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Abstract
1. DNA‐based studies have uncovered cryptic species and lineages within almost all freshwater

fishes studied thus far from the Cape Fold Ecoregion (CFE) of South Africa. These studies have

changed the way the CFE is viewed, as almost all stream fishes that were previously consid-

ered to be of low conservation priority, because they were perceived to have broad geograph-

ical ranges, contain multiple historically isolated lineages, many of which are narrow‐range

endemics.

2. As stream fishes of the CFE are of conservation concern owing to threats mainly posed by hab-

itat degradation, invasion by alien species and hydrological modification, re‐evaluation of the

distribution and conservation status of newly identified unique lineages is required to inform

the development and implementation of effective conservation and management strategies.

3. The present study conducted an IUCN Red List conservation assessment of a newly identified

lineage of the Galaxias zebratus species complex (hereafter referred to as Galaxias sp.

‘Joubertina’) to identify key threats and provide recommendations to conservation authorities

on appropriate measures to reduce extinction risk.

4. The lineage met the qualifying threshold for the Endangered category because of its very

restricted geographic range, few remaining secure populations, small known population sizes

and the intensity of threats to most of the populations. Only six populations remain, one of

which could be an ‘extralimital’ population potentially established through an inter‐basin water

transfer scheme.

5. Galaxias sp. ‘Joubertina’ is threatened by invasive piscivores, habitat degradation and excessive

water abstraction. These impacts have fragmented remnant populations, raising concerns

about potential long‐term adverse impacts on genetic diversity and evolutionary potential of

this lineage.

6. Immediate conservation measures should protect remnant populations from further impacts,

while long‐term measures should aim to restore historical connectivity to reduce the potential

deleterious effects of inbreeding in the small isolated populations.
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1 | INTRODUCTION

Globally, freshwater biodiversity is under severe threat owing to

widespread land‐use changes and associated habitat degradation,

over‐exploitation of water, pollution, flow modification and invasion
67. wileyonlinelibrary.c
by non‐native species (Dudgeon et al., 2006; Magurran, 2009). These

threats to freshwater biodiversity are interactive, but the greatest

threat globally has been assessed as the introduction and spread of

invasive non‐native fishes (Cowx, 2002). All these impacts have col-

lectively caused a sharp increase in the number of global freshwater
Copyright © 2017 John Wiley & Sons, Ltd.om/journal/aqc 55
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fish extinctions (Harrison & Stiassny, 1999; Helfman, 2007; Hinton‐

Taylor et al., 2009).

The Cape Floristic Region (CFR), which refers to the phytogeo-

graphic region located at the southern tip of Africa, has been tradi-

tionally used as a synonym for the Cape Fold Ecoregion (CFE), a

freshwater ecoregion which encompasses rivers associated with

the Cape Fold Belt which runs parallel to the south and west coast

of South Africa (Abell et al., 2008). This region is a world‐renowned

biodiversity hotspot that harbours several narrow‐range endemic

plants and animals (Goldblatt & Manning, 2002; Linder et al.,

2010; Wishart & Day, 2002). Until only recently, the diversity of pri-

mary freshwater fishes in the CFE was thought to be low, as the

region was understood to have only 18 nominal species (Skelton,

2001). However, Linder et al. (2010) estimated that there are at

least 43 historically isolated lineages hidden within the 18 nominal

freshwater fishes of the CFE, a revelation that has important impli-

cations for conservation management, given that many of the

currently recognized primary freshwater fishes in this region are

already listed in threatened categories of the IUCN (Tweddle

et al., 2009). DNA‐based studies and continuing taxonomic revision

of stream fishes of the CFE are showing that many species previ-

ously thought to be wide‐ranging are complexes comprising several

narrow‐range genetic lineages or species (Bloomer & Impson,

2000; Chakona & Skelton, 2017; Chakona & Swartz, 2013; Chakona,

Swartz, & Gouws, 2013; Chakona, Swartz, & Skelton, 2014; Swartz,

Skelton, & Bloomer, 2007, 2009; Wishart, Hughes, Stewart, &

Impson, 2006). Fishes of the CFE are mainly threatened by intro-

duced piscivorous fishes, and habitat modification through over‐

abstraction of water, channelization and bulldozing (Clark, Impson,

& Rall, 2009; Nel et al., 2007; Rouget, Richardson, Cowling, Lloyd,

& Lombard, 2003; Skelton, Cambray, & Lombard, 1995; Tweddle

et al., 2009). Following Ellender and Weyl (2014), the term ‘non‐

native species’ in this paper refers to both alien (i.e. species that

are not indigenous to South Africa) and ‘extralimital’ (i.e. indigenous

species that have been introduced into other river systems outside

their natural distribution ranges). Tweddle et al. (2009) suggested

that the introduction of non‐native fishes is the most serious of

these threats. Non‐native fishes introduced to South Africa have

been identified as the main cause of the decline and localized

extinctions of native fishes across the CFE (Clark et al., 2009;

Shelton, Samways, & Day, 2015). Almost all mainstem populations of

native fishes in the CFE have been extirpated, and remnant popula-

tions now typically survive in tributary streams as highly fragmented

populations, mostly above barriers such as waterfalls or weirs that

prevent upstream movement of non‐native fishes (Chakona, Swartz,

& Gouws, 2013; Clark et al., 2009). Occurrence of hidden diversity

(Chakona & Skelton, 2017; Chakona & Swartz, 2013; Chakona,

Swartz, & Gouws, 2013; Chakona et al., 2014; Swartz, Chakona,

Skelton, & Bloomer, 2014; Swartz et al., 2007, 2009; ) in these already

threatened species calls for re‐evaluation of the ecology and biology,

conservation status and geographical distribution of stream fishes in

the CFE (Kadye, Chakona, & Jordaan, 2016). This is critical as the dif-

ferent lineages may differ in their vulnerability to ecological impacts

and may consequently require different management strategies for

conservation actions to be successful.
The Cape Galaxias, Galaxias zebratus Castelnau 1861, was previ-

ously thought to be the only species of the family Galaxiidae that

occurred in Africa. Galaxias zebratus, as previously understood, had

the widest geographical range of stream fishes restricted to the CFE,

spanning across more than 20 isolated river systems from the Olifants

on the west coast to the Gamtoos in the eastern CFE (Cambray, Bok, &

Smith, 1995; Skelton, 2001). However, molecular studies have shown

that G. zebratus is a species complex, comprising at least 10 deeply

divergent lineages (Chakona, Swartz, & Gouws, 2013; Waters &

Cambray, 1997; Wishart et al., 2006). There are serious conservation

concerns, because only one of these lineages has a wide distribution

range across the CFE, while the rest of the lineages have much

narrower ranges and potentially smaller population sizes (Chakona,

Swartz, & Gouws, 2013; Chakona, Swartz, Gouws, & Bloomer, 2013).

For example, Galaxias sp. ‘Joubertina’, one of the newly identified

unique lineages within the G. zebratus species complex, is a narrow‐

range endemic comprising highly fragmented populations confined to

tributaries of the Krom and Gamtoos River systems in the eastern

CFE (Cambray et al., 1995; Chakona, Swartz, & Chakona, 2015). Future

survival of Galaxias sp. ‘Joubertina’ is uncertain because remnant

populations of this lineage face increasing human impacts owing to

excessive water abstraction, habitat degradation and invasion by

non‐native American black bass Micropterus spp Lacepède 1802, blue

gill sunfish Lepomis macrochirus Rafinesque 1819, and the extralimital

African sharp tooth catfish Clarias gariepinus (Burchell 1822).

Given the multiple threats to remnant populations of Galaxias sp.

‘Joubertina’, accurate mapping and assessment of the conservation sta-

tus of this lineage is urgently needed, even before it is formally

described, to guide the development and implementation of appropri-

ate conservation and management strategies. The purpose of the pres-

ent study was to: (i) conduct an IUCN Red List conservation

assessment of Galaxias sp. ‘Joubertina’; (ii) ascertain the factors that

pose the greatest extinction risk to Galaxias sp. ‘Joubertina’; and (iii)

make recommendations to conservation authorities on the effective

and appropriate management initiatives to secure the remaining popu-

lations of Galaxias sp. ‘Joubertina’. The present study will provide a

template for assessing conservation status of other recently identified

unique genetic lineages of stream fishes in the CFE (Chakona, Swartz,

& Gouws, 2013) to expedite the development of appropriate conser-

vation and management strategies to protect aquatic biodiversity in

this global endemic hotspot.
2 | MATERIALS AND METHODS

2.1 | Sampling

Field surveys were carried out in January 2011, March 2011 and April

2012 during low‐flow conditions. In total, 22 tributaries (nine in the

Krom and 13 in the Gamtoos river systems) and 72 localities (30 in

the Krom and 42 in the Gamtoos) were sampled (Figure 1) using a

3 m seine net, snorkelling with a hand net, electric fishing or a combi-

nation of these methods. At least three sites were surveyed per

tributary to establish the lower and upper limits of the lineage in each

tributary. At each site, all habitats present were sampled, and all
e



FIGURE 1 (a) Map showing location of the study area; (b) sampling sites that were visited to map the distribution of Galaxias sp. ‘Joubertina’; and
(c) the present localities where Galaxias sp. ‘Joubertina’ was collected in the Krom and Gamtoos river systems. Arrows in plate c indicate the
direction of river flow
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fishes captured were identified and recorded. Occurrence of non‐

native fishes was recorded as absent (0) or present (1). Geographic

coordinates and site elevation were obtained in the field using a GPS.

Temperature, pH, conductivity and total dissolved solids (TDS)

were measured at each locality using portable electronic meters

(Hanna Inc.). Water depth, stream width and the length of the stream

segment were measured where fish population densities were mea-

sured (see below) using a graduated pole and tape measure. At each

site surveyed, habitat types and flow conditions were visually

assessed and classified as either pool or riffle depending on the depth

and flow velocity. Deep areas with slow flow and smooth surface

appearance were classified as pools while shallow areas with fast flow

and uneven surface appearance were classified as riffles. Flow veloc-

ity was visually assessed and scored as static (0), slow (1), moderate

(2) or fast (3).

At each locality, dominant substratum was visually assessed and

recorded according to particle sizes as mud/silt (< 0.063 mm); sand

(0.063–2 mm); gravel (>2–64 mm); cobbles (>64–256 mm); boulders

(>256–330 mm) or bedrock following Quinn and Hickey (1990).

Aquatic vegetation was scored as absent (0), scarce (< 30%), moder-

ate (30–60%) or abundant (>60%). The extent of stream shading

was visually assessed depending on the presence or absence of

marginal vegetation and was scored as absent (0), scarce (< 30%),

moderate (30–60%) or abundant (>60%). Riparian vegetation was
assessed and classified as woody vegetation, mixed vegetation or

grassland.

Classification trees (Breiman, Friedman, Olshen, & Stone, 1984)

were used to investigate habitat preferences of Galaxias sp.

‘Joubertina’. The analysis was carried out in R version 2.15 (R Devel-

opment Core Team, 2012) using R Libraries Tree (for classification

trees) and Random Forests (Breiman, 2001, 2002). Classification tree

analysis explains variation of response variables based on a set of

independent explanatory predictors, either numerical or categorical

(Breiman et al., 1984; De'ath, 2002; Ripley, 1996). The analysis differ-

entiates between pre‐identified variables in the data as present or

absent (De'ath & Fabricius, 2000). Classification trees were con-

structed using Galaxias sp. ‘Joubertina’ presence or absence data for

each site sampled. Physico‐chemical variables (temperature, pH, TDS

and conductivity), extent of shading, altitude, abundance of aquatic

vegetation, type of riparian vegetation and bottom substrate were

used as predictors in the analysis. The best predictive tree with the

smallest predicted mean square error was selected using cross‐valida-

tion (De'ath & Fabricius, 2000). The accuracy of the predicted tree

models was improved using Random Forests (a non‐parametric

bootstrapping procedure that constructs a set of trees by resampling

the data and averaging the predictions from the bootstrap iterations)

(Breiman, 2001). Heterogeneity between data sets within Random

Forest trees was determined by the Gini index of variable importance
e
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(Breiman, 2002). A higher Gini index value indicates greater impor-

tance of the variable.

2.2 | Assessment of population densities

A single assessment of the abundance and population densities of

Galaxias sp. ‘Joubertina” was made in April 2012 at four localities,

two in the upper Wabooms and two in the upper Granaat (Figure 1).

These sites were chosen for this assessment because their catchments

are least affected by humans (the riparian zones are still intact, the

stream reaches have not been bulldozed, there are no non‐native

fishes in the reaches and water flow has not been modified as there

are no weirs, dams or water abstraction points above the localities)

indicating that these are the remaining near‐natural populations of this

lineage. Population densities of the fish were estimated as number per

square metre using the three pass depletion method (Lockwood &

Schneider, 2000; Zippin, 1956) using an electrofisher.

2.3 | Assessment of threats

Threats were assessed following the guidelines provided by both the

IUCN and the Global International Waters Assessment (GIWA, 2001).

Major threats to the lineage were classified using the IUCN threat clas-

sification scheme version 3.0 (IUCN, 2001; Kostoski, Albrecht,

Trajanovski, & Wilke, 2010; Salafsky et al., 2008). According to the

IUCN, the threats could be in the past, ongoing, or in the future, using

a time frame of three generations or 10 years, whichever is longer (but

not exceeding 100 years in the future), as is required by the Red List

Categories and Criteria (IUCN, 2001). The presence of non‐native

fishes, invasive plants, in‐stream or off‐stream dams, physical in‐

stream impacts resulting from river channelization, inter‐basin trans-

fers (IBTs), canalized rivers and weirs and groundwater abstraction

were noted in the assessment criteria. To obtain an overview of the

threats to Galaxias sp. ‘Joubertina’, these were identified and the levels

of impacts were scored according to the degree of severity on the trib-

utary and the lineage, following the scoring scheme provided by GIWA

(2001). If the estimated average impact score was <0.5, it was consid-

ered that there was no impact on the tributary; the level of impact was

regarded to be slight if the average impact score was between 0.5 and

1; moderate if the average impact score was between 1 and 1.5; high if

the average impact score was between 1.5 and 2, and severe if the

average impact score was >2 and/or if the maximum impact score of

at least one threat was 3.

2.4 | Assessment of the threatened status of the
lineage

The risk of extinction for Galaxias sp. ‘Joubertina’was assessed accord-

ing to the IUCN Red List categories and criteria (IUCN, 2001, 2003) in

which all taxa listed as Critically Endangered, Endangered or Vulnera-

ble are described as threatened.

For each of these threat categories there is a set of five main

criteria, A–E, with a number of sub‐criteria within A, B and C and an

additional sub‐criterion in D for the Vulnerable category (IUCN, 2001).

The qualifying thresholds within the criteria A–E differ between the

threat categories, but classification in any one of these criteria qualifies
a taxon for listing (IUCN, 2001). The number of mature individuals was

estimated using the equation d × A × p, where d is an estimate of

population density, A is an estimate of area, and p is an estimate of the

proportion of individuals that are mature (IUCN, 2011).

The estimation of the area of occupancy (AOO) and the extent of

occurrence (EOO) for Galaxias sp. ‘Joubertina’ was performed using

the GeoCAT tool (Bachman, Moat, Will, de la Torre, & Scott, 2011)

based on the occurrence data that were generated from surveys

conducted in 2011 and 2012. These metrics were calculated without

the Krom population, which is thought to have been introduced from

the Twee River (Gamtoos River system) through inter‐basin water

transfer canals (Chakona et al., 2015). This population is considered,

therefore, to be extralimital, so does not meet the criteria (IUCN,

2003) regarding introduced taxa and subpopulations. The AOO was

estimated using the IUCN recommended tetrad (2 × 2 km) spatial

scale (IUCN, 2011).
3 | RESULTS

3.1 | Description and distribution

Galaxias sp. ‘Joubertina’ was found in only six mountain tributaries of

the Krom and Gamtoos river systems (Figure 1). The Krom River

system has only one population that is restricted to the upper Krom,

while five populations occur in tributaries of the Gamtoos River

system – the Wabooms, Diepkloof, Granaat, Krakeel and Twee

streams. All known populations of Galaxias sp. ‘Joubertina’ do not

occur with other native fishes, except at one locality in the Krakeel

River where its distribution overlaps with the Cape kurper, Sandelia

capensis (Cuvier, 1831).

Based on genetic patterns from Chakona et al. (2015), the

reconstructed historical range of Galaxias sp. ‘Joubertina’ is inferred

to have encompassed both upland tributaries and mainstem sections

of the Gamtoos tributaries in the Kouga subcatchment (Figure 2a).

The remnant populations of this lineage therefore represent a small

proportion of its inferred historical distribution range (Figure 2b).

These populations are highly fragmented and now occur in short head-

water sections of the streams, many of them only 0.5–1.2 km in length

(Figure 2b).
3.2 | Habitat

The elevation of the surveyed sites ranges from 209 to 817 m above

sea level, but Galaxias sp. ‘Joubertina’ occurred in a narrow altitudinal

range (568 to 648 m above sea level). The surveyed streams range

from <1 to 3.5 m in average width. The banks of the Gamtoos tribu-

taries were sheltered, except for the Twee stream that had previously

been bulldozed. The dominant vegetation along these streams was riv-

erine fynbos (mainly shrubs of the family Ericaceae and grasses)

although submerged macrophytes (aquatic vegetation) were also com-

mon in some reaches (Figure 3). The upper Krom tributary was very

narrow (±1 m wide) and the banks were heavily vegetated with fynbos

(mainly reeds and shrubs), and in some places the stream was

completely shaded. Habitat descriptions of localities where Galaxias

sp. ‘Joubertina’ was collected are summarized in Table 1. Conductivity
e



FIGURE 2 (a) Inferred historical, and (b) current distribution of
Galaxias sp. ‘Joubertina’
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(range 38–80 μS cm−1) and total dissolved solids (range 19–40 mg L−1)

were generally low, which is typical of mountain tributaries in the CFE.

The pH values (range 5.0–6.3) suggested that the water was generally

in the acidic range.

Galaxias sp. ‘Joubertina’ was largely associated with pool and rif-

fle habitats with gentle currents and vegetated banks, but was also

collected in static pools. Classification tree analysis indicated that

altitude, conductivity and the presence of aquatic vegetation were

the habitat variables that strongly influence the distribution of

Galaxias sp. ‘Joubertina’ (Appendix S1, Supplementary information).

Individuals of this lineage were collected from stream reaches within

a narrow altitudinal range (554–634 masl), with water conductivity

>37 μS cm−1 and where aquatic and marginal vegetation were

abundant.
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3.3 | Abundance and density

The upper Granaat and upper Wabooms were the only sections

where Galaxias sp. ‘Joubertina’ still occurs in near‐natural conditions.

The Krakeel and Twee populations were severely affected by agricul-

tural activities (bull‐dozing and channelization), while the Diepkloof

has been affected by sedimentation and invasion by non‐native

fishes. The Krom population was excluded from further analysis as

it is possible that this may be a newly established population. The

densities for Galaxias sp. ‘Joubertina’ were calculated only for the
Granaat and Wabooms as the other four populations from the

Gamtoos system were considered to be severely affected and may

not be viable in the long term owing to severe impacts. The estimated

population sizes ranged from 1148 to 4420 individuals in the

Wabooms and 120–1337 individuals in the Granaat, and densities

ranged from 0.54–1.3 fish m−2 and 0.16–0.99 fish m−2 for the two

streams, respectively (Table 2). Galaxias sp. ‘Joubertina’ was uncom-

mon in the other streams, particularly the Twee, Krakeel and

Diepkloof.

Very few mature individuals (> 35 mm SL) were caught per pop-

ulation during sampling surveys, with sub‐adults (20–35 mm SL)

being the most common size class. The estimated number of mature

individuals for the Granaat ranged from 36 to 401, while for the

Wabooms, the estimates ranged from 344 to 1326 individuals

(Table 3). Estimates from the present study suggest that Galaxias

sp. ‘Joubertina’ may be represented by fewer than 2500 mature

individuals.
3.4 | Decline of historical range

The present distribution range of Galaxias sp. ‘Joubertina’ is only a

small proportion of the inferred historical range (Figure 2). All remain-

ing populations are now extremely fragmented and isolated, due to the

presence of dams, degradation of intervening habitats among popula-

tions, and the presence of non‐native predators in the mainstem

habitats.
3.5 | Key threats and impacts

Key threats to the upper Gamtoos and upper Krom River systems were

assessed as defined by the IUCN threats classification scheme version

3.0 (Table 4). Four classes of threats were assessed for Galaxias sp.

‘Joubertina’ (Table 5). Of the six streams in which Galaxias sp.

‘Joubertina’ occurs at present, only the catchments of the upper

Granaat and Wabooms have not been directly affected by human

activities (Table 5).

The most serious threat to Galaxias sp. ‘Joubertina’ is the presence

of non‐native predators in the Gamtoos and Krom River catchments,

as well as agricultural activities and their associated impacts on

instream and riparian habitats (Table 5). Galaxias sp. ‘Joubertina’ has

been eliminated from sections of the Wabooms, Diepkloof and Krom

streams that have been invaded by Micropterus salmoides. The Granaat

population is protected from invasion by a waterfall which prevents

upstream movement of non‐native fishes.

Mountain tributaries of the Gamtoos and Krom River systems

naturally have perennial flow, but excessive water extraction has

transformed downstream sections of many streams into seasonal

dry‐beds during the dry season. Water is extracted from the surface

through weirs (Krakeel) and canals (Krom) and from aquifers with

pumps (Twee and Krakeel) and used for agricultural and domestic

purposes (Figure 4). The Diepkloof, Krakeel, Twee and Krom popula-

tions have been severely affected by habitat loss caused by over‐

abstraction of water for agriculture. Major portions of the streams

run dry, especially the Twee and Krakeel streams where most of the

flow has been diverted for agriculture. Population sizes in these
e



FIGURE 3 Typical habitats where Galaxias sp.
‘Joubertina’ were collected

TABLE 1 Habitat description of six tributaries in the Krom and Gamtoos River systems where Galaxias sp. ‘Joubertina’ was collected

Tributary

Habitat description

Channel flow conditions Substratum
Riparian vegetation
type

Aquatic
vegetation

Stream
shade

Twee Single short pool up to 3 m deep upstream with static
and no flow downstream

Cobble with abundant boulders with
occasional bedrock

Non‐native hardwood
dominated

Moderate Scarce

Krakeel Small pools less than 1 m deep with very slow flow
upstream and downstream

Diverse, including boulders, cobbles,
mud and silt

Mixed vegetation
(grass & non‐native
conifer)

Abundant Scarce

Wabooms Single short pool up to 1.5 m deep bounded with
riffles upstream and downstream with occasional
static flow

Diverse, including bedrock, boulders,
cobbles, gravel and silt

Shrub (Erica Family) Scarce Moderate

Diepkloof Mostly riffles, no pools observed Mud and silt with occasional cobble,
boulders and bedrock

Non‐native conifer
dominated

Scarce Abundant

Granaat Riffles upstream and small pools downstream Bedrock with occasional boulders,
cobbles and sand

Mixed vegetation
(grass & non‐native
conifer)

Scarce Moderate

Krom* Small pools less than 1 m deep bounded with riffles
upstream and downstream

Bedrock with some boulders and
large cobbles and mostly small
sandy pools

Grassy fynbos and
Ericaceae species

Moderate Abundant

*= potential extralimital population.
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streams were found to be low. Stream structure and critical habitats

for fish have also been destroyed directly through bulldozing,

especially in the Twee and Krakeel streams. Physical damage to

habitats, destruction of riparian vegetation, excessive stream‐bank

erosion and in‐stream sedimentation were observed in all tributaries

(Figure 4).
There are several dams that have been built in catchments of the

Gamtoos and Krom river systems to store water for agricultural and

domestic use. Non‐native fishes were subsequently introduced for

angling. These dams, in particular Joubertina Dam, are therefore acting

as reservoirs for the spread of invasive non‐native fishes, which poten-

tially repopulate the lower sections of the mountain tributaries and
e



TABLE 2 Population densities of Galaxias sp. ‘Joubertina’ for the two sites sampled in each of the Granaat and Wabooms tributaries. N is the
number of fish captured per pass and T/N is the total number of fish captured in each pool; se = standard error

Site N pass 1 N pass 2 N pass 3 T/N Pool length (m) Pool width (m) Pool area (m2) N.se Density (N m−2)

Wabooms 1 26 11 9 46 12.9 3.18 41.07 6.22 1.30

Wabooms 2 10 6 2 18 17.5 1.98 34.71 1.90 0.54

Granaat 1 5 3 2 10 15 4.47 67.00 2.15 0.16

Granaat 2 25 17 10 52 24.6 2.73 67.24 11.49 0.99

TABLE 3 Estimated ranges of population sizes and the number of mature individuals of Galaxias sp. ‘Joubertina’ in the Granaat and Wabooms
tributaries calculated from the densities obtained from the four sampled sites in Table 2

Tributary Length (m) Width (m) Total area of distribution (m2) Density (N m−2) Population size (N) Mature individuals (N)

Wabooms 850 2.5–4 2125–3400 0.54–1.3 1148–4420 344–1326

Granaat 600 1.25–2.25 750–1350 0.16–0.99 120–1337 36–401

TABLE 4 Scoring table for the Krom and Gamtoos river systems showing key threats as defined by IUCN threats classification scheme version 3.0,
current impact and expected future impact changes (shown using arrows). Four scores which are: 0‐no known impact; 1‐slight impact; 2‐moderate
impact and 3‐severe impact, were used for the assessment of the current impacts affecting the two river systems following the scoring scheme
provided by GIWA (2001). For each threat class, the average scores were calculated and maximum values were also given. The level of knowledge
regarding these threats was subjectively estimated. The arrow indicates the likely direction of future changes: ↑‐ impact increases; →‐ no change;
↓‐ impact decreases

Threat class Key threat
Knowledge of
threat Impact

Average
impact

Maximum
impact

1 Residential and commercial development 1.1 Housing and urban areas ‐ 0 0 0
1.2 Commercial and industrial areas ‐ 0
1.3 Tourism and recreation areas ‐ 0

2 Agriculture and aquaculture 2.1 Annual and perennial non‐timber crops Well known 2↑ 1 2
2.2 Wood and pulp plantations Less known 1↑
2.3 Livestock farming and ranching Less known 1↑
2.4 Marine and freshwater aquaculture ‐ 0

3 Energy production and mining 3.1 Oil and gas drilling ‐ 0 0 0
3.2 Mining and quarrying ‐ 0
3.3 Renewable energy ‐ 0

4 Transportation and service corridors 4.1 Roads and railroads ‐ 0 0 0
4.2 Utility and service lines ‐ 0
4.3 Shipping lanes ‐ 0
4.4 Flight paths ‐ 0

5 Biological resource use 5.1 Hunting and trapping terrestrial animals ‐ 0 0 0
5.2 Gathering terrestrial plants ‐ 0
5.3 Logging and wood harvesting ‐ 0
5.4 Fishing and harvesting aquatic resources ‐ 0

6 Human intrusions and disturbance 6.1 Recreational activities ‐ 0 0 0
6.2 War, civil unrest and military exercises ‐ 0
6.3 Work and other activities ‐ 0

7 Natural system modifications 7.1 Fire and fire suppression Moderately known 1↑ 2.3 3
7.2 Dams and water management/use Well known 3↑
7.3 Other ecosystem modifications Less known 3↑

8 Invasive and other problematic species and genes 8.1 Invasive non‐native/non‐native species Well known 3↑ 1 3
8.2 Problematic native species ‐ 0
8.3 Introduced genetic material 0

9 Pollution 9.1 Domestic and urban waste water ‐ 0 0.5 2
9.2 Industrial and military effluents ‐ 0
9.3 Agricultural and forestry effluents Moderately known 2↑
9.4 Garbage and solid waste ‐ 0
9.5 Air‐borne pollutants Less known 1↑
9.6 Excess energy ‐ 0

10 Geological events 10.1 Volcanoes ‐ 0 0 0
10.2 Earthquakes/tsunamis ‐ 0
10.3 Avalanches/landslides ‐ 0

11 Climate change and severe weather 11.1 Habitat shifting and alteration ‐ 0 0 0
11.2 Droughts ‐ 0
11.3 Temperature extremes ‐ 0
11.4 Storms and flooding ‐ 0
11.5 Other impacts ‐ 0

CHAKONA ET AL. 61

 10990755, 2018, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aqc.2850 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [30/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TABLE 5 Criteria used for the assessment of threats to Galaxias sp. ‘Joubertina’ using four scores which are: 0‐no known impact; 1‐slight impact;
2‐moderate impact and 3‐severe impact

Tributary

Impact of threats

Average
impact

Maximum
impact

Level
of
impact

Agriculture &
aquaculture

Natural system
modifications

Invasive & other problematic species &
genes Pollution

Wabooms 1 1 1 0 0.75 1 Slight

Krakeel 3 3 1 1 2 3 Severe

Granaat 0 0 0 0 0 0 None

Twee 3 3 2 1 2.25 3 Severe

Diepkloof 3 3 2 1 2.25 3 Severe

Krom* 2 2 3 1 2 3 Severe

*Potentially extralimital.

FIGURE 4 Some of the major threats to Galaxias sp. ‘Joubertina’: (a) over‐abstraction of water and bulldozing in theTwee River; (b) sedimentation,
erosion and siltation of the Wabooms and Granaat streams due to the Joubertina dam; (c) invasion of the riparian zone by Pinus trees along the
Wabooms River; (d) increased water turbidity in the Diepkloof River resulting from irrigation back‐flow; (e) habitat homogenization caused by
bulldozing in the Krakeel River, and (f) canal (in which bass was collected) diverting water from the Krom River into a farm dam

62 CHAKONA ET AL.

 10990755, 2018, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aqc.2850 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [30/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icens
therefore prevent recolonization by native fishes. Canals that connect

the Krom and Twee streams could have facilitated, and may still be
facilitating, the spread of non‐native fishes between the Gamtoos

and Krom river systems.
e
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3.6 | IUCN conservation status assessment

Galaxias sp. ‘Joubertina’ has an EOO of 27.175 km2 and remnant pop-

ulations are now completely isolated (Figure 2b). The extent of occur-

rence has declined and this is likely to be a continuing process for three

of the populations (Krakeel, Twee and Diepkloof) that are not

protected from potential invasion by alien piscivores owing to a lack

of instream physical barriers. The Granaat and Wabooms are the only

secure populations. The estimated densities ranged from 0.16–1.30

fish m−2 and the number of mature individuals was estimated to be

fewer than 2500. Furthermore, this lineage has an AOO of 20 km2

(based on the IUCN approach of applying a 2 km2 grid over distribu-

tional point data), but its actual AOO is less than 10 km2. Galaxias sp.

‘Joubertina’ could potentially be classified as Critically Endangered

because of its restricted geographical range, severely fragmented pop-

ulations and the continuous decline that is likely in the extent of occur-

rence, area of occupancy, habitat quality and number of mature

individuals. However, the occurrence in five natural locations (Granaat,

Wabooms, Krakeel, Diepkloof and Twee), the presence of more than

250 mature individuals and the presence of relatively secure popula-

tions in the Wabooms and Granaat populations, make the Endangered

classification more realistic (Table 6).
n [30/04/2024]. See the T
erm

s and C
onditions (
4 | DISCUSSION

4.1 | Threats to Galaxias sp. ‘Joubertina’

The Cape Fold Ecoregion contains the highest concentration of threat-

ened freshwater fishes in southern Africa (Ellender, Wasserman,
TABLE 6 Summary of the thresholds for the IUCN criteria (IUCN, 2001) an

Criterion

Thresholds

Critically Endangered Endangered Vuln

B. Small
geographic range
+ fragmented,
declining or
fluctuating

Extent of occurrence
<100 km2 OR area of
occupancy
<10 km2 + two of the
following:

(i) severely fragmented
or only a single
location

(ii) continuing decline
(iii) extreme fluctuations

Extent of occurrence
<5000 km2 OR area of
occupancy <500 km2 +
two of the following:

(i) severely fragmented or
no more than 5
locations

(ii) continuing decline
(iii) extreme fluctuations

Exte
oc
20
ar
oc
<2

two
fo

(i) se
fra
m
lo

(ii) co
de

(iii) e
flu

C. Small
population
and declining

<250 mature individuals,
population declining

<2500 mature individuals,
population declining

<100
indiv

po
decli
Chakona, Skelton, & Weyl, 2017; Tweddle et al., 2009). The discovery

of unique lineages and novel species that were previously included

under these threatened ‘species’ (Chakona & Skelton, 2017; Chakona

& Swartz, 2013; Chakona, Swartz, & Gouws, 2013; Chakona et al.,

2014; Swartz et al., 2007; 2009; Wishart et al., 2006) makes it impera-

tive to re‐evaluate the conservation status of freshwater fishes in the

CFE to inform conservation and management decisions. Galaxias sp.

‘Joubertina’ is the first lineage within the Cape galaxias species complex

to be assessed formally to determine its conservation status. This line-

agewas classified as Endangered, indicating that it faces ‘a very high risk

of extinction in the wild in 10 years or three generations’ (IUCN, 2001).

There is therefore a need for urgent conservation actions and manage-

ment plans that will be effective within this time frame. Galaxias sp.

‘Joubertina’ is threatened by multiple impacts which include restricted

distribution range, habitat degradation, hydrological modification and

the presence of non‐native species. These factors have been identified

as the main threats to other freshwater fishes in the CFE and elsewhere

(Cambray, 2003; Cowx, 2002; Ellender et al., 2017; Hardie, Jackson,

Barmuta, & White, 2006; Skelton, 2002; Tweddle et al., 2009; Van

Rensburg et al., 2011; Woodford & Impson, 2004).
4.2 | Consequences of restricted distribution range
and small population size

Remnant populations of Galaxias sp. ‘Joubertina’ are highly fragmented

and confined to six mountain tributaries (including the extralimital

Krom population). There are several potential risks associated with

the isolated nature of remnant populations of this lineage in

fragmented habitats. Small, isolated populations are vulnerable to
d results for the assessment of Galaxias sp. ‘Joubertina’ in South Africa

Criteria
for
qualifying Resulterable

nt of
currence
000 km2 OR
ea of
cupancy
000 km2 +
of the
llowing:
verely
gmented or no
ore than 10
cations
ntinuing
cline
xtreme
ctuations

CR: B1(a, b) EOO has been reduced to 27.175 km2 and
is continuing to decline. Populations are
severely fragmented and at least four of
the five natural populations have
become isolated. There are instream
barriers that protect two of the remnant
populations from invasion by non‐native
species which are present in the lower
sections of the rivers.

CR:B2(a, b)
AOO has been reduced to 8 km2 and is

continuing to decline. Populations are
severely fragmented and at least four of
the five natural populations have
become isolated. There are instream
physical barriers that protect two of the
remnant populations from invasion by
non‐native species which are present in
the lower sections of the rivers.

00 mature
iduals,
pulation
ning

EN: C1
Population size is estimated to be 380–

1727 mature individuals and only the
Wabooms and Granaat are likely to have
more than 250 mature individuals each.
The other four subpopulations probably
have fewer than 250 mature individuals
and ongoing decline is likely. These four
subpopulations face a high risk of being
extirpated because they are susceptible
to invasion by non‐native fishes because
there are no barriers.

https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



64 CHAKONA ET AL.

 10990755, 2018, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aqc.2850 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [30/04/2024]. See the T

erm
s and
long‐term stochastic processes and potential loss of genetic heteroge-

neity (Frankham, 2005; Frankham, Ballou, & Briscoe, 2002). These

threats are particularly severe for populations in small headwater

streams as these habitats are characterized by extreme variability in

environmental conditions and are highly susceptible to stochastic

events such as dewatering of stream channels and forest fires that

could result in loss of aquatic biota (Rieman & Clayton, 1997; Schlosser

& Angermeier, 1995).

Adequate levels of gene flow are necessary to prevent the delete-

rious effects of inbreeding (Frankham, 2005; Frankham et al., 2002).

While gene flow levels among all Galaxias sp. ‘Joubertina’ populations

could have been naturally low (Chakona et al., 2015), the current situ-

ation where all known populations of this lineage are highly

fragmented, and the presence of non‐native predators in river reaches

among them, makes it unlikely that migration could occur among rem-

nant populations. This could affect the lineage's long‐term viability and

evolutionary potential owing to higher chances of inbreeding, which in

turn could cause a loss of genetic variability and increase the risk of

extinction (Frankham, 2005; Frankham et al., 2002). Although baseline

data on densities are unavailable, population sizes are likely to have

been larger in the past, so although migration levels might have been

low, higher abundance would have increased the effective population

size and reduced the general effects of inbreeding (Newman & Pilson,

1997). Future studies should determine the population sizes required

to maintain long‐term viability of remnant populations of Galaxias sp.

‘Joubertina’, while at the same time estimating the size of habitat

required to support those populations.
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4.3 | Potential impacts of habitat degradation

Freshwater fishes in the CFE evolved in perennial rivers with clear (or

peat stained) water with low suspended solids and heterogeneous sub-

strates dominated by cobbles, pebbles and boulders. However, catch-

ment disturbance through unsustainable agricultural practices,

bulldozing and channelization, construction of weirs and excessive or

complete abstraction of water have severely transformed many rivers

and streams in the region (Nel et al., 2007). Destruction of instream

habitat in the Gamtoos catchment represents a significant threat to

Galaxias sp. ‘Joubertina’, because increased input of suspended sedi-

ments and sedimentation have been found to influence the spawning

and abundance of galaxiids in Australia and New Zealand (Hardie &

Chilcott, 2017; Rowe, Hicks, & Richardson, 2000). Although the breed-

ing biology of Galaxias sp. ‘Joubertina’ is unknown, studies from

Australia and New Zealand have shown that other members of this

genus are lithophilic species which spawn in sediment‐free rocky hab-

itats (Hardie & Chilcott, 2017). Loss of habitat heterogeneity and

increased water turbidity may therefore affect spawning and recruit-

ment success for the South African galaxiids that evolved in mountain

habitats with rocky substrates and clear, flowing water. The near‐nat-

ural stream reaches where Galaxias sp. ‘Joubertina’ occurred were

dominated by heterogeneous substrates (a mix of cobbles, pebbles,

some boulders, gravel and sand) with the banks covered by marginal

and bank‐trailing vegetation. This habitat complexity is important as

it may provide cover for the fishes, and also provide important habitat
for aquatic invertebrates which are the main food source for the Cape

galaxias (Skelton, 2001).
4.4 | Threats from non‐native species

Non‐native species have been identified as the leading threat to fresh-

water fishes in many regions of the world (Cowx, 2002; Cucherousset

& Olden, 2011; Hardie et al., 2006; Tweddle et al., 2009). In southern

Africa, non‐native species have caused localized extinctions and range

reductions of several fish species, with some of the key examples being

the extirpation of the Breede‐Berg white fish ‘Pseudobarbus’ capensis

(previously Barbus andrewi) from the Berg River system (Clark et al.,

2009), the extirpation of the Berg river redfin Pseudobarbus burgi from

the Eerste River system (Skelton, 1988) and the extirpation of the

Maloti minnow Pseudobarbus quathlambae from the Mkomazana River

(Jubb, 1966). During surveys for the present study, native fishes were

seldom collected in areas invaded by non‐native piscivorous fishes.

Micropterus salmoides,Micropterus dolomieu and Clarias gariepinus were

collected in the lower reaches and mainstem areas during surveys for

the present study. Although the impact of non‐native fishes in the

Gamtoos River system has not been empirically studied, they have

the potential to be detrimental to a small species such as Galaxias sp.

‘Joubertina’. A number of studies have reported that Galaxias and other

native fishes in the CFR are particularly susceptible to predation by

non‐native piscivores (Ellender et al., 2017; Shelton et al., 2015;

Shelton, Day, & Griffiths, 2008; Van Der Walt, Weyl, Woodford, &

Radloff, 2016; Woodford & Impson, 2004). In the present study, no

specimens of Galaxias sp. ‘Joubertina’ were collected in river sections

and canals that were invaded by M. salmoides. Restriction of Galaxias

sp. ‘Joubertina’ to stream habitats that have not been invaded by

non‐native fishes is an indication of the susceptibility of this lineage

to predation. In addition to impacts that could have resulted in popula-

tion decline, presence of non‐native fishes in mainstem habitats and

lower reaches of tributary streams is likely to prevent recolonization

and recovery of Galaxias sp. ‘Joubertina’. Because non‐native fishes

currently occur in the lower reaches of the tributaries that harbour

remnant populations of Galaxias sp. ‘Joubertina’ populations, there

are concerns that, if not managed, they may invade the upper reaches

where the lineage still persists.
s

4.5 | Potential threats from projected global climate
change

Simulations under different climate change scenarios predict that

southern Africa will experience severe decline in river discharge

through reduced precipitation and increased evapotranspiration

(Palmer et al., 2008; Xenopoulos et al., 2005). Dallas and Rivers‐Moore

(2014) reported that the CFE is one of the ‘hotspots of concern’ owing

to projected increases in the frequency and intensity of extreme

events (droughts) and reduction in mean annual precipitation. Similar

patterns have been projected for other Mediterranean‐type ecosys-

tems where climate change is predicted to have significant impacts

on stream flows and habitat diversity in mountain rivers and streams

that contain highly threatened species such as Salmo farioides

(Papadaki et al., 2016). The impacts of climate change will be
e
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exacerbated by the likely increase in human demand for water, mainly

for agricultural purposes in the CFE, which may in turn alter flow

regimes of the rivers through excessive or complete abstraction of sur-

face water and utilization of aquifers that sustain baseflow during the

dry season. A recent assessment by Shelton et al. (unpublished data)

has highlighted that almost all native fishes that were considered in

the study were highly vulnerable to global climate change and the

associated human impacts in the CFE. However, lack of information

on the biology and ecology of stream fishes in the CFE is a crucial

knowledge gap that limits an understanding of the impacts of climate

change in the region. Future research efforts should address this

problem by focusing on the reproductive biology, life histories, habitat

preferences, feeding ecology and responses of native fishes to

manipulations of their habitat (e.g. alteration of flow and temperature

regimes, as well as to changes in habitat quality).
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4.6 | Recovery planning and management issues

As an immediate measure, there is need for conservation authorities to

find ways of protecting critical Galaxias sp. ‘Joubertina’ habitat to

secure the remaining populations. The sub‐catchments of the Kouga

River that contain remnant populations of Galaxias sp. ‘Joubertina’

and the recently described cyprinid, Pseudobarbus swartzi (Chakona &

Skelton, 2017), have been demarcated as fish sanctuaries in the

national Freshwater Ecosystem Priority Areas (FEPAs) of South Africa

(Nel et al., 2011). These critical biodiversity areas (or FEPAs) need to be

maintained in natural or near‐natural condition to maintain key ecolog-

ical processes, and introduction of non‐native species is prohibited

(Nel et al., 2011). However, long‐term conservation strategies should

not focus only on conserving biological patterns, but should also seek

to maintain evolutionary processes (Moritz, 1994, 1999). Rehabilita-

tion of habitats and eradication of alien species (Weyl, Finlayson,

Impson, Woodford, & Steinkjer, 2014) will result in re‐establishing con-

nectivity among remaining populations of Galaxias sp. ‘Joubertina’ and

facilitate expansion and migration of individuals of this lineage. This

will allow larger and more stable populations (e.g. Wabooms and

Granaat) to ‘rescue’ smaller populations (e.g. Diepkloof), thereby

reducing potential deleterious effects of inbreeding. There is also a

need to assess the minimum stream flow that is required to sustain

all life‐history stages of Galaxias sp. ‘Joubertina’. Care should be taken

in designing rehabilitation projects, because restoration may allow the

spread and establishment of unwanted non‐native species.

Given that a large proportion of Galaxias sp. ‘Joubertina’ habitat

occurs within privately owned land, there is a need to liaise with land-

owners and stakeholders regarding management options. Although

involvement of people in local communities has long been identified

as one of the important factors in successful conservation projects

(Cambray & Pister, 2002), the greatest challenge currently facing con-

servation authorities in the study area is poor awareness of the issues

of water and freshwater biodiversity conservation. There is therefore a

need for environmental education, explaining the ecological impacts of

excessive water abstraction and the spread of non‐native fishes and

plants. The lower reaches of almost all of the mountain tributaries

where Galaxias sp. ‘Joubertina’ occur have been severely degraded

by a range of activities, particularly bulldozing and channelization,
which caused severe degradation of fish habitat. A key action is to

provide local farmers and landowners with appropriate knowledge

and expertise to develop low‐impact flood management practices that

minimize the destruction of instream habitats.

The primary measure of success for conservation and recovery

measures will be the down‐listing of the current ‘Endangered’ status

of Galaxias sp. ‘Joubertina’. A more effective way to achieve the

down‐listing would be to secure the remaining populations and putting

measures in place that would enable more populations to recover to

more than 2500 mature individuals. Recovery after rehabilitation

should be monitored to assess any changes in the status of the

remaining populations.
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