fish spe-
cies have varied. The South African Bass Anglers Association,
whose members fish primarily on impoundments from boats
for established populations of bass, do not formally object to
conservation efforts in streams because these are not greatly
utilized by their members. This differs considerably from
the interests of the fly fishers who target alien trout in small
mountainous streams. There are prime waters for trout fishing
within protected areas of the CFR, and because many of these
streams are considered a high conservation priority, rehabilita-
tion projects were considered a direct threat to the fly angling
community. For this reason the fly angling community took the
lead in challenging CapeNature’s river rehabilitation projects
in newspapers, popular magazines, and the Internet (Marr et
al. 2012). To improve awareness on the impacts of alien fishes
and gain public support, CapeNature has written popular ar-
ticles in local angling magazines promoting native fishes and
associated conservation issues. In response, the general public
and stakeholders from local communities expressed concerns
about the necessity of removing alien game fish and the risks
of using rotenone on nontarget taxa such as aquatic insects, na-
tive fishes, amphibians, and humans. The EIA addressed those
concerns and included an independent scientific assessment of
the proposed program including the rotenone treatment of the
Rondegat River (Marr et al. 2012). This was a crucial first step
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to moving forward in changing the public’s perception of na-
tive fish restoration projects that are scheduled in South Africa.
Following the conclusion to the EIA, CapeNature convened a
meeting with all stakeholders in August 2009 with no formal
opposition to the project.

The almost instantaneous increase in biodiversity following
the first treatment of the Rondegat River will likely encour-
age more native fish recovery programs in South African riv-
ers. Apart from the four rivers mentioned, CapeNature recently
held a stakeholder workshop that concluded that a further 14
CEFR rivers were priorities for alien fish control. Fish and in-
vertebrate responses in treated rivers will therefore continue to
be monitored for the foreseeable future. An initially skeptical
public, especially anglers, are likely to be more receptive to
these projects if their angling needs are addressed and if proj-
ects yield biodiversity recovery. There is now a much greater
public awareness of the plight of native CFR fishes and impacts
of alien fishes in South Africa. The interaction among angling
associations, local landowners, and CapeNature that occurred
during this project resulted in a mechanism of better commu-
nication and understanding that is useful as a model for future
treatments. Technical guidance from the AFS Rotenone SOP
Manual (Finlayson et al. 2010) and on-site support from AFS
and SAIAB were instrumental in the planning and successful
eradication of Smallmouth Bass from the Rondegat River up-
stream of Clanwilliam Dam. This information has been trans-
ferred to CapeNature for use in future rotenone projects.

We are all aware that it is much easier to introduce un-
wanted fish into new environments than it is to remove these
fish because of biological, social, political, and physical impedi-
ments. To prevent new infestations and ensure success of the
alien fish eradication pilot program, CapeNature and SAIAB
will continue to raise public awareness of the impacts of alien
fish on CFR native fishes through information transfer at public
meetings, websites, and news media productions. After comple-
tion of the four pilot projects now scheduled, the experiences
will hopefully dictate a clear path forward and a new beginning
for native fishes in South Africa.
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